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Abstract

One of the most commonly mutated genes found in cancer is the tumor suppressor

p53. p53 is a transcription factor capable of inducing cell-cycle arrest, apoptosis,

senescence, and other cellular processes thought to halt the progression of a nascent

cancer. As part of a stress signaling pathway, p53 is acutely activated by ionizing radiation

and the formation of DNA double-strand breaks. The appearence of this DNA damage

causes the concentration of p53 within the nucleus to fluctuate and pulse regularly, which

can be observed in single cells using fluorescence time-lapse microscopy. From the time

this was first discovered, the connection between these p53 dynamics and p53 function

has been speculated upon. A key insight into this connection came from a Lahav Lab

publication that demonstrated the act of pulsing, itself, controls p53-dependent

transcription and cell fate. The mechanisms and molecular details behind this

relationship are now an area of intense study. Another area of high interest is the broader

characterization of p53 dynamics in different time-scales, genetic backgrounds, and

stresses. These lines of research each depend upon single-cell measurements that are

often time consuming, noisy, and yield small sample sizes. The ongoing development of

experiemental and computational tools for single-cell biology is needed to overcome

these limitations. In the publication referenced earlier, a novel method was created to

measure p53 dynamics and gene expression in the same cell. In a seperate study

characterizing p53 dynamics over long time-scales, semi-automated tracking software

aided in the discovery of new p53 dynamics: sustained elevation of p53 levels that follow

a period of pulsing. Population measurements showing similarly elevated p53 levels on

the same time-scale are shown to depend on the late induction of the p53-target PIDD.
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1
Introduction

1.1 Signal Transduction and Systems Biology

An essential quality of the cell is the ability to respond and adapt to changes in its external

environment or internal processes. Signal transduction research aims to understand the

molecular details concerning the chain of events that lead from a triggering stimulus to a

cellular response. Signal transduction is a line of questioning that can be applied to

almost any facet of molecular biology. This open-endedness has inspired a search for

1



patterns in signaling pathway architecture and network motifs [1], to provide a more

general understanding of the flow of information within a cell [2], which can otherwise

appear to be a tangled web of esoteric interactions to the uninitiated. One aim of systems

biology is to apply and develop experimental and computational techniques that reveal

how the interactions between individual signaling components create the emergent

property of cellular decision-making [3]. Such knowledge is valuable in the field of

cancer medicine where a quantitative understanding of signaling contributes to the

development of next-generation cancer therapies [4].

The importance and complexity of signaling in multicellular organisms is evinced by the

orchestration of differentiation, both spatially and temporally, that is studied in

developmental biology [5]. Cells are in constant communication with neighboring cells

and sample cytokines, metabolites, and hormones found within the extracellular milieu.

From a genetic perspective, bioinformatitions discovered there are over 500 kinases

encoded in the human genome, or roughly

I have been inspired by the idea that signal transduction can be defined and analyzed in a

manner comparable to electronic circuits [6], and signaling pathways are modular units

with predictable input-output relationships. This idea resonated with my background in

electrical engineering and was the toehold I used to climb into biology research. I’ve

learned this analogy is challenged by the fuzziness of molecular interactions; evolution

does not mold these connections for the benefit of human understanding, unlike a circuit

designed by an engineer[7]. The combinatorics of molecular interactions and numerous

protein states/modifications [8], in addition to stochastics seen within individual cells

[9], make it difficult to quantify signaling pathways with exactitude. Fortunately,
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signaling pathways can still be understood with incomplete information [10] and toy

models of pathways can effectively represent complex systems [11].

1.2 Signal Transduction, Cancer, and p53

The study of signaling is also important for human health. Many diseases are the result of

out-of-control signaling or a loss of sensitivity to a signal. A primary example is cancer.

One of the first oncogenes discovered, Src derived from the Rous Sarcoma Virus, is a

tyrosine kinase [12] that produces a strong proliferative signal. Since then many of the

hallmarks of cancer have been found to be the result of corrupted signaling [13]. The

same genes are found to be mutated, deleted, or amplified over and over again [14],

because the disruption of a single key member of a signaling pathway can alter a large

number of downstream events.

Genes can be classified as oncogenes or tumor suppressors if their activation or

suppression leads to cancer development, respectively. A detailed understanding of the

signaling networks and pathways that contain oncogenes and tumor suppressors has led

to the development of targeted anti-cancer drugs. For example, the EML4-ALK

translocation is repeatedly found in non-small-cell lung cancer leading to oncogenic ALK

kinase activity. Lung cancers with this particular mutation can be treated successfully

with ALK inhibitors such as ceritinib. However, these cancers usually acquire resistance

about a year after the initial treatment [15]. Studying the changes in signaling before and

after resistance is acquired can lead to improved combination therapies that slow or

prevent the onset of resistance. This strategy led to the discovery that protein-kinase-C

was necessary for resistance to ALK inhibitors [15] and demonstrates how detailed
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knowledge of signaling can improve cancer therapies.

The most commonly mutated tumor suppressor found in cancer is p53 [14]. P53 is a

transcription factor that is activated by a wide range of stresses, especially DNA damage

[16]. In response to DNA damage, p53 is activated by upstream kinases, which describes

part of the DNA damage response (DDR) signaling pathway [17]. In turn a wide range

of genes are induced that control cell-cycle arrest, apoptosis, and senescence [18]. One

paradox of p53 function is that it activates both pro-survival and pro-death genes, yet a

cellular decision can only lead to one of these fates. The confusion between p53mediated

survival and death in response to DNA damage, specifically ionizing radiation treatment,

is demonstrated by the radiosensitivity of various organs and tissues in the human body

[19]. A similar puzzle is presented by the a mixed response of a population to a singular

stimulus, e.g. the fraction of cancer cells undergoing apoptosis in response to ionizing

radiation is dose dependent. Invesitgating p53 signaling at the single-cell level will help

resolve these paradoxes by being able to measure differences between cells and mapping

them to that cell’s fate.

1.3 Signal Transduction andProteinDynamics

Systems biology has been practiced for decades by researchers who did not know it.

Schoenheimer first showed how the proteins in a cell are in a dynamic state of constant

replication and turnover [20]. This work was performed in the 1930s and made possible

through the use of isotopes in a method to chemically label proteins in living cells.

However, due to the limitations of methods available at the time to isolate proteins and

metabolites these methods could only reasonably probe a handful of compounds in any
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given experiment. The regulation of protein turnover, modulating protein stability

through post-translational modifications, is often a key element of signal transduction.

Nearly a century later, Alon was able to survey the stability and turnover of hundreds of

proteins in a single study using fluorescent-protein tags [21]. In p53 signaling, the

regulation of protein turnover is an essential part of its dynamics [22].

Protein dynamics are an essential aspect of signaling. Advances in the creation of

antibodies that target specific signaling proteins made it possible to study signaling

dynamics with protein gels. A particularly elegant study of Xenopus oocyte maturation

explored the signaling of progesterone stimulus at molecular detail to reveal a

hyper-sensitive switch in the MAPK pathway [23]. The technologies that enable the

study of dynamics in single-cells were nascent, or unavailable entirely, in the mid-1990s.

However, these limitations were circumvented by the fact that the Xenopus oocyte is

itself a very large single cell that could be assayed in ways microscopic cells could not.

Each cell could be run in its own gel lane. A population, or average, response of MAPK

signaling to progesterone was a graded response, yet only single cell studies could reveal

whether or not this was due to a gradual rise in signaling across the population or

bi-modal response where the population is split between responders and

non-responders. The MAPK signaling was shown to be bi-modal with an increasing

fraction of the population participating with increasing progesterone. Furthermore,

mathematical modeling of the pathway suggested the commitment to maturation, the

cell fate switch, resulted from both ultrasensitivity and positive feedback in the MAPK

pathway to produce an all-or-none response within individual oocytes. The questions

raised in this study[23] continue to be asked today about other signaling pathways in

other cellular contexts at the single cell level.
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In addition to dynamics governed by switches are oscillations. Perhaps the most obvious

oscillation in biology, or periodic rhythm, that everyone can observe is the beating heart.

Interestingly, oscillations are also present within individual cells. While the mathematics

of oscillations unite these phenomenon across multiple scales and disciplines, the nature

of the oscillations can be quite different and unique [24]. In contrast with this variety

and complexity, a synthetic oscillator, dubbed the “repressilator”, was created within

bacteria that demonstrated the relative simplicity needed to establish persistent

oscillations within a cell [25]. In light of the minimal requirements needed to establish

oscillations it is then not surprising to learn that many natural signaling pathways that

contain transcription factors have been shown to exhibit oscillatory behavior.

Protein dynamics of p53 can determine transcription factor function [26], but this is a

more general phenomenon. The transcription factor NFKB has similar pulsing dynamics

in response to stress that influence the regulation of its gene-targets [27]. The study by

Tay et al. demonstrates that the population response of NFKB to TNF hides single-cell

behavior and that response is all-or-none similar to the Xenopus oocyte response to

progesterone. Like p53, NFKB oscillates after stimulation.

The Crz1 transcription factor, activated by calcium stress, in yeast has temporal

dynamics, like p53. However, in contrast to almost oscillatory p53 dynamics Crz1 has

more frequent, yet irregular bursts of activity. The frequency of Crz1 bursts is dependent

on the concentration of the calcium input. In a study of Crz1 dynamics it was

demonstrated that Crz1-target gene expression was frequency modulated by the

transcription factor dynamics [28]. The affinity model driven by transcription factor

bursting was shown to maintain the relative ratio of target genes over a broad range of

6



induction. The authors speculate that p53 oscillations may function similarly.

Not all pathways may have an oscillatory element to their response, but are instead

stimulated by periodic signals. For example, the rising and setting of the sun each day

entrains the fluctuatation of circadian rhythm proteins [29]. The function of a pathway

can be explored by systematically varying the frequency of the input and studying the

response. A study using this technique demonstrated that Hog1 pathway in yeast that

responds to osmotic shock in a frequency dependent manner [30]. Using oscillations to

study the Hog1 pathway, it was determined that the transcriptional function of Hog1 was

not necessary for the initial response to osmotic shock, which takes places on a shorter

time-scale, but increases the sensitivity to osmotic shock on a longer time scale due to

increased production of glycerol transporters. This separation of protein function

between short term and long term responses may be a general feature of transcription

factor pathways and is relevant to the p53 response to gamma radiation.

Frequency based analyses have also been applied to the p53 pathway [31]. It was shown

that the p53 oscillations, or pulses, in response to ionizing radiation can be reasonably

modeled by a negative feedback loop between p53 and mdm2, and a second negative

feedback loop between p53 and the upstream kinase ATM. This unique perspective into

p53 dynamics supports a model where p53 induction of Wip1 leads to

de-phosphorylation of ATM [22]. These two studies are evidence that the function and

nature of a signaling pathway can be explored whether a system naturally oscillates or is

forced to oscillate.

Heterogeneity is present in all biological systems across many scales and is most
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profound when something seemingly uniform consists of diverse constituent

components. Early in the development of light microscopy an appreciation for

heterogeneity was fostered by Robert Hooke who described how the composition of

cork, when viewed at high magnification, consists of round, yet irregularly shaped, cells.

It is now common knowledge that plants, like the cork oak, and animals are each

collections of a large number of cells. The human body has more than cells [32], yet

only an estimated 200 distinct cell types [33]. The numerous cells of a given type within

a tissue or organmay look the same, but sub-cellular differences in proteins and DNA can

make them unique. Most of these differences will not have an impact on the function or

behavior of a cell, but sometimes this heterogeneity can have important consequences,

especially concerning the development of tumors.

Heterogeneity is exploited by the process of evolution most dramatically on the longest

of timescales. Millions of years of selective pressures on subtle differences has

contributed to the great diversity and complexity of today’s living organisms. On shorter

timescales, such as on the order of a human lifetime, heterogeneity and selective

pressures can have important implications for an individual’s health. The development of

cancer relies upon changes and variations that favor proliferation. Evidence for this

comes from examples of carcinogens, which are commonly mutagens that increase the

frequency of edits and changes in DNA. Exposure to carcinogens such as coal tar or UV

radiation alters DNA and can lead to cancer.

8



2
P53Dynamics Control Cell Fate

2.1 Introduction

P53 activates the transcription of hundreds of genes [34][35] that regulate cell cycle

arrest, senescence, and apoptosis [36]. The balance between arrest and apoptosis is

affected by different stimuli, such as DNA damage or oncogene activation, and tissue

origin, for example the thymus or colon [16] (Figure 2.1). One of the central mysteries

surrounding the function of p53 as a transcription factor is how it is able to differentially
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Figure 2.1: p53 is a hub protein that is activated by a wide range of upstream stresses and signals. In turn, p53 acts as a

transcription factor that activates genes involved in cell fates such as apoptosis and senescence.

regulate such a large number of genes, members of antagonizing pathways, in a cell-type

specific manner. The possibility that p53 dynamics could directly influence target gene

regulation was explored in a 2012 study [26] where p53 dynamics were shown to control

both gene expression and cell fate. As part of that study a novel experimental technique

was developed to measure p53 dynamics and gene expression at single-cell resolution.

2.2 Modes of p53 Regulation

There are many factors that contribute to p53 transcription factor activity. The

composition of DNA where p53 binds is a natural place to start. Many genes contain a

pair of p53 response elements (p53re) of the sequence pattern RRRCWWGYYY [37].

For example, the gene GADD45 has a p53re of GAACATGTCT. Variations in these

sequences and the gap between a pair of p53re affect p53 binding to the DNA and

influences the cooperativity of p53 tetramerization during the binding process [38].

Most p53 mutants affect the DNA-binding-domain, disabling transcriptional activity

10



[39].

P53 protein is also highly modified by post-translational modifications (p53ptm) [40].

P53ptm stabilizes p53 in response to DNA damage [41], leads to degradation through

the proteasome [42], and is necessary for tetramerization [43]. These modifications

include phosphorylation, acetylation [44], and ubiquitylation. In general, p53ptm

regulate the protein-protein interactions that make p53 a hub protein capable of

integrating diverse upstream signals [45].

2.3 The AffinityModel andGene Selectivity

The combinatorics of p53re and p53ptm already represents enormous complexity

without even considering other factors such as the chromatin state of a promoter or the

relative abundance of each post-translation-modification within the pool of p53 in the

cell. Even the 3D configuration of DNA and looping has been shown to influence the

potential of p53 binding [46]. Despite all of the variables influencing the propensity of

p53 to bind to its target genes the binding behavior can be generally described, and

abstracted, as a Hill function that depends on the concentration of the p53 protein within

a cell. The parameters of cooperativity and binding constant would all be functions of the

sequence information and protein state described above.

A set of equations that represent the p53 binding activity for every target gene is an

affinity model. Using an affinity model to describe p53 transcription factor function

implies that the concentration of p53 is the most important factor in determining the fate

of a cell. Each gene would have its own threshold of activation based upon the p53ptm
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status and promoter availability. Such a model gives a pleasing explanation to how a cell

will determine the path of cell-cycle arrest versus apoptosis: The apoptotic genes would

have a higher threshold than arrest genes, so only when p53 protein reach elevated

concentrations would apoptosis be activated. In support of this model is a paper that

demonstrated P53-driven apoptosis is dependent on highly cooperative binding,

whereas cell-cycle arrest is not [47].

2.4 p53Dynamics andGene Selectivity

To this point in the chapter everything describing the regulation of p53 as a transcription

factor does not explicitly acknowledge any temporal dependency on p53 function. It is

easier to ignore dynamics and focus on a single time point or steady state condition given

the number of components in the p53 network, let alone the technical challenges

required to acquire time-series data. However, when oscillatory p53 dynamics were

discovered in response to gamma radiation it was speculated that the function of p53

pulses might be to prevent p53 levels from crossing the apoptosis threshold, while

simultaneously arresting the cells [48]. Expanding the affinity model to account for time

would make possible the proposed, more sophisticated, gene expression patterns.

In 2012, the connection between transcription factor dynamics and transcription had

never been demonstrated in p53. One of the central challenges of this task was separating

the influence of p53 dynamics from the other regulators of transcription factor activity

that were outlined at the beginning of the chapter. Many variables relating to gene

promoters, sequence, and chromatin configuration could be held fixed by using the

genetic background, i.e. consistently using the same cell line, and measuring the

12



Figure 2.2: Nutlin-3 was used to transform the pulsing behavior stimulated by gamma radition into sustained p53 levels [26].

transcription of several well-characterized p53 targets such as p21 and PML. A greater

challenge was with regard to post-translational modifications. P53 pulses follow

stimulation by gamma radiation and is phosphorylated and acetylated at residues specific

to this stimulus [49], so any perturbations to p53 dynamics would need to happen

concurrently with irradiation.

2.5 Nutlin-3 Alters p53Dynamics

The perturbation of p53 dynamics was enabled by a small molecule inhibitor of p53,

Nutlin-3 [50]. We augmented an existing model of p53 dynamics [49] to incorporate the

influence of Nutlin-3 on p53 behavior. We used his model to design a protocol of three

Nutlin-3 additions to a cell culture and transformed pulsing behavior into sustained

behavior over the first 24 hours following gamma radiation (Figure 2.2). One crucial

element of the p53 dynamics that to be controlled was the amplitude of the sustained

dynamics. This had to remain similar to the amplitude of the pulses, elsewise differences

in expression contributed by differential dynamics may become masked by strong

expression induced by unusually high p53 levels.
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Figure 2.3: The p53-targets PML and p21 each have responses unique to pulsing and sustained p53 dynamics.

The altered dynamics were confirmed via Western blot, and qPCR measurements

revealed that several genes had expression patterns that were unique to pulsing and

sustained dynamics. In particular, two genes showed dramatically different behavior.

Under pulsing conditions, the p21 gene mirrored the pulsatile behavior of the p53

protein, whereas it was induced to levels almost 10-fold higher with sustained dynamics

(Figure 2.3). The PML gene, on the other had almost no response over the first 24 hours

under pulsing conditions, yet in sustained conditions PML was induced like a delayed

switch (Figure 2.3).
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2.6 Measuring Sustained p53Dynamics in SingleCells

The transformation from pulsing to sustained dynamics up to this point had reflected

population averages of behavior. Repeating this experiment at the single cell level would

provide more quantitative data that could be used to map the relationship between p53

dynamics and gene expression. Furthermore, an additional, distinct approach that

revealed the same relationship between dynamics and expression would strengthen the

finding.

There were several technical challenges to this experiment. First, the experiment had to

be planned around several important time points. The first important time was the

moment of irradiation. Every other time point was relative to this moment. The Nutlin-3

protocol consisted of three additions of Nutlin-3 to the cells in gridded-glass-bottom

dishes while being imaged on a Nikon TI microscope (Table 2.1). One pitfall came from

the necessity to have the media be replaced completely for each addition. Imaging at high

magnification is very sensitive to changes in XYZ, so bumping the dishes containing the

cells could potentially move the cells out of frame or out of focus. Due to evaporation

concerns this also required removing and replacing a glass coverslip on top of each dish.

We learned to use steady hands and a delicate touch. After performing the Nutlin-3

protocol we observed the p53 dynamics at the single cell level had the predicted

sustained behavior (Figure 2.4).
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Time (h post-IR) Nutlin Conc. (uM)
2.0 0.75
3.5 2.25
5.5 4.00

Table 2.1: The Nutlin-3 protocol consisted of 3 additions of Nutlin-3 at increasing concentrations. The concentration had to be

increased to compensate for rising levels of mdm2.

Figure 2.4: Pulsing cells have the period and amplitude expected following activation by ionizing radiation. Sustained cells

have similar levels to the peak amplitude of an average p53 pulse. The levels are sustained through-out the duration of the

observation.

2.7 MeasuringGene Expression in SingleCellswith smFISH

Individual p21 and PML transcripts would be measured in each cell using

single-molecule FISH [51], but this required us to fix cells between the acquisition of

p53 dynamics and imaging of smFISH. This type of experiment was novel at the time, so

we had to develop and troubleshoot the fixation protocol. To begin we tried removing

the glass coverslip from the dish using a solvent but after our first attempt we looked for

another approach. After the coverslip was removed from the dish it was difficult to find

the correct alignment and find the same cells from the movie. Also, as bubbles caught

between the slide move-around they can detach cells. It is terribly disappointing when
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trying to relocate your cells only to find they didn’t survive the mounting process. In the

end we found performing smFISH, or fixation in general, within the MatTek dish the

most expedient approach following a movie, the biggest trade-off being increased use of

reagents.

Using MatTek dishes is a matter of scaling reagents. We found that is was sufficient to add

100uL of antibody solution and smFISH probes to the inner well, i.e the cavity created by

the hole within the plastic dish and the coverslip underneath. We also found that we did

not need to use the same concentrations and could afford to use roughly half the

concentration, or roughly the same total reagent when using coverslips, just in a larger

volume. When we would do washes we would use 2mL per wash.

The biggest challenge when working with the inner-well of a Mattek dish is preventing

total evaporation. In my experience this ruin a sample. Therefore, when adding 100uL

volumes I work with 1 dish at a time. I would start by aspirating at the outer edge of the

MatTek dish while holding it at a slight angle. This will remove most liquid, but a

noticeable amount within the inner well will remain due to surface tension. Often this is

too much liquid and adding an additional 100uL would cause the fluid to overflow onto

the surface of the plastic dish, resulting in a loss of reagent and inefficient staining.

Therefore, this liquid must be removed, too, but without drying out the sample entirely.

Do this next part quickly: Load a pipette with 100uL of the probe and set it aside

momentarily. Then aspirate the liquid remaining within the inner-well by placing the

aspirator-tip near the edge of the inner-well on the plastic surface of the dish. Then,

slowly, move the tip closer and closer to the edge of the inner-well until liquid is being

sucked into the aspirator. The center of the inner well should never become completely
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dry. Finally, grab the pipette and carefully add the reagent drop by drop at the edge of the

inner-well until it is full again.

When incubating with this volume, evaporation is still an issue. For incubation at 37C we

used a tissue culture incubator, because of its high humidity. If you are using 4C we

would add sponges saturated with water to a closed container that also contains the

MatTek dishes in order to increase the humidity.

After the sample is prepared there are further challenges when imaging. It is not unusual

to have high background signal. This was especially troublesome when mRNA counts are

low, because it wasn’t always clear if the image was full of background or the sample was

devoid of signal. Unfortunately, the only solution seemed to be trial and error testing

different exposures. If this is an issue the first thing to do is image a sample that has not

been treated with smFISH to establish a baseline for the background noise. The exposure

lengths to acquire smFISH signal are much longer than for fluorescence time-lapse

microscopy. If at first it looks like no signal try increasing the exposure to times >1000ms.

Seeing the smFISH foci for the first time was a eureka moment (Figure 2.5).

There is a balancing act between exposure length and the rate of photobleaching. We

found photobleaching was the number one concern in our imaging. We would use an

enzymatic solution, glucose oxidase, to actively capture free radicals created by the

imaging process. We could tell immediately when the enzyme failed, because the sample

would be entirely bleached just a few slices into the z-stack acquisition. We would use

2mL of imaging media inside the MatTek dish. Since 2mL is>> the imaging media used

for coverslips we would create our own media in lab as a cost saving measure. We used 80
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Figure 2.5: p21 and PML mRNA are labeled with smFISH probes. The nucleus is stained with DAPI and is shown in blue. The

p21 transcript is more numerous than the PMl transcript.
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Figure 2.6: The first attempt to quantify single-cell gene expression was to take the mean intensity of the maximum projection

of smFISH data. When comparing this signal between untreated and irradiated cells the difference between the two was

significant.

When using a new smFISH probe set, use a positive control in an extra sample. We found

p21 gives excellent results and was a useful positive control. There are often dozens of

copies of p21 within a cell that is still cycling and hundreds to thousands when arrested.

Not all probes I attempted to use worked, so having a positive control could be helpful in

establishing a protocol.

2.8 Quantification of the smFISHData for PMLand p21

We found that probing mRNA that are present in large quantities can be quantified at

lower magnifications by taking the average intensity within the cell (Figure 2.6). This was

especially true for the p21 probe. This was important for us as an expedient, because at

the time we did not have the means to count the foci in an automated fashion.
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Figure 2.7: Cumulative p53 expression measured from live-cell dynamics was compared to the end point smFISH measurement

for p21 and PML. In both instances, the distribution of cumulative p53, seen above the plots, could not be distinguished statis-

tically. On the other hand, the distributions of p21 and PML expression were unique. This suggests that the p53 dynamics, and

not just absolute concentration, influences expression.

2.9 p53Dynamics ControlGene Expression

One challenge common to all studies of protein dynamics is disentangling the effect of

changing concentrations from absolute concentrations. Until this study this had never

been accomplished experimentally. In order to do so p53 Traces from pulsing and

sustained conditions were collapsed into a measure of cumulative expression and

compared to the smFISH endpoint measurement. When this dataset is plotted on a two

dimensional axes the results were striking (Fig 4).

The simplest model of how dynamics would translate into gene expression would be a

linear model, where the cumulative levels of p53 will be proportional to the amount of

target gene expression, assuming the degradation rate is fixed. As can be seen in (Figure
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2.7), the distributions on top of each plot depict the cumulative measurement of p53

expression and for p21 and PML there is no statistical difference. In contrast, the

distribution of gene expression for p21 and PML, seen on the right of each plot, reveals

two distinct populations. In both cases, sustained p53 levels lead to more mRNA. This

result is inconsistent with the simple linear model, which implies dynamics have a direct

influence on gene expression.

2.10 AMATLABTool toQuantify smFISHData

To improve our methods to quantify smFISH data I developed code that would

automatically detect foci. I implemented an algorithm from the Danauser lab that was

originally developed for imaging actin monomers [52]. In order to implement the

algorithm I had to find a 3D hessian matrix of the foci data and there was not built-in

MATLAB function for this operation. I accomplished this by sequentially taking the first

and then second derivative along each dimension, producing 9 matrices, which when

summed together create the Hessian. It was also necessary to determine the size of the

point-spread-function based upon the objective used and the physical pixel size of the

microscope camera. The resulting script faithfully identified most foci (Fig 5).

2.11 Summary

There are still many questions to be answered about the dynamic behavior of p53. It is

still unclear how p53 dynamics regulate the timing and expression levels of its many

downstream target genes at a molecular level. There are many layers of p53 regulation
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Figure 2.8: p21 FISH probes in an MCF7 cell irradiated with 10Gy. Top image: The raw data from a collection of 30 slices

collapsed into a max projection. Bottom image: The mRNA foci identified with a script and then visualized as PSF for demon-

stration purposes.
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that include post-translational modifcations, tetramerization, DNA binding sequences,

and transcription co-factor binding. Whether taking a global approach or focusing on the

regulation of a single gene, each of these modes of regulation can be explored with

respect to p53 dynamics. The downstream target genes that feedback on p53 could also

be signficant in translating dynamics since each feedback has the potential to alter p53

signaling behavior. In addtion, recent mouse models demonstrate that p53-dependent

cell cycle arrest, apoptosis, and senescence are dispensable for its tumor suppressing

functionality. P53 dynamics have primarily been studied in conditions that induce these

cell fates, so it would be interesting to study how p53 dynamics exert control over less

studied cell fates, e.g. autophagy or ferroptosis.
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3
Ionizing Radiation Induced Long-term p53

Dynamics

3.1 Introduction

P53 is activated by the presence of DNA damage and is sensitive to even a handful of

breaks [53][54]. One particularly interesting aspect of p53 is its dynamic response to

DNA damage(Lev Bar-Or et al. 2000). In response to DSBs p53 levels will pulse with a

regular frequency of approximately 5 hours in MCF7 cells [55]. In western blots this
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Figure 3.1: p53 dynamics appear as damped oscillations over the first 10 hours following IR exposure.

appears as a damped oscillation as seen in figure 1. There is an initial rise in the p53

stability between 2 and 3 hours after damage and around 8 hours there is another peak of

p53 activity. The first 10 hours will be referred to as part of the early response to gamma

radiation (Figure 3.1).

This damage is induced by high levels of gamma radiation, 10Gy, which is comparable

to the doses delivered by radiosurgery techniques [56]. One of the first genes to be

induced by p53 following gamma radiation is the CDK inhibitor p21. P21 is necessary for

radiation induced arrest of the cell cycle [57]. P21 activity halts progression through the

cell cycle at the G1/S and G2/M transition [58]. P21 has been shown to have a role in

preventing chromosomal instability [59], which is often observed in cancer undergoing

division while having DSBs can lead to the misseggregated DNA, as some stretches of

DNA may not be coupled to a chromosome with a microtubule attached centromere.

3.2 Long-Term p53Dynamics

The long term response of p53 will refer to the p53 levels in a population on the time

scale of days after exposure to gamma radiation (Figure 3.2). In contrast to the short term

dynamics the cells have had enough time to repair their damage. It is then a question as

whether or not a cell will undergo senescence. In MCF7 cells the primary terminal cell
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Figure 3.2: Long-term p53 dynamics have elevated levels of p53 that are near peak levels seen at 2 hours. This is at odds with

the trajectory of the damped pulses seen at shorter time-scales.

fate in response to gamma radiation is senescence [26]. It is also a question of whether

p53 dynamics change over this time frame. At the population scale via Western blot the

two hour time point6, representing the peak of the short term response activity is very

similar to the long term p53 levels, especially at 48 and 72 time points. This similarity in

expression suggests a change in dynamics does occur at some point, because the

expectation of the short term dynamics is that the peak p53 levels seen at the population

level will decrease as the p53 pulses with individual cells become desynchronized. The 24

hour time point seems to reflect this prediction. However, the 48 and 72 hours are near

the 2 hour peak where the stimulating DNA damage has synchronized the DDR (Figure

3.3), suggesting that something unaccounted for is causing p53 levels to rise again.

3.3 There Is a Switch in p53Dynamics

This unexpected outcome could be explained by several possibilities. The increase in p53

activity could be the result of a population of pulsing cells resynchronizing. However,

this seems unlikely as it would imply the 24 and 48 hours were coincidentally taken at

similar peak levels. The higher levels of p53 could also be due to an increase in upstream
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Figure 3.3: Quantification of the Western blot in fig. 2 provides another view of how similar the elevated levels of p53 are the

peak 2 hour level.

damage signaling. The initial damage may have pushed the cells into a state where

runaway, self-induced DNA damage occurs[60]; or a kinase that is part of upstream the

signaling pathway, s.a. ATM or chk2, has its activity sustained even as DNA is repaired.

Alternatively, another signaling pathway is activated that stabilizes p53 as part of its

signaling, triggered by the DDR, but acting independently thereafter.

The quantification of this Western blot (Figure 3.3) highlights how the long term

levels of p53 are significantly higher than the 7 hour peak of the short response. At 10Gy

all cells will have a p53 response that persists through the short term.

The short term p53 response is known to be an excitable system [22]. This is

evidenced by the 2 hour time point, representing the synchronized first pulse, where

across a wide range of doses the amount of p53 is very similar. It has been shown that the

first pulse of the p53 response at the single cell level will reach its full amplitude over a

wide range of doses and if the DDR signaling through the kinase ATM is abrogated

shortly after irradiation [22].
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Figure 3.4: The dose response of p53 levels at 2 hours post irradiation demonstrates the excitability of p53. The dose response

at 48 hours reveals a similar independence to dose, though the response does appear as strong at 2.5Gy.

3.4 TheDoes Response ComparisonHints at Positive Feedback

Looking at the dose response of the long term p53 dynamics will be informative of the

process leading to its stabilization. Comparing the 48 hour levels to 2 hour levels at the

same dose the pattern is very similar with exception to the 2.5Gy dose (Figure 3.4). The

dose response is also contradicts the long-term levels of p53 are not as strong as the

Western presented earlier.

It has previously been shown that a dose of 10Gy will lead to senescence throughout

the population [26]. If the amount of long-term p53 had been more proportional to the

dose at the higher doses of 20Gy and 40Gy then perhaps then this would suggest a

dependence on the amount of DNA damage a cell incurred. Since the cell fate

throughout the population is uniform at doses at or higher than 10Gy the state of

senescence may be influencing the p53 behavior. Alternatively, the long-term p53

response could depend upon the state of the cell at the time of damage, when the damage

is above the 5Gy threshold. For instance, supposing the cell cycle state at the time of

damage is most influential, then, regardless of the specific dose (above a threshold), on

average the same fraction of cells will have the same outcome.

The insensitivity to dose might also be explained by a positive feedback. A positive

29



feedback can ensure p53 will reach a new steady state across a wide range of initial

conditions. The path to reaching elevated levels may differ, but the ultimate outcome of

reaching these elevated levels will always occur.

3.5 MDM2 and p53 areCo-Expressed in the Long-Term

The dynamics of p53 are tightly linked to the ubiquitin ligase mdm2 [61]. Many models

that explain p53 pulsing are built around the degradation of p53 being primarily

controlled through mdm2 activity [62][49]. The pulsing observed in the short-term

dynamics of p53 are echoed by the mdm2 protein (Figure 3.5), pulsing out of phase. As

mdm2 levels rise through p53-dependent transcription, p53 levels begin to fall. The

system is then reset and further pulses follow, presumably from the persistence of DNA

damage that has not been repaired. In contrast to these dynamics, the long-term behavior

of mdm2 does not appear to be out of phase with p53 (Figure 3.5). Although it is not as

strongly induced, mdm2 levels are elevated relative to their baseline behavior, yet despite

this p53 levels remain elevated. This suggests that the relationship between mdm2 and

p53 has been altered. The presence of p53 could still be driving mdm2 transcription to

levels higher than baseline, but the degradation of p53 through mdm2 has been

weakened.

Alternatively, the population of cells could have been divided into two groups: one

expressing p53 and another expressing mdm2. The stability of p53 is regulated by

upstream signaling by the DDR and through feedback through p53-dependent

transcription, especially the transcription of mdm2. In the long-term dynamics,

additional components of p53 signaling could be newly translated, even indirectly

through p53 as part of a cascade of transcription factors, and alter p53 dynamics. Since

we observe elevated levels of p53 in the presence of elevated mdm2 this new component
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Figure 3.5: MDM2 dynamics lag p53 in the short-term response, yet, similar to p53, it is evelated in the long-term (24, 48, and

72 hours).

Figure 3.6: ATM kinase activity is stimulated by ionizing radiation. ATM inhibitor (ATMi) negates ATM kinase activity, which is

reflected by the phosphorylation of chk2. When the upstream signaling from ATM is abrogated the short-term and long-term

response of p53 disappears.

could be part of a positive feedback that appears in the days following irradiation.

3.6 Upstream SignalingCannotAccount of Elevated p53 Levels

Before exploring potential feedbacks, it is important to consider the upstream signaling

in further depth. The DDR signaling in response to gamma radiation is primarily

channeled through the ATM kinase [63]. A small molecule inhibitor of ATM (ATMi)

abrogates the kinase activity [64]. A proxy for kinase activity is the kinase chk2, a direct

target of ATM (Figure 3.6).
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If cells are treated with ATMi before damage p53 signaling is abolished in the

short-term response (Figure 3.6). A rise in p53 activity does appear at the 48 hour time

point, but it is a relatively weak response and could be caused events unrelated to the

irradiation. For instance, a p53 response has been observed in cells when that are fully

confluent in culture dishes. Damage to cells beyond genotoxic stress may be incurred

through impaired arrest signaling [65]. The short-term p53 response is necessary for the

long-term p53 response. This result favors the possibility of a positive feedback loop

whose existence is dependent on p53 transcription in the short-term.

Evidence of a positive feedback loop is further supported by the long-term p53

response when ATMi is added 16 hours after irradiation. Here it is shown that p53

remains elevated at the 48 and 72 hour time points independently of signaling from

ATM. It is noteworthy that the levels between the two conditions are very similar,

suggesting the cause of the elevated p53 is unperturbed. The idea of a positive feedback

fits into the temporal design of this experiment, because the 16 hour window of time

before ATMi is added provides a wide window of time for p53-target genes to become

transcribed and translated.

3.7 p53-TargetGenesPMLandPIDDArePotentialPositiveFeed-

backs

P53 is a very well characterized transcription factor and the literature on p53 has

numerous studies that focus on p53 and one its transcriptional targets [34][35]. Two

proteins in particular, P53-induced death domain (PIDD) [66] and PML [67](Figure

3.7), have been well characterized and shown to be positive feedbacks, yet these studies

did not consider the impact these positive feedbacks might have on the dynamics of p53.

Furthermore, these positive feedbacks deserve further investigation, because they are
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Figure 3.7: PIDD and PML have been identified in the literature to stabilize p53 by interfering with MDM2.

usually described as a necessary component for p53-dependent apoptosis or senescence

where cell-fate is the measurement of function.

The PIDD gene was so named, because it was discovered to be transcriptionally

induced by p53 in an erythroleukemia cell line with a temperature sensitive p53-mutant

[66]. and the PIDD promoter [66]. Sequence analysis of PIDD mRNA revealed a p53

consensus binding site in the 5’ UTR and two protein domains: a domain of leucine-rich

repeats and a death domain [66]. These domains are associated with protein-protein

interactions and were found to be essential to the formation of the PIDDosome protein

complex [68]. The PIDDosome is a ring-shaped complex of five PIDD and seven

RAIDD proteins [69]. The RAIDD protein has a caspase recruitment domain (CARD)

that recruits and activates caspase2 [68], which was discovered long after canonical

caspase activation that leads to apoptosis.

Caspase2 is a highly conserved protein whose function is not strongly associated with
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apoptosis [70]. Structurally it is most similar to caspase8. Caspase2 has been shown to

cleave mdm2, and the fragment that is still recognized by common mdm2 antibodies is

known as p60 [71]. The cleavage of mdm2 separates the p53-binding domain from the

RING ubiquitin-ligase domain, which promotes p53 stability in two ways. First, this

prevents mdm2 from tagging p53 for degradation, and, second, the fragment with the

p53 binding domain acts as a competitive inhibitor of uncleaved mdm2.

PML forms sub-nuclear structures known as PML bodies [72]. PML bodies are

associated with regions of DNA that are being transcribed. Proteins are recruited to PML

bodies through the post-translational modification sumoylation. P53 is sumoylated by

PML where it may be recruited to PML bodies surrounding p53-target genes [73][74].

PML has also been shown to sumoylate MDM2, but instead of being recruited to DNA it

is instead recruited to the nucleolus. In either situation, MDM2 and p53 are sequestered

away from each other, which leads to stabilization of p53.

