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» C. » code » Trac MSM_Code » code

VIEW

ICI(2M Search Documentation

Current Folder IGM W2 Editor - C\code\Trac_ “ode\code\Traction.m v X
Name ~ | Tractionm | 4 |
o MR N_ e
fﬂ displacement_finder.m A |@ This file can be opened as a Live Script. For more information, see Creating Live Scripts. x
"3 mark_circular_domain.m 31 TD
) mat2vertcol.m 32 - close all;
;’J max2:m 33 5%
ﬂmmZ.m 34 %£Set variables
ﬁ_‘]OpenFiIe&m i =
& 35— O] — J¢
ﬂ plot_FEM_results.m
£ > 36 — mag = 1;
_:Iplot_tracuon.m A 7 A A . ; cahd . a o ’ o
’_;'Jrotatelm 30> Settings.PixelSize = (6.5/mag)/obj; % size of one pixel after magnification in MICRONS (typically physical si:
i_;j Run StressCodem 38 = Settings.Imgfmt='tif'; % image format
39 — Settings.Young = 1.2*1e3; % Young's modulus of the gel.
7] traction_boussinesg.m 40 — Settings.Poisson = 0.5; % Poisson ratio
5’_]traction_boussinesq_constrainedz.m 41 — Settings.Filter.Type = 'LP'; % 'LP' for a low pass filter or 'wiener' for an adaptive wiener filter.
5_‘] traction_boussinesq_constrained.m 42
ff_l traction_finder.m 43
’E] traction_finite_ij.m 44 %%
"T]Tractnon_Practuce.m 45 %0pen all image files
::lx_cntr.m & pis = T P T s
46 $File = OpenFiles(Settings):
’_;’J xcorrfm
: 47
fﬂ xExpandMatrix.m -
’;_]xfilter.m 48 %% Crop images
fﬂxquiver.m 49 ) v
1 xsubpix_shiftm l < >
f A
&) xwindow2D.m ¥ Command Window ®
Tmcrons; Sl New to MATLAB? See resources for Getting Started. X
uses Fourier Transform Traction Microscopy to compute the A
Q] Crop images ; the same name as a MATLAB builtin. We suggest you rename the function to avoid a potential
the same name as a MATLAB builtin. We suggest y rename the function to avold a potentiail
v
< >

Ready

Step:9.1.1 &9.1.2 time: 10 secs

v p

Workspace ®
Name ~ Value

ln 35 Col 9



W

{2 Search Documentation

= : b
@ EE  » C P code » Trac MSM_ Code ¥ code Mo
Current Folder ® [ Editor - C\code\Trac MSM_Code\code\Traction.m 4\ Open first fluorescence image X ®
o ﬂiﬂg;.uw_.wn... _[ Tractionm ¢ | # 1 — v 4 « Local Disk (C:) > code > Trac MSM_Code > data v O  Searchdata p | |Value
fj displacement_finder.m A @ This file can be opened as a Live Script. For more informat
{"J mark_circular_domain.m 43 Organize v New folder
>
;;J matvertcol.m 44 &% Re_Revisions_Re¢
f_]mgxlm 45 SODEN a1l iMade Tiics I
;—]m'"z'm 46 — | File = OpenFiles(Settings):
ﬂ Openfiles.m y
& 47 @ OneDrive
ﬂ plot_FEM_results.m
= : 48 %% Crop images
_] plot_traction.m a5 ® This PC
’:‘1 rotatel.m . i . bead1.tif bead2 tif phase1.tif phase2 tif trypsin1.tif
’-;j Run StressCode.m 50 = ROI (1) .11=1 50; 3 3D Objects
51 — ROI(1).12=1749; @ Desktop
ﬂtraction_boussinesq.m 52 = ROI (1) .J1=300; |%] Documents
fﬂtraction.boussinesq_constrainedZ.m 53 - ROI(1).j2=1899; %j is image width =
1 traction_boussinesq_constrained.m 54 % Dowvmnloads
%) traction_finder.m 55 $File = cell cropper(Settings,Fil D Music
%) traction_finite_ij.m 6 ;
& Pictures
ﬂ Traction_Practicem 57 %%
'_;'] x_cntr.m o P § Videos
fﬂ 58 $Compute Gel Displacement
xcorrizm s9 2 local Disk @ ¥
'ﬂ xExpandMatrix.m g
) ilter.m 60 File name: | bead1.tif v ean vl
) xquiverm 61 — Settings.resolution = 32; % Size
1 xsubpix_shiftm I« : q | Open Cancel
f E
&) xwindow2D.m ¥ Command Window ™
Tractionm (Serigh New to MATLAB? See resources for Getting Started. X
uses Fourier Transform Traction Microscopy to compute the Warning: Fanction abs has the same name as a MATIAB builtin. We suggest yocu rename the function to avoid a potential A
g Crop images name conflict.
Warning: Function plot has the same name as a MATLAB builtin. We suggest you rename the function to avoid a potential
name co
>> Traction .
Step : 9.1.3 time: 10 secs v
< >
By SR [vn 46 ol 1
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EDITOR PUBLISH = i DK Search Documentation ,OE