Measuring the expression of PIDD and PML mRNA with qPCR shows that the

expression is significantly elevated at the 24 and 48 hour timepoints post-irradiation (Fig

9). This time frame coincides with the elevated p53 levels observed in Western blots.

Both genes are expressed during the time frame a positive feedback is expected to occur,

so the test the existence of a positive feedback directly siRNA for each gene was applied

to MCF7 cells. The siRNA effectively knocked down each gene (Figure 3.8).

The suppression of a positive feedback should lead to less p53 when observed by

Western blot. In the case of PML, the long-term dynamics of p53 are relatively

unchanged (Figure 3.9). This strongly indicates that PML is not primarily responsible for

the elevated levels of p53.
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Figure 3.8: The expression profile of both PIDD and PML show increased expression in the long-term time frame of 24 and 48

hours (left panel). SiRNA against PIDD and PML suppress mRNA levels in response to irradiation (right panel).

Figure 3.9: Long-term p53 levels are not affected by PML knockdown.

35



Figure 3.10: The knockdown of PIDD reduces p53 levels at 24 and 48 hours. Notably, the short-term dynamics of p53 are

unaffected.

3.8 PIDDKnockdownDestabilizes p53

In contrast with the p53 dynamics with PML knockdown, the long-term levels of p53 are

greatly diminished when PIDD is knocked down with siRNA (Figure 3.10).

Interestingly, the short-term dynamics of p53 are very similar to each other in both

conditions. This implies that PIDD is not required for the initial p53 response following

irradiation, which is consistent with the low basal expression of PIDD observed at the

time of irradiation. The increased PIDD expression at 48 hours correlates with long-term

elevation of p53 and without PIDD p53 is reduced to near basal levels. This result

suggests that PIDD may function as a positive feedback that stabilizes p53.

An alternative to using siRNA to disrupt the putative positive feedback between

PIDD and p53 is the use of a small molecule inhibitor of caspase2 [75]; caspase2 is

activated by PIDD and cleaves mdm2. Caspase2 inhibitor is added to cells 24 hours after

radiation in order not to disrupt the short-term response of p53. Similar to the

knockdown of PIDD, the addition of casapse2 inhibitor leads to lower long-term levels of

p53 (Figure 3.11), providing further evidence that PIDD is part of a positive feedback

loop. The effectiveness of the inhibitor can be seen in both p53 and mdm2 bands. In an

inhibitor dose dependent manner the amount of mdm2 cleavage product, p60, decreases

at the higher concentrations. As the presence of p60 decreases, so does the levels of p53.
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Figure 3.11: Caspase2 inhibitor reduces p53 levels at 48 hours. MDM2-p60, cleaved by activated caspase2, is reduced in a

dose dependent manner.

This second method of perturbing the connection between PIDD and p53 further

supports the idea of a positive feedback loop.

3.9 Induction of PIDD Increases p53 Levels

It has been shown that disrupting PIDD has led to lower levels of long-term p53. If p53

and PIDD are part of a positive feedback loop then higher levels of PIDD will lead to

higher levels of p53. A tet-on inducible Flag-tagged PIDD construct was added to cells to

verify this relationship. The inducible PIDD is Flag-tagged, because PIDD antibodies are

not reliable. As a negative control GFP protein is induced instead on PIDD. Doxycycline

is added 24 after irradiation to activate the inducible promoter. Following irradiation, the

long-term levels of p53 are higher with induced PIDD suggesting enhanced stabilization

of p53. In the presence of induced GFP there is not a noticeable change in long-term p53

levels (Fig 13). Furthermore, induced PIDD also leads to a greater amount of p60, which
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Figure 3.12: A tet-on inducible PIDD system was added to MCF7. Induction of PIDD leads to comparatively higher levels of p53

levels at 48 hours. The negative control of inducible GFP did not affect p53 levels

is consistent with increased caspase2 activity (Figure 3.12).

3.10 LongTerm p53Dynamics at Single-Cell Resolution

Until now, the long-term p53 dynamics and the role of PIDD have been explored using

measurements, such as Western blots and qPCR, which represent averages of protein and

mRNA within a population of cells. It is important to investigate the long-term p53

dynamics at the single cell level as well, because population measurements can mask

underlying heterogeneity [48]. Immunofluorescence (IF) measurements of p53 protein

levels reveal that there is heterogeneity in the expression of p53 at 72 hours after

irradiation that is not apparent at basal conditions, or at 2 hours after irradiation during

the initial pulse of p53 (Figure 3.13).

In addition to the heterogeneity seen in p53, the nuclei of the cells have transformed

over the 72 hours following irradiation into a diverse range of sizes (Figure 3.13). At 72

hours some cells appear to have become bi-nucleated cells and other cells contain
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Figure 3.13: Immunofluorescence of irradiated MCF7 cells were treated with anti-p53 antibody. Compared to 0 and 2 hours, the

72 hour timepoint reveals heterogeneity in both p53 signal and nuclear morphology.

micronuclei (MN) [76]. The micronuclei correlate with higher concentrations of p53

seen as bright dots that surround the nuclei.

The diversity in morphology and the appearance of micronuclei complicate the

definition of p53 dynamics. During the short-term p53 response the cells are arrested, so

there is no division and the nuclei remain whole. Since p53 is primarily confined to the

nucleus the p53 dynamics in single cells can be defined as the change in p53

concentration within the nucleus over time. The mean fluorescence intensity of the p53

reporter is proportional to this value. This definition of p53 dynamics in single cells is

compatible with the Western blot measurement of p53 dynamics, because when a fixed

amount of protein is added to each lane this has an averaging effect; when cells are

synchronized the Western blot would represent the average cell.

When a cell is multinucleated or has MN and these different nuclear compartments

contain varying levels of p53 it is trickier to define p53 dynamics, because it is unclear

how functional p53 is within each nuclear compartment or how differential p53 dynamics

affect cellular function or cell fate decision making. This complication can be represented

as several ways p53 dynamics can be defined in a time-lapse movie: the average intensity
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Figure 3.14: Histograms of p53 from immunofluorescence. The 0 and 2 hour time points show the induction of p53 in the whole

population. The 48 hour distribution is assymetric and has a long tail that caused by the underlying heterogenity.

of p53 signal across all nuclear compartments, the brightest average intensity of p53

signal in any nuclear compartment at a given time, the p53 signal found in the largest

nuclear compartment, or the p53 signal can be tracked for all nuclear compartments and

treated independently. From a practical perspective it is easiest to measure the average

p53 intensity within the largest nuclear compartment, so an intact nucleus or a nucleus

surrounded by micronuclei would be treated the same and micronuclei are ignored.

Immunofluorescence of MCF7 cells following irradiation with 10Gy reveals a

distribution of p53 levels with a long tail at 48 hours (Figure 3.14). Relative to the basal

distribution of p53, the 2 hour post-irradiation distribution shows the entire population

has activated p53 and has an average intensity that is several fold higher than basal

conditions. The 48 hour distribution shows that for a large fraction of the population the

p53 levels are near basal levels or between 2 hour levels that represent the peak of the first

pulse of p53.

The heterogeneity that was observed in the immunofluorescence images translates to
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the histograms. The 0 and 2 hour distributions are more symmetrical, reflecting the low

basal levels of p53 and synchronized first pulse, respectively. The diversity in p53 signal

intensity seen at 48 hours is evident in the asymmetric and broad distribution of p53. In

contrast to the Western blot data of short-term p53 dynamics, the long-term p53

dynamics will be an average that includes the p53 heterogeneity observed in the nuclei

and micronuclei, which adds an additional perspective to the interpretation of these

results.

3.11 A Subpopulation ofCells Showp53Dynamicswith Elevated

Levels

Interestingly, when single cells are tracked over a 72 hour period using time-lapse

microscopy three different long-term behaviors are observed (Figure 3.15). They will be

referred to as: return-to-basal, persistent pulsing, and sustained. Return-to-basal

dynamics show pulsing immediately after irradiation for approximately 24 hours,

throughout the window of time that encompasses short-term dynamics. Persistent

pulsing dynamics are those that show p53 oscillations throughout the period of

observation, 72 hours. Sustained dynamics are periods of elevated p53 levels that remain

elevated for times much longer than the duration of a typical pulse.

A heat map of p53 dynamics from 200 cells (Figure 3.16) summarizes the diversity

observed across the population. The dynamics were classified by the consensus of a few

lab members using the traces above as a guide to classification. The majority of cells were

persistently pulsing and the smallest fraction of cells exhibited sustained p53 dynamics.

This result is surprising when compared with the long-term dynamics observed in

Western blot. In the Western blot the elevated levels at 48 hours suggested a change in

p53 behavior had occurred. However, when the long-term dynamics are observed at the
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Figure 3.15: Examples of p53 dynamics from individual cells. Three patterns of dynamics were observed. Row 1: return-to-

basal. Row 2: persistent pulsing. Row 3: sustained.
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Figure 3.16: A heat map of p53 dynamics from 200 cells shows 3 subpopulations of cells that have different patterns of p53

dynamics. Each trace has been self-normalized.

single cell level the majority are have p53 pulses that are the same as the p53 pulses

observed in the short-term. This suggests that the observations made at the population

level could be largely influenced by a sub-population of cells that exhibit sustained

dynamics. The heterogeneity discovered at the single-cell level shows population

measurements mask single-cell behaviors. Our results show a clonal population of cells

exposed to a uniform amount of ionizing radiation gives rise to several different p53

dynamics.
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3.12 Summary

PIDD has been shown to affect p53 levels in a manner consistent with a positive feedback

loop. The repression of PIDD activity, either through siRNA or a small molecule

inhibitor, led to lower levels of long-term p53. Additionally, an increase in PIDD activity

through a tet-on system led to higher levels of long-term p53. Interestingly, PIDD

expression increases over the long-term time scale and does not appear to be required for

the short-term p53 response. The behavior of PIDD is evidence that p53 dynamics in the

short-term and long-term dynamics are the result of a signaling network that is changing,

yet it is not clear if the long-term p53 dynamics have any functional consequence.

P53 is known to influence entry into senescence through the DDR and transcription

of p21 [77]. Intriguingly, 10Gy is known to drive the entire population into senescence,

yet there are several patterns of p53 dynamics. There are a couple possibilities that could

explain why all roads lead to senescence. One possibility is that the decision to enter

senescence is made during the short-term response, when p53 dynamics across the

population are the most similar. This would imply that the long-term p53 dynamics are

not necessary for commitment to senescence. The return-to-basal dynamics supports

this idea, because p53 is absent even though these cells are becoming senescent. Another

possibility is that the long-term dynamics do matter, but in a contextual manner. This

means that there is some variable aspect of a cell that differs across the population, which

induces a specific type of p53 behavior as a step towards senescence. This variable could

be the state of the cell cycle at the time of damage, or the some complication from DNA

damage repair occurs at a low rate and affects only a subset of cells.

Earlier is was shown that the PIDD protein was shown to be part of a positive

feedback loop in long-term p53 dynamics, yet the role PIDD remains unclear at the

single cell level. The proportion of cells that exhibit sustained dynamics most closely
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resemble the dynamics observed in Western blot and it suggests that PIDD might be

prominently involved in this subpopulation. p53 dynamics should be measured at the

single cell level with the knockdown of PIDD and induction of PIDD to explore the

connection between PIDD and the p53 stability seen sustained p53 dynamics.
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4
Semi-Automated Tracking of p53Dynamics

4.1 Introduction

There are many technical challenges to quantifying protein dynamics from single-cell

fluorescent time-lapse microscopy [78]. One of the challenges facing the long-term

observation of p53 dynamics in cancer cells responding to gamma radiation is cell

tracking. In the end a custom tracking tool was created to handle the unique image data

collected while observing long-term p53 dynamics. The motivations behind this tool are

given the perspective when considering the popular open-source software Cell Profiler
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[79].

Cell Profiler is developed andmaintained by the Carpenter Lab atThe Broad Institute.

It is widely used and increasing in popularity. Cell Profiler is particularly adept at

quantifying images of fixed cells, but has limitations to tracking cells through time. In

particular, the algorithm is challenged by the quality of the images and the number of

images that make up the movie.

The movies of long-term p53 dynamics are long enough that the performance of the

tracking algorithm would fail in two ways. First, the length of the movie was such that

many times two cells would pass closely to each other and cause a segmentation error

where two cells would be counted as one. When this happened one of the growing tracks

would switch cells after the two nuclei could be resolved again, which was unwanted.

Second, the software was confused by the act of cellular division. A dividing cell leads to

one more additional cell to track and it was ambiguous how these tracks were linked after

division. Additionally, the image analysis was complicated by failed mitosis. A failed

mitosis or mitotic catastrophe [80] can lead to the formation of micronuclei or a

multi-nucleated cell. It is then unclear which nuclear body to track and what constitutes

p53 dynamics. TheCell Profiler tracking software was not made to resolve these conflicts.

4.2 The JaqamanAlgorithm

The underlying algorithm used for tracking in Cell Profiler is widely used in other

tracking software that were custom made for a given project [81][82][83]. The source

algorithm [81] was designed to be flexible. The optimization that leads to a tracking

solution depends upon a cost function, which could be altered or expanded to

accommodate the unique features of the objects being tracked. Originally, the objects

being tracked with sub-diffraction limit receptors. The tracking of cells has additional
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information that can be incorporated into the cost function such as nuclear area and

solidity.

Furthermore, if the cells were imaged at a high enough rate the movement of

individual cells was persistent from frame to frame. This information could be

incorporated into the cost equation through the use of a Kalman filter. A linear model of

movement was found to be satisfactory in predicting cell motion. The Kalman filter can

also be applied to the p53 dynamics to aid in tracking in addition to the fluorescent

intensity of p53. At any given time there is a wide distribution of p53 intensities, so

neighboring cells can be distinguished by their variable intensity. If the imaging

frequency is high enough that changes in p53 intensity are relatively slow, then a linear

model of p53 dynamics can sufficiently predict the p53 levels from frame to frame. The

cost function of the Jaqaman algorithm was expanded to incorporate this information.

In spite of these additional efforts to aid in the tracking errors were still common. To

improve the results felt like it would require innovation to the Jaqaman algorithm or a

new algorithm altogether. This prospect was beyond my capabilities, so we created a

software that would allow for the manual curation of tracking fragments. The cost

function was tuned to be sensitive to differences of the nuclei from frame to frame. If a

large difference occurred then a track would be terminated and a new track would start.

We found that certain events would trigger this termination. For example, when two cells

were segmented as one the difference in area would cause both tracks to terminate.

When a cell divided the difference in cell shape again caused a termination. This

termination included both a proper mitosis and a failed mitosis. The software we made

would allow the annotation and editing of these tracks. A division or mitotic catastrophe

could be annotated and lineages of division could be created by identifying the

mother-daughter relationship between tracks that start and end in division.
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4.3 The ImageViewer

Perhaps the most essential component to tracking cells is a window to display the images

captured by the microscope and visualize the information that connects cells between

frames. The challenges to make an effective viewer include navigating the structure of the

original data, creating visuals that communicate tracking, and collecting user feedback to

validate and modify the tracks generated algorithmically. The viewer is the primary

window of a graphical user interface and will draw the focus of the user for most time.

The simplest instance of the viewer will display the images with no tracking

information (Figure 4.1). This can be useful when exploring the data to “get a feel” for

the response of a population or to compare the images captured at different positions or

times. At first glance this window is very minimal and bare-bones. This approach was

inspired by the open source software ImageJ [84] and necessitated by expediency. One

of the mantras guiding the creation of the tracking tool was, “don’t reinvent the wheel.”

This meant finding the compromise between functionality and the time required to add a

new feature. For the most part during development this meant forgoing adding features

that were not directly related to tracking, because the goal was not to recode ImageJ in

MATLAB. However, there are basic functionalities that could not be avoided.

4.4 Accessing large data sets using thumbnails

A novel software feature is the quick access to a large collection of images. In contrast to

ImageJ, a collection of image files does not need to be imported as a stack to view them

sequentially through time. For a single stack of images the time savings is negligible, but

the scale of experiments within the Lahav Lab has been increasing in both the number of

positions and number of timepoints collected. For example, a movie that consists of 4
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Figure 4.1: The imageviewer displays cells and responds to user-inputs.

channels, 75 positions, and 289 timepoints generates 169GB of TIFF image data. Using

ImageJ to view the data would mean importing up to 300 stacks across time, referring to

the example data set. Using ImageJ 1.47v with a circa 2010 computer with 3 cores at

2.8GHz and 5400rpm hard drive, the importing an image sequence into a stack requires

approximately 45 seconds. This time can be influenced by network speed instead of hard

drive speed if the data is stored in the cloud or network drive. To view all the data

through ImageJ one must commit to nearly 4 hours of idle, waiting time.

The solution to avoiding this wasted time is to create thumbnails of the captured

images (Figure 4.2). The creation of thumbnails does require time for processing, but

this time is a single hands-free chunk when the thumbnail script is run, and can be run

overnight. The thumbnail images are smaller in size by 2 orders of magnitude by reducing

the number of pixels 4 fold, reducing the image depth to 8-bits from 16, and using the

PNG lossless image compression format. The 169GB dataset can be converted to 2GB

worth of thumbnails. This smaller file size makes it possible to load an image from the

hard disk as needed without experiencing a delay that would interfere with
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Figure 4.2: The smaller thumbnail greatly reduces the time it takes to read an image from the disk and display it on screen.

semi-automated tracking.

4.5 Navigating large datasets using group, position, and set-

tings labels

The acquisition of images on a microscope can be categorized into a hierarchy that

organizes the data by the description of its contents. This hierarchy consists of 3 layers:

group, position, and settings. This hierarchy will be referred to as the GPS hereafter. The

settings, the first layer, is specified by several imaging parameters, including channel,

exposure, z-height, and binning. The position, the second layer, is determined by the

(X,Y) location of the stage over the objective. The group, the third layer, organizes the

positions. For example, a group of positions can identify each well in a multi-well plate,

or different regions within the same plate.

The GPS can be represented graphically by 3 tables. Each row in the group table

corresponds to a position table, and each row in the position table corresponds to a

settings table. Navigating the set of images collected in time-lapse microscopy
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Figure 4.3: The GPS gui has a table for each level of the GPS hierarchy.

experiment is greatly simplified by specifying 3 rows in the gui representation of the GPS

(Figure 4.3).

4.6 Adjusting the contrast

The default representation of an image on a computer screen often assumes that the

range of intensities in an image span the bit-depth of an image. For example, if an image is

stored in a 16-bit format, then the lowest value is 0 and the highest value is 65,535. Often,

the data collected on a microscope does not span the full range of intensities. This is

primarily a result of the strength, or lack thereof, of a fluorophore. A weakly fluorescent

protein, compared to a bright Alexa dye, will produce relatively few photons for a given

exposure length, which is proportional to the intensity value found in the pixel that

corresponds to the location of that protein. The exposure length can be increased to

generate a brighter signal, but there is an upper-limit based on photo-toxicity. Another
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Figure 4.4: Inadequete constrast correction can obscure the information in an image.This series of images show a phase

contrast image of MCF7 cells. (Left) The image with contrast spanning the bit-depth of the image, i.e. no correction. (Middle)

The image with moderate contrast correction. (Right) The image with heavy correction.

cause of a low maximum-signal-intensity is the dynamic nature of a tagged protein,

implying the intensity will vary through time, and not every timepoint will contain high

maximum-signal-intensity. In summary, many images consist entirely of intensities much

lower than the maximum value of an image format determined by the bit-depth.

When displaying a low intensity image on a computer screen it can initially appear

empty or entirely black and the information contained within the image cannot be seen.

The range of color that can be displayed by the computer screen does not map effectively

to range of intensities in the image. This can be fixed with contrast correction, which

changes the lower- and upper-bound of the image range that the computer screen maps

into (Figure 4.4). This issue, though prosaic, prevents the proper viewing of an image

and, therefore, a gui to change the contrast was added to the tracking software (Figure

4.5).

4.7 Navigating through time

When using stacks to view time-lapse data in ImageJ, it is common to represent time as

the variable that is attached to the scroll bar. In other words, the image on display
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Figure 4.5: The contrast correction gui. The graph shows a histogram of intensities within the image. The red and blue vertical

lines represent the lower- and upper-bound of the intensity range being mapped to the computer screen.

Figure 4.6: The timepoint text box. Reports on the current timepoint and can be used to jump to other timepoints.

represents a single moment in time and scrolling through the stack will replace this image

with another from a different moment in time. In the tracking software time is navigated

using the keyboard, in lieu of a scroll bar (ImageJ has this as a redundant feature),

because the mouse is typically being used to identify cells within an image. Using the

‘period’ or ‘comma’ keys can be used to move forward or backward through time. There is

also a text box that can be used to directly enter a timepoint that will then cause the

corresponding image to be displayed (Figure 4.6).
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4.8 Omitted features

There are convenient features that could be added to the current configuration of the

tracking software sometime in the future, but are not essential for the basic function of

the tracking software: being able to see the data and navigate a large dataset. The ability

to zoom or magnify a region of an image would be helpful when looking at tightly packed

cells. Adding pseudo-color to multiple channels and the ability to overlay multiple

channels would be helpful for comparing the dynamics of multiple channels within the

same cell. Finally, generating a statistics based summary of the dataset derived from

intensity histograms could provide an approximation to changes in cell number and

changes in dynamic behavior without any single-cell tracking.

4.9 GeneratingTracks

Tracking of cells is done using the linear assignment algorithm created by Jaqaman et

al.[81]. The original algorithm was used to track sub-diffraction-limit CD36 receptors in

macrophages and clathrin-coated pits in BSC1 cells. These objects differ from nuclei in

several ways. Nuclei are relatively large in that they typically have a larger area in terms of

pixels. This also depends on the magnification of the objective being used, but in general,

the CD36 receptors could primarily be described by a single (X,Y) point, even a

sub-pixel, and the intensity of the image at that point. In contrast, an MCF7 nucleus

under 20x magnification occupies around 1000 pixels. It can be described in terms of a

(X,Y) centroid and mean intensity similar to the CD36 receptor, but also by other

information such as area, texture of intensity, or number of foci contained within the

nucleus. These extra details can be used to track a cell by modifying the entries of the

cost matrix.
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In the source algorithm the linking cost was defined as the distance squared:

The linking cost can be modified to include more variables or parameters through

multiplication. The relative importance of each variable or parameter can affect the cost

by weighting each variable with the value of the exponent. In general the linking cost

would resemble,

The size of the nucleus can be incorporated into the linking cost. The most

straightforward metric to consider is adding the area, in the units of pixels, to the linking

cost. However, the distance metric and area share the same unit for distance, which

means that they are of approximately equal weight in the following equation.

However, the change in area is not as important as the change in location of nuclei

from timepoint to timepoint, so a weight will be added to the area to reduce its relative

influence.

4.10 Trackingwith cellmovement

Cell lines all have mobility to some degree and MCF7 cells are no exception. Without

taking into account cell movement the tracking algorithm is at risk of linking two unique

cells together, because one cell displace another from one timepoint to the next. Mobility

can be incorporated into the linking cost by predicting where a nucleus should be in the

next time frame using a Kalman filter. The Kalman filter uses a mathematical model of

cell movement and updates the parameters of the model by comparing the actual

location of the nucleus with the prediction. The simplest model of cell movement is a

linear model. A linear model is an appropriate approximation of complex cell movement

as long as the timepoints are relatively frequent. That is to say that for a handful of frames

a cell will not appear to change direction or speed.

The movement in the X and Y direction are independent of each other. The process
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noise is estimated from several tracks that have been manually curated in addition to the

a priori estimate error covariance matrix. The following matrices were derived from

MCF7 cells imaged with a 20x objective and binning 2:

4.11 EditingTracks in the image viewer

Once the tracking algorithm processes the dataset they are visualized in the image viewer

(Figure 4.7). The lines in the image shows the path of a track through time. The circle on

that line shows where the cell is at the current timepoint. There are 3 colors randomly

assigned to each track to help distinguish neighboring cells from one another. A text box

is adjacent to each circle that contains metadata, such as the ID number of a given track.

The tracking algorithm is currently configured such that a division event, or

inconsistent segmentation, will end a track and start a new track at the next time point.

The tracks represent the automated part of cell tracking. The manual part of tracking

consists of annotating and curating these tracks. Errors in tracking can be fixed by

breaking tracks or joining tracks together. Each track can be assigned a cell label. The

same cell label can be assigned to multiple tracks. A lineage of mother cells and daughter

cells can be created with two mouse clicks that link a mother cell and daughter cell

together.

These edits and cell labels can be performed with the help of a gui (Figure 4.8).

Keyboard shortcuts exist for joining two tracks, ‘n’, breaking a track in two, ‘b’, deleting a

track, ‘-‘, creating a new cell label, ‘c’, adding a track to a cell label, ‘t’, and identifying a

mother-daughter relationship, ‘m’. A table displays the cell label data.
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Figure 4.7: The Image viewer with showing tracks output by the tracking algorithm.
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Figure 4.8: The cell metadata control gui. Information about division events is shown in the lineage table.

4.12 Quantifying cell traces

After annotating the tracks and identifying cells within the movie the tracking software is

no longer needed. A script that parses the cell label and track data will create a matrix of

traces that can be sorted by the GPS. At this point the image data has been quantified and

is ready for further analysis. In the data set that has been referenced throughout the

description of the tracking software, a collection of cells show p53 pulses in response to

irradiation.

4.13 Limitations

The greatest limitation in the tracking software is the need for a nuclear marker in the cell

line being analyzed. A good nuclear marker will lead to well segmented images. The

better the segmentation the better the tracking, because the tracking algorithm relies

upon consistency from frame to frame. Poor segmentation will lead to shorter tracks and

59



more effort will be required during annotation. A good nuclear marker greatly improves

the results of the tracking algorithm.

Another limitation is the need to manually identify mother and daughter cells. In the

current configuration several steps are required to make this annotation. There is the

potential to have this become automated as well. During division the cell changes

morphology that is particularly distinct in the phase contrast image. If cell division could

be identified by this uniqueness then the daughter cells could be identified at a later

timepoint using the Jaqaman merging and splitting algorithm, which is not currently

implemented in the tracking software.
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5
Conclusion

5.1 Long-term p53Dynamics LookLikeNutlin-InducedDynamics

Single-cell analysis of long-term p53 dynamics have shown that a small fraction of cells

exhibit sustained p53 dynamics. This observation invites questions about their

significance. The sustained, elevated levels of p53 that naturally appear following IR

exposure are reminiscent of the sustained dynamics induced in pulsing cells using the

small molecule nutlin. The nutlin-sustained p53 dynamics were shown to alter the
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transcription of p53-target genes, especially PML and p21, changing the timing or

strength of induction. It would be interesting to measure the expression of PML and p21

in the cells that exhibit long-term sustained dynamics. Additionally, nutlin-sustained

dynamics were shown to increase the probability of entering senescence. It suggests a

connection between long-term sustained dynamics and cell fate is possible.

5.2 Do Sustained p53 Dynamics Influence Gene Expression or

Cell Fate?

These gene measurements could conceivably be measured at the population level or in

single cells. To measure gene expression at the population level would require

enrichment of the sustained population and then measuring the protein in a Western blot

or the mRNA using qPCR and comparing these levels with cells that were not-sustained.

The first challenge is the method to enrich these cells. One solution would use

fluorescence-activated cell sorting (FACS) to identify and separate the subpopulation of

sustained cells. Irradiated cells could be sorted several days after IR exposure. Some

pitfalls towards this approach is the strength of the fluorescent signal and sorting pulsing

cells at the peak of activity along with cells with sustained p53 activity. Prior experience

attempting to sort fluorescently tagged p53 suggests that the sensitivity of the FACS

machine may not be good enough to distinguish p53 levels in the range of activity

observed under the microscope, for the tagged p53 is relatively dim.

To overcome the limitations of the p53-reporter brightness and FACS machine

sensitivity a reporter gene could be constructed. The ideal reporter gene would

distinguish between pulsing cells and sustained cells in a binary fashion. One approach
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would rely on a fluorescent protein with a long maturation period and high degradation

rate. Under pulsing conditions this protein would be degraded before the protein could

mature and give off signal. In sustained conditions, strong induction of this protein

would lead to concentrations high enough that the average lifetime of the reporter would

exceed the maturation time and the cell would become fluorescent. Jacob in the Lahav

Lab has demonstrated the feasibility of this kind of reporter. If fluorescent proteins are

not bright enough to properly sort the reporter gene could be a cell surface marker that

could be targeted with a fluorescent dye before being sorted. Finally, perhaps the best

reporter gene would be a tagged version of PIDD. In population measurements PIDD

was induced 24 hours after IR exposure. If PIDD is responsible for the sustained

behavior then its expression would be exclusive to the sustained dynamics phenotype.

Measuring gene expression at the single-cell level could be accomplished using the same

smFISH technique that was used to compare gene expression between cells with

nutlin-sustained dynamics and pulsing dynamics. smFISH has an advantage over

immunofluorescence, because proteins have an extra layer of regulation that may not

correlate with p53 activity. However, smFISH is also more technically challenging, so it

is probably worth doing both assays, especially for a gene like p21 since it is a

well-studied p53-target. Another challenge would be finding enough long-term sustained

cells to make a statistical argument about the gene expression in these cells. At a 10

Perhaps the biggest hurdle would be interpreting the results of the gene expression data.

The nutlin-sustained dynamics were synchronized by the proximity to IR exposure, 12

hours, and the 3 additions of nutlin that altered the wild-type pulsing behavior. This

meant the cumulative p53 dynamics could be controlled for within an experiment, which
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was necessary to separate p53-dependent transcription based solely on concentration

from transcription dependent on dynamics. The long-term sustained dynamics are more

unsynchronized and induced at different timepoints, though generally at least 24 hours

after IR exposure. The dynamics before the switch to sustained dynamics could also

influence the gene expression measurement and it is not clear how to account for this

possibility. Comparing varying degrees of gene expression, for example between p21,

may be too difficult to interpret. If the gene expression difference is drastic, i.e. if there

are a subset of genes induced only during the sustained dynamics, this would suggest

these dynamics have a function role. Measuring expression of the PIDD gene would be a

nice start.

The discussion to this point has focused on the possibility that p53 function is different

during long-term sustained dynamics when it also possible that p53 function in not

relevant. The unwritten assumption has been that the upstream signaling is the result of

IR induced DNA damage and any change to p53 behavior would be the result of

downstream events. In the days that follow IR exposure a pathway independent of ATM

and the DNA-damage response could be activated and influence p53 stability. In the 3

days that follow IR exposure, MCF7 cells have been seen dividing (presumably

successfully, but we cannot preclude aberrant chromosome segregation caused by

dividing with damage); dividing unsuccessfully leading to the formation of micronuclei,

slipping through mitosis and becoming 4N in the G1-phase of the cell-cycle; and

dividing and then fusing to become binucleated. Any of these events threaten genomic

integrity and could trigger some kind of response that could stabilize p53 or alter

p53-target genes in a p53-independent manner. Additionally, the single-cell data

presented in chapter 4 were from MCF7 cells damaged with 10 Gy. This level of damage
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was shown to induce senescence in the entire population of cells, which suggests that the

variability in p53 dynamics does not have a functional consequence. However, while the

different p53 dynamics may not lead to a unique cell fate, they could affect or reflect the

timing of the commitment to senescence.

5.3 Single-CellMeasurements of PIDD

The connection between PIDD and elevated levels of p53 at long time-scales established

in population based measurements should be followed up at the single cell level.

Long-term p53 levels were noticeably reduced when PIDD was knocked down with

siRNA or the PIDDosome-activated caspase2 was inhibited. If PIDD is responsible for

the sustained p53 dynamics observed in 10

If the knockdown or induction of PIDD does not affect the fraction of cells with

sustained dynamics, then this would call into question how the heterogeneity in

dynamics observed in single cells reflects the p53 dynamics seen at the population level.

It has been shown that, over the first 12 hours following IR exposure, the damped p53

pulses in Western blots reflects the loss of synchrony between the undamped pulses

observed in single cells. The subpopulation of cells that express sustained dynamics

mirror the long-term dynamics observed in Western blot and it is possible that this small

fraction expresses p53 at such high levels that it dominates what is seen at the population

level. It would be curious to discover that PIDD does not affect this fraction, because it

would suggest PIDD regulates p53 stability in a more subtle way then the population

measurements imply.
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5.4 The Importance of Studying p53Dynamics

The study of p53 dynamics can help elucidate the function of p53 in several fundamental

ways. First, it can help enrich and define the signaling pathways that include p53. If one is

trying to identify the nodes that belong to the p53 signaling network, this can be

experimentally determined by identifying the genes and proteins that regulate p53

dynamics. This approach led to the discovery of the phosphatase Wip1 resetting the

upstream ATM signaling between pulses of p53. It is also the approach used to identify

and explore the role of PIDD in stabilizing p53 days after IR exposure.

Second, it has been shown that information is contained within the dynamics themselves

and not just the p53 protein. Dynamics therefore represent another aspect of p53 that

can considered a drug target. A clever manipulation of p53 dynamics may prove to be a

viable therapy option that could potentially reactivate mutated p53 function, or it could

p53-dependent cell death specifically in cancer cells. P53 dynamics should also be

considered a potential source of variation that could explain why genotoxic stresses, such

as chemotherapy or IR induced DNA damage, can often lead to heterogeneous cell

responses at clinically relevant doses.

Finally, p53 dynamics must be studied at the single-cell level. The development and

treatment of cancer is highly dependent on heterogeneity within the malignant

population to advance towards metastasis, develop resistance to cancer therapies, and aid

its overall survival. The sources of this heterogeneity may be detected within

measurements of p53 dynamics, because they affect p53 behavior directly or simply by

chance when a group of cells with similar dynamics experience different fates. The tools
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developed to measure and study p53 dynamics at the single-cell level can also be

repurposed for the study of other proteins with interesting dynamics.
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1 f u n c t i o n [] = sm f i s h S t a c k P r e p r o c e s s i n g ( s t a c kp a t h , v a r a r g i n )
%no i s e r e d u c t i o n by matched f i l t e r i n g wi th a g u a s s i a n k e r n e l

3 %c r e a t e g a u s s i a n f i l t e r t h a t a pp ro x ima t e s 3D PSF o f the mic ro scope .
%D i s t a n c e u n i t s a r e i n mic romete r s .

5 %−−−−− Se t Pa r ame t e r s −−−−−
pa r ame t e r s . o b j e c t i v e = 60 ; %a s i n 60 x

7 p a r ame t e r s .NA = 1 . 4 ; %t y p i c a l o f 60 x o i l immers ion o b j e c t i o n s
p a r ame t e r s . r i n d e x = 1 . 5 1 ; %t y p i c a l r e f r a c t i v e i nde x o f o i l

9 p a r ame t e r s . c am e r a p i x e l l e n g t h = 6 . 4 5 ; %Both cameras i n the Lahav have p i x e l d imens ion s o f 6 . 45 x 6 . 45
um .

p a r ame t e r s . z s t e p s i z e = 0 . 3 ; %User d e f i n e d wi th z−s t a c k i s ob t a i n ed
11 pa r ame t e r s . wave l eng th = . 6 7 ; %Cy5 probe wave l eng th a pp r o x ima t e l y 670 nanometer s

13 %−−−−− Pa r s e v a r a r g i n −−−−−
% ’ f l a t f i e l d p a t h ’ = ’ pa th \2\ f i l e s ’

15 % ’ s ub t r a c t b a c k g r ound ’ = t r u e
p = i n p u t P a r s e r ;

17 p . addRequi red ( ’ s t a c k p a t h ’ , @( x ) i s c h a r ( x ) ) ;
p . addParamValue ( ’ f l a t f i e l d p a t h ’ , ’ ’ , @( x ) i s c h a r ( x ) ) ;

19 p . addParamValue ( ’ s u b t r a c t b a c k g r o und ’ , t r ue , @( x ) i s l o g i c a l ( x ) ) ;
p . addParamValue ( ’ f l u o r c h a n ’ , ’ Cy5 ’ ,@( x ) i s c h a r ( x ) ) ;

21 p . p a r s e ( s t a c kp a t h , v a r a r g i n { : } ) ;
%−−−−− f l a t f i e l d c o r r e c t i o n f o r each z−s l i c e −−−−−

23 i f ~ i s empty (p . R e s u l t s . f l a t f i e l d p a t h )
f l a t f i e l d c o r r e c t i o n ( s t a c kp a t h , p . R e s u l t s . f l a t f i e l d p a t h )

25 tempfo ldername=rege xp ( s t a c kp a t h , ’ (? <=\\) [\w ]* ’ , ’ match ’ ) ; %Prepa r e to c r e a t e a new f o l d e r to
p l a c e background s u b t r a c t e d s t a c k s

tempfo ldername=[ tempfo ldername {end } , ’ _ f f ’ ] ;
27 s t a c k p a t h =[ s t a c kp a t h , ’ \ . . \ ’ , t empfo ldername ] ;

end
29 %−−−−− r e ad the c on t e n t s o f the i npu t f o l d e r −−−−−

d i s p ([ ’ work ing i n ’ , s t a c k p a t h ]) ; %S a n i t y Check
31 d i rCon_s t a c k = d i r ( s t a c k p a t h ) ;

%−−−−− Crea t e a new f o l d e r to ho ld c o r r e c t e d images −−−−−
33 tempfo ldername=rege xp ( s t a c kp a t h , ’ (? <=\\) [\w ]* ’ , ’ match ’ ) ; %Prepa r e to c r e a t e a new f o l d e r to p l a c e

background s u b t r a c t e d s t a c k s
tempfo ldername=[ tempfo ldername {end } , ’ _smFISH ’ ] ;

35 sm f i s h s t a c k p a t h =[ s t a c kp a t h , ’ \ . . \ ’ , t empfo ldername ] ;
mkdir ( sm f i s h s t a c k p a t h ) ;

37 cd ( sm f i s h s t a c k p a t h )
sm f i s h s t a c k p a t h=pwd ;

69



39 %p r o c e s s on l y the s t a c k s t h a t c on t a i n s i n g l e mo lecu l e FISH
s t a cknames=importStackNames ( d i rCon_s t ack , p . R e s u l t s . f l u o r c h a n ) ;

41 i f i s empty ( s t a cknames )
d i s p ( ’ Did not f i n d any z−s t a c k s o f the s p e c i f i e d f l u o r e s c e n t channe l . ’ )

43 r e t u r n
end

45 s t a cknames2=s t a cknames ; %I a p o l o g i z e f o r the r e a l l y c o n f u s i n g f i l e naming sys tem .
%This i s p a r t o f a bug . Thi s f i l e e x p e c t s the i npu t f i l e n ame to be o f a

47 %c e r t a i n fo rma t . The f o l l ow i n g fo r−l oop p a r t i a l l y e n s u r e s the f i l e names
%a r e i n t h a t fo rma t .

49 f o r i =1: l e n g t h ( s t a cknames )
Name_temp = r e g e xp r ep ( s t a cknames ( i ) , ’ \ s ’ , ’ ’ ) ; %Remove a l l not ( a l p h a b e t i c , numeric , or unde r s co r e

) c h a r a c t e r s
51 Name_temp = r e g e xp r ep (Name_temp , ’ tocamera ’ , ’ ’ , ’ i g n o r e c a s e ’ ) ; %remove ’ tocamera ’ i f p r e s e n t b/ c

i t i s not i n f o rm a t i v e
Name_temp = r e g e xp r ep (Name_temp , ’ camera ’ , ’ ’ , ’ i g n o r e c a s e ’ ) ; %remove ’ camera ’ i f p r e s e n t b/ c i t i s

not i n f o rm a t i v e
53 s t a cknames2 ( i ) = Name_temp ;

end
55

f o r b i g Ind = 1 : l e n g t h ( s t a cknames )
57 %−−−−− Load the image f i l e −−−−−

pa r ame t e r s . s t a c k n ame t e s t = [ s t a c k p a t h ’ \ ’ s t a cknames { b i g Ind } ] ;
59 [IM , s i zeOf Image , hLoG , tempI1 , tempI2 , hMeanxy , hMeanz , IMMeanIntens i ty , hGaus , xy , z , p i x e l R a t i o ] =

v a r i a b l e I n i t i a l i z a t i o n ( p a r ame t e r s ) ;
IM = l o adZ s t a c k ([ s t a c k p a t h ’ \ ’ s t a cknames { b i g Ind }] , IM , s i z eOf Image ) ;

61 dataName = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (?<=_t ) (\w*) ( ?=\ . ) ’ , ’ $1_data ’ ) ;
dataName = rege xp (dataName , ’ . * ( ? = \ . ) ’ , ’ match ’ , ’ once ’ ) ;

63 s a v e ( dataName , ’ s i z eOf Image ’ ) ;
%−−−−− background s u b t r a c t i o n f o r each z−s l i c e −−−−−

65 %I ’ ve heard t h a t 3D de convo l u t i on u s i n g an i t e r a t i v e b l i nd−maximum−l i k e hood
%a l g o r i t hm i s v e r y e f f e c t i v e a t removing out o f f o c u s l i g h t from each

67 %z−s l i c e . I p l a y ed around wi th the AutoQuant s o f t w a r e package a t the NIC .
%AutoQuant has t h i s d e convo l u t i on a l g o r i t hm and can ba t ch p r o c e s s a whole

69 %f o l d e r o f f i l e s . The r e s u l t s were q u i t e n i c e . However , the d e convo l u t i on
%p r o c e s s i s t ime consuming : i t t a k e s about 20 minute s f o r a 1344 x1024x50

71 %TIFF f i l e and r e q u i r e s s c h e d u l i n g t ime a t the NIC and u s i n g a computer a t
%the NIC f o r the p r o c e s s i n g . Pe rhaps l a t e r I can i n c o r p o r a t e deconv . i n t o

73 %t h i s MATLAB p i p e l i n e . Un t i l then , a s an a l t e r n a t i v e , I have found t h a t
%u s i n g the t r i e d and t r u e ’ imopen ’ f o r background s u b t r a c t i o n does a p r e t t y

75 %good job a t removing out o f f o c u s l i g h t a s l ong a s the s t r u c t u r i n g e lement
%i s o f an a p p r o p r i a t e s i z e ( i . e . s l i g h t l y b i g g e r than a d i f f r a c t i o n l i m i t e d

77 %spo t ) .
i f p . R e s u l t s . s u b t r a c t b a c k g r o und

79 IM = Ja r ed sBackg round (IM) ;
end

81 %−−−−− enhance d i f f r a c t i o n l i m i t e d s p o t s u s i n g the LoG f i l t e r −−−−−
IM = i m f i l t e r (IM , hLoG , ’ symmetr i c ’ ) ; %To t a l l y works . swee t !

83 %−−−−− c a l c u l a t e the t e s t s t a t i s t i c s t h a t w i l l i d e n t i f y l e g i t s p o t s −−−−−
%%%Test S t a t i s t i c 1 : The 3D c u r v a t u r e . G ive s a s en s e about how much a spo t

85 %r e s emb l e s a po i n t s ou r c e o f l i g h t . I t g i v e s a s en s e o f the s p o t s geometry
%a s opposed to the b r i g h t n e s s o f the spo t .

87 c u r v a t u r e = mySobe lHes s i anCurva tu re (IM , tempI1 , tempI2 , p i x e l R a t i o ) ;
%A r e a l l y l a r g e n e g a t i v e v a l u e i n d i c a t e s geometry l i k e a po i n t s ou r c e . The

89 %numbers produced a r e o f t e n e x t r eme l y l a r g e and i t may be a good i d e a to
%no rma l i z e .

91 %I tu rned a n e g a t i v e i n t o a p o s i t i v e ; I want you a l l to know t h a t .
c u r v a t u r e = −c u r v a t u r e ;

93 c u r v a t u r e ( c u r v a t u r e <0) = 0 ;
%%%Test S t a t i s t i c 2 : The mean b r i g h t n e s s o f the a r e a . Indeed , we e xp e c t the

95 %mRNA FISH s i g n a l to be b r i g h t e r than the background . Taking the mean
%reduc e s the we i gh t o f random peak s due to no i s e , s i n c e no i s e i n t h e s e

97 %images i s o f the zero−mean v a r i e t y .
%f i n d l o c a l maxima

99 f o c iC a n d i d a t e s = imreg i ona lmax (IM, 2 6 ) ;
%Find the mean o f a l o c a l volume t h a t w i l l c a p t u r e an e n t i r e po i n t s ou r c e .

101 f o r i =1: s i z eOf Image (2)
tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (IM( : , i , : ) , [ s i z eOf Image (1) , s i z eOf Image (3) ]) , hMeanz , ’

symmetr i c ’ ) ; %z
103 end

f o r i =1: s i z eOf Image (3)
105 tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , hMeanxy , ’ symmetr i c ’ ) ; %y

end
107 f o r i =1: s i z eOf Image (3)

IMMeanIntens i ty ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , hMeanxy ’ , ’ s ymmetr i c ’ ) ; %x
109 end

%The f i n a l t e s t s t a t i s t i c i s the p roduc t o f t e s t s t a t i s t i c 1 and 2
111 s p o t S t a t = IMMeanIntens i ty . * c u r v a t u r e ;
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%−−−−− Find a t h r e s h o l d t h a t s e p a r a t e s s i g n a l from no i s e −−−−−
113 s p o t S t a t = s p o t S t a t . * f o c i C a n d i d a t e s ;

i nde x = f i n d ( s p o t S t a t ) ;
115 %c l e a r f o c i C a n d i d a t e s

i f i s co lumn ( inde x )
117 inde x = index ’ ;

end
119 s p o t S t a t 2 = s p o t S t a t ( i nde x ) ;

IMMeanIntens i ty2 = IMMeanIntens i ty ( i nde x ) ;
121 c u r v a t u r e 2 = c u r v a t u r e ( i nde x ) ;

%The t e s t s t a t i s t i c t end s to v a r y ove r s e v e r a l o r d e r s o f magni tude
123 %t h e r e f o r e i t i s e a s i e r to compare t h e s e v a l u e s i n a l o g s c a l e .

s p o t S t a t 2 = l o g ( s p o t S t a t 2 ) ;
125 c u r v a t u r e 2 = l o g ( c u r v a t u r e 2 ) ;

i f i s r ow ( s p o t S t a t 2 )
127 s p o t S t a t 2 = spo t S t a t 2 ’ ;

end
129 i f i s r ow ( c u r v a t u r e 2 )

c u r v a t u r e 2 = cu r v a t u r e 2 ’ ;
131 end

i f i s r ow ( IMMeanIntens i ty2 )
133 IMMeanIntens i ty2 = IMMeanIntens i ty2 ’ ;

end
135 i f i s r ow ( index )

i nde x = index ’ ;
137 end

s p o t S t a t 3 = [ s po t S t a t 2 , index , c u r v a t u r e 2 , IMMeanIntens i ty2 ] ;
139 s p o t S t a t 3 = s o r t r ow s ( s po t S t a t 3 , 1 ) ;

s a v e ( dataName , ’ s p o t S t a t 3 ’ , ’−append ’ ) ;
141 %f i n d a good t h r e s h o l d

[ t h r e s ho l d , n , xout , n2 , xou t2 ] = t r i m i n t h r e s h ( s p o t S t a t 3 ( : , 1 ) ) ; %#ok<NASGU,ASGLU>
143 s a v e ( dataName , ’ t h r e s h o l d ’ , ’ n ’ , ’ xou t ’ , ’ n2 ’ , ’ xou t2 ’ , ’−append ’ ) ;

ind = f i n d ( s p o t S t a t 3 ( : , 1 )> t h r e s ho l d , 1 , ’ f i r s t ’ ) ;
145 f o c i = z e r o s ( s i z eOf Image ) ;

f o c i ( s p o t S t a t 3 ( ind : end , 2 ) ) = 1 ;
147 f o c i a r r a y = s p o t S t a t 3 ( ind : end , 2 ) ;

s a v e ( dataName , ’ f o c i a r r a y ’ , ’−append ’ ) ;
149 %−−−−− Crea t e the f i n a l image wi th bon a f i d e s p o t s and o th e r a e s t h e t i c images −−−−−

%sum p r o j e c t i o n o f f o c i
151 sumProj = sum( f o c i , 3 ) ;

Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (\w*) ( ?=\ . ) ’ , ’ $1_sumProj ’ ) ;
153 imwr i t e ( u i n t 8 ( sumProj ) , [ sm f i s h s t a c k p a t h , ’ \ ’ ,Name] , ’ t i f ’ , ’ WriteMode ’ , ’ append ’ , ’ Compress ion ’ , ’ none

’ ) ;
%max p r o j e c t the stamp

155 stampProj3D = pad a r r a y ( z e r o s ( s i z eOf Image ) , [ xy xy z ] , ’ symmetr i c ’ ) ;
%g a u s s i a n stamp ( approx . the PSF) on the sum p r o j e c t i o n o f f o c i

157 f o c i 2 = p ad a r r a y ( f o c i , [ xy xy z ]) ;
i nde x = f i n d ( f o c i 2 ) ;

159 i f i s co lumn ( inde x )
i nde x = index ’ ;

161 end
s = s i z e ( f o c i 2 ) ;

163 f o r i = inde x
[ i2 , j2 , k2 ] = ind2sub ( s , i ) ;

165 stampProj3D ( i2−xy : i 2+xy , j2−xy : j 2+xy , k2−z : k2+z ) = stampProj3D ( i2−xy : i 2+xy , j2−xy : j 2+xy , k2−z : k2
+z ) + hGaus ;

end
167 stampProj3D2 = stampProj3D ( xy +1: end−xy , xy +1: end−xy , z +1: end−z ) ;

%Save the 3D image
169 % Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’(? <= _t ) (\w*) ( ?=\ . ) ’ , ’ $1_stampProj3D ’ ) ;

% f o r i = 1 : s i z eOf Image (3)
171 % imwr i t e ( u i n t 8 ( s t ampPro j ( : , : , i ) ) , [ sm f i s h s t a c k p a t h , ’ \ ’ , Name] , ’ t i f ’ , ’ WriteMode ’ , ’ append

’ , ’ Compression ’ , ’ none ’ ) ;
% end

173 %P r o j e c t the 3D image i n t o 2D
s t ampPro j = sum( stampProj3D2 , 3 ) ;

175 Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (\w*) ( ?=\ . ) ’ , ’ $1_s tampPro j ’ ) ;
imwr i t e ( u i n t 8 ( s t ampPro j ) , [ sm f i s h s t a c k p a t h , ’ \ ’ ,Name] , ’ t i f ’ , ’ WriteMode ’ , ’ append ’ , ’ Compress ion ’ , ’

none ’ ) ;
177

%Crea t e Max P r o j e c t i o n o f the i npu t image
179 maxProj = max(IM , [ ] , 3 ) ;

maxProj = u i n t 1 6 ( maxProj ) ;
181 Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (\w*) ( ?=\ . ) ’ , ’ $1_maxProj ’ ) ;

imwr i t e ( u i n t 1 6 ( maxProj ) , [ sm f i s h s t a c k p a t h , ’ \ ’ ,Name] , ’ t i f ’ , ’ WriteMode ’ , ’ append ’ , ’ Compress ion ’ , ’
none ’ ) ;

183 %Crea t e Merged Color image
maxProj = b i t s h i f t ( maxProj , −4) ;
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185 maxProj = u i n t 8 ( maxProj ) ;
[ s1 s2 ] = s i z e ( maxProj ) ;

187 maxProj2 = z e r o s ( s1 , s2 , 3 ) ;
maxProj2 ( : , : , 1 ) = maxProj ;

189 maxProj2 ( : , : , 2 ) = maxProj ;
maxProj2 ( : , : , 3 ) = maxProj ;

191 f o r i = 1 : l e n g t h ( f o c i a r r a y )
[ y2 , x2 ,~] = ind2sub ( s i zeOf Image , f o c i a r r a y ( i ) ) ;

193 maxProj2 ( y2 , x2 , : ) = [255 0 0 ] ;
end

195 Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (\w*) ( ?=\ . ) ’ , ’ $1_ColorMerge ’ ) ;
imwr i t e ( u i n t 8 ( maxProj2 ) , [ sm f i s h s t a c k p a t h , ’ \ ’ ,Name] , ’ t i f ’ , ’ WriteMode ’ , ’ append ’ , ’ Compress ion ’ , ’

none ’ ) ;
197 %3D s c a t t e r p l o t

%[y2 , x2 , z2 ] = ind2sub ( s , f o c i a r r a y ) ;
199 %s c a t t e r 3 ( x2 , y2 , z2 )

Name = r e g e xp r ep ( s t a cknames2 { b i g Ind } , ’ (\w*) ( ?=\ . ) ’ , ’ $1_maxProj ’ ) ;
201 sm f i s h P l o t ([ dataName ’ . mat ’ ] , sm f i s h s t a c k p a t h , Name , s t a cknames2 { b i g Ind }) ;

end
203 s i gna lComp l e t i onWi thEma i l () ;

s i gna lComple t ionWi thSound () ;
205 end

207 f u n c t i o n [ tempI1 ] = mySobe lHes s i anCurva tu re ( I , tempI1 , tempI2 , p i x e l R a t i o )
%This f u n c t i o n u s e s the Sobe l f i l t e r to app rox ima t e the d e r i v a t i v e s i n a

209 %g r a d i e n t . S i n c e the s o b e l f i l t e r i s s e p e r a b l e the i t can a l s o be
%con v e n i e n t l y ex t ended to f i n d the Hes s i an .

211 %The image I i s 3D and has c o o r d i n a t e s (y , x , z ) .
h1 = [0 . 25 0 . 5 0 . 2 5 ] ;

213 h2 = [−0.5 0 0 . 5 ] ;
h2z = h2/ p i x e l R a t i o ;

215 [ sy , sx , s z ] = s i z e ( I ) ;
Fx = z e r o s ( s i z e ( I ) ) ;

217 Fy = z e r o s ( s i z e ( I ) ) ;
Fz = z e r o s ( s i z e ( I ) ) ;

219 Fxx = z e r o s ( s i z e ( I ) ) ;
Fxy = z e r o s ( s i z e ( I ) ) ;

221 Fxz = z e r o s ( s i z e ( I ) ) ;
Fyy = z e r o s ( s i z e ( I ) ) ;

223 Fyz = z e r o s ( s i z e ( I ) ) ;
Fzz = z e r o s ( s i z e ( I ) ) ;

225 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fx
f o r i =1: s x

227 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape ( I ( : , i , : ) , [ sy s z ]) , h1 , ’ symmetr i c ’ ) ; %z
end

229 f o r i =1: s z
tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y

231 end
f o r i =1: s z

233 Fx ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h2 ’ , ’ s ymmetr i c ’ ) ; %x
end

235 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fy
f o r i =1: s x

237 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape ( I ( : , i , : ) , [ sy s z ]) , h1 , ’ symmetr i c ’ ) ; %z
end

239 f o r i =1: s z
tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h2 , ’ symmetr i c ’ ) ; %y

241 end
f o r i =1: s z

243 Fy ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x
end

245 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fz
f o r i =1: s x

247 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape ( I ( : , i , : ) , [ sy s z ]) , h2z , ’ symmetr i c ’ ) ; %z
end

249 f o r i =1: s z
tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y

251 end
f o r i =1: s z

253 Fz ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x
end

255 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fxx
f o r i =1: s x

257 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fx ( : , i , : ) , [ sy s z ]) , h1 , ’ symmetr i c ’ ) ; %z
end

259 f o r i =1: s z
tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y

261 end
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f o r i =1: s z
263 Fxx ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h2 ’ , ’ s ymmetr i c ’ ) ; %x

end
265 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fxy

f o r i =1: s x
267 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fx ( : , i , : ) , [ sy s z ]) , h1 , ’ symmetr i c ’ ) ; %z

end
269 f o r i =1: s z

tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h2 , ’ symmetr i c ’ ) ; %y
271 end

f o r i =1: s z
273 Fxy ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x

end
275 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fxz

f o r i =1: s x
277 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fx ( : , i , : ) , [ sy s z ]) , h2z , ’ s ymmetr i c ’ ) ; %z

end
279 f o r i =1: s z

tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y
281 end

f o r i =1: s z
283 Fxz ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x

end
285 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fyy

f o r i =1: s x
287 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fy ( : , i , : ) , [ sy s z ]) , h1 , ’ symmetr i c ’ ) ; %z

end
289 f o r i =1: s z

tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h2 , ’ symmetr i c ’ ) ; %y
291 end

f o r i =1: s z
293 Fyy ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x

end
295 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fyz

f o r i =1: s x
297 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fy ( : , i , : ) , [ sy s z ]) , h2z , ’ s ymmetr i c ’ ) ; %z

end
299 f o r i =1: s z

tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y
301 end

f o r i =1: s z
303 Fyz ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x

end
305 %The Sobe l s e p a r t e d f i l t e r s to f i n d the Fzz

f o r i =1: s x
307 tempI1 ( : , i , : ) = i m f i l t e r ( r e s h ape (Fz ( : , i , : ) , [ sy s z ]) , h2z , ’ s ymmetr i c ’ ) ; %z

end
309 f o r i =1: s z

tempI2 ( : , : , i ) = i m f i l t e r ( tempI1 ( : , : , i ) , h1 , ’ symmetr i c ’ ) ; %y
311 end

f o r i =1: s z
313 Fzz ( : , : , i ) = i m f i l t e r ( tempI2 ( : , : , i ) , h1 ’ , ’ s ymmetr i c ’ ) ; %x

end
315 %Find the c u r v a t u r e ma t r i x

myHessian = z e r o s (3) ;
317 f o r i = 1 : numel ( I )

myHessian (1 ,1) = Fxx ( i ) ;
319 myHessian (1 ,2) = Fxy ( i ) ;

myHessian (1 ,3) = Fxz ( i ) ;
321 myHessian (2 ,1) = Fxy ( i ) ;

myHessian (2 ,2) = Fyy ( i ) ;
323 myHessian (2 ,3) = Fyz ( i ) ;

myHessian (3 ,1) = Fxz ( i ) ;
325 myHessian (3 ,2) = Fyz ( i ) ;

myHessian (3 ,3) = Fzz ( i ) ;
327 tempI1 ( i ) = de t (myHessian ) ;

end
329 end

331 f u n c t i o n [ t h r e s ho l d , n , xout , n2 , xou t2 ] = t r im i n t h r e s h (A)
%Ca l c u l a t e a few rank s t a t i s t i c s ( as sumes A i s a l r e a d y s o r t e d )

333 l a = l e n g t h (A) ;
q1a = A( round ( 0 . 2 5 * l a ) ) ; % f i r s t q u a r t i l e

335 q2a = A( round ( 0 . 5 0 * l a ) ) ;
q3a = A( round ( 0 . 7 5 * l a ) ) ; %t h i r d q u a r t i l e

337 myIQRa = q3a−q1a ;
myCutof fa = 3*myIQRa+q2a ;

339 %Crea t e the h i s t o g r am

73



[n , xou t ]= h i s t (A, 100 ) ;
341 %Use the t r i a n g l e t h r e s h o l d f o r the i n i t i a l g u e s s

ind = t r i a n g l eTh r e s hCo r e (n) ;
343 t h r e s h o l d = xout ( ind ) ;

%Look f o r minimum change i n the number o f f o c i or when the change i n f o c i
345 %i s l e s s than 1 .

B = A(A> t h r e s h o l d ) ;
347 [n2 , xout2 ] = h i s t (B , 100 ) ;

n2der = smooth (n2 ) ;
349 n2der = conv ( n2der , [ 0 . 5 0 −0.5] , ’ same ’ ) ; %the c e n t r a l d i f f e r e n c e d e r i v a t i v e to f i n d the min

f o r i = 2 : l e n g t h ( n2der ) ;
351 i f ( n2der ( i−1)<0 && n2der ( i ) >=0)

ind = i −1;
353 b reak

e l s e i f ( abs ( n2der ( i−1))<=1) && (n2( i−1) == 0 | | n2 ( i−1) == 1 | | n2 ( i−1) == 2)
355 ind = i −1;

b r e ak
357 end

end
359 t h r e s h o l d = xout2 ( ind ) ;

l o g i c S t e pCoun t e r = 1 ;
361 wh i l e l o g i c S t e pCoun t e r ~= 0

sw i t c h l o g i c S t e pCoun t e r
363 c a s e 1

i f t h r e s ho l d <myCutof fa
365 %Find the peak o f the p u t a t i v e s i g n a l .

[~ , p u t a t i v e S i g n a l P e a k I n d ] = max(n2 ) ;
367 p u t a t i v e S i g n a l P e a k = xout2 ( p u t a t i v e S i g n a l P e a k I n d ) ;

l o g i c S t e pCoun t e r = 2 ;
369 e l s e

b r e ak
371 end

c a s e 2
373 i f ( p u t a t i v e S i g n a l P e a k >myCutof fa ) && ( pu t a t i v e S i g n a l P e a k I n d >=2)

%I f the peak i s g r e a t e r than the c u t o f f than go fo rwa rd wi th
375 %the t h r e s h o l d s e a r c h . Look f o r the min to the l e f t o f t h i s peak .

%I t w i l l be the f i n a l t h r e s h o l d .
377 f o r i = p u t a t i v e S i g n a l P e a k I n d :−1:2;

i f ( n2der ( i−1)<0 && n2der ( i ) >=0)
379 ind = i −1;

b r e ak
381 e l s e i f ( abs ( n2der ( i−1))<=1) && (n2( i−1) == 0 | | n2 ( i−1) == 1 | | n2 ( i−1) == 2)

ind = i −1;
383 b reak

end
385 end

t h r e s h o l d = xout2 ( ind ) ;
387 b reak

e l s e
389 l o g i c S t e pCoun t e r = 3 ;

end
391 c a s e 3

%Repeat the t r i a n g l e t h r e s h o l d method
393 C = B(B>p u t a t i v e S i g n a l P e a k ) ;

[n3 , xout3 ] = h i s t (C, 100 ) ;
395 ind = t r i a n g l eTh r e s hCo r e (n3 ) ;

t h r e s h o l d = xout3 ( ind ) ;
397 C = B(B> t h r e s h o l d ) ;

[n3 , xout3 ] = h i s t (C, 100 ) ;
399 n3der = smooth (n3 ) ;

n3der = conv ( n3der , [ 0 . 5 0 −0.5] , ’ same ’ ) ; %the c e n t r a l d i f f e r e n c e d e r i v a t i v e to f i n d the
min

401 n3der = smooth ( n3der ) ;
f o r i = 2 : l e n g t h ( n3der ) ;

403 i f ( n3der ( i−1)<0 && n3der ( i ) >=0)
ind = i −1;

405 b reak
e l s e i f ( abs ( n3der ( i−1))<=1) && (n3( i−1) == 0 | | n3 ( i−1) == 1 | | n3 ( i−1) == 2)

407 ind = i −1;
b r e ak

409 end
end

411 t h r e s h o l d = xout3 ( ind ) ;
b r e ak

413 o t h e rw i s e
d i s p ( ’ I f you s e e t h i s message someth ing went wrong du r i n g t h r e s h o l d c a l c u l a t i o n . ’ ) ;

415 b reak
end
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417 end
end

419
f u n c t i o n [ ind2 ] = t r i a n g l eTh r e s hCo r e (n)

421 %Find the h i g h e s t peak the h i s t o g r am
[c , ind ]=max(n) ;

423 %Assume the long t a i l i s to the r i g h t o f the peak and e n v i s i o n a l i n e from
%the top o f t h i s peak to the end o f the h i s t o g r am .

425 %The s l o p e o f t h i s l i n e , the hypotenuse , i s c a l c u l a t e d .
x1 =0;

427 y1=c ;
x2= l e n g t h (n)−i nd ;

429 y2=n( end ) ;
m=(y2−y1 ) /( x2−x1 ) ; %The s l o p e o f the l i n e

431
%−−−−− Find the g r e a t e s t d i s t a n c e −−−−−

433 %We a r e l o o k i n g f o r the g r e a t e s t d i s t a n c e be tweent the h i s t r o g r am and l i n e
%o f the t r i a n g l e v i a p e r p e n d i c u l a r l i n e s

435 %The s l o p e o f a l l l i n e s p e r p e n d i c u l a r to the h i s t o g r am hypotenuse i s the
%n e g a t i v e r e c i p r o c a l

437 p=−1/m; %The s l o p e i s now the n e g a t i v e r e c i p r o c a l
%We now have two s l o p e s and two po i n t s f o r two l i n e s . We now need to s o l v e

439 %t h i s two−equ a t i on sys tem to f i n d t h e i r i n t e r s e c t i o n , which can then be
%used to c a l c u l a t e the d i s t a n c e s

441 i a r r a y =(0:( l e n g t h (n)−i nd ) ) ;
L=z e r o s ( s i z e (n) ) ;

443 f o r i = i a r r a y
i n t e r s e c t =(1/(m−p) )*[−p ,m;−1 ,1]*[ c ; n( i +ind )−p * i ] ;

445 %i n t e r s e c t (1)= y coo rd i n a t e , i n t e r s e c t (2)= x c o o r d i n a t e
L( i +ind )= s q r t (( i n t e r s e c t (2)−i ) ^2+( i n t e r s e c t (1)−n( i +ind ) ) ^2) ;

447 end
[~ , ind2 ]=max(L) ;

449 end

451 f u n c t i o n [S] = J a r ed sBackg round (S)
r e s i z eM u l t i p l i e r = 1/2 ; % Downsampling s c a l e f a c t o r makes image p r o c e s s i n g go f a s t e r and smooths

image
453 s e S i z e 2 = 40 ; % I f i n d the v a l u e o f 25 works w e l l w i th 60x , b i nn i n g 1 , mRNA FISH images

se2 = s t r e l ( ’ d i s k ’ , s e S i z e 2 * r e s i z eM u l t i p l i e r ) ; %S t r u c t i n g e l emen t s a r e n e c e s s a r y f o r u s i n g MATLABS
image p r o c e s s i n g f u n c t i o n s

455 o r i g S i z e = s i z e (S) ;
f o r k =1: o r i g S i z e (3)

457 % Re s c a l e image and compute background u s i n g c l o s i n g / open ing .
I = im r e s i z e (S ( : , : , k ) , r e s i z eM u l t i p l i e r ) ;

459 pad = c e i l ( s e S i z e 2 * r e s i z eM u l t i p l i e r ) ;
% Pad image wi th a r e f l e c t i o n so t h a t bo rd e r s don ’ t i n t r o d u c e a r t i f a c t s

461 I = p ad a r r a y ( I , [ pad , pad ] , ’ symmetr i c ’ , ’ both ’ ) ;
% Per form open ing / c l o s i n g to g e t background

463 I = imopen ( I , s e2 ) ; % i g no r e high−i n t e n s i t y f e a t u r e s t y p i c a l o f mRNA spo t s
% Remove padd ing and r e s i z e

465 I = f l o o r ( im r e s i z e ( I ( pad +1: end−pad , pad +1: end−pad ) , o r i g S i z e ( 1 : 2 ) ) ) ;
S ( : , : , k ) = S ( : , : , k ) − I ;

467 end
S(S<0)=0;

469 end

471 f u n c t i o n [IM] = l o a dZ s t a c k ( path , IM , s )
t = T i f f ( path , ’ r ’ ) ;

473 i f s (3) > 1
f o r k =1: s (3)−1

475 IM ( : , : , k ) = doub le ( t . r e ad ) ;
t . n e x tD i r e c t o r y ;

477 end
end

479 %one l a s t t ime w i thou t t . n e x tD i r e c t o r y
IM ( : , : , s (3) ) = doub le ( t . r e ad ) ;

481 t . c l o s e ;
end

483
f u n c t i o n [Temp] = importStackNames ( d i rCon_s t ack , f c )

485 exp r =[ ’ . * ( ? < ! thumb . * ) _w\d+ ’ f c ’ . * ’ ] ;
Temp= c e l l ( [1 , l e n g t h ( d i rCon_s t a c k ) ]) ; % I n i t i a l i z e c e l l a r r a y

487 %−−−−− I d e n t i f y the l e g i t i m a t e s t a c k s −−−−−
i =1;

489 f o r j =1: l e n g t h ( d i rCon_s t a c k )
Temp2=rege xp ( d i rCon_s t a c k ( j ) . name , expr , ’ match ’ , ’ once ’ , ’ i g n o r e c a s e ’ ) ;

491 i f Temp2
Temp{ i }=Temp2 ;
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493 i = i +1;
end

495 end
%−−−−− Remove empty c e l l s −−−−−

497 Temp( i : end ) =[] ;
% f o r j = l e n g t h (Temp) :−1:1

499 % i f i s empty (Temp{ j })
% Temp( j ) =[] ;

501 % end
% end

503 end

505 f u n c t i o n [IM , s i zeOf Image , hLoG , tempI1 , tempI2 , hMeanxy , hMeanz , IMMeanIntens i ty , hGaus , xy , z , p i x e l R a t i o ] =
v a r i a b l e I n i t i a l i z a t i o n (p)

%This f u n c t i o n was made in a e f f o r t to speed t h i n g s up . I ’m not s u r e i t d id
507 %t h a t . I t may have j u s t made the code more d i f f i c u l t to r e ad .

i n f o = im f i n f o (p . s t a c kn ame t e s t , ’ t i f ’ ) ;
509 s i z eOf Image = [ i n f o (1) . Height , i n f o (1) . Width , l e n g t h ( i n f o ) ] ;

511 IM = z e r o s ( s i z eOf Image ) ;
tempI1 = z e r o s ( s i z eOf Image ) ;

513 tempI2 = z e r o s ( s i z eOf Image ) ;
IMMeanIntens i ty = z e r o s ( s i z eOf Image ) ;

515 sigmaXYos = 0 . 2 1 * p . wave l eng th /p .NA; % l a t e r a l s t . dev o f the g a u s s i a n f i l t e r i n o b j e c t sp a c e
s igmaZos = 0 . 6 6 * p . wave l eng th *p . r i n d e x /(p .NA^2) ;%a x i a l s t . dev o f the g a u s s i a n f i l t e r i n o b j e c t

s p a c e
517 Pxy = p . c am e r a p i x e l l e n g t h /p . o b j e c t i v e ; % l a t e r a l p i x e l s i z e

sigmaXY = sigmaXYos /Pxy ; % l a t e r a l s t . dev o f g a u s s i a n f i l t e r i n image spa ce
519 sigmaZ = sigmaZos /p . z s t e p s i z e ; %a x i a l s t . dev o f g a u s s i a n f i l t e r i n image spa c e

xy = round (3* sigmaXY ) ;
521 z = round (3* sigmaZ ) ;

xyMLV = round (4* sigmaXY ) ;
523 zMLV = round (4* sigmaZ ) ;

K = 1/((2* p i ) ^(3/2) * s q r t ( sigmaXY ^2* sigmaZ ) ) ; % log3d c o e f f i c i e n t
525 log3d = @(x , y , z ) K* exp (−0.5*( x ^2/ sigmaXY+y^2/ sigmaXY+z ^2/ sigmaZ ) ) * ( ( x^2−4*sigmaXY ) /(4* sigmaXY^2)+(y

^2−4*sigmaXY ) /(4* sigmaXY^2)+( z^2−4*sigmaZ ) /(4* sigmaZ ^2) ) ;
hLoG = z e r o s (2* xy +1 ,2* xy +1 ,2* z+1) ;

527 f o r i =1:2* xy+1
f o r j =1:2* xy+1

529 f o r k =1:2* z+1
hLoG( i , j , k ) = log3d ( i−1−xy , j−1−xy , k−1−z ) ; %the 3D f i l t e r

531 end
end

533 end
%tune the f i l t e r so t h a t i t does not amp l i f y the s i g n a l .

535 temp1 = ones (2* xy +1 ,2* xy +1 ,2* z+1) ;
hLoG=−hLoG ; %o t h e rw i s e the c e n t e r we ight , the l a r g e s t we ight , i s n e g a t i v e .

537 temp2 = sum(sum(sum( temp1 . * hLoG) ) ) ;
hLoG=hLoG/ temp2 ;

539 K2=1/(xyMLV*xyMLV*zMLV) ;
hMeanxy=ones (1 , xyMLV) ;

541 hMeanz=K2* ones (1 ,zMLV) ;
%3D Gaus s i an F i l t e r \ Stamp\PSF app ro x ima t i on

543 mu = [0 , 0 , 0 ] ; %ze ro mean g a u s s i a n
SIGMA = [ sigmaXY , 0 , 0 ; 0 , sigmaXY , 0 ; 0 , 0 , s igmaZ ] ;

545 hGaus = z e r o s (2* xy +1 ,2* xy +1 ,2* z+1) ;
f o r i =1:2* xy+1

547 f o r j =1:2* xy+1
f o r k =1:2* z+1

549 hGaus ( i , j , k ) = mvnpdf ([ i−1−xy , j−1−xy , k−1−z ] ,mu , SIGMA) ; %the 3D f i l t e r
end

551 end
end

553 hGaus=hGaus *(2^5) /(max(max(max( hGaus ) ) ) ) ;
p i x e l R a t i o = sigmaZ / sigmaXY ;

555 end

557 f u n c t i o n [] = s i gna lComple t ionWi thSound ()
g l o b a l p l a ye r kwk

559 i f ~ i s empty ( p l a ye r kwk )
p l a y ( p l a ye r kwk ) ;

561 e l s e
d i s p ( ’ V i c t o r y ove r Data ! ’ )

563 end
end

565
f u n c t i o n [] = s i gna lComp l e t i onWi thEma i l ()

567 % Send the ema i l
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s endma i l ( ’ g a n d a l f i s a r o c k s t a r@gma i l . com ’ , ’ Mai l from MATLAB ’ , . . .
569 ’ Hi Kyle ! Your MATLAB run i s comple te ! ’ )

% sendma i l ( ’ g a n d a l f i s a r o c k s t a r@gma i l . com ’ , ’ Mai l from MATLAB’ , . . .
571 % ’Hi Kyle ! Your MATLAB run i s comple te ! ’ , . . .

% { ’ s u b_ f o l d e r / s i g n a l s .m’ , ’ s y s t em . mdl ’ } )
573 end

Listing A.1: smfishStackPreprocessing.m
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MATLABCode to Semi-AutomatedCell Tracking

78



Listings

1 %%
% Inpu t : M and N a r e a r r a y s where each row r e p r e s e n t s a d a t a p o i n t and the

3 % number o f d imens ions a r e r e f l e c t e d i n the number o f columns .
%

5 %
% Output : D : i s an m x n ma t r i x where _m_ i s the number o f rows i n M and

7 % _n_ i s the number o f rows i n N.
f u n c t i o n D = c e l l u l a rGPST r a c k i n g _ d i s t a n c eMa t r i x (M,N) %# codegen

9 %%
% an a l y z e i n p u t s

11 [Mrows , Mcols ] = s i z e (M) ;
[Nrows , Ncols ] = s i z e (N) ;

13 i f Mcols ~= Ncols
e r r o r ( ’ cGPSTrack ingDis tMat : c o lD i s a g r e e ’ , ’ The number o f columns i n each i npu t a r r a y must a g r e e ’ ) ;

15 end
%%

17 %
D = z e r o s (Mrows , Nrows) ;

19 f o r i = 1 :Mrows
f o r j = 1 : Nrows

21 D( i , j ) = norm(M( i , : )−N( j , : ) ) ;
end

23 end
end

Listing B.1: cellularGPSTrackingdistanceMatrix.m

%%
2 % * A = the model d e s c r i b e d by d i f f e r e n c e e qu a t i o n s

% * B = the c o n t r o l i n pu t equ a t i on
4 % * H = the measurement equ a t i on

% * I = i d e n t i t y ma t r i x the s i z e o f the model
6 % * K = the Kalman g a i n%

% * Pp r i = a p r i o r i e s t im a t e e r r o r c o v a r i a n c e
8 % * Pp r e d i c t = the p r e d i c t e d e s t im a t e e r r o r c o v a r i a n c e

% * Ppost = a p o s t e r i o r i e s t im a t e e r r o r c o v a r i a n c e
10 % * Q = the measurement no i s e c o v a r i a n c e

% * R = the p r o c e s s no i s e c o v a r i a n c e
12 % * U = the c o n t r o l i n pu t

% * Xpr i = the c u r r e n t s t a t e
14 % * Xp r ed i c t = the p r e d i c t e d s t a t e

% * Xpost = the updated p r e d i c t i o n
16 % * Z = the measured s t a t e to be compared to the p r e d i c t e d s t a t e

%
18 % update the measured s t a t e , Z

f u n c t i o n k f = ce l l u l a rGPSTra ck ing_Ka lman_Cor r e c t ( k f )
20 k f .K = k f . P p r e d i c t * t r a n s p o s e ( k f .H) /( k f .H* k f . P p r e d i c t * t r a n s p o s e ( k f .H) + k f . R) ; %the d i v i s i o n symbol

i s a ma t r i x i n v e r s e o p e r a t i o n i n t h i s c a s e
k f . Xpost = k f . Xp r ed i c t + k f .K*( k f . Z − k f .H* k f . Xp r ed i c t ) ;

22 k f . Ppos t = ( k f . I − k f .K* k f .H) * k f . P p r e d i c t ;
end

Listing B.2: cellularGPSTrackingKalmanCorrect.m

1 %%
% * A = the model d e s c r i b e d by d i f f e r e n c e e qu a t i o n s

3 % * B = the c o n t r o l i n pu t equ a t i on
% * H = the measurement equ a t i on

5 % * K = the Kalman g a i n%
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% * Pp r i = a p r i o r i e s t im a t e e r r o r c o v a r i a n c e
7 % * Pp r e d i c t = the p r e d i c t e d e s t im a t e e r r o r c o v a r i a n c e

% * Ppost = a p o s t e r i o r i e s t im a t e e r r o r c o v a r i a n c e
9 % * Q = the measurement no i s e c o v a r i a n c e

% * R = the p r o c e s s no i s e c o v a r i a n c e
11 % * U = the c o n t r o l i n pu t

% * Xpr i = the c u r r e n t s t a t e
13 % * Xp r ed i c t = the p r e d i c t e d s t a t e

% * Xpost = the updated p r e d i c t i o n
15 % * Z = the measured s t a t e to be compared to the p r e d i c t e d s t a t e

f u n c t i o n k f = c e l l u l a rGPSTr a c k i n g_Ka lman_P r ed i c t ( k f )
17 k f . Xp r ed i c t = k f . A* k f . Xpr i + k f . B* k f .U;

k f . P p r e d i c t = k f . A* k f . Pp r i * t r a n s p o s e ( k f . A) + k f .Q;
19 end

Listing B.3: cellularGPSTrackingKalmanPredict.m

1 %%
% * A = the model d e s c r i b e d by d i f f e r e n c e e qu a t i o n s

3 % * B = the c o n t r o l i n pu t equ a t i on
% * H = the measurement equ a t i on

5 % * K = the Kalman g a i n%
% * Pp r i = a p r i o r i e s t im a t e e r r o r c o v a r i a n c e

7 % * Pp r e d i c t = the p r e d i c t e d e s t im a t e e r r o r c o v a r i a n c e
% * Ppost = a p o s t e r i o r i e s t im a t e e r r o r c o v a r i a n c e

9 % * Q = the measurement no i s e c o v a r i a n c e
% * R = the p r o c e s s no i s e c o v a r i a n c e

11 % * U = the c o n t r o l i n pu t
% * Xpr i = the c u r r e n t s t a t e

13 % * Xp r ed i c t = the p r e d i c t e d s t a t e
% * Xpost = the updated p r e d i c t i o n

15 % * Z = the measured s t a t e to be compared to the p r e d i c t e d s t a t e
f u n c t i o n k f = ce l l u l a rGPSTr a ck i n g_Ka lman_P r ed i c t_upda t e ( k f )

17 k f . Xpr i = k f . Xpost ;
k f . Pp r i = k f . Ppos t ;

19 end

Listing B.4: cellularGPSTrackingKalmanPredictupdate.m

1 f u n c t i o n [] = ce l l u l a rGPSTrack ing_makeTrack s_movemen tWi th In t en s i t y ( moviePath )
t r a c k i n g P r o f i l e = l o a d j s o n ( f u l l f i l e ( moviePath , ’ cGPS_ t r a c k i n gP r o f i l e . t x t ’ ) ) ;

3 smda_database = r e a d t a b l e ( f u l l f i l e ( moviePath , ’ smda_database . t x t ’ ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;
pos i t ionNumber = t r a n s p o s e ( un ique ( smda_database . pos i t i on_number ) ) ;

5 f o r i = 1 : l e n g t h ( pos i t ionNumber )
groupNumber ( i ) = smda_database . group_number ( f i n d ( smda_database . pos i t i on_number == pos i t ionNumber

( i ) , 1 , ’ f i r s t ’ ) ) ;
7 end

t ab l ePa thOu t = f u l l f i l e ( moviePath , ’TRACKING_DATA ’ ) ;
9 i f ~ i s d i r ( t ab l ePa thOu t )

mkdir ( t ab l ePa thOu t ) ;
11 end

%% f i n d t r a c k s f o r c e n t r o i d s i n each p o s i t i o n
13 %

f o r i = 1 : l e n g t h ( pos i t ionNumber )
15 %% s o r t out c e n t r o i d s f o r each t imepo i n t

% s o r t i n g t im epo i n t s i n de s c end ing o rde r means the t r a c k i n g w i l l be
17 % per formed in r e v e r s e t ime .

c e nTab l ePo s i t i o n = r e a d t a b l e ( f u l l f i l e ( moviePath , ’CENTROID_DATA ’ , s p r i n t f ( ’ c en t ro id_measu rement s_g
%d_s%d . t x t ’ , groupNumber ( i ) , pos i t ionNumber ( i ) ) ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;

19 mytime = s o r t ( un ique ( c e nTab l ePo s i t i o n . t imepo i n t ) , ’ descend ’ ) ;
c e n t r o i dC e l l = c e l l ( s i z e (mytime ) ) ;

21 f o r j = 1 : l e n g t h (mytime )
c e n t r o i dC e l l { j } = s o r t r ow s ( c e nTab l ePo s i t i o n ( c e nTab l ePo s i t i o n . t imepo i n t == mytime ( j ) , : ) , { ’

c e n t r o i d _ c o l ’ , ’ c en t ro i d_ row ’ } , { ’ a s cend ’ , ’ a s cend ’ }) ;
23 end

%% i n i t i a l i z e the t r a c k i n g v a r i a b l e s w i th the f i r s t s e t o f c e n t r o i d s
25 %

cen t r o i dP r ime = c e n t r o i dC e l l { 1} ;
27 t r a c kCoun t e r = h e i g h t ( c en t r o i dP r ime ) +1;

t r a c k ID = t r a n s p o s e ( 1 : h e i g h t ( c en t r o i dP r ime ) ) ;
29 t rackCos tMax = 0 ;

c en t r o i dP r ime . t r a c k ID = t r a c k ID ;
31 c en t r o i dP r ime . t r a c kCo s t = z e r o s ( h e i g h t ( c en t r o i dP r ime ) ,1) ;

c en t r o i dP r ime . d i s p l a c emen t = z e r o s ( h e i g h t ( c en t r o i dP r ime ) ,1) ;
33 c en t r o i dP r ime . speed = z e r o s ( h e i g h t ( c en t r o i dP r ime ) ,1) ;
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c e n t r o i dC e l l {1} = c en t r o i dP r ime ;
35 %%% se tup the s t a r t i n g c o n d i t i o n s f o r the kalman f i l t e r

% The s t a r t i n g c o n d i t i o n s a r e s t o r e d w i t h i n a JSON f i l e . These
37 % c o n d i t i o n s i n c l u d e the model and c o v a r i a n c e ma t r i c e s f o r p r o c e s s and

% measurement no i s e , which have been e s t im a t e d from p r e v i o u s t r a c k i n g
39 % da t a .

k f = t r a c k i n g P r o f i l e . k a lm a nF i l t e r ;
41 %%% r e p l i c a t e a Kalman f i l t e r f o r e v e r y t r a c k .

% the v a r i a b l e s u f f i x *M* deno t e s the da t a i s sou r c ed from the _t−1_
43 % t imepo i n t . *N* deno t e s the da t a i s sou r c ed from the _t_ t imepo i n t .

% A f t e r a round o f t r a c k i n g the *N* da t a w i l l become the *M* da t a .
45 k f c e l lM = repmat ({ k f } , h e i g h t ( c en t r o i dP r ime ) ,1) ;

f o r j = 1 : s i z e ( c en t ro idP r ime , 1 )
47 mykf = k f c e l lM { j } ;

mykf . Xpr i = [ c en t r o i dP r ime . c e n t r o i d _ c o l ( j ) ; 0 ; c en t r o i dP r ime . c en t ro id_ row ( j ) ; 0 ] ;
49 k f c e l lM { j } = mykf ;

end
51 %% l i n k t r a c k s u s i n g the g l o b a l s o l u t i o n to a c o s t ma t r i x

% based upon the Jaqaman−Danuser 2008 Nat . Methods paper
53 f o r j = 2 : l e n g t h (mytime ) %loop 1

%%% f i n d c e n t r o i d s
55 % f i n d the c e n t r o i d s f o r the _t−1_ and _t_ t imepo i n t s

cent ro idM = c e n t r o i dC e l l { j −1};
57 cen t ro idN = c e n t r o i dC e l l { j } ;

posM = centro idM { : , { ’ c e n t r o i d _ c o l ’ , ’ c en t ro i d_ row ’ } } ;
59 posN = cen t ro idN { : , { ’ c e n t r o i d _ c o l ’ , ’ c en t ro i d_ row ’ } } ;

ma s t e rCen t r o i d = v e r t c a t ( c e n t r o i dC e l l { 1 : j −1}) ;
61 %%% Kalman f i l t e r : l i n e a r motion

% t ime update , p r e d i c t
63 p r e d i c t l p 1 = z e r o s ( s i z e (posM) ) ;

f o r k = 1 : s i z e (posM , 1 )
65 mykf = k f c e l lM {k } ;

mykf = c e l l u l a rGPSTr a c k i n g_Ka lman_P r ed i c t (mykf ) ;
67 p r e d i c t l p 1 (k , 1 ) = mykf . Xp r ed i c t (1) ;

p r e d i c t l p 1 (k , 2 ) = mykf . Xp r ed i c t (3) ;
69 k f c e l lM {k} = mykf ;

end
71 %distM = c e l l u l a rGPST r a c k i n g _ d i s t a n c eMa t r i x (posM , posN) ;

dis tM = c e l l u l a rGPST r a c k i n g _ d i s t a n c eMa t r i x ( p r e d i c t l p 1 , posN) ;
73 %%% p a r t i c l e s p e c i f i c d i s t a n c e t h r e s h o l d s

% * t r a c k s p e c i f i c movement t h r e s h o l d i s 3 x the s t a nd a r d d e v i a t i o n o f
75 % p r e v i o u s l i n k s

% * l o c a l d e n s i t y t h r e s h o l d i s h a l f the d i s t a n c e to i t s n e a r e s t
77 % ne i ghbo r

dis tM2 = c e l l u l a rGPST r a c k i n g _ d i s t a n c eMa t r i x (posM , posM) ;
79 f o r k = 1 : s i z e (posM , 1 )

d i s p l a c emen t l p 1 = mas t e rCen t r o i d . d i s p l a c emen t ( ma s t e rCen t r o i d . t r a c k ID == t r a c k ID (k ) ) ;
81 i f l e n g t h ( d i s p l a c emen t l p 1 ) > 5

t sm th r e s h = mean( d i s p l a c emen t l p 1 ) + 2* s t d ( d i s p l a c emen t l p 1 ) ;
83 e l s e

d i s p l a c emen t l p 1 = mas t e rCen t r o i d . d i s p l a c emen t ;
85 t sm th r e s h = mean( d i s p l a c emen t l p 1 ) + 2* s t d ( d i s p l a c emen t l p 1 ) ;

end
87 distM2row = s o r t ( dis tM2 (k , : ) ) ;

l d t h r e s h = 0 . 5 * distM2row (2) ;
89 f i n a l t h r e s h = max ([ l d t h r e s h , t smth re sh , t r a c k i n g P r o f i l e . d i s t a n c e . movementThresholdMaxMin ])

;
distMrow = distM (k , : ) ;

91 distMrow ( distMrow> f i n a l t h r e s h ) = I n f ;
d is tM (k , : ) = distMrow ;

93 end
%%% costM11

95 %
costM11 = distM . ^ 2 ;

97 costM11 ( costM11> t r a c k i n g P r o f i l e . d i s t a n c e . movementThresholdMax ^2) = −1;
%%%

99 % t h i s i s to i n i t i a l i z e the t rackCos tMax
i f j ==2 && any ( costM11 ( : )~=−1)

101 t rackCos tMax = p r c t i l e ( costM11 ( costM11~=−1) ,80) ;
end

103 %%% costM12
%

105 costM12 = ones ( s i z e (posM , 1 ) , s i z e (posM , 1 ) )*−1;
f o r k = 1 : s i z e (posM , 1 ) %loop 1 i n loop 1

107 costM12 (k , k ) = t rackCos tMax ;
end

109 %%% costM21
%
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111 costM21 = ones ( s i z e (posN , 1 ) , s i z e (posN , 1 ) )*−1;
f o r k = 1 : s i z e (posN , 1 )

113 costM21 (k , k ) = t rackCos tMax ;
end

115 %%% costM22
% The minimum v a l u e o f the costM11 a t the v a l u e s o f the t r a n s p o s e o f

117 % costM11 .
costM22 = t r a n s p o s e ( costM11 ) ;

119 costM22 ( costM22 ~= −1) = min ([min( costM11 ( costM11 ~= −1)) , min ( d i a g ( costM12 ) ) , min ( d i a g (
costM21 ) ) ]) ;

%%% as s emb l e the c o s t ma t r i x
121 %

costM = [ costM11 , costM12 ; costM21 , costM22 ] ;
123 costM( costM == −1) = I n f ;

[ROWSOL,~ ,~ ,~ ,~] = l a p j v ( costM) ;
125 %%

%
127 t r a c k ID = z e r o s ( s i z e (posN , 1 ) ,1) ;

t r a c kCo s t = z e r o s ( s i z e (posN , 1 ) ,1) ;
129 t r a c kD i s p l a c emen t = z e r o s ( s i z e (posN , 1 ) ,1) ;

t r a c kSpe ed = z e r o s ( s i z e (posN , 1 ) ,1) ;
131 k f c e l l N = c e l l ( s i z e (posN , 1 ) ,1) ;

dis tM3 = c e l l u l a rGPST r a c k i n g _ d i s t a n c eMa t r i x (posM , posN) ;
133 f o r k = 1 : s i z e (posM , 1 )

i f ROWSOL(k ) <= s i z e (posN , 1 )
135 t r a c k ID (ROWSOL(k ) ) = centro idM . t r a c k ID (k ) ;

t r a c kCo s t (ROWSOL(k ) ) = costM11 (k ,ROWSOL(k ) ) ;
137 t r a c kD i s p l a c emen t (ROWSOL(k ) ) = dis tM3 (k ,ROWSOL(k ) ) ;

%%% kalman f i l t e r
139 % measurement update , c o r r e c t

mykf = k f c e l lM {k } ;
141 mykf . Z = [posN(ROWSOL(k ) ,1) ; posN(ROWSOL(k ) ,1)−posM(k , 1 ) ; posN(ROWSOL(k ) ,2) ; posN(

ROWSOL(k ) ,2)−posM(k , 2 ) ] ;
mykf = ce l l u l a rGPSTra ck ing_Ka lman_Cor r e c t (mykf ) ;

143 mykf = ce l l u l a rGPSTr a ck i ng_Ka lman_P r ed i c t_upda t e (mykf ) ;
%mykf . Xpr i (1) = posN(ROWSOL(k ) ,1) ;

145 %mykf . Xpr i (3) = posN(ROWSOL(k ) ,2) ;
k f c e l l N {ROWSOL(k ) } = mykf ;

147 t r a c kSpe ed (ROWSOL(k ) ) = norm([mykf . Xpost (2) , mykf . Xpost (4) ]) ;
end

149 end
i f max( t r a c kCo s t ) > t rackCos tMax

151 t rackCos tMax = max( t r a c kCo s t ) ;
end

153 f o r k = t r a n s p o s e ( f i n d ( t r a c k ID == 0) )
t r a c k ID (k ) = t r a c kCoun t e r ;

155 t r a c kCoun t e r = t r a c kCoun t e r + 1 ;
t r a c kCo s t ( k ) = costM21 (k , k ) ;

157 t r a c kD i s p l a c emen t ( k ) = 0 ;
%%% kalman f i l t e r

159 % measurement update , c o r r e c t
k f . Xpr i = [posN(k , 1 ) ; 0 ; posN(k , 2 ) ; 0 ] ;

161 k f c e l l N {k} = k f ;
end

163 cen t ro idN . t r a c k ID = t r a c k ID ;
cen t ro idN . t r a c kCo s t = t r a c kCo s t ;

165 cen t ro idN . d i s p l a c emen t = t r a c kD i s p l a c emen t ;
cen t ro idN . speed = t r a c kSpe ed ;

167 c e n t r o i dC e l l { j } = cen t ro idN ;
k f c e l lM = k f c e l lN ;

169 end
po s i t i o nC en t r o i d = v e r t c a t ( c e n t r o i dC e l l { : } ) ;

171 p o s i t i o nCen t r o i d 2 = po s i t i o nC en t r o i d ( : , { ’ t r a c k ID ’ , ’ t imepo i n t ’ , ’ c en t ro i d_ row ’ , ’ c e n t r o i d _ c o l ’ }) ;
t ab l ename = s p r i n t f ( ’ t r a c k i n g P o s i t i o n _%d . t x t ’ , pos i t ionNumber ( i ) ) ;

173 w r i t e t a b l e ( po s i t i o nCen t r o i d 2 , f u l l f i l e ( t ab l ePa thOut , t ab l ename ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;
%% p l o t d a t a f o r f e edba ck pu rpo se s

175 %
f i g u r e ;

177 ho ld on
ma s t e rCen t r o i d = v e r t c a t ( c e n t r o i dC e l l { : } ) ;

179 t r a c k ID = unique ( ma s t e rCen t r o i d . t r a c k ID ) ;
t r a c k l e n g t h = z e r o s ( s i z e ( t r a c k ID ) ) ;

181 f o r j = 1 : l e n g t h ( t r a c k ID ) % loop2
my l o g i c a l = ma s t e rCen t r o i d . t r a c k ID == t r a c k ID ( j ) ;

183 t r a c k l e n g t h ( j ) = sum( my l o g i c a l ) ;
i f t r a c k l e n g t h ( j ) == 1

185 myrow = mas t e rCen t r o i d . c en t ro id_ row ( my l o g i c a l ) ;
mycol = ma s t e rCen t r o i d . c e n t r o i d _ c o l ( my l o g i c a l ) ;
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187 mytime = mas t e rCen t r o i d . t imepo i n t ( my l o g i c a l ) ;
ou tpu t = s o r t r ow s ([mytime , mycol , myrow]) ;

189 p l o t ( ou tpu t ( : , 2 ) , ou tpu t ( : , 3 ) , ’ o ’ , ’ Color ’ , [ rand rand rand ] , ’ LineWidth ’ , 1 . 5 ) ;
c on t i nu e

191 end
myrow = mas t e rCen t r o i d . c en t ro id_ row ( my l o g i c a l ) ;

193 mycol = ma s t e rCen t r o i d . c e n t r o i d _ c o l ( my l o g i c a l ) ;
mytime = mas t e rCen t r o i d . t imepo i n t ( my l o g i c a l ) ;

195 ou tpu t = s o r t r ow s ([mytime , mycol , myrow]) ;
p l o t ( ou tpu t ( : , 2 ) , ou tpu t ( : , 3 ) , ’ Color ’ , [ rand rand rand ] , ’ LineWidth ’ , 1 . 5 ) ;

197 end
ho ld o f f

199 myax = gca ;
s e t (myax , ’ y d i r ’ , ’ r e v e r s e ’ )

201 sum( t r a c k l e n g t h > 50)
end

203
end

Listing B.5: cellularGPSTrackingmakeTracksmovementWithIntensity.m

c l a s s d e f c e l l u l a rGPSTr a c k i n gManua l _ob j e c t < hand l e
2 p r o p e r t i e s

%%% DATA
4 %

cen t ro id_mea su r emen t s
6 i t y % i t i n e r a r y

mcl % make c e l l
8 moviePath

smda_database
10 smda_da t ab a s eLog i c a l

smda_da t aba s eSubse t
12 t r a c k _ d a t a b a s e

%%% GUIS
14 %

gu i_ imageViewer
16 g u i _ c o n t r o l

%%% INDICES AND POINTERS AND MODES
18 % s t a t e i n f o rma t i o n about the gu i and the i n f o rma t i o n be ing

% d i s p l a y e d
20 indG = 1 ;

indP = 1 ;
22 indS = 1 ;

indT = 1 ;
24 indZ = 1 ;

po in te rGroup = 1 ;
26 p o i n t e r P o s i t i o n = 1 ;

p o i n t e r S e t t i n g s = 1 ;
28 indImage = 1 ;

makecel l_mode = ’ none ’ ;
30 end

% p r o p e r t i e s ( S e tAc c e s s = p r i v a t e )
32 % end

% ev en t s
34 % end

methods
36 %%

%
38 f u n c t i o n ob j = c e l l u l a rGPSTr a c k i n gManua l _ob j e c t ( moviePath )

ob j . moviePath = moviePath ;
40 %% Load s e t t i n g s

%
42 ob j . smda_database = r e a d t a b l e ( f u l l f i l e ( moviePath , ’ thumb_database . t x t ’ ) , ’ D e l im i t e r ’ , ’ \ t ’ )

;
ob j . indG = min( ob j . smda_database . group_number ) ;

44 ob j . indP = min( ob j . smda_database . pos i t i on_number ) ;
ob j . indS = min( ob j . smda_database . s e t t i n g s_numbe r ) ;

46
ob j . i t y = c e l l u l a rGPST r a c k i n gManu a l _ o b j e c t _ i t i n e r a r y ;

48 ob j . i t y . impor t ( f u l l f i l e ( moviePath , ’ smdaITF . t x t ’ ) ) ;
ob j . mcl = c e l l u l a rGPST r a c k i n gManu a l _ob j e c t _mak e c e l l ( moviePath ) ;

50 ob j . l o adTrackDa t a ;
ob j . upda t eF i l en ameL i s t Image ;

52 %% Launch gu i
%

54 ob j . gu i_ imageViewer = ce l l u l a rGPSTra ck i ngManua l_ob j e c t_ imageV i ewe r ( ob j ) ;
ob j . g u i _ c o n t r o l = c e l l u l a rGPST r a c k i n gManu a l _ ob j e c t _ c on t r o l ( ob j ) ;
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56
ob j . gu i_ imageViewer . loadNewTracks ;

58 ob j . g u i _ c o n t r o l . t abCont r a s t_axe sCont r a s t_But tonDownFcn ;
ob j . g u i _ c o n t r o l . t a bCon t r a s t _ s l i d e rMa x_Ca l l b a c k

60 end
%%

62 %
f u n c t i o n i n i t i a l i z e Im a g e V i e w e r ( ob j )

64 i f (~ i s empty ( ob j . gu i_ imageViewer ) )
ob j . gu i_ imageViewer . d e l e t e ;

66 end
ob j . gu i_ imageViewer = ce l l u l a rGPSTrack ingManua l_gu i_ imageV i ewe r ( ob j ) ;

68 ob j . gu i_ imageViewer . l aunchImageViewer ;
end

70 %%
%

72 f u n c t i o n d e l e t e ( ob j )
d e l e t e ( ob j . gu i_ imageViewer ) ;

74 d e l e t e ( ob j . g u i _ c o n t r o l ) ;
end

76 %%
%

78 f u n c t i o n ob j = upda t eF i l e n ameL i s t Image ( ob j )
ob j . smda_da t ab a s eLog i c a l = ob j . smda_database . group_number == ob j . indG & . . .

80 ob j . smda_database . pos i t i on_number == ob j . indP & . . .
ob j . smda_database . s e t t i n g s_numbe r == ob j . indS ;

82 mytab le = ob j . smda_database ( ob j . smda_da t aba s eLog i c a l , : ) ;
ob j . smda_da t aba s eSubse t = s o r t r ow s ( mytable , { ’ t imepo i n t ’ }) ;

84 end
%%

86 %
f u n c t i o n ob j = loadTrackDa t a ( ob j )

88 numOfPos i t ion = sum( ob j . i t y . number_pos i t i on ) ;
ob j . t r a c k _ d a t a b a s e = c e l l ( numOfPosi t ion , 1 ) ;

90 p o s i t i o n I n d = ho r z c a t ( ob j . i t y . i n d _ p o s i t i o n { : } ) ;
f o r i = p o s i t i o n I n d

92 ob j . t r a c k _ d a t a b a s e { i } = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’TRACKING_DATA ’ , . . .
s p r i n t f ( ’ t r a c k i n g P o s i t i o n _%d . t x t ’ , i ) ) , . . .

94 ’ D e l im i t e r ’ , ’ \ t ’ ) ;
end

96 end
end

98 end

Listing B.6: cellularGPSTrackingManualobject.m

c l a s s d e f c e l l u l a rGPSTra ck i ngManua l_ob j e c t_ imageV i ewe r < hand l e
2 %% P r o p e r t i e s

% ___ _ _
4 % | _ \_ _ ___ _ __ ___ _ _ | | _(_)___ ___

% | _/ ’ _/ _ \ ’ _ \/ −_) ’ _ | _ | / −_ | _−<
6 % | _ | | _ | \___/ . __/\___ | _ | \__ | _\___/__/

% | _ |
8 %

p r o p e r t i e s
10 tmn ; %the c e l l u l a rGPSTr a c k i n gManua l _ob j e c t

imag3 ;
12 image_width ;

image_he i gh t ;
14 gui_main ;

16 t r a c k L i n e
t r a c k C i r c l e

18 trackCenRow
trackCenCol

20 t r a c kCenLog i c a l
t r a c k C i r c l e S i z e

22 t r a c kCo l o rH i g h l i g h t 2 = [ 0 . 3 0 1 , 0 . 7 4 5 , 0 . 9 3 3 ] ;
t r a c kL i n eW id t hH i g h l i g h t = 3 ;

24 t r a c kC e nLo g i c a lD i f f
t r a c kCo l o r = [ 0 . 8 5 , 0 . 3 2 5 , 0 . 0 9 8 ; 0 . 4 9 4 , 0 . 1 8 4 , 0 . 5 5 6 ; 0 . 4 6 6 , 0 . 6 7 4 , 0 . 1 8 8 ] ;

26 t r a c kCo l o rH i g h l i g h t = [ 0 . 9 2 9 , 0 . 6 9 4 , 0 . 1 2 5 ] ;
t r a c kT e x t

28 t r a c kTex tBackg roundCo lo r = [240 255 240]/255 ;
t r a c kTe x tCo l o r = [47 79 79]/255 ;

30 t r a c kT e x t F on t S i z e = 9 ;
t r a c kTex tMa r g i n = 1 ;
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32
t r a c k J o i n B o o l = f a l s e ;

34
makece l lMotherBoo l = f a l s e ;

36 end
%% Methods

38 % __ __ _ _ _
% | \/ | ___ | | _ | | _ ___ __ | | ___

40 % | | \ / | / −_) _ | ’ \/ _ \/ _ ‘ (_−<
% | _ | | _\___ | \ __ | _ | | _\___/\__ , _/__/

42 %
methods

44 %% The f i r s t method i s the c o n s t r u c t o r
% ___ _ _

46 % / __ | ___ _ _ __ | | _ _ _ _ _ __ | | _ ___ _ _
% | (__/ _ \ ’ \(_−< _ | ’ _ | | | / _ | _/ _ \ ’ _ |

48 % \___\___/_ | | _/__/\__ | _ | \_ , _\__ | \ __\___/_ |
%

50 %
f u n c t i o n ob j = ce l l u l a rGPSTra ck i ngManua l_ob j e c t_ imageV i ewe r ( tmn)

52 %%%
% pa r s e the i npu t

54 q = i n p u t P a r s e r ;
addRequi red (q , ’ tmn ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t ’ ) ) ;

56 p a r s e (q , tmn) ;
%%

58 %
ob j . tmn = q . R e s u l t s . tmn ;

60 ob j . imag3 = imread ( f u l l f i l e ( tmn . moviePath , ’ . thumb ’ , tmn . smda_da t aba s eSubse t . f i l e n ame {tmn .
indImage }) ) ;

ob j . image_width = s i z e ( ob j . imag3 , 2 ) ;
62 ob j . image_he i gh t = s i z e ( ob j . imag3 , 1 ) ;

%% Crea t e a gu i to en ab l e p au s i n g and s t opp i n g
64 % ___ _ _ ___ ___ _ _

% / __ | | | | _ _ | / __ | _ _ ___ __ _ | | _(_)___ _ _
66 % | (_ | | _ | | | | | (__ | ’ _/ −_) _ ‘ | _ | / _ \ ’ \

% \___ | \ ___ / | ___ | \___ | _ | \___\__ , _ | \ __ | _\___/_ | | _ |
68 % / _ | ___ _ _

% | _/ _ \ ’ _ | __ __ _
70 % | _ | \___/_(_) | \/ | __ _(_)_ _

% / _ ‘ | | | | | | | \ / | / _ ‘ | | ’ \
72 % \__ , | \ _ , _ | _ | _ | _ | | _\__ , _ | _ | _ | | _ |

% | ___/ | ___ |
74 % Crea t e the f i g u r e

%
76 myuni t s = g e t (0 , ’ u n i t s ’ ) ;

s e t (0 , ’ u n i t s ’ , ’ p i x e l s ’ ) ;
78 Pix_SS = ge t (0 , ’ s c r e e n s i z e ’ ) ;

s e t (0 , ’ u n i t s ’ , ’ c h a r a c t e r s ’ ) ;
80 Char_SS = ge t (0 , ’ s c r e e n s i z e ’ ) ;

ppChar = Pix_SS . / Char_SS ;
82 ppChar = ppChar ( [3 , 4 ] ) ;

s e t (0 , ’ u n i t s ’ , myun i t s ) ;
84

i f ob j . image_width > ob j . image_he i gh t
86 i f ob j . image_width / ob j . image_he i gh t >= Pix_SS (3) / Pix_SS (4)

fw i d t h = 0 . 9 * Pix_SS (3) ;
88 f h e i g h t = fw i d t h * ob j . image_he i gh t / ob j . image_width ;

e l s e
90 f h e i g h t = 0 . 9 * Pix_SS (4) ;

fw i d t h = f h e i g h t * ob j . image_width / ob j . image_he i gh t ;
92 end

e l s e
94 i f ob j . image_he i gh t / ob j . image_width >= Pix_SS (4) / Pix_SS (3)

f h e i g h t = 0 . 9 * Pix_SS (4) ;
96 fw i d t h = f h e i g h t * ob j . image_width / ob j . image_he i gh t ;

e l s e
98 fw i d t h = 0 . 9 * Pix_SS (3) ;

f h e i g h t = fw i d t h * ob j . image_he i gh t / ob j . image_width ;
100

end
102 end

104 fw i d t h = fw i d t h /ppChar (1) ;
f h e i g h t = f h e i g h t /ppChar (2) ;

106
f = f i g u r e ( ’ V i s i b l e ’ , ’ o f f ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ MenuBar ’ , ’ none ’ , . . .

108 ’ R e s i z e ’ , ’ o f f ’ , ’Name ’ , ’ Image Viewer ’ , . . .
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’ Renderer ’ , ’OpenGL ’ , ’ P o s i t i o n ’ , [ ( Char_SS (3)−fw i d t h ) /2 (Char_SS (4)−f h e i g h t ) /2 fw i d t h
f h e i g h t ] , . . .

110 ’ C loseReques tFcn ’ , {@obj . d e l e t e } , . . .
’ KeyPressFcn ’ , {@obj . fKeyPre s sFcn }) ;

112
axe s ImageV iewer = a x e s ( ’ Pa r en t ’ , f , . . .

114 ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
’ P o s i t i o n ’ , [0 0 fw i d t h f h e i g h t ] , . . .

116 ’ YDir ’ , ’ r e v e r s e ’ , . . .
’ V i s i b l e ’ , ’ on ’ , . . .

118 ’XLim ’ , [ 0 . 5 , ob j . image_width + 0 . 5 ] , . . .
’ YLim ’ , [ 0 . 5 , ob j . image_he i gh t +0 .5]) ; %when d i s p l a y i n g images the c e n t e r o f the p i x e l s

a r e l o c a t e d a t the p o s i t i o n on the a x i s . There fo re , the l i m i t s must a c coun t f o r the h a l f
p i x e l bo rde r .

120
%% V i s u a l s f o r Track s

122 % __ ___ _ _ _
% \ \ / (_)____ _ __ _ | | ___ | | |

124 % \ V / | (_−< | | / _ ‘ | (_−< | _ _ |
% _\_/_ | _/__/\_ , _\__ , _ | _/__/ | _ |

126 % | _ _ | _ __ _ __ | | __ ___
% | | | ’ _/ _ ‘ / _ | / /(_−<

128 % | _ | | _ | \__ , _\__ | _\_\/__/
%

130 %% Crea t e an a x e s to ho ld t h e s e v i s u a l s
% h i g h l i g h t e d c e l l w i th hover h a x e sH i g h l i g h t =

132 % a x e s ( ’ Uni t s ’ , ’ c h a r a c t e r s ’ , ’ DrawMode ’ , ’ f a s t ’ , ’ c o l o r ’ , ’ none ’ , . . .
% ’ Po s i t i o n ’ , [ hx hy hwidth hhe i gh t ] , . . .

134 % ’XLim ’ , [ 1 , mas t e r . image_width ] , ’ YLim ’ , [ 1 , mas t e r . image_he i gh t ]) ;
% cmapHigh l i gh t = colormap ( haxes ImageViewer , j e t (16) ) ; %63 matches the number o f e l emen t s

i n ang
136 a x e sT r a c k s = a x e s ( ’ P a r en t ’ , f , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ P o s i t i o n ’ , [0 0 fw i d t h f h e i g h t ]) ;
138 a x e sT r a c k s . Nex tP lo t = ’ add ’ ;

a x e sT r a c k s . V i s i b l e = ’ o f f ’ ;
140 a x e sT r a c k s . YDir = ’ r e v e r s e ’ ;

142 a x e sTe x t = a x e s ( ’ Pa r en t ’ , f , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
’ P o s i t i o n ’ , [0 0 fw i d t h f h e i g h t ]) ;

144 a x e sTe x t . Nex tP lo t = ’ add ’ ;
a x e sTe x t . V i s i b l e = ’ o f f ’ ;

146 a x e sTe x t . YDir = ’ r e v e r s e ’ ;

148 a x e s C i r c l e s = a x e s ( ’ Pa r en t ’ , f , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
’ P o s i t i o n ’ , [0 0 fw i d t h f h e i g h t ]) ;

150 a x e s C i r c l e s . Nex tP lo t = ’ add ’ ;
a x e s C i r c l e s . V i s i b l e = ’ o f f ’ ;

152 a x e s C i r c l e s . YDir = ’ r e v e r s e ’ ;

154 ob j . t r a c k L i n e = {} ;
ob j . t r a c k C i r c l e = {} ;

156 ob j . t r a c kT e x t = {} ;
ob j . t r a c k C i r c l e S i z e = 11 ; %must be an odd number

158
d i s p l a y ed Image = image ( ’ Pa r en t ’ , axes ImageViewer , . . .

160 ’ CData ’ , ob j . imag3 ) ;
%% Handles

162 % _ _ _ _
% | | | | __ _ _ _ __ | | | ___ ___

164 % | __ / _ ‘ | ’ \/ _ ‘ | / −_ | _−<
% | _ | | _\__ , _ | _ | | _\__ , _ | _\___/__/

166 %
% s t o r e the u i c o n t r o l h and l e s i n the f i g u r e h and l e s v i a g u i d a t a ()

168 hand l e s . a x e sT r a c k s = a x e sT r a c k s ;
h and l e s . a x e s C i r c l e s = a x e s C i r c l e s ;

170 h and l e s . a x e sTe x t = a x e sTe x t ;
h and l e s . a xe s ImageV iewer = axe s ImageV iewer ;

172 hand l e s . d i s p l a y ed Image = d i s p l a y ed Image ;
ob j . gu i_main = f ;

174 g u i d a t a ( f , h and l e s ) ;
%% Execu te j u s t b e f o r e the f i g u r e becomes v i s i b l e

176 % _ _ ___ _ _
% _ | | _ _ __ | | _ | _ ) | |

178 % | | | | | | (_−< _ | | _ \_ _ |
% _\__/_\_ , _/__/\__ | | ___/ | _ |

180 % \ \ / (_)__(_) | __ | | ___
% \ V / | (_−< | ’ _ \ / −_)

182 % \_/ | _/__/_ | _ . __/_\___ |
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%
184 % The code above o r g a n i z e s and s p e c i f i e s the e l emen t s o f the f i g u r e and

% gu i . The code below may s imp l e s t o r e t h e s e e l emen t s i n t o the h and l e s
186 % s t r u c t and make the gu i v i s i b l e f o r the f i r s t t ime . Other commands or

% f u n c t i o n s can a l s o be e x e cu t ed he re i f c e r t a i n v a r i a b l e s or p a r ame t e r s
188 % need to be computed and s e t .

ob j . u pd a t eL im i t s ;
190 %%%

% make the gu i v i s i b l e
192 s e t ( f , ’ V i s i b l e ’ , ’ on ’ ) ;

end
194 %% d e l e t e

% f o r a c l e a n d e l e t e make s u r e the o b j e c t s t h a t a r e s t o r e d a s
196 % p r o p e r t i e s a r e a l s o d e l e t e d .

f u n c t i o n d e l e t e ( obj ,~ ,~)
198 d e l e t e ( ob j . gu i_main ) ;

end
200 %%

%
202 f u n c t i o n ob j = fKeyPre s sFcn ( obj ,~ , k e y I n f o )

sw i t c h k e y I n f o . Key
204 c a s e ’ p e r i od ’

ob j . tmn . indImage = ob j . tmn . indImage + 1 ;
206 i f ob j . tmn . indImage > h e i g h t ( ob j . tmn . smda_da t aba seSubse t )

ob j . tmn . indImage = h e i g h t ( ob j . tmn . smda_da t aba s eSubse t ) ;
208 r e t u r n

end
210 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . i n f oBk_ed i tT imepo in t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
212 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

ob j . l o op_ s t e pR i gh t ;
214 c a s e ’ comma ’

ob j . tmn . indImage = ob j . tmn . indImage − 1 ;
216 i f ob j . tmn . indImage < 1

ob j . tmn . indImage = 1 ;
218 r e t u r n

end
220 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . i n f oBk_ed i tT imepo in t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
222 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

ob j . l o o p_ s t e pL e f t ;
224 c a s e ’ hyphen ’

%% d e l e t e a t r a c k
226 %

ob j . tmn . makecel l_mode = ’ d e l e t e ’ ;
228 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . Va lue = 1 ;
230 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
232 c a s e ’ r i g h t a r r ow ’

234 c a s e ’ l e f t a r r o w ’

236 c a s e ’ downarrow ’

238 c a s e ’ uparrow ’

240 c a s e ’ b a ck sp a c e ’

242 c a s e ’ d ’
%% t imepo i n t a t end o f t r a c k

244 %
oldIndImage = ob j . tmn . indImage ;

246 ob j . tmn . indImage = f i n d ( ob j . t r a c kCenLog i c a l ( ob j . tmn . mcl . p o i n t e r _ t r a c k , : ) , 1 , ’ l a s t
’ ) ;

f i r s t I n d = f i n d ( ob j . t r a c kCenLog i c a l ( ob j . tmn . mcl . p o i n t e r _ t r a c k , : ) , 1 , ’ f i r s t ’ ) ;
248 i f o ldIndImage >= ob j . tmn . indImage

ob j . tmn . indImage = oldIndImage + 1 ;
250 i f ob j . tmn . indImage > h e i g h t ( ob j . tmn . smda_da t aba s eSubse t )

ob j . tmn . indImage = h e i g h t ( ob j . tmn . smda_da t aba s eSubse t ) ;
252 r e t u r n

end
254 hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
256 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

ob j . l o op_ s t e pR i gh t ;
258 e l s e i f o ldIndImage < f i r s t I n d

ob j . tmn . indImage = f i r s t I n d ;
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260 hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;

262 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
ob j . l oop_s tepX ;

264 e l s e
h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

266 h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

268 ob j . l oop_s tepX ;
end

270 c a s e ’ a ’
%% t imepo i n t a t s t a r t o f t r a c k

272 %
oldIndImage = ob j . tmn . indImage ;

274 ob j . tmn . indImage = f i n d ( ob j . t r a c kCenLog i c a l ( ob j . tmn . mcl . p o i n t e r _ t r a c k , : ) , 1 , ’
f i r s t ’ ) ;

l a s t I n d = f i n d ( ob j . t r a c kCenLog i c a l ( ob j . tmn . mcl . p o i n t e r _ t r a c k , : ) , 1 , ’ l a s t ’ ) ;
276 i f o ldIndImage <= ob j . tmn . indImage

ob j . tmn . indImage = oldIndImage − 1 ;
278 i f ob j . tmn . indImage < 1

ob j . tmn . indImage = 1 ;
280 r e t u r n

end
282 hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
284 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

ob j . l o o p_ s t e pL e f t ;
286 e l s e i f o ldIndImage > l a s t I n d

ob j . tmn . indImage = l a s t I n d ;
288 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
290 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

ob j . l oop_s tepX ;
292 e l s e

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
294 h and l e sCon t r o l . i n f oBk_ed i tT imepo i n t . S t r i n g = num2str ( ob j . tmn . indImage ) ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
296 ob j . l oop_s tepX ;

end
298 c a s e ’ b ’

%% break a t r a c k i n t o two t r a c k s
300 %

ob j . tmn . makecel l_mode = ’ b r e ak ’ ;
302 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . t a bMakeCe l l _ t o gg l ebu t t onB r e a k . Va lue = 1 ;
304 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
306 c a s e ’ c ’

%% c r e a t e a new c e l l
308 %

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_pushbut tonNewCe l l_Ca l lback ;
310 ob j . tmn . mcl . p o i n t e r _mak e c e l l 3 = ob j . tmn . mcl . p o i n t e r _ma k e c e l l ;

c a s e ’ j ’
312 %% j o i n two t r a c k s

%
314 ob j . tmn . makecel l_mode = ’ j o i n ’ ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
316 h and l e sCon t r o l . t a bMak eCe l l _ t o g g l e bu t t on J o i n . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;
318 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

c a s e ’ n ’
320 %% do no th ing

%
322 ob j . tmn . makecel l_mode = ’ none ’ ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
324 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;
326 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

c a s e ’m ’
328 %% chose mother c e l l

%
330 ob j . tmn . makecel l_mode = ’ mother ’ ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
332 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonMothe r . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;
334 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

c a s e ’ t ’
336 %% add a t r a c k to a c e l l
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%
338 ob j . tmn . makecel l_mode = ’ t r a c k 2 c e l l ’ ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
340 h and l e sCon t r o l . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;
342 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

c a s e ’ e s c ape ’
344 %% r e s e t c o n d i t i o n a l p r o p e r t i e s

%
346 ob j . t r a c k J o i n B o o l = f a l s e ;

ob j . makece l lMotherBoo l = f a l s e ;
348 ob j . tmn . makecel l_mode = ’ none ’ ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
350 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t ionChangedFcn ;
352 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Aborted ! System i s r e s e t . ’ ) ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
354 end

end
356 %%

%
358 f u n c t i o n ob j = upd a t eL im i t s ( ob j )

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
360

hand l e s . a x e sT r a c k s . YLim = [1 , ob j . tmn . i t y . imageHeightNoBin / . . .
362 ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;

h and l e s . a x e sT r a c k s . XLim = [1 , ob j . tmn . i t y . imageWidthNoBin / . . .
364 ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;

366 hand l e s . a x e s C i r c l e s . YLim = [1 , ob j . tmn . i t y . imageHeightNoBin / . . .
ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;

368 hand l e s . a x e s C i r c l e s . XLim = [1 , ob j . tmn . i t y . imageWidthNoBin / . . .
ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;

370
hand l e s . a x e sTe x t . YLim = [1 , ob j . tmn . i t y . imageHeightNoBin / . . .

372 ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;
h and l e s . a x e sTe x t . XLim = [1 , ob j . tmn . i t y . imageWidthNoBin / . . .

374 ob j . tmn . i t y . s e t t i n g s _ b i n n i n g ( ob j . tmn . indS ) ] ;

376 g u i d a t a ( ob j . gui_main , h and l e s ) ;
end

378 %%
%

380 f u n c t i o n ob j = loadNewTracks ( ob j )
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

382 h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Loading new t r a c k s . . . ’ ) ;

384 drawnow ;
%%

386 % p r o c e s s c e n t r o i d da t a
ob j . tmn . mcl . impor t ( ob j . tmn . indP ) ;

388 ob j . tmn . mcl . moviePath = ob j . tmn . moviePath ;
mydatabase = ob j . tmn . mcl . t r a c k _ d a t a b a s e ;

390 numOfT = ob j . tmn . i t y . number_o f_ t imepo in t s ;
myCenRow = z e r o s (max( mydatabase . t r a c k ID ) ,numOfT) ;

392 myCenCol = z e r o s (max( mydatabase . t r a c k ID ) ,numOfT) ;
myCenLogica l = f a l s e ( s i z e (myCenRow) ) ;

394 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Track s i d e n t i f i e d wi th \n%d c e n t r o i d s
’ , h e i g h t ( mydatabase ) ) ;

drawnow ;
396 f o r v = 1 : h e i g h t ( mydatabase )

myt imepoint = mydatabase . t imepo i n t ( v ) ;
398 mytrackID = mydatabase . t r a c k ID ( v ) ;

myCenRow(mytrackID , myt imepoint ) = mydatabase . c en t ro id_ row ( v ) ;
400 myCenCol(mytrackID , myt imepoint ) = mydatabase . c e n t r o i d _ c o l ( v ) ;

myCenLogica l ( mytrackID , myt imepoint ) = t r u e ;
402 end

%%%
404 % Ass ignment to the o b j e c t was r e q u i r e d to be a f t e r the p a r f o r .

ob j . trackCenRow = myCenRow ;
406 ob j . t r ackCenCol = myCenCol ;

ob j . t r a c kCenLog i c a l = myCenLogica l ;
408

ob j . t r a c kC e nLo g i c a lD i f f = d i f f ( ob j . t r a c kCenLog i c a l , 1 , 2 ) ;
410

%% Re c a l c u l a t e t r a c k s
412 % Assumes image s i z e r ema in s the same f o r t h i s s e t t i n g s

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
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414 i f i s a ( ob j . t r a c k C i r c l e { i } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . R e c t a n g l e ’ )
d e l e t e ( ob j . t r a c k C i r c l e { i }) ;

416 end
i f i s a ( ob j . t r a c k L i n e { i } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . L ine ’ )

418 d e l e t e ( ob j . t r a c k L i n e { i }) ;
end

420 i f i s a ( ob j . t r a c kT e x t { i } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . Text ’ )
d e l e t e ( ob j . t r a c kT e x t { i }) ;

422 end
end

424 mydatabase1 = ob j . tmn . t r a c k _ d a t a b a s e { ob j . tmn . indP } ;
ob j . t r a c k L i n e = c e l l (max( mydatabase1 . t r a c k ID ) ,1) ;

426 ob j . t r a c k C i r c l e = c e l l (max( mydatabase1 . t r a c k ID ) ,1) ;
ob j . t r a c kT e x t = c e l l (max( mydatabase1 . t r a c k ID ) ,1) ;

428 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Impor t i ng Track s . . . ’ ) ;
drawnow ;

430 f o r i = 1 : l e n g t h ( ob j . t r a c k L i n e )
i f ~any ( ob j . t r a c kCenLog i c a l ( i , : ) )

432 con t i nue
end

434 my l ine = l i n e ( ’ P a r en t ’ , h and l e s . a x e sT r a c k s ) ;
my l ine . Color = ob j . t r a c kCo l o r (mod( i , 3 ) +1 , : ) ;

436 my l ine . LineWidth = 1 ;
my l ine . YData = ob j . trackCenRow ( i , ob j . t r a c kCenLog i c a l ( i , : ) ) ;

438 my l ine . XData = ob j . t r ackCenCol ( i , ob j . t r a c kCenLog i c a l ( i , : ) ) ;
ob j . t r a c k L i n e { i } = my l ine ;

440 end
hand l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Impor t i ng C i r c l e s . . . ’ ) ;

442 drawnow ;
f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )

444 i f ~any ( ob j . t r a c kCenLog i c a l ( i , : ) )
con t i nue

446 end
myrec = r e c t a n g l e ( ’ Pa r en t ’ , h and l e s . a x e s C i r c l e s ) ;

448 myrec . ButtonDownFcn = @obj . c l i c kLoop ;
myrec . UserData = i ;

450 myrec . Cu rv a tu r e = [ 1 , 1 ] ;
myrec . FaceColor = ob j . t r a c k L i n e { i } . Color ;

452 myrec . P o s i t i o n = [ ob j . t r a c k L i n e { i } . XData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e {
i } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

mclID = ob j . tmn . mcl . t r a c k _ma k e c e l l ( i ) ;
454 i f mclID ~= 0

myrec . EdgeColor = ob j . t r a c kCo l o rH i g h l i g h t 2 ;
456 myrec . LineWidth = 2 ;

e l s e
458 myrec . EdgeColor = [ 0 , 0 , 0 ] ;

myrec . LineWidth = 0 . 5 ;
460 end

ob j . t r a c k C i r c l e { i } = myrec ;
462 end

hand l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ T r a n s c r i b i n g Text . . . ’ ) ;
464 drawnow ;

f o r i = 1 : l e n g t h ( ob j . t r a c kT e x t )
466 i f ~any ( ob j . t r a c kCenLog i c a l ( i , : ) )

con t i nue
468 end

ob j . t r a c kT e x t { i } = t e x t ( ’ P a r en t ’ , h and l e s . a x e sTe x t ) ;
470 ob j . upda teTrackTex t ( i ) ;

end
472 hand l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ P o s i t i o n %d ’ , ob j . tmn . indP ) ;

drawnow ;
474 ob j . l oop_s tepX ;

ob j . tmn . g u i _ c o n t r o l . tabGPS_loop ;
476 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
478 end

%%
480 %

f u n c t i o n ob j = v i s u a l i z e T r a c k s ( ob j )
482 hand l e s = g u i d a t a ( ob j . gu i_main ) ;

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
484 %% Re c a l c u l a t e t r a c k s

% Assumes image s i z e r ema in s the same f o r t h i s s e t t i n g s
486 c e l l f u n (@delete , ob j . t r a c k C i r c l e ) ;

c e l l f u n (@delete , ob j . t r a c k L i n e ) ;
488 ob j . t r a c k L i n e = c e l l (max( ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a c k ID ) ,1) ;

ob j . t r a c k C i r c l e = c e l l (max( ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a c k ID ) ,1) ;
490 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Impor t i ng Track s . . . ’ ) ;
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drawnow ;
492 f o r i = 1 : l e n g t h ( ob j . t r a c k L i n e )

i f ~ob j . tmn . mcl . t r a c k _ l o g i c a l ( i )
494 con t i nue

end
496 my l ine = l i n e ( ’ P a r en t ’ , h and l e s . a x e sT r a c k s ) ;

my l ine . Color = ob j . t r a c kCo l o r (mod( i , 3 ) +1 , : ) ;
498 my l ine . LineWidth = 1 ;

my l ine . YData = ob j . trackCenRow ( i , ob j . t r a c kCenLog i c a l ( i , : ) ) ;
500 my l ine . XData = ob j . t r ackCenCol ( i , ob j . t r a c kCenLog i c a l ( i , : ) ) ;

ob j . t r a c k L i n e { i } = my l ine ;
502 end

hand l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ Impor t i ng C i r c l e s . . . ’ ) ;
504 drawnow ;

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
506 i f ~ob j . tmn . mcl . t r a c k _ l o g i c a l ( i )

con t i nue
508 end

myrec = r e c t a n g l e ( ’ Pa r en t ’ , h and l e s . a x e s C i r c l e s ) ;
510 myrec . ButtonDownFcn = @obj . c l i c kLoop ;

myrec . UserData = i ;
512 myrec . Cu rv a tu r e = [ 1 , 1 ] ;

myrec . FaceColor = ob j . t r a c k L i n e { i } . Color ;
514 myrec . P o s i t i o n = [ ob j . t r a c k L i n e { i } . XData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e {

i } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
ob j . t r a c k C i r c l e { i } = myrec ;

516 end
hand l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ P o s i t i o n %d ’ , ob j . tmn . indP ) ;

518 drawnow ;
g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

520 ob j . l oop_s tepX ;
end

522 %%
%

524 f u n c t i o n ob j = loop_s tepX ( ob j )
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

526 ob j . imag3 = imread ( f u l l f i l e ( ob j . tmn . moviePath , ’ . thumb ’ , ob j . tmn . smda_da t aba seSubse t .
f i l e n ame { ob j . tmn . indImage }) ) ;

h and l e s . d i s p l a y ed Image . CData = ob j . imag3 ;
528 ob j . u pd a t eL im i t s ;

g u i d a t a ( ob j . gui_main , h and l e s ) ;
530

%%%
532 % _____ _ __ ___

% | _ _ | _ __ _ __ | | __ \ \ / (_)___
534 % | | | ’ _/ _ ‘ / _ | / / \ V / | (_−<

% | _ | | _ | \__ , _\__ | _\_\ \_/ | _/__/
536 %

i f ob j . tmn . g u i _ c o n t r o l . menu_viewTrackBool
538 sw i t c h ob j . tmn . g u i _ c o n t r o l . menu_viewTime

c a s e ’ a l l ’
540 t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
542 i f ~ob j . tmn . mcl . t r a c k _ l o g i c a l ( i )

con t i nu e
544 end

ob j . t r a c k L i n e { i } . V i s i b l e = ’ on ’ ;
546 i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage )

ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;
548 ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+

t r a c kC i r c l eH a l f S i z e , . . .
ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

550 ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;
ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
552 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
554 e l s e

ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;
556 ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;

end
558 end

c a s e ’ now ’
560 t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
562 i f ~ob j . tmn . mcl . t r a c k _ l o g i c a l ( i )

con t i nu e
564 end
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i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage )
566 ob j . t r a c k L i n e { i } . V i s i b l e = ’ on ’ ;

ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;
568 ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+

t r a c kC i r c l eH a l f S i z e , . . .
ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

570 ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;
ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
572 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
574 e l s e

ob j . t r a c k L i n e { i } . V i s i b l e = ’ o f f ’ ;
576 ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;

ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;
578 end

end
580 end

end
582 end

%%
584 %

f u n c t i o n ob j = l oop_ s t e pR i gh t ( ob j )
586 hand l e s = g u i d a t a ( ob j . gu i_main ) ;

ob j . imag3 = imread ( f u l l f i l e ( ob j . tmn . moviePath , ’ . thumb ’ , ob j . tmn . smda_da t aba seSubse t .
f i l e n ame { ob j . tmn . indImage }) ) ;

588 hand l e s . d i s p l a y ed Image . CData = ob j . imag3 ;
ob j . u pd a t eL im i t s ;

590 g u i d a t a ( ob j . gui_main , h and l e s ) ;

592 %%%
% _____ _ __ ___

594 % | _ _ | _ __ _ __ | | __ \ \ / (_)___
% | | | ’ _/ _ ‘ / _ | / / \ V / | (_−<

596 % | _ | | _ | \__ , _\__ | _\_\ \_/ | _/__/
%

598 i f ob j . tmn . g u i _ c o n t r o l . menu_viewTrackBool
sw i t c h ob j . tmn . g u i _ c o n t r o l . menu_viewTime

600 c a s e ’ a l l ’
t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;

602 f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == 0 && ~ob j .

t r a c kCenLog i c a l ( i , ob j . tmn . indImage )
604 % do no th ing

e l s e i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage ) && ob j .
t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == 0

606
ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+

t r a c kC i r c l eH a l f S i z e , . . .
608 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−
t r a c kC i r c l eH a l f S i z e , . . .

610 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .
ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

612 e l s e i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == −1
ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;

614 ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;
e l s e

616 ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;
ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+

t r a c kC i r c l eH a l f S i z e , . . .
618 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;
620 ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

622 ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
end

624 end
c a s e ’ now ’

626 t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;
f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )

628 i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == 0 && ~ob j .
t r a c kCenLog i c a l ( i , ob j . tmn . indImage )

% do no th ing
630 e l s e i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage ) && ob j .

t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == 0
ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+
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t r a c kC i r c l eH a l f S i z e , . . .
632 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−
t r a c kC i r c l eH a l f S i z e , . . .

634 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .
ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

636 e l s e i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage−1) == −1
ob j . t r a c k L i n e { i } . V i s i b l e = ’ o f f ’ ;

638 ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;
ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;

640 e l s e
ob j . t r a c k L i n e { i } . V i s i b l e = ’ on ’ ;

642 ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;
ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+

t r a c kC i r c l eH a l f S i z e , . . .
644 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;

ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;
646 ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

648 ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
end

650 end
end

652 end
end

654 %%
%

656 f u n c t i o n ob j = l o o p_ s t e pL e f t ( ob j )
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

658 ob j . imag3 = imread ( f u l l f i l e ( ob j . tmn . moviePath , ’ . thumb ’ , ob j . tmn . smda_da t aba seSubse t .
f i l e n ame { ob j . tmn . indImage }) ) ;

h and l e s . d i s p l a y ed Image . CData = ob j . imag3 ;
660 ob j . u pd a t eL im i t s ;

g u i d a t a ( ob j . gui_main , h and l e s ) ;
662

%%%
664 % _____ _ __ ___

% | _ _ | _ __ _ __ | | __ \ \ / (_)___
666 % | | | ’ _/ _ ‘ / _ | / / \ V / | (_−<

% | _ | | _ | \__ , _\__ | _\_\ \_/ | _/__/
668 %

i f ob j . tmn . g u i _ c o n t r o l . menu_viewTrackBool
670 sw i t c h ob j . tmn . g u i _ c o n t r o l . menu_viewTime

c a s e ’ a l l ’
672 t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
674 i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 0 && ~ob j .

t r a c kCenLog i c a l ( i , ob j . tmn . indImage )
%do no th ing

676 e l s e i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage ) && ob j .
t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 0

ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+
t r a c kC i r c l eH a l f S i z e , . . .

678 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;
ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
680 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
682 e l s e i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 1

ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;
684 ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;

e l s e
686 ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;

ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+
t r a c kC i r c l eH a l f S i z e , . . .

688 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;
ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;

690 ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−
t r a c kC i r c l eH a l f S i z e , . . .

ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .
692 ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

end
694 end

c a s e ’ now ’
696 t r a c k C i r c l e H a l f S i z e = ( ob j . t r a c k C i r c l e S i z e −1)/2 ;

f o r i = 1 : l e n g t h ( ob j . t r a c k C i r c l e )
698 i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 0 && ~ob j .
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t r a c kCenLog i c a l ( i , ob j . tmn . indImage )
%do no th ing

700 e l s e i f ob j . t r a c kCenLog i c a l ( i , ob j . tmn . indImage ) && ob j .
t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 0

ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+
t r a c kC i r c l eH a l f S i z e , . . .

702 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;
ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−

t r a c kC i r c l eH a l f S i z e , . . .
704 ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .

ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;
706 e l s e i f ob j . t r a c kC e nLo g i c a lD i f f ( i , ob j . tmn . indImage ) == 1

ob j . t r a c k L i n e { i } . V i s i b l e = ’ o f f ’ ;
708 ob j . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;

ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;
710 e l s e

ob j . t r a c k L i n e { i } . V i s i b l e = ’ on ’ ;
712 ob j . t r a c kT e x t { i } . V i s i b l e = ’ on ’ ;

ob j . t r a c kT e x t { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )+
t r a c kC i r c l eH a l f S i z e , . . .

714 ob j . trackCenRow ( i , ob j . tmn . indImage )+ t r a c k C i r c l e H a l f S i z e ] ;
ob j . t r a c k C i r c l e { i } . V i s i b l e = ’ on ’ ;

716 ob j . t r a c k C i r c l e { i } . P o s i t i o n = [ ob j . t r ackCenCol ( i , ob j . tmn . indImage )−
t r a c kC i r c l eH a l f S i z e , . . .

ob j . trackCenRow ( i , ob j . tmn . indImage )−t r a c kC i r c l eH a l f S i z e , . . .
718 ob j . t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

end
720 end

end
722 end

end
724 %%

%
726 f u n c t i o n ob j = c l i c kLoop ( obj , myrec ,~)

%%%
728 % _____ _ __ ___

% | _ _ | _ __ _ __ | | __ \ \ / (_)___
730 % | | | ’ _/ _ ‘ / _ | / / \ V / | (_−<

% | _ | | _ | \__ , _\__ | _\_\ \_/ | _/__/
732 %

i f ob j . tmn . g u i _ c o n t r o l . menu_viewTrackBool
734 %%%

% i f the menu_viewTrackBool i s t rue , then t r a c k s a r e
736 % d i s p l a y e d

ob j . tmn . mcl . p o i n t e r _ t r a c k 2 = ob j . tmn . mcl . p o i n t e r _ t r a c k ;
738 ob j . tmn . mcl . p o i n t e r _ t r a c k = myrec . UserData ;

ob j . tmn . mcl . p o i n t e r _mak e c e l l 2 = ob j . tmn . mcl . p o i n t e r _ma k e c e l l ;
740 ob j . tmn . mcl . p o i n t e r _ma k e c e l l = ob j . tmn . mcl . t r a c k _ma k e c e l l ( ob j . tmn . mcl . p o i n t e r _ t r a c k )

;
%% h i g h l i g h t

742 ob j . h i g h l i g h t T r a c k ;
h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

744 %% t r a c k e d i t s
%

746 sw i t c h ob j . tmn . makecel l_mode
c a s e ’ none ’

748 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ t r a c k ID %d\ nmakece l l ID
%d ’ , ob j . tmn . mcl . p o i n t e r _ t r a c k , ob j . tmn . mcl . p o i n t e r _ma k e c e l l ) ;

c a s e ’ j o i n ’
750 i f ob j . t r a c k J o i n B o o l

i f ob j . tmn . mcl . p o i n t e r _ t r a c k 2 > ob j . tmn . mcl . p o i n t e r _ t r a c k
752 keepTrack = ob j . tmn . mcl . p o i n t e r _ t r a c k ;

r e p l a c eT r a c k = ob j . tmn . mcl . p o i n t e r _ t r a c k 2 ;
754 e l s e

keepTrack = ob j . tmn . mcl . p o i n t e r _ t r a c k 2 ;
756 r e p l a c eT r a c k = ob j . tmn . mcl . p o i n t e r _ t r a c k ;

end
758 ob j . tmn . mcl . j o i nT r a c k ( keepTrack , r e p l a c eT r a c k ) ;

ob j . t r a c k J o i n B o o l = f a l s e ;
760 myLog ica l = ismember ( ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a ck ID , [ keepTrack ,

r e p l a c eT r a c k ]) ;
myArray = 1 : numel ( myLog ica l ) ;

762 myArray = myArray ( myLog ica l ) ;
ob j . trackCenRow ( keepTrack , : ) = 0 ;

764 ob j . t r ackCenCol ( keepTrack , : ) = 0 ;
ob j . t r a c kCenLog i c a l ( keepTrack , : ) = f a l s e ;

766 ob j . trackCenRow ( r ep l a c eT r a c k , : ) = 0 ;
ob j . t r ackCenCol ( r ep l a c eT r a c k , : ) = 0 ;
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768 ob j . t r a c kCenLog i c a l ( r e p l a c eT r a c k , : ) = f a l s e ;
f o r v = myArray

770 myt imepoint = ob j . tmn . mcl . t r a c k _ d a t a b a s e . t imepo i n t ( v ) ;
mytrackID = ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a c k ID ( v ) ;

772 ob j . trackCenRow (mytrackID , myt imepoint ) = ob j . tmn . mcl . t r a c k _ d a t a b a s e .
c en t ro id_ row ( v ) ;

ob j . t r ackCenCol (mytrackID , myt imepoint ) = ob j . tmn . mcl . t r a c k _ d a t a b a s e .
c e n t r o i d _ c o l ( v ) ;

774 ob j . t r a c kCenLog i c a l ( mytrackID , myt imepoint ) = t r u e ;
end

776 ob j . t r a c kC e nLo g i c a lD i f f = d i f f ( ob j . t r a c kCenLog i c a l , 1 , 2 ) ;

778 ob j . t r a c k L i n e { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;
ob j . t r a c k C i r c l e { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;

780 ob j . t r a c kT e x t { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;

782 ob j . t r a c k L i n e { keepTrack } . YData = ob j . trackCenRow ( keepTrack , ob j .
t r a c kCenLog i c a l ( keepTrack , : ) ) ;

ob j . t r a c k L i n e { keepTrack } . XData = ob j . t r ackCenCol ( keepTrack , ob j .
t r a c kCenLog i c a l ( keepTrack , : ) ) ;

784 ob j . t r a c k C i r c l e { keepTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { keepTrack } . XData (1)
−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { keepTrack } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j .
t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

ob j . t r a c kT e x t { keepTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { keepTrack } . XData (1)+(
ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { keepTrack } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;

786 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ J o i n ed t r a c k %d wi th
\ n t r a c k %d . ’ , keepTrack , r e p l a c eT r a c k ) ;

%%
788 % r e t u r n to ’ none ’ mode

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
790 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;
792 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

e l s e
794 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ J o i n t r a c k %d wi th

. . . ’ , ob j . tmn . mcl . p o i n t e r _ t r a c k ) ;
ob j . t r a c k J o i n B o o l = t r u e ;

796 end
ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;

798 ob j . l oop_s tepX ;
c a s e ’ b r e ak ’

800 o ldTrack = ob j . tmn . mcl . p o i n t e r _ t r a c k ;
ob j . tmn . mcl . b r e akTrack ( ob j . tmn . mcl . p o i n t e r _ t r a c k , ob j . tmn . indImage ) ;

802 newTrack = ob j . tmn . mcl . p o i n t e r _ t r a c k ;
ob j . tmn . mcl . p o i n t e r _ t r a c k = o ldTrack ;

804
myLog ica l = ismember ( ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a ck ID , [ o ldTrack , newTrack ])

;
806 myArray = 1 : numel ( myLog ica l ) ;

myArray = myArray ( myLog ica l ) ;
808 ob j . trackCenRow ( oldTrack , : ) = 0 ;

ob j . t r ackCenCol ( o ldTrack , : ) = 0 ;
810 ob j . t r a c kCenLog i c a l ( o ldTrack , : ) = f a l s e ;

ob j . trackCenRow ( newTrack , : ) = 0 ;
812 ob j . t r ackCenCol ( newTrack , : ) = 0 ;

ob j . t r a c kCenLog i c a l ( newTrack , : ) = f a l s e ;
814 f o r v = myArray

myt imepoint = ob j . tmn . mcl . t r a c k _ d a t a b a s e . t imepo i n t ( v ) ;
816 mytrackID = ob j . tmn . mcl . t r a c k _ d a t a b a s e . t r a c k ID ( v ) ;

ob j . trackCenRow (mytrackID , myt imepoint ) = ob j . tmn . mcl . t r a c k _ d a t a b a s e .
c en t ro id_ row ( v ) ;

818 ob j . t r ackCenCol (mytrackID , myt imepoint ) = ob j . tmn . mcl . t r a c k _ d a t a b a s e .
c e n t r o i d _ c o l ( v ) ;

ob j . t r a c kCenLog i c a l ( mytrackID , myt imepoint ) = t r u e ;
820 end

ob j . t r a c kC e nLo g i c a lD i f f = d i f f ( ob j . t r a c kCenLog i c a l , 1 , 2 ) ;
822

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
824 i f newTrack > numel ( ob j . t r a c k L i n e )

my l ine = l i n e ( ’ P a r en t ’ , h and l e s . a x e sT r a c k s ) ;
826 my l ine . Color = ob j . t r a c kCo l o r (mod( newTrack , 3 ) +1 , : ) ;

my l ine . LineWidth = 1 ;
828 my l ine . YData = ob j . trackCenRow ( newTrack , ob j . t r a c kCenLog i c a l ( newTrack , : ) )

;
my l ine . XData = ob j . t r ackCenCol ( newTrack , ob j . t r a c kCenLog i c a l ( newTrack , : ) )

;
830 ob j . t r a c k L i n e { newTrack } = my l ine ;
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832 myrec = r e c t a n g l e ( ’ Pa r en t ’ , h and l e s . a x e s C i r c l e s ) ;
myrec . ButtonDownFcn = @obj . c l i c kLoop ;

834 myrec . UserData = newTrack ;
myrec . Cu rv a tu r e = [ 1 , 1 ] ;

836 myrec . FaceColor = ob j . t r a c k L i n e { newTrack } . Color ;
myrec . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData (1)−(ob j . t r a c k C i r c l e S i z e

−1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k C i r c l e S i z e , ob j .
t r a c k C i r c l e S i z e ] ;

838 ob j . t r a c k C i r c l e { newTrack } = myrec ;

840 ob j . t r a c kT e x t { newTrack } = t e x t ( ’ P a r en t ’ , h and l e s . a x e sTe x t ) ;
ob j . upda teTrackTex t ( newTrack ) ;

842 ob j . t r a c kT e x t { newTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData (1)+(
ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;

e l s e
844 i f i s a ( ob j . t r a c k L i n e { newTrack } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . L ine ’ ) ;

ob j . t r a c k L i n e { newTrack } . YData = ob j . trackCenRow ( newTrack , ob j .
t r a c kCenLog i c a l ( newTrack , : ) ) ;

846 ob j . t r a c k L i n e { newTrack } . XData = ob j . t r ackCenCol ( newTrack , ob j .
t r a c kCenLog i c a l ( newTrack , : ) ) ;

e l s e
848 my l ine = l i n e ( ’ Pa r en t ’ , h and l e s . a x e sT r a c k s ) ;

my l ine . Color = ob j . t r a c kCo l o r (mod( newTrack , 3 ) +1 , : ) ;
850 my l ine . LineWidth = 1 ;

my l ine . YData = ob j . trackCenRow ( newTrack , ob j . t r a c kCenLog i c a l ( newTrack
, : ) ) ;

852 my l ine . XData = ob j . t r ackCenCol ( newTrack , ob j . t r a c kCenLog i c a l ( newTrack
, : ) ) ;

ob j . t r a c k L i n e { newTrack } = myl ine ;
854 end

i f i s a ( ob j . t r a c k C i r c l e { newTrack } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . R e c t a n g l e ’ )
856 ob j . t r a c k C i r c l e { newTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData

(1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j .
t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

e l s e
858 myrec = r e c t a n g l e ( ’ Pa r en t ’ , h and l e s . a x e s C i r c l e s ) ;

myrec . ButtonDownFcn = @obj . c l i c kLoop ;
860 myrec . UserData = newTrack ;

myrec . Cu rv a tu r e = [ 1 , 1 ] ;
862 myrec . FaceColor = ob j . t r a c k L i n e { newTrack } . Color ;

myrec . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData (1)−(ob j .
t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j .
t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

864 ob j . t r a c k C i r c l e { newTrack } = myrec ;
end

866 i f i s a ( ob j . t r a c k L i n e { newTrack } , ’ ma t l ab . g r a p h i c s . p r i m i t i v e . Text ’ ) ;
ob j . t r a c kT e x t { newTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData (1)

+( ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;
868

e l s e
870 ob j . t r a c kT e x t { newTrack } = t e x t ( ’ P a r en t ’ , h and l e s . a x e sTe x t ) ;

ob j . t r a c kT e x t { newTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { newTrack } . XData (1)
+( ob j . t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { newTrack } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;

872 end
ob j . upda teTrackTex t ( newTrack ) ;

874 ob j . t r a c k L i n e { newTrack } . V i s i b l e = ’ on ’ ;
ob j . t r a c k C i r c l e { newTrack } . V i s i b l e = ’ on ’ ;

876 ob j . t r a c kT e x t { newTrack } . V i s i b l e = ’ on ’ ;
end

878 ob j . t r a c k L i n e { o ldTrack } . YData = ob j . trackCenRow ( oldTrack , ob j . t r a c kCenLog i c a l
( o ldTrack , : ) ) ;

ob j . t r a c k L i n e { o ldTrack } . XData = ob j . t r ackCenCol ( o ldTrack , ob j . t r a c kCenLog i c a l
( o ldTrack , : ) ) ;

880 ob j . t r a c k C i r c l e { o ldTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { o ldTrack } . XData (1)−(ob j .
t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { o ldTrack } . YData (1)−(ob j . t r a c k C i r c l e S i z e −1)/2 , ob j .
t r a c k C i r c l e S i z e , ob j . t r a c k C i r c l e S i z e ] ;

ob j . t r a c kT e x t { o ldTrack } . P o s i t i o n = [ ob j . t r a c k L i n e { o ldTrack } . XData (1)+( ob j .
t r a c k C i r c l e S i z e −1)/2 , ob j . t r a c k L i n e { o ldTrack } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;

882 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;
ob j . l oop_s tepX ;

884 %%
% r e t u r n to ’ none ’ mode

886 hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

888 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;
g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

890 c a s e ’ d e l e t e ’
r e p l a c eT r a c k = ob j . tmn . mcl . p o i n t e r _ t r a c k ;
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892 ob j . tmn . mcl . d e l e t eT r a c k ( r e p l a c eT r a c k ) ;

894 ob j . trackCenRow ( r ep l a c eT r a c k , : ) = 0 ;
ob j . t r ackCenCol ( r ep l a c eT r a c k , : ) = 0 ;

896 ob j . t r a c kCenLog i c a l ( r ep l a c eT r a c k , : ) = f a l s e ;
ob j . t r a c kC e nLo g i c a lD i f f = d i f f ( ob j . t r a c kCenLog i c a l , 1 , 2 ) ;

898
ob j . t r a c k L i n e { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;

900 ob j . t r a c k C i r c l e { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;
ob j . t r a c kT e x t { r e p l a c eT r a c k } . V i s i b l e = ’ o f f ’ ;

902
h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ De l e t ed t r a c k %d . ’ ,

r e p l a c eT r a c k ) ;
904 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;

ob j . l oop_s tepX ;
906

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;
908 %%

% r e t u r n to ’ none ’ mode
910 hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;

h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;
912 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
914 c a s e ’ mother ’

i f ob j . makece l lMothe rBoo l
916 ob j . makece l lMotherBoo l = f a l s e ;

[mom, dau ] = ob j . tmn . mcl . i d e n t i f yMo t h e r ( ob j . tmn . mcl . p o i n t e r _make c e l l 2 , ob j
. tmn . mcl . p o i n t e r _ma k e c e l l ) ;

918 h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ C e l l %d i s the
mother o f \ n c e l l %d . ’ ,mom, dau ) ;

%%
920 % r e t u r n to ’ none ’ mode

h and l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
922 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;
924 ob j . upda teTrackTex t ;

g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;
926 e l s e

h and l e sCon t r o l . i n f oBk_ t e x tMe s s a g e . S t r i n g = s p r i n t f ( ’ C e l l %d w i l l be the
mother o f . . . ’ , ob j . tmn . mcl . p o i n t e r _ma k e c e l l ) ;

928 ob j . makece l lMotherBoo l = t r u e ;
end

930 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;
ob j . l oop_s tepX ;

932 c a s e ’ t r a c k 2 c e l l ’
ob j . tmn . mcl . addTrack2Ce l l ( ob j . tmn . mcl . p o i n t e r _ t r a c k , ob j . tmn . mcl .

p o i n t e r _mak e c e l l 3 ) ;
934 ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_ loop ;

ob j . upda teTrackTex t ;
936 ob j . h i g h l i g h t T r a c k ;

%%
938 % r e t u r n to ’ none ’ mode

hand l e sCon t r o l = g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gu i_main ) ;
940 h and l e sCon t r o l . t abMakeCe l l_ togg l ebu t tonNone . Va lue = 1 ;

ob j . tmn . g u i _ c o n t r o l . t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;
942 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

o t h e rw i s e
944 f p r i n t f ( ’ t r a c k ID %d\n ’ , ob j . tmn . mcl . p o i n t e r _ t r a c k ) ;

end
946 g u i d a t a ( ob j . tmn . g u i _ c o n t r o l . gui_main , h and l e sCon t r o l ) ;

end
948 end

%%
950 %

f u n c t i o n ob j = h i g h l i g h t T r a c k ( ob j )
952 i f ob j . tmn . mcl . p o i n t e r _ t r a c k 2~=ob j . tmn . mcl . p o i n t e r _ t r a c k

myrec = ob j . t r a c k C i r c l e { ob j . tmn . mcl . p o i n t e r _ t r a c k } ;
954 myrec . FaceColor = ob j . t r a c kCo l o rH i g h l i g h t ;

956 myrec2 = ob j . t r a c k C i r c l e { ob j . tmn . mcl . p o i n t e r _ t r a c k 2 } ;
myrec2 . FaceColor = ob j . t r a c kCo l o r (mod( ob j . tmn . mcl . p o i n t e r _ t r a c k 2 , 3 ) +1 , : ) ;

958
my l ine = ob j . t r a c k L i n e { ob j . tmn . mcl . p o i n t e r _ t r a c k } ;

960 my l ine . Color = ob j . t r a c kCo l o rH i g h l i g h t ;
my l ine . LineWidth = 3 ;

962
myl ine2 = ob j . t r a c k L i n e { ob j . tmn . mcl . p o i n t e r _ t r a c k 2 } ;

964 myl ine2 . Color = ob j . t r a c kCo l o r (mod( ob j . tmn . mcl . p o i n t e r _ t r a c k 2 , 3 ) +1 , : ) ;
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myl ine2 . LineWidth = 1 ;
966 e l s e

myrec = ob j . t r a c k C i r c l e { ob j . tmn . mcl . p o i n t e r _ t r a c k } ;
968 myrec . FaceColor = ob j . t r a c kCo l o rH i g h l i g h t ;

970 my l ine = ob j . t r a c k L i n e { ob j . tmn . mcl . p o i n t e r _ t r a c k } ;
my l ine . Color = ob j . t r a c kCo l o rH i g h l i g h t ;

972 my l ine . LineWidth = 3 ;
end

974 mclID = ob j . tmn . mcl . t r a c k _ma k e c e l l ( ob j . tmn . mcl . p o i n t e r _ t r a c k ) ;
i f mclID ~= 0

976 myrec . EdgeColor = ob j . t r a c kCo l o rH i g h l i g h t 2 ;
myrec . LineWidth = 2 ;

978 e l s e
myrec . EdgeColor = [ 0 , 0 , 0 ] ;

980 myrec . LineWidth = 0 . 5 ;
end

982 end
%%

984 %
f u n c t i o n ob j = upda teTrackTex t ( obj , v a r a r g i n )

986 %%%
% pa r s e the i npu t

988 q = i n p u t P a r s e r ;
addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTra ck i ngManua l_ob j e c t_ imageV i ewe r ’ ) ) ;

990 addOpt iona l (q , ’ t r a c k ID ’ , ob j . tmn . mcl . p o i n t e r _ t r a c k , @( x ) i s n ume r i c ( x ) ) ;
p a r s e (q , obj , v a r a r g i n { : } ) ;

992 t r a c k ID = q . R e s u l t s . t r a c k ID ;
ob j . t r a c kT e x t { t r a c k ID } . Color = ob j . t r a c kTe x tCo l o r ;

994 ob j . t r a c kT e x t { t r a c k ID } . BackgroundColor = ob j . t r a c kTex tBackg roundCo lo r ;
ob j . t r a c kT e x t { t r a c k ID } . Fon tS i z e = ob j . t r a c kT e x t F on t S i z e ;

996 ob j . t r a c kT e x t { t r a c k ID } . Margin = ob j . t r a c kTex tMa r g i n ;
ob j . t r a c kT e x t { t r a c k ID } . UserData = t r a c k ID ;

998 ob j . t r a c kT e x t { t r a c k ID } . P o s i t i o n = [ ob j . t r a c k L i n e { t r a c k ID } . XData (1)+( ob j . t r a c k C i r c l e S i z e
−1)/2 , ob j . t r a c k L i n e { t r a c k ID } . YData (1)+( ob j . t r a c k C i r c l e S i z e −1)/2 ] ;

mySt r ing = s p r i n t f ( ’ t r c k # : %d ’ , t r a c k ID ) ;
1000 mclID = ob j . tmn . mcl . t r a c k _ma k e c e l l ( t r a c k ID ) ;

i f mclID ~= 0
1002 mySt r ing = s t r c a t ( myStr ing , s p r i n t f ( ’ \ nmkcl # : %d ’ , mclID ) ) ;

i f ob j . tmn . mcl . makece l l_mothe r (mclID ) ~= 0
1004 mySt r ing = s t r c a t ( myStr ing , s p r i n t f ( ’ \ nmthr : %d ’ , ob j . tmn . mcl . makece l l_mothe r (

mclID ) ) ) ;
end

1006 i f ob j . tmn . mcl . m a k e c e l l _ d i v i s i o n S t a r t (mclID ) ~= 0
mySt r ing = s t r c a t ( myStr ing , s p r i n t f ( ’ \ ndvSt : %d ’ , ob j . tmn . mcl .

m a k e c e l l _ d i v i s i o n S t a r t (mclID ) ) ) ;
1008 e l s e i f ob j . tmn . mcl . m a k e c e l l _ a p o p t o s i s S t a r t (mclID ) ~= 0

mySt r ing = s t r c a t ( myStr ing , s p r i n t f ( ’ \ napSt : %d ’ , ob j . tmn . mcl .
m a k e c e l l _ a p o p t o s i s S t a r t (mclID ) ) ) ;

1010 end
end

1012 ob j . t r a c kT e x t { t r a c k ID } . S t r i n g = mySt r ing ;
end

1014 end
end

Listing B.7: cellularGPSTrackingManualobjectimageViewer.m

1 %% The SuperMDAIt inera ry
% The SuperMDA a l l ow s mu l t i p l e mu l t i−d imens iona l−a c q u i s i t i o n s to be run

3 % s imu l a t a n e o u s l y . Each group c o n s i s t s o f 1 or more p o s i t i o n s . Each
% p o s i t i o n c o n s i s t s o f 1 or more s e t t i n g s .

5 c l a s s d e f c e l l u l a rGPST r a c k i n gManu a l _ o b j e c t _ i t i n e r a r y < SuperMDAIt ine ra ryT imeF ixed_ob jec t
%%

7 % * channel_names : the names o f the ch anne l s group in the c u r r e n t
% s e s s i o n o f uManager .

9 % * gps : a ma t r i x t h a t c o n t a i n s the groups , p o s i t i o n s , and s e t t i n g s
% i n f o rma t i o n . As the SuperMDA p r o c e s s e s th rough o rd e rVe c t o r i t w i l l

11 % keep t r a c k o f which inde x i s chang ing and e x e c u t e a f u n c t i o n based on
% t h i s change .

13 % * o rd e rVe c t o r : a v e c t o r w i th the number o f rows o f the GPS ma t r i x . I t
% c o n t a i n s the sequence o f n a t u r a l numbers from 1 to the number o f

15 % rows . The SuperMDA w i l l f o l l ow the numbers i n the o rd e rVe c t o r a s they
% i n c r e a s e and the row t h a t c o n t a i n s the c u r r e n t number co r r e s pond s to

17 % the nex t row in the GPS to be e x e cu t ed .
% * f i l e n am e _ p r e f i x : the s t r i n g t h a t i s p l a c ed a t the f r o n t o f the

19 % image f i l e n ame .
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% * fundamen t a l_pe r i od : the s h o r t e s t p e r i od t h a t images a r e t a ken i n
21 % seconds .

% * o u t p u t _ d i r e c t o r y : The d i r e c t o r y where the ou tpu t images a r e s t o r e d .
23 % * group_orde r : The g roup_orde r e x i s t s to d e a l w i th the i s s u e o f

% pre−a l l o c a t i o n . Per fo rmance s u f f e r s w i t hou t pre−a l l o c a t i o n . Groups
25 % a r e on l y a c t i v e i f t h e i r i nde x e x i s t s i n the g roup_orde r . The

% | Trave lAgen t | e n f o r c e s the numbers w i t h i n the g roup_orde r v e c t o r to
27 % be s e q u e n t i a l ( though not n e c e s s a r i l y i n o rde r ) .

p r o p e r t i e s
29

end
31 %%

%
33 methods

%% The c o n s t r u c t o r method
35 % The f i r s t argument i s a lwa y s mm

f u n c t i o n ob j = c e l l u l a rGPST r a c k i n gManu a l _ o b j e c t _ i t i n e r a r y ()
37

end
39

end
41 %%

%
43 methods ( S t a t i c )

45 end
end

Listing B.8: cellularGPSTrackingManualobjectitinerary.m

c l a s s d e f c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l < hand l e
2 p r o p e r t i e s

moviePath
4 p o s i t i o n I n d e x %the p o s i t i o n number

%%% DATA
6 %

ma k e c e l l _ l o g i c a l = f a l s e ;
8 mak e c e l l _o r d e r = c e l l (1 , 1) ;

make c e l l _ i nd = c e l l (1 , 1) ;
10 makece l l_mothe r = 0 ;

m a k e c e l l _ d i v i s i o n S t a r t = 0 ;
12 mak e c e l l _ d i v i s i o nEnd = 0 ;

m a k e c e l l _ a p o p t o s i s S t a r t = 0 ;
14 make c e l l _ apop to s i sEnd = 0 ;

16 t r a c k _ d a t a b a s e
t r a c k _ l o g i c a l

18 t r a c k _ma k e c e l l

20 p o i n t e r _ t r a c k = 1 ;
p o i n t e r _ t r a c k 2 = 1 ;

22 p o i n t e r _ n e x t _ t r a c k = 1 ;
p o i n t e r _ma k e c e l l = 1 ;

24 po i n t e r _mak e c e l l 2 = 1 ;
p o i n t e r _mak e c e l l 3 = 1 ;

26 po i n t e r _n e x t _mak e c e l l = 1 ;
p o i n t e r _ t im epo i n t = 1 ;

28
ou tpu t_connec t edTrack s

30 ou tpu t_connec tedUn iqueTrack s
o u t p u t _ t r a c k s

32 end
% p r o p e r t i e s ( S e tAc c e s s = p r i v a t e )

34 % end
% ev en t s

36 % end
methods

38 %%
%

40 f u n c t i o n ob j = c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ( moviePath , v a r a r g i n )
%%%

42 % pa r s e the i npu t
q = i n p u t P a r s e r ;

44 addRequi red (q , ’ moviePath ’ , @( x ) i s d i r ( x ) ) ;
addOpt iona l (q , ’ pInd ’ , 0 , @( x ) i s n ume r i c ( x ) ) ;

46 p a r s e (q , moviePath , v a r a r g i n { : } ) ;
ob j . p o s i t i o n I n d e x = q . R e s u l t s . pInd ;
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48 ob j . moviePath = q . R e s u l t s . moviePath ;
i f ~ i s d i r ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ ) )

50 mkdir ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ ) ) ;
end

52 i f ob j . p o s i t i o n I n d e x == 0
% no po s i t i o n I n d e x was g i v en

54 r e t u r n
end

56 ob j . impor t ;
end

58 %%
%

60 f u n c t i o n ob j = loadTrackDa t a ( obj , v a r a r g i n )
%%%

62 % pa r s e the i npu t
q = i n p u t P a r s e r ;

64 addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;
addOpt iona l (q , ’ t r a c k f i l e n am e ’ , ’ n o f i l e ’ , @( x ) e x i s t ( f u l l f i l e ( ob j . moviePath , ’TRACKING_DATA

’ , x ) , ’ f i l e ’ ) ) ;
66 p a r s e (q , obj , v a r a r g i n { : } ) ;

68 i f ~s t rcmp (q . R e s u l t s . myf i lename , ’ n o f i l e ’ )
ob j . t r a c k _ d a t a b a s e = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’TRACKING_DATA ’ , q . R e u l t s .

t r a c k f i l e n am e ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;
70 e l s e i f ~ i s t a b l e ( ob j . t r a c k _ d a t a b a s e )

e r r o r ( ’ mkce l l : n o t r a c k ’ , ’ The t r a c k _ d a t a b a s e i s not a t a b l e ’ ) ;
72 end

%%%
74 % i d e n t i f y t r a c k s

t r a c k ID = unique ( ob j . t r a c k _ d a t a b a s e . t r a c k ID ) ;
76 ob j . t r a c k _ l o g i c a l = f a l s e (max( t r a c k ID ) ,1) ;

ob j . t r a c k _ l o g i c a l ( t r a c k ID ) = t r u e ;
78 ob j . t r a c k _ma k e c e l l = z e r o s (max( t r a c k ID ) ,1) ;

ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;
80 end

%% f i nd_po i n t e r _n e x t _ g r oup
82 %

f u n c t i o n ob j = f i n d _ p o i n t e r _ n e x t _ t r a c k ( ob j )
84 i f any (~ ob j . t r a c k _ l o g i c a l )

ob j . p o i n t e r _ n e x t _ t r a c k = f i n d (~ ob j . t r a c k _ l o g i c a l , 1 , ’ f i r s t ’ ) ;
86 e l s e

ob j . p o i n t e r _ n e x t _ t r a c k = numel ( ob j . t r a c k _ l o g i c a l ) + 1 ;
88 end

end
90 %% f i nd_po i n t e r _n e x t _ g r oup

%
92 f u n c t i o n ob j = f i n d_po i n t e r _ n e x t _ma k e c e l l ( ob j )

i f any (~ ob j . m a k e c e l l _ l o g i c a l )
94 ob j . p o i n t e r _ n e x t _mak e c e l l = f i n d (~ ob j . m a k e c e l l _ l o g i c a l , 1 , ’ f i r s t ’ ) ;

e l s e
96 ob j . p o i n t e r _ n e x t _mak e c e l l = numel ( ob j . m a k e c e l l _ l o g i c a l ) + 1 ;

end
98 end

%% addTrack
100 %

f u n c t i o n ob j = addTrack2Ce l l ( obj , v a r a r g i n )
102 %%%

% pa r s e the i npu t
104 q = i n p u t P a r s e r ;

addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;
106 addOpt iona l (q , ’ t r a c k ID ’ , ob j . p o i n t e r _ t r a c k , @( x ) i s n ume r i c ( x ) ) ;

addOpt iona l (q , ’ makece l l ID ’ , ob j . p o i n t e r _mak e c e l l , @( x ) i s n ume r i c ( x ) ) ;
108 p a r s e (q , obj , v a r a r g i n { : } ) ;

110 ob j . p o i n t e r _ t r a c k = q . R e s u l t s . t r a c k ID ;
ob j . p o i n t e r _ma k e c e l l = q . R e s u l t s . makece l l ID ;

112
i f i s empty ( ob j . make c e l l _ i nd { ob j . p o i n t e r _ma k e c e l l }) | | ~ismember ( ob j . p o i n t e r _ t r a c k , ob j .

make c e l l _ i nd { ob j . p o i n t e r _ma k e c e l l })
114 ob j . make c e l l _ i nd { ob j . p o i n t e r _ma k e c e l l }( end+1) = ob j . p o i n t e r _ t r a c k ;

ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) = ob j . p o i n t e r _ma k e c e l l ;
116 ob j . m a k e c e l l _ l o g i c a l ( ob j . p o i n t e r _ma k e c e l l ) = t r u e ;

end
118 end

%% newCel l
120 %

f u n c t i o n ob j = newCel l ( ob j )
122 ob j . f i n d_po i n t e r _ n e x t _ma k e c e l l ;
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ob j . p o i n t e r _ma k e c e l l = ob j . p o i n t e r _n e x t _mak e c e l l ;
124 ob j . m a k e c e l l _ l o g i c a l ( ob j . p o i n t e r _ma k e c e l l ) = t r u e ;

ob j . make c e l l _ i nd { ob j . p o i n t e r _ma k e c e l l } = [ ] ;
126 ob j . makece l l_mothe r ( ob j . p o i n t e r _ma k e c e l l ) = 0 ;

ob j . m a k e c e l l _ d i v i s i o n S t a r t ( ob j . p o i n t e r _ma k e c e l l ) = 0 ;
128 ob j . ma k e c e l l _ d i v i s i o nEnd ( ob j . p o i n t e r _ma k e c e l l ) = 0 ;

ob j . m a k e c e l l _ a p o p t o s i s S t a r t ( ob j . p o i n t e r _ma k e c e l l ) = 0 ;
130 ob j . make c e l l _ apop to s i sEnd ( ob j . p o i n t e r _ma k e c e l l ) = 0 ;

end
132 %% breakTrack

%
134 f u n c t i o n ob j = b reakTrack ( obj , v a r a r g i n )

%%%
136 % the columns o f the t r a c k t a b l e a r e

% * t r a c k ID
138 % * t imepo i n t

% * cen t ro id_ row
140 % * c e n t r o i d _ c o l

%%%
142 % pa r s e the i npu t

q = i n p u t P a r s e r ;
144 addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

addOpt iona l (q , ’ t r a c k ID ’ , ob j . p o i n t e r _ t r a c k , @( x ) i s n ume r i c ( x ) ) ;
146 addOpt iona l (q , ’ t imepo i n t ’ , ob j . p o i n t e r _ t imepo i n t , @( x ) i s n ume r i c ( x ) ) ;

p a r s e (q , obj , v a r a r g i n { : } ) ;
148

ob j . p o i n t e r _ t r a c k = q . R e s u l t s . t r a c k ID ;
150 ob j . p o i n t e r _ t im epo i n t = q . R e s u l t s . t imepo i n t ;

152 myLog i c a lDa t aba s e = ob j . t r a c k _ d a t a b a s e . t r a c k ID == ob j . p o i n t e r _ t r a c k ;
mySubDatabase = ob j . t r a c k _ d a t a b a s e ( myLog i ca lDa tabase , : ) ;

154 myLog i c a lBe fo r e = mySubDatabase . t imepo i n t < ob j . p o i n t e r _ t im epo i n t ;
i f ~any ( myLog i c a lBe fo r e )

156 e r r o r ( ’ mak e c e l l : nobreak ’ , ’ Could not b r e ak t r a c k , becau se none o f the t r a c k e x i s t s
b e f o r e t imepo i n t %d ’ , q . R e s u l t s . t imepo i n t ) ;

end
158 t a b l e B e f o r e = mySubDatabase ( myLog i c a lBe fo re , : ) ;

t a b l e A f t e r = mySubDatabase (~myLog i c a lBe fo re , : ) ;
160 ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;

t a b l e A f t e r . t r a c k ID ( : ) = ob j . p o i n t e r _ n e x t _ t r a c k ;
162 ob j . p o i n t e r _ t r a c k = ob j . p o i n t e r _ n e x t _ t r a c k ; %the p o i n t e r now i d e n t i f i e s the new t r a c k

number
ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) = 0 ;

164 ob j . t r a c k _ l o g i c a l ( ob j . p o i n t e r _ n e x t _ t r a c k ) = t r u e ;
ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;

166 t a b l eO ld = ob j . t r a c k _ d a t a b a s e (~myLog ica lDa tabase , : ) ;
ob j . t r a c k _ d a t a b a s e = v e r t c a t ( t ab l eO ld , t a b l eB e f o r e , t a b l e A f t e r ) ;

168 end
%% jo i nT r a c k

170 %
f u n c t i o n ob j = j o i nT r a c k ( obj , v a r a r g i n )

172 %%%
% pa r s e the i npu t

174 q = i n p u t P a r s e r ;
addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

176 addOpt iona l (q , ’ t r a c k ID1 ’ , ob j . p o i n t e r _ t r a c k , @( x ) i s n ume r i c ( x ) ) ;
addOpt iona l (q , ’ t r a c k ID2 ’ , ob j . p o i n t e r _ t r a c k 2 , @( x ) i s n ume r i c ( x ) ) ;

178 p a r s e (q , obj , v a r a r g i n { : } ) ;

180 ob j . p o i n t e r _ t r a c k = q . R e s u l t s . t r a c k ID1 ;
ob j . p o i n t e r _ t r a c k 2 = q . R e s u l t s . t r a c k ID2 ;

182
i f ob j . p o i n t e r _ t r a c k == ob j . p o i n t e r _ t r a c k 2

184 warn ing ( ’ mak e c e l l : s ame t r a c k ’ , ’ Could not j o i n t r a c k s , be c au se the i n p u t s %d and %d
r e p r e s e n t on l y a s i n g l e t r a c k . ’ , q . R e s u l t s . t r a ck ID1 , q . R e s u l t s . t r a c k ID2 ) ;

r e t u r n
186 end

188 e x i s t i n g T r a c k s = 1 : numel ( ob j . t r a c k _ l o g i c a l ) ;
e x i s t i n g T r a c k s = e x i s t i n g T r a c k s ( ob j . t r a c k _ l o g i c a l ) ;

190
i f ~ismember ( ob j . p o i n t e r _ t r a c k , e x i s t i n g T r a c k s ) | | ~ismember ( ob j . p o i n t e r _ t r a c k 2 ,

e x i s t i n g T r a c k s )
192 e r r o r ( ’ mak e c e l l : b a d t r a c k ’ , ’ Could not j o i n t r a c k s , be c au se the i n p u t s %d and %d

r e p r e s e n t on l y a s i n g l e t r a c k . ’ , q . R e s u l t s . t r a ck ID1 , q . R e s u l t s . t r a c k ID2 ) ;
end

194
ob j . t r a c k _ d a t a b a s e . t r a c k ID ( ob j . t r a c k _ d a t a b a s e . t r a c k ID == ob j . p o i n t e r _ t r a c k 2 ) = ob j .
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p o i n t e r _ t r a c k ;
196

i f ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k 2 ) ~= 0
198 ob j . makece l l_mothe r ( ob j . makece l l_mothe r == ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k 2 ) ) =

ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) ;
ob j . d e l e t e C e l l ( ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k 2 ) ) ;

200 ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k 2 ) = 0 ;
end

202
ob j . t r a c k _ l o g i c a l ( ob j . p o i n t e r _ t r a c k 2 ) = f a l s e ;

204 ob j . p o i n t e r _ t r a c k 2 = ob j . p o i n t e r _ t r a c k ;
ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;

206 end
%% de l e t eT r a c k

208 %
f u n c t i o n ob j = d e l e t eT r a c k ( obj , v a r a r g i n )

210 %%%
% pa r s e the i npu t

212 q = i n p u t P a r s e r ;
addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

214 addOpt iona l (q , ’ t r a c k ID ’ , ob j . p o i n t e r _ t r a c k , @( x ) i s n ume r i c ( x ) ) ;
p a r s e (q , obj , v a r a r g i n { : } ) ;

216
ob j . p o i n t e r _ t r a c k = q . R e s u l t s . t r a c k ID ;

218 e x i s t i n g T r a c k s = 1 : numel ( ob j . t r a c k _ l o g i c a l ) ;
e x i s t i n g T r a c k s = e x i s t i n g T r a c k s ( ob j . t r a c k _ l o g i c a l ) ;

220
i f ~ismember ( ob j . p o i n t e r _ t r a c k , e x i s t i n g T r a c k s )

222 e r r o r ( ’ mak e c e l l : b a d t r a c k ’ , ’ Could not d e l e t e t r a c k , becau se the i npu t %d i s not a
t r a c k . ’ , ob j . p o i n t e r _ t r a c k ) ;

end
224

i f ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) ~= 0
226 ob j . d e l e t e C e l l ( ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) ) ;

ob j . t r a c k _ma k e c e l l ( ob j . p o i n t e r _ t r a c k ) = 0 ;
228 end

230 ob j . t r a c k _ l o g i c a l ( ob j . p o i n t e r _ t r a c k ) = f a l s e ;
ob j . t r a c k _ d a t a b a s e = ob j . t r a c k _ d a t a b a s e ( ob j . t r a c k _ d a t a b a s e . t r a c k ID ( : ) ~= ob j .

p o i n t e r _ t r a c k , : ) ;
232 ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;

end
234 %%

%
236 f u n c t i o n ob j = d e l e t e C e l l ( obj , v a r a r g i n )

%%%
238 % pa r s e the i npu t

q = i n p u t P a r s e r ;
240 addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

addOpt iona l (q , ’ makece l l ID ’ , ob j . p o i n t e r _mak e c e l l , @( x ) i s n ume r i c ( x ) ) ;
242 p a r s e (q , obj , v a r a r g i n { : } ) ;

244 makece l l ID = q . R e s u l t s . makece l l ID ;
ob j . m a k e c e l l _ l o g i c a l ( makece l l ID ) = f a l s e ;

246 ob j . mak e c e l l _o r d e r { makece l l ID } = [ ] ;
ob j . make c e l l _ i nd { makece l l ID } = [ ] ;

248 ob j . makece l l_mothe r ( makece l l ID ) = 0 ;
ob j . makece l l_mothe r ( ob j . makece l l_mothe r == makece l l ID ) = 0 ;

250 ob j . m a k e c e l l _ d i v i s i o n S t a r t ( makece l l ID ) = 0 ;
ob j . ma k e c e l l _ d i v i s i o nEnd ( makece l l ID ) = 0 ;

252 ob j . m a k e c e l l _ a p o p t o s i s S t a r t ( makece l l ID ) = 0 ;
ob j . make c e l l _ apop to s i sEnd ( makece l l ID ) = 0 ;

254
ob j . t r a c k _ma k e c e l l ( ob j . t r a c k _ma k e c e l l == makece l l ID ) = 0 ;

256
ob j . f i n d_po i n t e r _ n e x t _ma k e c e l l ;

258 end
%% impor t

260 %
f u n c t i o n ob j = impor t ( obj , v a r a r g i n )

262 %%%
% pa r s e the i npu t

264 q = i n p u t P a r s e r ;
addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

266 addOpt iona l (q , ’ pInd ’ , ob j . p o s i t i o n I nd e x , @( x ) i s n ume r i c ( x ) ) ;
p a r s e (q , obj , v a r a r g i n { : } ) ;

268 ob j . p o s i t i o n I n d e x = q . R e s u l t s . pInd ;
i f e x i s t ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’ t r a c k i n g P o s i t i o n _%d . t x t ’ , ob j .
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p o s i t i o n I n d e x ) ) , ’ f i l e ’ )
270 ob j . t r a c k _ d a t a b a s e = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , . . .

s p r i n t f ( ’ t r a c k i n g P o s i t i o n _%d . t x t ’ , ob j . p o s i t i o n I n d e x ) ) , . . .
272 ’ D e l im i t e r ’ , ’ \ t ’ ) ;

e l s e
274 ob j . t r a c k _ d a t a b a s e = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’TRACKING_DATA ’ , . . .

s p r i n t f ( ’ t r a c k i n g P o s i t i o n _%d . t x t ’ , ob j . p o s i t i o n I n d e x ) ) , . . .
276 ’ D e l im i t e r ’ , ’ \ t ’ ) ;

ob j . t r a c k _ d a t a b a s e = ob j . t r a c k _ d a t a b a s e ( : , { ’ t r a c k ID ’ , ’ t imepo i n t ’ , ’ c en t ro i d_ row ’ , ’
c e n t r o i d _ c o l ’ }) ;

278 end
t r a c k ID = unique ( ob j . t r a c k _ d a t a b a s e . t r a c k ID ) ;

280 ob j . t r a c k _ l o g i c a l = f a l s e (max( t r a c k ID ) ,1) ;
ob j . t r a c k _ma k e c e l l = z e r o s (max( t r a c k ID ) ,1) ;

282 ob j . t r a c k _ l o g i c a l ( t r a c k ID ) = t r u e ;
ob j . f i n d _ p o i n t e r _ n e x t _ t r a c k ;

284 i f ~ e x i s t ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’ makeCe l l Po s i t i on_%d . t x t ’ , ob j .
p o s i t i o n I n d e x ) ) , ’ f i l e ’ )

warn ing ( ’ mak e c e l l : n o f i l e ’ , ’ The make c e l l f i l e does not e x i s t f o r p o s i t i o n %d . ’ , ob j .
p o s i t i o n I n d e x ) ;

286 ob j . m a k e c e l l _ l o g i c a l = f a l s e ;
ob j . mak e c e l l _o r d e r = c e l l (1 , 1) ;

288 ob j . make c e l l _ i nd = c e l l (1 , 1) ;
ob j . makece l l_mothe r = 0 ;

290 ob j . m a k e c e l l _ d i v i s i o n S t a r t = 0 ;
ob j . ma k e c e l l _ d i v i s i o nEnd = 0 ;

292 ob j . m a k e c e l l _ a p o p t o s i s S t a r t = 0 ;
ob j . make c e l l _ apop to s i sEnd = 0 ;

294 ob j . t r a c k _ma k e c e l l = z e r o s ( s i z e ( ob j . t r a c k _ l o g i c a l ) ) ;
ob j . p o i n t e r _ t r a c k = 1 ;

296 ob j . p o i n t e r _ t r a c k 2 = 1 ;
ob j . p o i n t e r _ma k e c e l l = 1 ;

298 ob j . p o i n t e r _mak e c e l l 2 = 1 ;
ob j . p o i n t e r _mak e c e l l 3 = 1 ;

300 ob j . p o i n t e r _ t im epo i n t = 1 ;
e l s e

302 %%
%

304 j s on = f i l e r e a d ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’ makeCe l l Po s i t i on_%d .
t x t ’ , ob j . p o s i t i o n I n d e x ) ) ) ;

d a t a = p a r s e _ j s o n ( j s on ) ;
306 da t a = da t a {1} ; %the da t a s t r u c t comes wrapped in a c e l l .

ob j . p o s i t i o n I n d e x = da t a . p o s i t i o n I n d e x ;
308 i f i s c e l l ( d a t a . m a k e c e l l _ l o g i c a l )

ob j . m a k e c e l l _ l o g i c a l = l o g i c a l ( c e l l 2ma t ( d a t a . m a k e c e l l _ l o g i c a l ) ) ;
310 e l s e

ob j . m a k e c e l l _ l o g i c a l = l o g i c a l ( d a t a . m a k e c e l l _ l o g i c a l ) ;
312 end

i f i s c e l l ( d a t a . mak e c e l l _o r d e r )
314 ob j . mak e c e l l _o r d e r = c e l l ( l e n g t h ( da t a . mak e c e l l _o r d e r ) ,1) ;

f o r i = 1 : l e n g t h ( d a t a . mak e c e l l _o r d e r )
316 ob j . mak e c e l l _o r d e r { i } = c e l l 2m a t ( d a t a . mak e c e l l _o r d e r { i }) ;

end
318 e l s e i f d a t a . mak e c e l l _o r d e r == 0

ob j . mak e c e l l _o r d e r = {} ;
320 e l s e

ob j . mak e c e l l _o r d e r = { da t a . mak e c e l l _o r d e r } ;
322 end

i f i s c e l l ( d a t a . make c e l l _ i nd )
324 ob j . make c e l l _ i nd = c e l l ( l e n g t h ( d a t a . make c e l l _ i nd ) ,1) ;

f o r i = 1 : l e n g t h ( d a t a . make c e l l _ i nd )
326 ob j . make c e l l _ i nd { i } = c e l l 2m a t ( d a t a . make c e l l _ i nd { i }) ;

end
328 e l s e i f d a t a . make c e l l _ i nd == 0

ob j . make c e l l _ i nd = {} ;
330 e l s e

ob j . make c e l l _ i nd = { da t a . make c e l l _ i nd } ;
332 end

i f i s c e l l ( d a t a . makece l l_mothe r )
334 ob j . makece l l_mothe r = c e l l 2ma t ( d a t a . makece l l_mothe r ) ;

e l s e
336 ob j . makece l l_mothe r = da t a . makece l l_mothe r ;

end
338 i f i s c e l l ( d a t a . m a k e c e l l _ d i v i s i o n S t a r t )

ob j . m a k e c e l l _ d i v i s i o n S t a r t = c e l l 2ma t ( d a t a . m a k e c e l l _ d i v i s i o n S t a r t ) ;
340 e l s e

ob j . m a k e c e l l _ d i v i s i o n S t a r t = da t a . m a k e c e l l _ d i v i s i o n S t a r t ;
342 end
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i f i s c e l l ( d a t a . ma k e c e l l _ d i v i s i o nEnd )
344 ob j . ma k e c e l l _ d i v i s i o nEnd = c e l l 2ma t ( d a t a . ma k e c e l l _ d i v i s i o nEnd ) ;

e l s e
346 ob j . ma k e c e l l _ d i v i s i o nEnd = da t a . ma k e c e l l _ d i v i s i o nEnd ;

end
348 i f i s c e l l ( d a t a . m a k e c e l l _ a p o p t o s i s S t a r t )

ob j . m a k e c e l l _ a p o p t o s i s S t a r t = c e l l 2ma t ( d a t a . m a k e c e l l _ a p o p t o s i s S t a r t ) ;
350 e l s e

ob j . m a k e c e l l _ a p o p t o s i s S t a r t = da t a . m a k e c e l l _ a p o p t o s i s S t a r t ;
352 end

i f i s c e l l ( d a t a . make c e l l _ apop to s i sEnd )
354 ob j . make c e l l _ apop to s i sEnd = c e l l 2ma t ( d a t a . make c e l l _ apop to s i sEnd ) ;

e l s e
356 ob j . make c e l l _ apop to s i sEnd = da t a . make c e l l _ apop to s i sEnd ;

end
358 i f i s c e l l ( d a t a . t r a c k _ l o g i c a l )

ob j . t r a c k _ l o g i c a l = l o g i c a l ( c e l l 2ma t ( d a t a . t r a c k _ l o g i c a l ) ) ;
360 e l s e

ob j . t r a c k _ l o g i c a l = l o g i c a l ( d a t a . t r a c k _ l o g i c a l ) ;
362 end

i f i s c e l l ( d a t a . t r a c k _ma k e c e l l )
364 ob j . t r a c k _ma k e c e l l = c e l l 2ma t ( d a t a . t r a c k _ma k e c e l l ) ;

e l s e
366 ob j . t r a c k _ma k e c e l l = da t a . t r a c k _ma k e c e l l ;

end
368 ob j . p o i n t e r _ t r a c k = da t a . p o i n t e r _ t r a c k ;

ob j . p o i n t e r _ t r a c k 2 = da t a . p o i n t e r _ t r a c k 2 ;
370 ob j . p o i n t e r _ n e x t _ t r a c k = da t a . p o i n t e r _ n e x t _ t r a c k ;

ob j . p o i n t e r _ma k e c e l l = da t a . p o i n t e r _ma k e c e l l ;
372 ob j . p o i n t e r _mak e c e l l 2 = da t a . p o i n t e r _mak e c e l l 2 ;

ob j . p o i n t e r _mak e c e l l 3 = da t a . p o i n t e r _mak e c e l l 3 ;
374 ob j . p o i n t e r _ n e x t _mak e c e l l = da t a . p o i n t e r _n e x t _mak e c e l l ;

ob j . p o i n t e r _ t im epo i n t = da t a . p o i n t e r _ t im epo i n t ;
376 end

ob j . f i n d_po i n t e r _ n e x t _ma k e c e l l ;
378 end

%% expo r t
380 %

f u n c t i o n ob j = e xpo r t ( ob j )
382 %%%

% pa r s e the i npu t
384 q = i n p u t P a r s e r ;

addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;
386 p a r s e (q , ob j ) ;

[ ob j . t r a c k_d a t a b a s e ,~] = s o r t r ow s ( ob j . t r a c k_d a t a b a s e , { ’ t r a c k ID ’ , ’ t imepo i n t ’ } , { ’ a s cend ’ , ’
a s cend ’ }) ;

388 w r i t e t a b l e ( ob j . t r a c k_d a t a b a s e , f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’
t r a c k i n g P o s i t i o n _%d . t x t ’ , ob j . p o s i t i o n I n d e x ) ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;

390 %% conv e r t d a t a i n t o JSON
%

392 j s o n S t r i n g s = {} ;
n = 1 ;

394 %%%
%

396 j s o n S t r i n g s {n} = m i c r o g r a ph IOT_c e l l S t r i n gA r r a y 2 j s o n ( ’ moviePath ’ , s t r s p l i t ( ob j . moviePath ,
f i l e s e p ) ) ; n = n + 1 ;

j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o s i t i o n I n d e x ’ , ob j . p o s i t i o n I n d e x ) ; n = n + 1 ;
398 %%%

%
400 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ m a k e c e l l _ l o g i c a l ’ , ob j . m a k e c e l l _ l o g i c a l ) ; n =

n + 1 ;
j s o n S t r i n g s {n} = mic rog r aph IOT_ce l lNumer i cAr r ay2 j son ( ’ mak e c e l l _o r d e r ’ , ob j . mak e c e l l _o r d e r

) ; n = n + 1 ;
402 j s o n S t r i n g s {n} = mic rog r aph IOT_ce l lNumer i cAr r ay2 j son ( ’ make c e l l _ i nd ’ , ob j . make c e l l _ i nd ) ; n

= n + 1 ;
j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ makece l l_mothe r ’ , ob j . makece l l_mothe r ) ; n = n

+ 1 ;
404 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ m a k e c e l l _ d i v i s i o n S t a r t ’ , ob j .

m a k e c e l l _ d i v i s i o n S t a r t ) ; n = n + 1 ;
j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ ma k e c e l l _ d i v i s i o nEnd ’ , ob j .

m a k e c e l l _ d i v i s i o nEnd ) ; n = n + 1 ;
406 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ m a k e c e l l _ a p o p t o s i s S t a r t ’ , ob j .

m a k e c e l l _ a p o p t o s i s S t a r t ) ; n = n + 1 ;
j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ make c e l l _ apop to s i sEnd ’ , ob j .

make c e l l _ apop to s i sEnd ) ; n = n + 1 ;
408 %%%

%
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410 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ t r a c k _ l o g i c a l ’ , ob j . t r a c k _ l o g i c a l ) ; n = n + 1 ;
j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ t r a c k _ma k e c e l l ’ , ob j . t r a c k _ma k e c e l l ) ; n = n +

1 ;
412 %%%

%
414 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _ t r a c k ’ , ob j . p o i n t e r _ t r a c k ) ; n = n + 1 ;

j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _ t r a c k 2 ’ , ob j . p o i n t e r _ t r a c k 2 ) ; n = n +
1 ;

416 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _ n e x t _ t r a c k ’ , ob j . p o i n t e r _ n e x t _ t r a c k ) ;
n = n + 1 ;

j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _ma k e c e l l ’ , ob j . p o i n t e r _ma k e c e l l ) ; n =
n + 1 ;

418 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _mak e c e l l 2 ’ , ob j . p o i n t e r _mak e c e l l 2 ) ; n
= n + 1 ;

j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _mak e c e l l 3 ’ , ob j . p o i n t e r _mak e c e l l 3 ) ; n
= n + 1 ;

420 j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _n e x t _mak e c e l l ’ , ob j .
p o i n t e r _ n e x t _mak e c e l l ) ; n = n + 1 ;

j s o n S t r i n g s {n} = mic rog r aph IOT_ar r ay2 j son ( ’ p o i n t e r _ t im epo i n t ’ , ob j . p o i n t e r _ t im epo i n t ) ;
422 %% expo r t the JSON da t a to a t e x t f i l e

%
424 myjson = mi c rog r aph IOT_ j sonS t r i n g s 2Ob j e c t ( j s o n S t r i n g s ) ;

f i d = fopen ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’ makeCe l l Po s i t i on_%d . t x t ’ , ob j
. p o s i t i o n I n d e x ) ) , ’w ’ ) ;

426 i f f i d == −1
e r r o r ( ’ smdaITF : b a d f i l e ’ , ’ Cannot open the f i l e , p r e v e n t i n g the e x po r t o f the smdaITF .

’ ) ;
428 end

f p r i n t f ( f i d , myjson ) ;
430 f c l o s e ( f i d ) ;

%%%
432 %

myjson = mic rog raphIOT_autoIndent J son ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’
makeCe l l Po s i t i on_%d . t x t ’ , ob j . p o s i t i o n I n d e x ) ) ) ;

434 f i d = fopen ( f u l l f i l e ( ob j . moviePath , ’MAKECELL_DATA ’ , s p r i n t f ( ’ makeCe l l Po s i t i on_%d . t x t ’ , ob j
. p o s i t i o n I n d e x ) ) , ’w ’ ) ;

i f f i d == −1
436 e r r o r ( ’ smdaITF : b a d f i l e ’ , ’ Cannot open the f i l e , p r e v e n t i n g the e x po r t o f the smdaITF .

’ ) ;
end

438 f p r i n t f ( f i d , myjson ) ;
f c l o s e ( f i d ) ;

440 end
%%

442 %
f u n c t i o n [mom, dau ] = i d e n t i f yMo t h e r ( obj , v a r a r g i n )

444 %%%
% pa r s e the i npu t

446 q = i n p u t P a r s e r ;
addRequi red (q , ’ ob j ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t _mak e c e l l ’ ) ) ;

448 addOpt iona l (q , ’mom ’ , ob j . p o i n t e r _mak e c e l l , @( x ) i s n ume r i c ( x ) ) ;
addOpt iona l (q , ’ dau ’ , ob j . p o i n t e r _make c e l l 2 , @( x ) i s n ume r i c ( x ) ) ;

450 p a r s e (q , obj , v a r a r g i n { : } ) ;
ob j . p o i n t e r _ma k e c e l l = q . R e s u l t s .mom;

452 ob j . p o i n t e r _mak e c e l l 2 = q . R e s u l t s . dau ;

454 e x i s t i n gM a k e c e l l = 1 : numel ( ob j . m a k e c e l l _ l o g i c a l ) ;
e x i s t i n gM a k e c e l l = e x i s t i n gM a k e c e l l ( ob j . m a k e c e l l _ l o g i c a l ) ;

456
i f ~ismember ( ob j . p o i n t e r _mak e c e l l , e x i s t i n gM a k e c e l l ) | | ~ismember ( ob j . p o i n t e r _make c e l l 2 ,

e x i s t i n gM a k e c e l l )
458 e r r o r ( ’ mak e c e l l : badmkcl ’ , ’ Could not a s s i g n mother c e l l , b e c au se o f i n v a l i d c e l l

number . ’ ) ;
e l s e i f ob j . p o i n t e r _ma k e c e l l == ob j . p o i n t e r _mak e c e l l 2

460 e r r o r ( ’ mak e c e l l : samemkcl ’ , ’ Could not a s s i g n mother c e l l , b e c au se the two c e l l
numbers a r e the same . ’ ) ;

end
462 mom = ob j . p o i n t e r _ma k e c e l l ;

dau = ob j . p o i n t e r _mak e c e l l 2 ;
464 ob j . makece l l_mothe r ( ob j . p o i n t e r _mak e c e l l 2 ) = ob j . p o i n t e r _ma k e c e l l ;

end
466 %% expo r tT r a c e sMa t r i x

% S e v e r a l m a t r i c e s w i l l be c r e a t e d wi th t ime r e p r e s e n t e d by
468 % columns :

%
470 % * a ma t r i x where each row r e p r e s e n t s a c e l l

% * a ma t r i x where t r a c e s a r e connec ted a l ong rows a c c o r d i n g to
472 % t h e i r mother
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% * a s u b s e t o f the p r e v i o u s ma t r i x where on l y un ique t r a c e s e x i s t
474 % a long a l l rows

f u n c t i o n ob j = e x po r tT r a c e sMa t r i x ( ob j )
476 %% f i n d the c e n t r o i d t a b l e f o r the p o s i t i o n

%
478 smda_database = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’ smda_database . t x t ’ ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;

groupNumber = smda_database . group_number ( f i n d ( smda_database . pos i t i on_number == ob j .
p o s i t i o n I nd e x , 1 , ’ f i r s t ’ ) ) ;

480 cenTab le = r e a d t a b l e ( f u l l f i l e ( ob j . moviePath , ’CENTROID_DATA ’ , s p r i n t f ( ’
c en t ro id_measu rement s_g%d_s%d ’ , groupNumber , ob j . p o s i t i o n I n d e x ) ) , ’ D e l im i t e r ’ , ’ \ t ’ ) ;

%% ou tpu t_connec t edTrack s
482 %

ob j . ou tpu t_connec t edTrack s = {} ;
484 t r a c k _ma k e c e l l T a b l e s = c e l l ( s i z e ( ob j . t r a c k _ma k e c e l l ) ) ;

myLog ica l = ob j . t r a c k _ma k e c e l l ~= 0 ;
486 myInd = 1 : numel ( myLog ica l ) ;

myInd = myInd( myLog ica l ) ;
488 f o r i = myInd

myLog ica l2 = f a l s e ( h e i g h t ( cenTab le ) ,1) ;
490 t r a c k t a b l e = ob j . t r a c k _ d a t a b a s e ( ob j . t r a c k _ d a t a b a s e . t r a c k ID == i , : ) ;

f o r j = 1 : h e i g h t ( t r a c k t a b l e )
492 myLog ica l2 = myLog ica l2 | ( cenTab le . c e n t r o i d _ c o l == t r a c k t a b l e . c e n t r o i d _ c o l ( j ) &

. . .
cenTab le . c en t ro id_ row == t r a c k t a b l e . c en t ro id_ row ( j ) & cenTab le . t imepo i n t ==

t r a c k t a b l e . t imepo i n t ( j ) ) ;
494 end

t r a c k _ma k e c e l l T a b l e s { i } = cenTab le ( myLogica l2 , : ) ;
496 end

498 myLog ica l = ob j . makece l l_mothe r == 0 & ob j . m a k e c e l l _ l o g i c a l ;
s e e dC e l l s = 1 : numel ( myLog ica l ) ;

500 s e e dC e l l s = s e e dC e l l s ( myLog ica l ) ;
makece l l_mother2 = ob j . makece l l_mothe r ;

502 c u r r e n t C e l l = s e e dC e l l s (1) ;
t r a c k s = {} ;

504 t r a c k s P o i n t e r = 1 ;
wh i l e ~ i s empty ( s e e dC e l l s )

506 dauSum = sum( makece l l_mother2 == c u r r e n t C e l l ) ;
i f dauSum == 0

508 i f t r a c k s P o i n t e r > numel ( t r a c k s )
t r a c k s { t r a c k s P o i n t e r } = c u r r e n t C e l l ;

510 e l s e
%t r a c k s { t r a c k s P o i n t e r }( end+1) = c u r r e n t C e l l ;

512 end
t r a c k s P o i n t e r = t r a c k s P o i n t e r + 1 ;

514 i f t r a c k s P o i n t e r > numel ( t r a c k s )
s e e dC e l l s (1) = [ ] ;

516 i f i s empty ( s e e dC e l l s )
b r e ak ;

518 e l s e
c u r r e n t C e l l = s e e dC e l l s (1) ;

520 end
e l s e

522 c u r r e n t C e l l = t r a c k s { t r a c k s P o i n t e r }( end ) ;
con t i nu e ;

524 end
e l s e i f dauSum == 1

526 i f t r a c k s P o i n t e r > numel ( t r a c k s )
t r a c k s { t r a c k s P o i n t e r } = c u r r e n t C e l l ;

528 e l s e
%t r a c k s { t r a c k s P o i n t e r }( end+1) = c u r r e n t C e l l ;

530 end
myInd = f i n d ( makece l l_mothe r2 == c u r r e n t C e l l ) ;

532 t r a c k s { t r a c k s P o i n t e r }( end+1) = myInd ;
c u r r e n t C e l l = myInd ;

534 e l s e
i f t r a c k s P o i n t e r > numel ( t r a c k s )

536 t r a c k s { t r a c k s P o i n t e r } = c u r r e n t C e l l ;
e l s e

538 %t r a c k s { t r a c k s P o i n t e r }( end+1) = c u r r e n t C e l l ;
end

540 trackTemp = t r a c k s { t r a c k s P o i n t e r } ;
myInd = f i n d ( makece l l_mothe r2 == c u r r e n t C e l l ) ;

542 t r a c k s { t r a c k s P o i n t e r }( end+1) = myInd (1) ;
f o r i = 2 : l e n g t h (myInd)

544 t r a c k s { end+1} = trackTemp ; %#ok<*AGROW>
t r a c k s { end }( end+1) = myInd( i ) ;

546 end
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c u r r e n t C e l l = myInd (1) ;
548 end

end
550 f o r i = 1 : l e n g t h ( t r a c k s )

cel lNum = t r a c k s { i }(1) ;
552 trackNum = ob j . make c e l l _ i nd { cel lNum }(1) ;

i f trackNum == 0
554 con t i nue

end
556 ob j . ou tpu t_connec t edTrack s { i } = t r a c k _ma k e c e l l T a b l e s { trackNum } ;

i f l e n g t h ( t r a c k s { i }) > 1
558 f o r j = 2 : l e n g t h ( t r a c k s { i })

cel lNum = t r a c k s { i }( j ) ;
560 trackNum = ob j . make c e l l _ i nd { cel lNum }(1) ;

ob j . ou tpu t_connec t edTra ck s { i } = v e r t c a t ( ob j . ou tpu t_connec t edTrack s { i } ,
t r a c k _ma k e c e l l T a b l e s { trackNum }) ;

562 end
end

564 end
emp t y l o g i c a l = c e l l f u n (@isempty , ob j . ou tpu t_connec t edTra ck s ) ;

566 i f any ( emp t y l o g i c a l )
ob j . ou tpu t_connec t edTrack s ( emp t y l o g i c a l ) = [ ] ;

568 end
%% outpu t_connec tedUn iqueTrack s

570 %

572 %% ou t p u t _ t r a c k s
%

574
end

576 end
end

Listing B.9: cellularGPSTrackingManualobjectmakecell.m

1 c l a s s d e f c e l l u l a rGPST r a c k i n gManu a l _ ob j e c t _ c on t r o l < hand l e
%% P r o p e r t i e s

3 % ___ _ _
% | _ \_ _ ___ _ __ ___ _ _ | | _(_)___ ___

5 % | _/ ’ _/ _ \ ’ _ \/ −_) ’ _ | _ | / −_ | _−<
% | _ | | _ | \___/ . __/\___ | _ | \__ | _\___/__/

7 % | _ |
%

9 p r o p e r t i e s
tmn ; %the c e l l u l a rGPSTr a c k i n gManua l _ob j e c t

11 imag3 ;
image_width ;

13 image_he i gh t ;
gu i_main ;

15
c on t r a s tH i s t o g r am

17
%%% menu

19 %
menu_viewTrackBool = t r u e ;

21 menu_viewTime = ’ a l l ’ ;
end

23 %% Methods
% __ __ _ _ _

25 % | \/ | ___ | | _ | | _ ___ __ | | ___
% | | \ / | / −_) _ | ’ \/ _ \/ _ ‘ (_−<

27 % | _ | | _\___ | \ __ | _ | | _\___/\__ , _/__/
%

29 methods
%% The f i r s t method i s the c o n s t r u c t o r

31 % ___ _ _
% / __ | ___ _ _ __ | | _ _ _ _ _ __ | | _ ___ _ _

33 % | (__/ _ \ ’ \(_−< _ | ’ _ | | | / _ | _/ _ \ ’ _ |
% \___\___/_ | | _/__/\__ | _ | \_ , _\__ | \ __\___/_ |

35 %
%

37 f u n c t i o n ob j = c e l l u l a rGPST r a c k i n gManu a l _ ob j e c t _ c on t r o l ( tmn)
%%%

39 % pa r s e the i npu t
q = i n p u t P a r s e r ;

41 addRequi red (q , ’ tmn ’ , @( x ) i s a ( x , ’ c e l l u l a rGPSTr a c k i n gManua l _ob j e c t ’ ) ) ;
p a r s e (q , tmn) ;
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43 %%
%

45 ob j . tmn = q . R e s u l t s . tmn ;
ob j . imag3 = imread ( f u l l f i l e ( tmn . moviePath , ’ . thumb ’ , tmn . smda_da t aba s eSubse t . f i l e n ame {tmn .

indImage }) ) ;
47 ob j . image_width = s i z e ( ob j . imag3 , 2 ) ;

ob j . image_he i gh t = s i z e ( ob j . imag3 , 1 ) ;
49 %% Crea t e a gu i to en ab l e p au s i n g and s t opp i n g

% ___ _ _ ___ ___ _ _
51 % / __ | | | | _ _ | / __ | _ _ ___ __ _ | | _(_)___ _ _

% | (_ | | _ | | | | | (__ | ’ _/ −_) _ ‘ | _ | / _ \ ’ \
53 % \___ | \ ___ / | ___ | \___ | _ | \___\__ , _ | \ __ | _\___/_ | | _ |

% / _ | ___ _ _
55 % | _/ _ \ ’ _ | __ __ _

% | _ | \___/_(_) | \/ | __ _(_)_ _
57 % / _ ‘ | | | | | | | \ / | / _ ‘ | | ’ \

% \__ , | \ _ , _ | _ | _ | _ | | _\__ , _ | _ | _ | | _ |
59 % | ___/ | ___ |

% Crea t e the f i g u r e
61 %

myuni t s = g e t (0 , ’ u n i t s ’ ) ;
63 s e t (0 , ’ u n i t s ’ , ’ p i x e l s ’ ) ;

Pix_SS = ge t (0 , ’ s c r e e n s i z e ’ ) ;
65 s e t (0 , ’ u n i t s ’ , ’ c h a r a c t e r s ’ ) ;

Char_SS = ge t (0 , ’ s c r e e n s i z e ’ ) ;
67 ppChar = Pix_SS . / Char_SS ;

s e t (0 , ’ u n i t s ’ , myun i t s ) ;
69 fw i d t h = 1 3 6 . 6 ; %683/ ppChar (3) on a 1920 x1080 moni tor ;

f h e i g h t = 70 ; %910/ ppChar (4) on a 1920 x1080 moni tor ;
71 f x = Char_SS (3) − (Char_SS (3) * . 1 + fw i d t h ) ;

f y = Char_SS (4) − (Char_SS (4) * . 1 + f h e i g h t ) ;
73 f = f i g u r e ( ’ V i s i b l e ’ , ’ o f f ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ MenuBar ’ , ’None ’ , ’ P o s i t i o n ’ , [ f x f y

fw i d t h f h e i g h t ] , . . .
’ C loseReques tFcn ’ , {@obj . d e l e t e } , ’Name ’ , ’ T r a v e l Agent Main ’ ) ;

75 muView = uimenu ( f , ’ Labe l ’ , ’ View ’ ) ;
muViewHT = uimenu (muView , ’ Labe l ’ , ’ Hide Track s ’ , . . .

77 ’ C a l l b a c k ’ ,@obj . menuViewTracks_Cal lback ) ;
muViewTime = uimenu (muView , ’ Labe l ’ , ’ Time Window ’ ) ;

79 muViewTimeAll = uimenu (muViewTime , ’ Labe l ’ , ’ A l l Time ’ , . . .
’ C a l l b a c k ’ ,@obj . menuViewTime_Callback , ’ Checked ’ , ’ on ’ ) ;

81 muViewTimeNow = uimenu (muViewTime , ’ Labe l ’ , ’ At P r e s e n t ’ , . . .
’ C a l l b a c k ’ ,@obj . menuViewTime_Callback ) ;

83

85
t e x tBackg roundCo lo rReg ion1 = [37 124 224]/255 ; %t endoB lu eL i gh t

87 but tonBackgroundColo rReg ion1 = [29 97 175]/255 ; %tendoBlueDark
t e x tBackg roundCo lo rReg ion2 = [56 165 95]/255 ; %tendoGreenL igh t

89 but tonBackgroundColo rReg ion2 = [44 129 74]/255 ; %tendoGreenDark
t e x tBackg roundCo lo rReg ion3 = [255 214 95]/255 ; %t endoYe l l owL i gh t

91 but tonBackgroundColo rReg ion3 = [199 164 74]/255 ; %tendoYe l lowDark
t e x tBackg roundCo lo rReg ion4 = [255 103 97]/255 ; %tendoRedLight

93 but tonBackgroundColo rReg ion4 = [199 80 76]/255 ; %tendoRedDark
bu t t o nS i z e = [20 3 . 0 7 6 9 ] ; %[100/ ppChar (3) 40/ ppChar (4) ] ;

95 %% In f o B r i c k
% The s e c t i o n o f the gu i t h a t c o n t a i n s u s e f u l i n f o rma t i o n and mes sage s .

97 % ___ __ ___ _ _
% | _ _ | _ _ / _ | ___ | _ )_ _(_)__ | | __

99 % | | | ’ \ | _/ _ \ | _ \ ’ _ | / _ | / /
% | ___ | _ | | _ | _ | \___/ | ___/_ | | _\__ | _\_\

101 %
in foBk_pane lMes s age = u i p a n e l ( ’ T i t l e ’ , ’ Message ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ P a r en t ’ , f , . . .

103 ’ P o s i t i o n ’ , [ 0 , 6 5 , fw id th , 5 ] ) ;
i n f oBk_ t e x tMe s s a g e = u i c o n t r o l ( ’ P a r en t ’ , i n foBk_pane lMessage , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’

c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ Happy Track ing ! ’ , . . .
105 ’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ Ho r i z on t a lA l i gnmen t ’ , ’ l e f t ’ , . . .

’ P o s i t i o n ’ , [ 1 , 0 . 5 , fw id th −2, 3]) ;
107 i n f oBk_p an e l I n f o = u i p a n e l ( ’ T i t l e ’ , ’ I n f o ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ P a r en t ’ , f , . . .

’ P o s i t i o n ’ , [ 0 , 6 0 , fw id th , 5 ] ) ;
109 %% t imepo i n t

%
111 i n f oBk_ed i tT imepo i n t = u i c o n t r o l ( ’ P a r en t ’ , i n f oBk_pane l I n f o , ’ S t y l e ’ , ’ e d i t ’ , ’ Un i t s ’ , ’

c h a r a c t e r s ’ , . . .
’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , . . .

113 ’ S t r i n g ’ , num2str (1) , . . .
’ P o s i t i o n ’ , [ 1 , 0 . 5 , 1 5 , 2 . 6 9 2 3 ] , . . .

115 ’ C a l l b a c k ’ , {@obj . i n f oBk_ed i tT imepo i n t_Ca l l b a c k }) ;
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117 i n f oBk_ t e x tT imepo i n t = u i c o n t r o l ( ’ P a r en t ’ , i n f oBk_pane l I n f o , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’
c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ t imepo i n t ’ , . . .

’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ Ho r i z on t a lA l i gnmen t ’ , ’ l e f t ’ , . . .
119 ’ P o s i t i o n ’ , [ 17 , 0 . 5 , 20 , 2 . 6923]) ;

121 %% Tabs
% _____ _

123 % | _ _ | _ _ | | __ ___
% | | / _ ‘ | ’ _ (_−<

125 % | _ | \ __ , _ | _ . __/__/
%

127 t ab_pane l = u i p a n e l ( ’ T i t l e ’ , ’ Tabs ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ P a r en t ’ , f , . . .
’ P o s i t i o n ’ , [ 0 , 0 , fw id th , 6 0 ] ) ;

129 tabgp = u i t a b g r oup ( t ab_pane l , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ P o s i t i o n ’ , [ 0 , 0 , fw id th , 5 8 . 5 ] ) ;
tabGPS = u i t a b ( tabgp , ’ T i t l e ’ , ’GPS ’ ) ;

131 tabMakeCe l l = u i t a b ( tabgp , ’ T i t l e ’ , ’ MakeCel l ’ ) ;
t a bCon t r a s t = u i t a b ( tabgp , ’ T i t l e ’ , ’ Con t r a s t ’ ) ;

133 %% Con t r a s t Tab : gu i
% ___ _ _ _____ _

135 % / __ | ___ _ _ | | _ _ _ __ _ __ | | _ | _ _ | _ _ | | __
% | (__/ _ \ ’ \ _ | ’ _/ _ ‘ (_−< _ | | | / _ ‘ | ’ _ \

137 % \___\___/_ | | _\__ | _ | \__ , _/__/\__ | | _ | \ __ , _ | _ . __/
%

139 %% Crea t e the a x e s t h a t w i l l show the c o n t r a s t h i s t o g r am
% and the p l o t t h a t w i l l show the h i s t o g r am

141 hwidth = 104 ;
hhe i g h t = 40 ;

143 hx = ( fw id th−hwidth ) /2 ;
hy = 10 ;

145 t a bCon t r a s t _ a x e sCon t r a s t = a x e s ( ’ Pa r en t ’ , t a bCon t r a s t , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
’ P o s i t i o n ’ , [ hx hy hwidth hhe i gh t ]) ;

147 t a bCon t r a s t _ a x e sCon t r a s t . Nex tP lo t = ’ add ’ ;
t a bCon t r a s t _ a x e sCon t r a s t . ButtonDownFcn = @obj . t abCont r a s t_axe sCont r a s t_But tonDownFcn ;

149 %%% sem i l o g y p l o t
%

151 ob j . t a bCon t r a s t _ f i nd ImageH i s t o g r am ;
t a bCon t r a s t _ p l o t = s em i l o g y ( t a bCon t r a s t _ a x e sCon t r a s t , ( 0 : 2 5 5 ) , ob j . c on t r a s tH i s t o g r am , . . .

153 ’ Color ’ , [0 0 0 ] / 2 5 5 , . . .
’ L ineWidth ’ , 3) ;

155 t a bCon t r a s t _ a x e sCon t r a s t . YSc a l e = ’ l o g ’ ;
t a bCon t r a s t _ a x e sCon t r a s t . XLim = [0 , 2 55 ] ;

157 t a bCon t r a s t _ a x e sCon t r a s t . YLim(1) = 0 ;
x l a b e l ( ’ I n t e n s i t y ’ ) ;

159 y l a b e l ( ’ P i x e l Count ’ ) ;
%% Crea t e c o n t r o l s

161 % two s l i d e r b a r s
hwidth = 112 ;

163 hhe i g h t = 2 ;
hx = ( fw id th−hwidth ) /2 ;

165 hy = 5 ;
%%% s l i d e rMa x

167 %
s l i d e r S t e p = 1/(256 − 1) ;

169 t a bCon t r a s t _ s l i d e rMa x = u i c o n t r o l ( ’ P a r en t ’ , t a bCon t r a s t , ’ S t y l e ’ , ’ s l i d e r ’ , ’ Un i t s ’ , ’
c h a r a c t e r s ’ , . . .

’Min ’ , 0 , ’Max ’ , 1 , ’ BackgroundColor ’ , [255 255 2 5 5 ] / 2 5 5 , . . .
171 ’ Va lue ’ , 1 , ’ S l i d e r S t e p ’ , [ s l i d e r S t e p s l i d e r S t e p ] , ’ P o s i t i o n ’ , [ hx hy hwidth hhe i g h t ] , . . .

’ C a l l b a c k ’ , {@obj . t a bCon t r a s t _ s l i d e rMa x_Ca l l b a c k }) ;
173

hx = ( fw id th−hwidth ) /2 ;
175 hy = 2 ;

%%% s l i d e rM i n
177 %

s l i d e r S t e p = 1/(256 − 1) ;
179 t a bCon t r a s t _ s l i d e rM i n= u i c o n t r o l ( ’ P a r en t ’ , t a bCon t r a s t , ’ S t y l e ’ , ’ s l i d e r ’ , ’ Un i t s ’ , ’

c h a r a c t e r s ’ , . . .
’Min ’ , 0 , ’Max ’ , 1 , ’ BackgroundColor ’ , [255 255 2 5 5 ] / 2 5 5 , . . .

181 ’ Va lue ’ , 0 , ’ S l i d e r S t e p ’ , [ s l i d e r S t e p s l i d e r S t e p ] , ’ P o s i t i o n ’ , [ hx hy hwidth hhe i g h t ] , . . .
’ C a l l b a c k ’ , {@obj . t a bCon t r a s t _ s l i d e rM i n_Ca l l b a c k }) ;

183 %% L ine s f o r the min and max c o n t r a s t l e v e l s
%

185 hwidth = 104 ;
hhe i g h t = 40 ;

187 hx = ( fw id th−hwidth ) /2 ;
hy = 10 ;

189 t a bCon t r a s t _h a x e sL i n e = a x e s ( ’ Pa r en t ’ , t a bCon t r a s t , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
’ P o s i t i o n ’ , [ hx hy hwidth hhe i gh t ]) ;

191 t a bCon t r a s t _h a x e sL i n e . Nex tP lo t = ’ add ’ ;
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t a bCon t r a s t _h a x e sL i n e . V i s i b l e = ’ o f f ’ ;
193 t a bCon t r a s t _h a x e sL i n e . YLim = [0 , 1 ] ;

t a bCon t r a s t _h a x e sL i n e . XLim = [0 , 1 ] ;
195 t a bCon t r a s t _ l i n eM in = l i n e ;

t a bCon t r a s t _ l i n eM in . Pa r en t = t a bCon t r a s t _h a x e sL i n e ;
197 t a bCon t r a s t _ l i n eM in . Color = [29 97 175]/255 ;

t a bCon t r a s t _ l i n eM in . LineWidth = 3 ;
199 t a bCon t r a s t _ l i n eM in . L i n e S t y l e = ’ : ’ ;

t a bCon t r a s t _ l i n eM in . YData = [ 0 , 1 ] ;
201 t abCon t r a s t _ l i n eMax = l i n e ;

t a bCon t r a s t _ l i n eMax . Pa r en t = t a bCon t r a s t _h a x e sL i n e ;
203 t abCon t r a s t _ l i n eMax . Color = [255 103 97]/255 ;

t a bCon t r a s t _ l i n eMax . LineWidth = 3 ;
205 t abCon t r a s t _ l i n eMax . L i n e S t y l e = ’ : ’ ;

t a bCon t r a s t _ l i n eMax . YData = [ 0 , 1 ] ;
207

%% SMDA Tab : gu i
209 % ___ ___ ___ _____ _

% / __ | _ \/ __ | | _ _ | _ _ | | __
211 % | (_ | _/\__ \ | | / _ ‘ | ’ _ \

% \___ | _ | | ___/ | _ | \ __ , _ | _ . __/
213 %

r e g i on1 = [0 56 . 1 5 38 ] ; %[0 730/ ppChar (4) ] ; %180 p i x e l s
215 r e g i on2 = [0 42 . 3 0 77 ] ; %[0 550/ ppChar (4) ] ; %180 p i x e l s

r e g i on3 = [0 13 . 8 4 62 ] ; %[0 180/ ppChar (4) ] ; %370 p i x e l s
217 r e g i on4 = [0 0 ] ; %180 p i x e l s

219 hwidth = 104 ;
hx = ( fw id th−hwidth ) /2 ;

221
%% The group t a b l e

223 %
tabGPS_tableGroup = u i t a b l e ( ’ Pa r en t ’ , tabGPS , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

225 ’ BackgroundColor ’ , [ t e x tBackg roundCo lo rReg ion2 ; but tonBackgroundColo rReg ion2 ] , . . .
’ ColumnName ’ , { ’ l a b e l ’ , ’ group # ’ , ’ # o f p o s i t i o n s ’ } , . . .

227 ’ ColumnEdi tab le ’ , l o g i c a l ( [ 0 , 0 , 0 ] ) , . . .
’ ColumnFormat ’ , { ’ ch a r ’ , ’ numer ic ’ , ’ numer ic ’ } , . . .

229 ’ ColumnWidth ’ , { ’ au to ’ ’ au to ’ ’ au to ’ } , . . .
’ Fon tS i z e ’ , 8 , ’ FontName ’ , ’ Verdana ’ , . . .

231 ’ C e l l S e l e c t i o nC a l l b a c k ’ ,@obj . t a bGPS_ t ab l eG roup_Ce l l S e l e c t i onCa l l b a c k , . . .
’ P o s i t i o n ’ , [ hx , r e g i on2 (2) +0 .7692 , hwidth , 13 . 0769]) ;

233
%% The p o s i t i o n t a b l e

235 %
t abGPS_ t a b l ePo s i t i o n = u i t a b l e ( ’ Pa r en t ’ , tabGPS , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

237 ’ BackgroundColor ’ , [ t e x tBackg roundCo lo rReg ion3 ; but tonBackgroundColo rReg ion3 ] , . . .
’ ColumnName ’ , { ’ l a b e l ’ , ’ p o s i t i o n # ’ , ’X ’ , ’ Y ’ , ’Z ’ , ’ # o f s e t t i n g s ’ } , . . .

239 ’ ColumnEdi tab le ’ , l o g i c a l ( [ 0 , 0 , 0 , 0 , 0 , 0 ] ) , . . .
’ ColumnFormat ’ , { ’ ch a r ’ , ’ numer ic ’ , ’ numer ic ’ , ’ numer ic ’ , ’ numer ic ’ , ’ numer ic ’ } , . . .

241 ’ ColumnWidth ’ , { ’ au to ’ ’ au to ’ ’ au to ’ ’ au to ’ ’ au to ’ ’ au to ’ } , . . .
’ Fon tS i z e ’ , 8 , ’ FontName ’ , ’ Verdana ’ , . . .

243 ’ C e l l S e l e c t i o nC a l l b a c k ’ ,@obj . t a bGPS_ t a b l e P o s i t i o n _Ce l l S e l e c t i o nC a l l b a c k , . . .
’ P o s i t i o n ’ , [ hx , r e g i on3 (2) +0 .7692 , hwidth , 28 . 1538]) ;

245 %% The s e t t i n g s t a b l e
%

247
t a bGPS_ t a b l e S e t t i n g s = u i t a b l e ( ’ Pa r en t ’ , tabGPS , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

249 ’ BackgroundColor ’ , [ t e x tBackg roundCo lo rReg ion4 ; but tonBackgroundColo rReg ion4 ] , . . .
’ ColumnName ’ , { ’ ch anne l ’ , ’ e xpo su r e ’ , ’ s e t t i n g s # ’ } , . . .

251 ’ ColumnEdi tab le ’ , l o g i c a l ( [ 0 , 0 , 0 ] ) , . . .
’ ColumnFormat ’ , { ob j . tmn . i t y . channe l_names (1) , ’ numer ic ’ , ’ numer ic ’ } , . . .

253 ’ ColumnWidth ’ , { ’ au to ’ ’ au to ’ ’ au to ’ } , . . .
’ Fon tS i z e ’ , 8 , ’ FontName ’ , ’ Verdana ’ , . . .

255 ’ C e l l S e l e c t i o nC a l l b a c k ’ ,@obj . t a bGPS_ t a b l e S e t t i n g s _C e l l S e l e c t i o nC a l l b a c k , . . .
’ P o s i t i o n ’ , [ hx , r e g i on4 (2) +0 .7692 , hwidth , 13 . 0769]) ;

257 %%
% __ __ _ ___ _ _ _____ _

259 % | \/ | __ _ | | _____ / __ | ___ | | | | _ _ | _ _ | | __
% | | \ / | / _ ‘ | / / −_) (__/ −_) | | | | / _ ‘ | ’ _ \

261 % | _ | | _\__ , _ | _\_\___ | \ ___\___ | _ | _ | | _ | \ __ , _ | _ . __/
%

263 t e x tBackg roundCo lo rReg ion1 = [37 124 224]/255 ; %t endoB lu eL i gh t
bu t tonBackgroundColo rReg ion1 = [29 97 175]/255 ; %tendoBlueDark

265 t e x tBackg roundCo lo rReg ion2 = [56 165 95]/255 ; %tendoGreenL igh t
bu t tonBackgroundColo rReg ion2 = [44 129 74]/255 ; %tendoGreenDark

267 t e x tBackg roundCo lo rReg ion3 = [255 214 95]/255 ; %t endoYe l l owL i gh t
bu t tonBackgroundColo rReg ion3 = [199 164 74]/255 ; %tendoYe l lowDark

269 t e x tBackg roundCo lo rReg ion4 = [255 103 97]/255 ; %tendoRedLight
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but tonBackgroundColo rReg ion4 = [199 80 76]/255 ; %tendoRedDark
271 r e g i on1 = [0 46] ; %[0 730/ ppChar (4) ] ; %180 p i x e l s

r e g i on2 = [0 36] ; %[0 550/ ppChar (4) ] ; %180 p i x e l s
273 r e g i on3 = [0 13 . 8 4 62 ] ; %[0 180/ ppChar (4) ] ; %370 p i x e l s

r e g i on4 = [0 0 ] ; %180 p i x e l s
275

bu t t o nS i z e = [20 3 . 0 7 6 9 ] ; %[100/ ppChar (3) 40/ ppChar (4) ] ;
277 bu t tongap = 2 ;

hx = ( fw id th −4*bu t t o nS i z e (1)−4*bu t tongap ) /2 ;
279 %%

%
281 tabMakeCe l l_pane l = u i p a n e l ( ’ T i t l e ’ , ’ Track ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ P a r en t ’ , t abMakeCel l

, . . .
’ P o s i t i o n ’ , [ 0 , r e g i on2 (2) , fw id th , 2 0 ] ) ;

283 t e x tCo l o r = [255 235 205]/255 ;

285
tabMakeCe l l_bu t tong roup = u i bu t t ong roup ( ’ Pa r en t ’ , t abMakeCe l l_pane l ) ;

287 tabMakeCe l l_bu t tong roup . Se l e c t i onChangedFcn = @obj .
t abMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ;

289 tabMakeCe l l_ togg l ebu t tonNone = u i c o n t r o l ( ’ Pa r en t ’ , t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’
t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , [139 69 1 9 ] / 2 5 5 , . . .
291 ’ S t r i n g ’ , ’None ’ , . . .

’ P o s i t i o n ’ , [ hx , 1 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2) ] , . . .
293 ’ ForegroundColor ’ , t e x tCo l o r ) ;

295 u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ do (n
) o t h i n g ’ , . . .

’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion1 , . . .
297 ’ P o s i t i o n ’ , [ hx , b u t t o nS i z e (2) +11 , b u t t o nS i z e (1) , 2 . 6 9 2 3 ] , . . .

’ ForegroundColor ’ , t e x tCo l o r ) ;
299

t a bMak eCe l l _ t o g g l e bu t t on J o i n = u i c o n t r o l ( ’ Pa r en t ’ , t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’
t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

301 ’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion1
, . . .

’ S t r i n g ’ , ’ J o i n ’ , . . .
303 ’ P o s i t i o n ’ , [ hx + bu t tongap + bu t t o nS i z e (1) , 1 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2) ] , . . .

’ ForegroundColor ’ , t e x tCo l o r ) ;
305

u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ ( j )
o in two t r a c k s ’ , . . .

307 ’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion1 , . . .
’ P o s i t i o n ’ , [ hx + bu t tongap + bu t t o nS i z e (1) , b u t t o nS i z e (2) +11 , b u t t o nS i z e (1)

, 2 . 6 9 2 3 ] , . . .
309 ’ ForegroundColor ’ , t e x tCo l o r ) ;

311 t abMakeCe l l _ t o gg l e bu t t onB r e a k = u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’
t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion1
, . . .

313 ’ S t r i n g ’ , ’ Break ’ , . . .
’ P o s i t i o n ’ , [ hx + bu t tongap *2 + bu t t o nS i z e (1) * 2 , 1 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2)

] , . . .
315 ’ ForegroundColor ’ , t e x tCo l o r ) ;

317 u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ (b)
r e a k a t r a c k i n t o two ’ , . . .

’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion1 , . . .
319 ’ P o s i t i o n ’ , [ hx + bu t tongap *2 + bu t t o nS i z e (1) *2 , b u t t o nS i z e (2) +11 , b u t t o nS i z e (1)

, 2 . 6 9 2 3 ] , . . .
’ ForegroundColor ’ , t e x tCo l o r ) ;

321
t a bMakeCe l l _ t o g g l e bu t t onDe l e t e = u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’

t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
323 ’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion1

, . . .
’ S t r i n g ’ , ’ De l e t e ’ , . . .

325 ’ P o s i t i o n ’ , [ hx + bu t tongap *3 + bu t t o nS i z e (1) * 3 , 1 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2)
] , . . .

’ ForegroundColor ’ , t e x tCo l o r ) ;
327

u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’
d e l e t e a t r a c k (−) ’ , . . .

329 ’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion1 , . . .
’ P o s i t i o n ’ , [ hx + bu t tongap *3 + bu t t o nS i z e (1) *3 , b u t t o nS i z e (2) +11 , b u t t o nS i z e (1)
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, 2 . 6 9 2 3 ] , . . .
331 ’ ForegroundColor ’ , t e x tCo l o r ) ;

%%
333 %

bu t t o nS i z e = [20 3 . 0 7 6 9 ] ; %[100/ ppChar (3) 40/ ppChar (4) ] ;
335 bu t tongap = 2 ;

hx = ( fw id th −4*bu t t o nS i z e (1)−4*bu t tongap ) /2 ;
337 %%

%
339 % tabMakeCe l l_pane lMakeCe l l = u i p a n e l ( ’ T i t l e ’ , ’ MakeCell ’ , ’ Uni t s ’ , ’ c h a r a c t e r s

’ , ’ Pa rent ’ , t abMakeCel l , . . .
% ’ Po s i t i o n ’ , [ 0 , r e g i on2 (2) , fw id th , 1 0 ] ) ;

341 t e x tCo l o r = [255 192 203]/255 ;

343
% tabMakeCe l l_but tongroupMakeCe l l = u i bu t t ong roup ( ’ Parent ’ ,

t abMakeCe l l_pane lMakeCe l l ) ;
345 % tabMakeCe l l_but tongroupMakeCe l l . Se l e c t i onChangedFcn = @obj .

t abMakeCe l l_bu t tong roupMakeCe l l_Se l ec t ionChangedFcn ;
%

347 tabMakeCel l_pushbut tonNewCel l = u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ pu shbut ton
’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion2
, . . .

349 ’ S t r i n g ’ , ’New Ce l l ’ , . . .
’ P o s i t i o n ’ , [ hx , 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2) ] , . . .

351 ’ ForegroundColor ’ , t e x tCo l o r , . . .
’ C a l l b a c k ’ , {@obj . t abMakeCe l l_pushbut tonNewCe l l_Ca l lback }) ;

353
u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ ( c )

r e a t e a new c e l l ’ , . . .
355 ’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion2 , . . .

’ P o s i t i o n ’ , [ hx , b u t t o nS i z e (2) +1 , b u t t o nS i z e (1) , 2 . 6 9 2 3 ] , . . .
357 ’ ForegroundColor ’ , t e x tCo l o r ) ;

359 t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l = u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_but tongroup , ’
S t y l e ’ , ’ t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion2
, . . .

361 ’ S t r i n g ’ , ’ Track 2 Ce l l ’ , . . .
’ P o s i t i o n ’ , [ hx + bu t tongap + bu t t o nS i z e (1) , 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2) ] , . . .

363 ’ ForegroundColor ’ , t e x tCo l o r ) ;

365 u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’ add a
( t ) r a c k to a c e l l ’ , . . .

’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion2 , . . .
367 ’ P o s i t i o n ’ , [ hx + bu t tongap + bu t t o nS i z e (1) , b u t t o nS i z e (2) +1 , b u t t o nS i z e (1)

, 2 . 6 9 2 3 ] , . . .
’ ForegroundColor ’ , t e x tCo l o r ) ;

369
t abMakeCe l l_ togg l ebu t tonMothe r = u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’

t o g g l e b u t t o n ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .
371 ’ Fon tS i z e ’ , 14 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , bu t tonBackgroundColorReg ion2

, . . .
’ S t r i n g ’ , ’ Mother ’ , . . .

373 ’ P o s i t i o n ’ , [ hx + bu t tongap *2 + bu t t o nS i z e (1) * 2 , 0 . 5 , b u t t o nS i z e (1) , b u t t o nS i z e (2) ] , . . .
’ ForegroundColor ’ , t e x tCo l o r ) ;

375
u i c o n t r o l ( ’ P a r en t ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , ’ S t r i n g ’ , ’

choose (m) o th e r c e l l ’ , . . .
377 ’ Fon tS i z e ’ , 10 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ , t e x tBackg roundCo lo rReg ion2 , . . .

’ P o s i t i o n ’ , [ hx + bu t tongap *2 + bu t t o nS i z e (1) *2 , b u t t o nS i z e (2) +1 , b u t t o nS i z e (1)
, 2 . 6 9 2 3 ] , . . .

379 ’ ForegroundColor ’ , t e x tCo l o r ) ;
%

381 % t abMakeCe l l _ t o g g l e bu t t onDe l e t e = u i c o n t r o l ( ’ Parent ’ ,
t abMakeCe l l_but tongroup , ’ S t y l e ’ , ’ t o g g l e bu t t on ’ , ’ Uni t s ’ , ’ c h a r a c t e r s ’ , . . .

% ’ FontS i ze ’ , 1 4 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ ,
bu t tonBackgroundColorReg ion1 , . . .

383 % ’ S t r i n g ’ , ’ De le te ’ , . . .
% ’ Po s i t i o n ’ , [ hx + but tongap *3 + bu t t o nS i z e (1) * 3 , 0 . 5 , b u t t o nS i z e (1) ,

b u t t o nS i z e (2) ] , . . .
385 % ’ ForegroundColor ’ , t e x tCo l o r ) ;

%
387 % u i c o n t r o l ( ’ Parent ’ , t abMakeCe l l_pane l , ’ S t y l e ’ , ’ t e x t ’ , ’ Uni t s ’ , ’ c h a r a c t e r s ’ , ’

S t r i n g ’ , ’ d e l e t e a t r a c k ’ , . . .
% ’ FontS i ze ’ , 1 0 , ’ FontName ’ , ’ Verdana ’ , ’ BackgroundColor ’ ,

t e x tBackg roundCo lo rReg ion1 , . . .
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389 % ’ Po s i t i o n ’ , [ hx + but tongap *3 + bu t t o nS i z e (1) *3 , b u t t o nS i z e (2) +1 ,
b u t t o nS i z e (1) , 2 . 6 9 2 3 ] , . . .

% ’ ForegroundColor ’ , t e x tCo l o r ) ;
391 %%

%
393 t abMakeCe l l _ t a b l e = u i t a b l e ( ’ Pa r en t ’ , t abMakeCel l , ’ Un i t s ’ , ’ c h a r a c t e r s ’ , . . .

’ BackgroundColor ’ , [ t e x tBackg roundCo lo rReg ion3 ; but tonBackgroundColo rReg ion3 ] , . . .
395 ’ColumnName ’ , { ’ c e l l # ’ , ’ t r a c k IDS ’ , ’ mother ’ } , . . .

’ Co lumnEdi tab le ’ , l o g i c a l ( [ 0 , 0 , 0 ] ) , . . .
397 ’ ColumnFormat ’ , { ’ numer ic ’ , ’ c h a r ’ , ’ numer ic ’ } , . . .

’ ColumnWidth ’ , { ’ au to ’ ’ au to ’ ’ au to ’ } , . . .
399 ’ Fon tS i z e ’ , 8 , ’ FontName ’ , ’ Verdana ’ , . . .

’ C e l l S e l e c t i o nC a l l b a c k ’ ,@obj . t a bMak eCe l l _ t a b l e _Ce l l S e l e c t i o nC a l l b a c k , . . .
401 ’ P o s i t i o n ’ , [ hx , r e g i on3 (2) +0 .7692 , hwidth , 13 . 0769]) ;

%% Handles
403 % _ _ _ _

% | | | | __ _ _ _ __ | | | ___ ___
405 % | __ / _ ‘ | ’ \/ _ ‘ | / −_ | _−<

% | _ | | _\__ , _ | _ | | _\__ , _ | _\___/__/
407 %

% s t o r e the u i c o n t r o l h and l e s i n the f i g u r e h and l e s v i a g u i d a t a ()
409 % s t o r e the u i c o n t r o l h and l e s i n the f i g u r e h and l e s v i a g u i d a t a ()

h and l e s . muView = muView ;
411 hand l e s . muViewHT = muViewHT ;

hand l e s . muViewTime = muViewTime ;
413 hand l e s . muViewTimeAll = muViewTimeAll ;

h and l e s . muViewTimeNow = muViewTimeNow ;
415

hand l e s . i n f oBk_ t e x tMe s s a g e = in f oBk_ t e x tMe s s a g e ;
417 hand l e s . i n f oBk_ed i tT imepo in t = i n f oBk_ed i tT imepo in t ;

h and l e s . i n f oBk_ t e x tT imepo i n t = i n f oBk_ t e x tT imepo i n t ;
419

h and l e s . t abgp = tabgp ;
421 hand l e s . tabGPS = tabGPS ;

h and l e s . t abMakeCe l l = tabMakeCe l l ;
423 h and l e s . t a bCon t r a s t = t a bCon t r a s t ;

425 h and l e s . t a bCon t r a s t _h a x e sL i n e = t a bCon t r a s t _h a x e sL i n e ;
h and l e s . t a bCon t r a s t _ l i n eM in = t abCon t r a s t _ l i n eM in ;

427 hand l e s . t a bCon t r a s t _ l i n eMax = t abCon t r a s t _ l i n eMax ;
h and l e s . t a bCon t r a s t _ p l o t = t a bCon t r a s t _ p l o t ;

429 h and l e s . t a bCon t r a s t _ a x e sCon t r a s t = t a bCon t r a s t _ a x e sCon t r a s t ;
h and l e s . t a bCon t r a s t _ s l i d e rMa x = t a bCon t r a s t _ s l i d e rMa x ;

431 hand l e s . t a bCon t r a s t _ s l i d e rM i n = t a bCon t r a s t _ s l i d e rM i n ;

433 hand l e s . tabGPS_tableGroup = tabGPS_tableGroup ;
h and l e s . t a bGPS_ t a b l ePo s i t i o n = t a bGPS_ t a b l ePo s i t i o n ;

435 hand l e s . t a bGPS_ t a b l e S e t t i n g s = t a bGPS_ t a b l e S e t t i n g s ;

437 h and l e s . t abMakeCe l l_bu t tong roup = tabMakeCe l l_bu t tong roup ;
h and l e s . t a bMakeCe l l _ t a b l e = t abMakeCe l l _ t a b l e ;

439 h and l e s . t abMakeCe l l_ togg l ebu t tonNone = tabMakeCe l l_ togg l ebu t tonNone ;
h and l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n = t a bMak eCe l l _ t o g g l e bu t t on J o i n ;

441 hand l e s . t a bMakeCe l l _ t o gg l e bu t t onB r e a k = t abMakeCe l l _ t o g g l ebu t t onB r e a k ;
h and l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e = t a bMakeCe l l _ t o g g l e bu t t onDe l e t e ;

443
h and l e s . t abMakeCel l_pushbut tonNewCel l = tabMakeCel l_pushbut tonNewCel l ;

445 h and l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l = t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l ;
h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r = t abMakeCe l l_ togg l ebu t tonMothe r ;

447
ob j . gu i_main = f ;

449 g u i d a t a ( f , h and l e s ) ;
%% Execu te j u s t b e f o r e the f i g u r e becomes v i s i b l e

451 % _ _ ___ _ _
% _ | | _ _ __ | | _ | _ ) | |

453 % | | | | | | (_−< _ | | _ \_ _ |
% _\__/_\_ , _/__/\__ | | ___/ | _ |

455 % \ \ / (_)__(_) | __ | | ___
% \ V / | (_−< | ’ _ \ / −_)

457 % \_/ | _/__/_ | _ . __/_\___ |
%

459 % The code above o r g a n i z e s and s p e c i f i e s the e l emen t s o f the f i g u r e and
% gu i . The code below may s imp l e s t o r e t h e s e e l emen t s i n t o the h and l e s

461 % s t r u c t and make the gu i v i s i b l e f o r the f i r s t t ime . Other commands or
% f u n c t i o n s can a l s o be e x e cu t ed he re i f c e r t a i n v a r i a b l e s or p a r ame t e r s

463 % need to be computed and s e t .
ob j . t abCont r a s t_axe sCont r a s t_But tonDownFcn ;

465 ob j . tabGPS_loop
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%%%
467 % make the gu i v i s i b l e

s e t ( f , ’ V i s i b l e ’ , ’ on ’ ) ;
469 end

%% d e l e t e
471 % f o r a c l e a n d e l e t e make s u r e the o b j e c t s t h a t a r e s t o r e d a s

% p r o p e r t i e s a r e a l s o d e l e t e d .
473 f u n c t i o n d e l e t e ( obj ,~ ,~)

d e l e t e ( ob j . gu i_main ) ;
475 end

%% Con t r a s t Tab : c a l l b a c k s and f u n c t i o n s
477 % ___ _ _ _____ _

% / __ | ___ _ _ | | _ _ _ __ _ __ | | _ | _ _ | _ _ | | __
479 % | (__/ _ \ ’ \ _ | ’ _/ _ ‘ (_−< _ | | | / _ ‘ | ’ _ \

% \___\___/_ | | _\__ | _ | \__ , _/__/\__ | | _ | \ __ , _ | _ . __/
481 %

%%
483 %

f u n c t i o n ob j = t abCon t r a s t _ f i nd ImageH i s t o g r am ( ob j )
485 [ ob j . c on t r a s tH i s t o g r am ,~] = h i s t c o u n t s ( r e s h ape ( ob j . tmn . gu i_ imageViewer . imag3 , 1 , [ ] )

, −0 .5 :1 :255 .5) ;
end

487 %%
%

489 f u n c t i o n ob j = tabCont r a s t_axe sCont r a s t_But tonDownFcn ( obj ,~ ,~)
%%%

491 % c r e a t e the c o n t r a s t h i s t o g r am to be d i s p l a y e d i n the a x e s
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

493 ob j . t a bCon t r a s t _ f i nd ImageH i s t o g r am ;
h and l e s . t a bCon t r a s t _ p l o t . YData = ob j . c o n t r a s tH i s t o g r am ;

495 ob j . t a bCon t r a s tL i n eUpda t e ;
g u i d a t a ( ob j . gui_main , h and l e s ) ;

497 end
%%

499 %
f u n c t i o n ob j = t a bCon t r a s t _ s l i d e rMa x_Ca l l b a c k ( obj ,~ ,~)

501 hand l e s = g u i d a t a ( ob j . gu i_main ) ;
s s t e p = hand l e s . t a bCon t r a s t _ s l i d e rMa x . S l i d e r S t e p ;

503 mymax = hand l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue ;
mymin = hand l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue ;

505 i f mymax == 0
hand l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue = s s t e p (1) ;

507 hand l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue = 0 ;
e l s e i f mymax <= mymin

509 hand l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue = mymax−s s t e p (1) ;
end

511 ob j . t abCont ra s t_newColormapFromContras tHis togram ;
ob j . t a bCon t r a s tL i n eUpda t e ;

513 g u i d a t a ( ob j . gui_main , h and l e s ) ;
end

515 %%
%

517 f u n c t i o n ob j = t a bCon t r a s t _ s l i d e rM i n_Ca l l b a c k ( obj ,~ ,~)
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

519 s s t e p = hand l e s . t a bCon t r a s t _ s l i d e rMa x . S l i d e r S t e p ;
mymax = hand l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue ;

521 mymin = hand l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue ;
i f mymin == 1

523 hand l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue = 1 ;
h and l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue = 1−s s t e p (1) ;

525 e l s e i f mymin >= mymax
hand l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue = mymin+ s s t e p (1) ;

527 end
ob j . t abCont ra s t_newColormapFromContras tHis togram ;

529 ob j . t a bCon t r a s tL i n eUpda t e ;
g u i d a t a ( ob j . gui_main , h and l e s ) ;

531 end
%%

533 %
f u n c t i o n ob j = t abCon t r a s tL i n eUpda t e ( ob j )

535 hand l e s = g u i d a t a ( ob j . gu i_main ) ;
h and l e s . t a bCon t r a s t _ l i n eM in . XData = [ hand l e s . t a bCon t r a s t _ s l i d e rM i n . Value , h and l e s .

t a bCon t r a s t _ s l i d e rM i n . Va lue ] ;
537 hand l e s . t a bCon t r a s t _ l i n eMax . XData = [ hand l e s . t a bCon t r a s t _ s l i d e rMa x . Value , h and l e s .

t a bCon t r a s t _ s l i d e rMa x . Va lue ] ;
g u i d a t a ( ob j . gui_main , h and l e s ) ;

539 end
%% newColormapFromContrastHistogram
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541 % Assumes image i s u i n t 8 0−255.
f u n c t i o n ob j = tabCont ra s t_newColormapFromContras tHis togram ( ob j )

543 hand l e s = g u i d a t a ( ob j . gu i_main ) ;
s s t e p = hand l e s . t a bCon t r a s t _ s l i d e rM i n . S l i d e r S t e p ;

545 mymin = c e i l ( h and l e s . t a bCon t r a s t _ s l i d e rM i n . Va lue / s s t e p (1) ) ;
mymax = c e i l ( h and l e s . t a bCon t r a s t _ s l i d e rMa x . Va lue / s s t e p (1) ) ;

547 cmap = colormap ( g r a y (mymax−mymin+1) ) ;
cmap = v e r t c a t ( z e r o s (mymin , 3 ) , cmap , ones(255−mymax , 3 ) ) ;

549 ob j . tmn . gu i_ imageViewer . gu i_main . Colormap = cmap ;
end

551 %% GPS Tab : c a l l b a c k s and f u n c t i o n s
% ___ ___ ___ _____ _

553 % / __ | _ \/ __ | | _ _ | _ _ | | __
% | (_ | _/\__ \ | | / _ ‘ | ’ _ \

555 % \___ | _ | | ___/ | _ | \ __ , _ | _ . __/
%

557 %%
%

559 f u n c t i o n ob j = i n f oBk_ed i tT imepo i n t_Ca l l b a c k ( obj ,~ ,~)
h and l e s = g u i d a t a ( ob j . gu i_main ) ;

561 indImage = s t r 2 d o ub l e ( h and l e s . i n f oBk_ed i tT imepo i n t . S t r i n g ) ;
indImage = round ( indImage ) ;

563 i f indImage < 1
ob j . tmn . indImage = 1 ;

565 e l s e i f indImage > h e i g h t ( ob j . tmn . smda_da t aba seSubse t )
ob j . tmn . indImage = h e i g h t ( ob j . tmn . smda_da t aba s eSubse t ) ;

567 e l s e
ob j . tmn . indImage = indImage ;

569 end
ob j . tmn . gu i_ imageViewer . loop_s tepX ;

571 hand l e s . i n f oBk_ed i tT imepo in t . S t r i n g = num2str ( ob j . tmn . indImage ) ;
g u i d a t a ( ob j . gui_main , h and l e s ) ;

573 end
%%

575 %
f u n c t i o n ob j = t a bGPS_ t ab l eG roup_Ce l l S e l e c t i o nCa l l b a c k ( obj ,~ , e v e n t d a t a )

577 %%%
% The main purpose o f t h i s f u n c t i o n i s to keep the i n f o rma t i o n

579 % d i s p l a y e d in the t a b l e c o n s i s t e n t w i th the I t i n e r a r y o b j e c t .
% Changes to the o b j e c t e i t h e r th rough the command l i n e or the gu i

581 % can a f f e c t the i n f o rma t i o n t h a t i s d i s p l a y e d in the gu i and t h i s
% f u n c t i o n w i l l keep the gu i i n f o rma t i o n c o n s i s t e n t w i th the

583 % I t i n e r a r y i n f o rma t i o n .
%

585 % The p o i n t e r o f the Trave lAgen t shou ld a lway s po i n t to a v a l i d
% group from the the g roup_orde r .

587 i f i s empty ( e v e n t d a t a . I n d i c e s )
% i f no th ing i s s e l e c t e d , which t r i g g e r s a f t e r d e l e t i n g data ,

589 % make s u r e the p o i n t e r i s s t i l l v a l i d
i f any ( ob j . tmn . po in te rGroup > ob j . tmn . i t y . number_group )

591 % move p o i n t e r to l a s t e n t r y
ob j . tmn . po in te rGroup = ob j . tmn . i t y . number_group ;

593 end
r e t u r n

595 e l s e
ob j . tmn . po in te rGroup = s o r t ( un ique ( e v e n t d a t a . I n d i c e s ( : , 1 ) ) ) ;

597 end

599 myGroupOrder = ob j . tmn . i t y . o rde r_group ;
gInd = myGroupOrder ( ob j . tmn . po in te rGroup (1) ) ;

601 i f any ( ob j . tmn . p o i n t e r P o s i t i o n > ob j . tmn . i t y . number_pos i t i on ( gInd ) )
% move p o i n t e r to f i r s t e n t r y

603 ob j . tmn . p o i n t e r P o s i t i o n = 1 ;
end

605
ob j . tabGPS_loop ;

607 %%
% sav e change s made to the p r e v i o u s p o s i t i o n

609 ob j . tmn . mcl . e x po r t ;

611 ob j . tmn . gu i_ imageViewer . loadNewTracks ;
ob j . tmn . gu i_ imageViewer . loop_s tepX ;

613 end
%%

615 %
f u n c t i o n ob j = t a bGPS_ t a b l e P o s i t i o n _Ce l l S e l e c t i o nC a l l b a c k ( obj ,~ , e v e n t d a t a )

617 %%%
% The main purpose o f t h i s f u n c t i o n i s to keep the i n f o rma t i o n
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619 % d i s p l a y e d in the t a b l e c o n s i s t e n t w i th the I t i n e r a r y o b j e c t .
% Changes to the o b j e c t e i t h e r th rough the command l i n e or the gu i

621 % can a f f e c t the i n f o rma t i o n t h a t i s d i s p l a y e d in the gu i and t h i s
% f u n c t i o n w i l l keep the gu i i n f o rma t i o n c o n s i s t e n t w i th the

623 % I t i n e r a r y i n f o rma t i o n .
%

625 % The p o i n t e r o f the Trave lAgen t shou ld a lway s po i n t to a v a l i d
% p o s i t i o n from the the p o s i t i o n _ o r d e r i n a g i v en group .

627 myGroupOrder = ob j . tmn . i t y . o rde r_group ;
gInd = myGroupOrder ( ob j . tmn . po in te rGroup (1) ) ;

629 i f i s empty ( e v e n t d a t a . I n d i c e s )
% i f no th ing i s s e l e c t e d , which t r i g g e r s a f t e r d e l e t i n g data ,

631 % make s u r e the p o i n t e r i s s t i l l v a l i d
i f any ( ob j . tmn . p o i n t e r P o s i t i o n > ob j . tmn . i t y . number_pos i t i on ( gInd ) )

633 % move p o i n t e r to l a s t e n t r y
ob j . tmn . p o i n t e r P o s i t i o n = ob j . tmn . i t y . number_pos i t i on ( gInd ) ;

635 end
r e t u r n

637 e l s e
ob j . tmn . p o i n t e r P o s i t i o n = s o r t ( un ique ( e v e n t d a t a . I n d i c e s ( : , 1 ) ) ) ;

639 end
ob j . tabGPS_loop ;

641 %%
% sav e change s made to the p r e v i o u s p o s i t i o n

643 ob j . tmn . mcl . e x po r t ;

645 ob j . tmn . gu i_ imageViewer . loadNewTracks ;
ob j . tmn . gu i_ imageViewer . loop_s tepX ;

647 end
%%

649 %
f u n c t i o n ob j = t a bGPS_ t a b l e S e t t i n g s _C e l l S e l e c t i o nC a l l b a c k ( obj ,~ , e v e n t d a t a )

651 %%%
% The | T r a v e l Agent | a ims to r e c r e a t e the e x p e r i e n c e t h a t

653 % mic ro scope u s e r s e x p e c t from a mul t i−d imen s i on a l a c q u i s t i o n t o o l .
% There fo re , most o f the c u s t om i z a b i l i t y i s masked by the

655 % | Trave lAgen t | to p r o v i d e a s t r e am l i n e d p r e s e n t a t i o n and s imp l e
% man i pu l a t i o n o f the | I t i n e r a r y | . Un l i k e the group and p o s i t i o n

657 % t a b l e s , which e d i t the i t i n e r a r y d i r e c t l y , the s e t t i n g s t a b l e
% w i l l modi fy the the p ro to t ype , which w i l l then be pushed to a l l

659 % p o s i t i o n s i n a group .
myGroupOrder = ob j . tmn . i t y . o rde r_group ;

661 gInd = myGroupOrder ( ob j . tmn . po in te rGroup (1) ) ;
pInd = ob j . tmn . i t y . i n d _ p o s i t i o n { gInd } ;

663 pInd = pInd (1) ;
i f i s empty ( e v e n t d a t a . I n d i c e s )

665 % i f no th ing i s s e l e c t e d , which t r i g g e r s a f t e r d e l e t i n g data ,
% make s u r e the p o i n t e r i s s t i l l v a l i d

667 i f any ( ob j . tmn . p o i n t e r S e t t i n g s > ob j . tmn . i t y . numbe r_ s e t t i n g s { pInd })
% move p o i n t e r to l a s t e n t r y

669 ob j . tmn . p o i n t e r S e t t i n g s = ob j . tmn . i t y . numbe r_ s e t t i n g s ( pInd ) ;
end

671 r e t u r n
e l s e

673 ob j . tmn . p o i n t e r S e t t i n g s = s o r t ( un ique ( e v e n t d a t a . I n d i c e s ( : , 1 ) ) ) ;
end

675 ob j . tabGPS_loop ;
ob j . tmn . gu i_ imageViewer . loop_s tepX ;

677 end
%%

679 %
f u n c t i o n ob j = tabGPS_loop ( ob j )

681 hand l e s = g u i d a t a ( ob j . gu i_main ) ;

683 %% Group Table
% Show the da t a i n the i t i n e r a r y | g roup_orde r | p r op e r t y

685 tab l eGroupData = c e l l ( ob j . tmn . i t y . number_group , . . .
l e n g t h ( g e t ( h and l e s . tabGPS_tableGroup , ’ColumnName ’ ) ) ) ;

687 n=0;
f o r i = ob j . tmn . i t y . o rde r_g roup

689 n = n + 1 ;
t ab l eGroupData {n , 1 } = ob j . tmn . i t y . g r o up_ l a b e l { i } ;

691 t ab l eGroupData {n , 2 } = i ;
t ab l eGroupData {n , 3 } = ob j . tmn . i t y . number_pos i t i on ( i ) ;

693 end
s e t ( h and l e s . tabGPS_tableGroup , ’ Data ’ , t ab l eGroupData ) ;

695 %% Region 3
%
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697 %% Po s i t i o n Table
% Show the da t a i n the i t i n e r a r y | p o s i t i o n _ o r d e r | p r op e r t y f o r a g i v en

699 % group
myGroupOrder = ob j . tmn . i t y . o rde r_group ;

701 gInd = myGroupOrder ( ob j . tmn . po in te rGroup (1) ) ;
myPos i t ionOrder = ob j . tmn . i t y . o r d e r _ p o s i t i o n { gInd } ;

703 t a b l e P o s i t i o nD a t a = c e l l ( l e n g t h ( myPos i t ionOrder ) , . . .
l e n g t h ( g e t ( h and l e s . t a bGPS_ t ab l ePo s i t i on , ’ColumnName ’ ) ) ) ;

705 n=0;
f o r i = myPos i t ionOrder

707 n = n + 1 ;
t a b l e P o s i t i o nD a t a {n , 1 } = ob j . tmn . i t y . p o s i t i o n _ l a b e l { i } ;

709 t a b l e P o s i t i o nD a t a {n , 2 } = i ;
t a b l e P o s i t i o nD a t a {n , 3 } = ob j . tmn . i t y . p o s i t i o n _ x y z ( i , 1 ) ;

711 t a b l e P o s i t i o nD a t a {n , 4 } = ob j . tmn . i t y . p o s i t i o n _ x y z ( i , 2 ) ;
t a b l e P o s i t i o nD a t a {n , 5 } = ob j . tmn . i t y . p o s i t i o n _ x y z ( i , 3 ) ;

713 t a b l e P o s i t i o nD a t a {n , 6 } = ob j . tmn . i t y . numbe r_ s e t t i n g s ( i ) ;
end

715 s e t ( h and l e s . t a bGPS_ t ab l ePo s i t i on , ’ Data ’ , t a b l e P o s i t i o nD a t a ) ;
%% Region 4

717 %
%% S e t t i n g s Table

719 % Show the p r o t o t y p e _ s e t t i n g s
pInd = ob j . tmn . i t y . i n d _ p o s i t i o n { gInd } ;

721 pInd = pInd (1) ;
mySe t t i ng sOrde r = ob j . tmn . i t y . o r d e r _ s e t t i n g s { pInd } ;

723 t a b l e S e t t i n g s D a t a = c e l l ( l e n g t h ( mySe t t i ng sOrde r ) , . . .
l e n g t h ( g e t ( h and l e s . t a bGPS_ t ab l e S e t t i n g s , ’ColumnName ’ ) ) ) ;

725 n=1;
f o r i = mySe t t i ng sOrde r

727 t a b l e S e t t i n g s D a t a {n , 1 } = ob j . tmn . i t y . channe l_names { ob j . tmn . i t y . s e t t i n g s _ c h a n n e l ( i ) } ;
t a b l e S e t t i n g s D a t a {n , 2 } = ob j . tmn . i t y . s e t t i n g s _ e x p o s u r e ( i ) ;

729 t a b l e S e t t i n g s D a t a {n , 3 } = i ;
n = n + 1 ;

731 end
s e t ( h and l e s . t a bGPS_ t ab l e S e t t i n g s , ’ Data ’ , t a b l e S e t t i n g s D a t a ) ;

733 %% ob j . tmn i n d i c e s
%

735 myGroupOrder = ob j . tmn . i t y . o rde r_group ;
ob j . tmn . indG = myGroupOrder ( ob j . tmn . po in te rGroup (1) ) ;

737 myPos i t ionOrder = ob j . tmn . i t y . i n d _ p o s i t i o n { gInd } ;
ob j . tmn . indP = myPos i t ionOrder ( ob j . tmn . p o i n t e r P o s i t i o n (1) ) ;

739 mySe t t i ng sOrde r = ob j . tmn . i t y . i n d _ s e t t i n g s { pInd } ;
ob j . tmn . indS = mySe t t i ng sOrde r ( ob j . tmn . p o i n t e r S e t t i n g s (1) ) ;

741 ob j . tmn . upda t eF i l en ameL i s t Image ;
%%

743 %
hand l e s . i n f oBk_ t e x tT imepo i n t . S t r i n g = s p r i n t f ( ’ o f %d\ n t imepo in t ( s ) ’ , h e i g h t ( ob j . tmn .

smda_da t aba seSubse t ) ) ;
745 g u i d a t a ( ob j . gui_main , h and l e s ) ;

end
747 %% MakeCel l Tab : c a l l b a c k s and f u n c t i o n s

% __ __ _ ___ _ _ _____ _
749 % | \/ | __ _ | | _____ / __ | ___ | | | | _ _ | _ _ | | __

% | | \ / | / _ ‘ | / / −_) (__/ −_) | | | | / _ ‘ | ’ _ \
751 % | _ | | _\__ , _ | _\_\___ | \ ___\___ | _ | _ | | _ | \ __ , _ | _ . __/

%
753 %%

%
755 f u n c t i o n ob j = tabMakeCe l l_bu t tong roup_Se l e c t i onChangedFcn ( obj ,~ ,~)

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
757 a c t i v eCo l o r = [139 69 19]/255 ;

i n a c t i v eC o l o r = [29 97 175]/255 ;
759 a c t i v eCo l o r 2 = [220 20 60]/255 ;

i n a c t i v eC o l o r 2 = [44 129 74]/255 ;
761 sw i t c h lower ( h and l e s . t abMakeCe l l_bu t tong roup . S e l e c t e dOb j e c t . S t r i n g )

c a s e ’ none ’
763 ob j . tmn . makecel l_mode = ’ none ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = a c t i v eCo l o r ;
765 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = i n a c t i v eC o l o r ;
767 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = i n a c t i v eC o l o r 2 ;
769 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = i n a c t i v eC o l o r 2 ;

c a s e ’ j o i n ’
771 ob j . tmn . makecel l_mode = ’ j o i n ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = i n a c t i v eC o l o r ;
773 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = a c t i v eCo l o r ;
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hand l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = i n a c t i v eC o l o r ;
775 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = i n a c t i v eC o l o r 2 ;
777 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = i n a c t i v eC o l o r 2 ;

c a s e ’ b r e ak ’
779 ob j . tmn . makecel l_mode = ’ b r e ak ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = i n a c t i v eC o l o r ;
781 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = a c t i v eCo l o r ;
783 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = i n a c t i v eC o l o r 2 ;
785 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = i n a c t i v eC o l o r 2 ;

c a s e ’ d e l e t e ’
787 ob j . tmn . makecel l_mode = ’ d e l e t e ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = i n a c t i v eC o l o r ;
789 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = i n a c t i v eC o l o r ;
791 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = a c t i v eCo l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = i n a c t i v eC o l o r 2 ;
793 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = i n a c t i v eC o l o r 2 ;

c a s e ’ mother ’
795 ob j . tmn . makecel l_mode = ’ mother ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = i n a c t i v eC o l o r ;
797 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = i n a c t i v eC o l o r ;
799 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = a c t i v eCo l o r 2 ;
801 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = i n a c t i v eC o l o r 2 ;

c a s e ’ t r a c k 2 c e l l ’
803 ob j . tmn . makecel l_mode = ’ t r a c k 2 c e l l ’ ;

h and l e s . t abMakeCe l l_ togg l ebu t tonNone . BackgroundColor = i n a c t i v eC o l o r ;
805 hand l e s . t a bMak eCe l l _ t o g g l e bu t t on J o i n . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t a bMakeCe l l _ t o g g l e bu t t onB r e a k . BackgroundColor = i n a c t i v eC o l o r ;
807 hand l e s . t a bMakeCe l l _ t o g g l e bu t t onDe l e t e . BackgroundColor = i n a c t i v eC o l o r ;

h and l e s . t abMakeCe l l_ togg l ebu t tonMothe r . BackgroundColor = i n a c t i v eC o l o r 2 ;
809 hand l e s . t abMakeCe l l _ togg l ebu t t onAddTra ck2Ce l l . BackgroundColor = a c t i v eCo l o r 2 ;

end
811 g u i d a t a ( ob j . gui_main , h and l e s ) ;

end
813 %%

%
815 f u n c t i o n ob j = tabMakeCe l l_ loop ( ob j )

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
817 %% Ce l l Table

%
819 e x i s t i n g C e l l s = 1 : l e n g t h ( ob j . tmn . mcl . m a k e c e l l _ l o g i c a l ) ;

e x i s t i n g C e l l s = e x i s t i n g C e l l s ( ob j . tmn . mcl . m a k e c e l l _ l o g i c a l ) ;
821 makeCel lData = c e l l ( l e n g t h ( ob j . tmn . mcl . m a k e c e l l _ l o g i c a l ) , . . .

l e n g t h ( h and l e s . t a bMakeCe l l _ t a b l e . ColumnName) ) ;
823 n=0;

f o r i = e x i s t i n g C e l l s
825 n = n + 1 ;

makeCel lData {n , 1 } = i ;
827 makeCel lData {n , 2 } = num2str ( ob j . tmn . mcl . make c e l l _ i nd { i }) ;

makeCel lData {n , 3 } = ob j . tmn . mcl . makece l l_mothe r ( i ) ;
829 end

hand l e s . t a bMakeCe l l _ t a b l e . Data = makeCel lData ;
831 end

%%
833 %

f u n c t i o n ob j = t a bMa k eC e l l _ t a b l e _C e l l S e l e c t i o nC a l l b a c k ( obj ,~ , e v e n t d a t a )
835 i f i s empty ( e v e n t d a t a . I n d i c e s )

% i f no th ing i s s e l e c t e d , which t r i g g e r s a f t e r d e l e t i n g data ,
837 % make s u r e the p o i n t e r i s s t i l l v a l i d

ob j . tmn . mcl . f i n d_po i n t e r _ n e x t _ma k e c e l l ;
839 r e t u r n

e l s e
841 hand l e s = g u i d a t a ( ob j . gu i_main ) ;

ob j . tmn . mcl . p o i n t e r _mak e c e l l 3 = hand l e s . t a bMakeCe l l _ t a b l e . Data { e v e n t d a t a . I n d i c e s
(1 , 1) , 1 } ;

843 i f i s empty ( ob j . tmn . mcl . p o i n t e r _mak e c e l l 3 )
ob j . tmn . mcl . p o i n t e r _mak e c e l l 3 = ob j . tmn . mcl . p o i n t e r _ n e x t _mak e c e l l ;

845 end
i f ~ i s empty ( ob j . tmn . mcl . make c e l l _ i nd { ob j . tmn . mcl . p o i n t e r _mak e c e l l 3 })

847 ob j . tmn . mcl . p o i n t e r _ t r a c k 2 = ob j . tmn . mcl . p o i n t e r _ t r a c k ;
ob j . tmn . mcl . p o i n t e r _ t r a c k = ob j . tmn . mcl . make c e l l _ i nd { ob j . tmn . mcl .

p o i n t e r _mak e c e l l 3 }(1) ;
849 ob j . tmn . gu i_ imageViewer . h i g h l i g h t T r a c k ;
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end
851 end

end
853 %%

%
855 f u n c t i o n ob j = menuViewTracks_Cal lback ( obj ,~ ,~)

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
857 i f ob j . menu_viewTrackBool

ob j . menu_viewTrackBool = f a l s e ;
859 hand l e s . muViewHT . Labe l = ’ Show Track s ’ ;

f o r i = 1 : l e n g t h ( ob j . tmn . gu i_ imageViewer . t r a c k C i r c l e )
861 ob j . tmn . gu i_ imageViewer . t r a c k C i r c l e { i } . V i s i b l e = ’ o f f ’ ;

ob j . tmn . gu i_ imageViewer . t r a c k L i n e { i } . V i s i b l e = ’ o f f ’ ;
863 ob j . tmn . gu i_ imageViewer . t r a c kT e x t { i } . V i s i b l e = ’ o f f ’ ;

end
865 e l s e

ob j . menu_viewTrackBool = t r u e ;
867 hand l e s . muViewHT . Labe l = ’ Hide Track s ’ ;

ob j . tmn . gu i_ imageViewer . loop_s tepX ;
869 end

g u i d a t a ( ob j . gui_main , h and l e s ) ;
871 end

%%
873 %

f u n c t i o n ob j = tabMakeCe l l_pushbut tonNewCe l l_Ca l lback ( obj ,~ ,~)
875 ob j . tmn . mcl . newCel l ;

ob j . t abMakeCe l l_ loop ;
877 end

%%
879 %

f u n c t i o n ob j = t abMakeCe l l_pushbu t tonAddTrack2Ce l l_Ca l l b ack ( obj ,~ ,~)
881 ob j . tmn . mcl . addTrack2Ce l l ;

ob j . t abMakeCe l l_ loop ;
883 ob j . tmn . gu i_ imageViewer . upda teTrackTex t ;

end
885 %%

%
887 f u n c t i o n ob j = menuViewTime_Callback ( obj , mymenu ,~)

h and l e s = g u i d a t a ( ob j . gu i_main ) ;
889 sw i t c h lower (mymenu . Labe l )

c a s e ’ a l l t ime ’
891 ob j . menu_viewTime = ’ a l l ’ ;

h and l e s . muViewTimeAll . Checked = ’ on ’ ;
893 hand l e s . muViewTimeNow . Checked = ’ o f f ’ ;

c a s e ’ a t p r e s e n t ’
895 ob j . menu_viewTime = ’now ’ ;

h and l e s . muViewTimeAll . Checked = ’ o f f ’ ;
897 hand l e s . muViewTimeNow . Checked = ’ on ’ ;

end
899 ob j . tmn . gu i_ imageViewer . loop_s tepX ;

g u i d a t a ( ob j . gui_main , h and l e s ) ;
901 end

end
903 end

Listing B.10: cellularGPSTrackingManualobjectcontrol.m
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