ﬁ_r' \.j H L) Find Files < e Insent =1 fx [g| v F—E—:‘ l) L@ (3] R Secin é?

Compare w GoTo v Comment 9 7
% e % & Breakpoits ~ Run  Runand |<; Advance  Runand

New Open Save

v v v b~ JJfed v et ] e (f v v Adance Time
_ FLE NAVIGATE EDT | BREAKPONTS RUN |
S HY » C: » code » Trac_ MSM_Code » data » v 0
Current Folder QM W% Editor - C:\code\Trac_MSM_Code\code\Traction.m* QR Workspace O
Name || | Tractionm* + | Name 4 Value ‘
croppeddata @ This file can be opened as a Live Script. For more information, see Creating Live Scripts. X [_LJ File 1x1 struct
Displacemments 46 %¥File = OpenFiles(Settings); ™ £ imagenum 2
: Eg
=% beadl.u : R 13 obj
& pead2.tif e il Ramess eons £ ROJI Ix1 struct
f* island.exe 19 |-£] settings Ix1 struct
& nodatin 50— | ROI(1).il=150;
& phase1.tif 5% — ROI(1).i2=1749;
& phase.tif LY ROI (1) .31=300;
& trypsint.tif 53 = ROI(1).32=1899; %} is image width in X, i is image height in Y
54
55 File = cell cropper(Settings,File,ROI);
56
57
58 %Compute Gel Displacement
59
60
61 - Settings.resolution = 32; % Size «
62 - Settings.overlap = 0.75; $ Overlap means no overlap, means f verlar
€63
64 %¥File = displacement finder(Settings,File); o
l < >

Command Window ¥
Details : X
New to MATLAB? See resources for Getting Started.
>> Traction
Select a file to view details 2
fx. >> . v
¢ Step:9.1.4 time: 5 secs 5
script §Ln 55 Col 1
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PUBLISH VIEW DHL D PE

‘Jl.z' - H L?;ﬁMﬁles & o inset =1 fx [g| ¥ F_-H Q g (5] s S éf
New

h

./ Compare v CfGoTo v Comment % ¢ /J

WP Geme e we e e MmN A
b ———— — 1= SR S e ) e — el 1
e | WeveRTE | sor | BREAGONTS | R —
¢S EHE » C: » code » Trac.MSM_Code » data » v 0
Current Folder ® VJ Editor - C\code\Trac_MSM_Code\code\Traction.m Workspace ®
Name “ | | Tractionm + | Name = Value
4 croppeddata @) This file can be opened as a Live Script. For more information, see Creating Live Scripts. X| £ Fite x1 struct
Displacements 55 $File = cell cropper(Settings,File,ROI); "~ | £ imagenum -
I'a(t:-ﬂj; 56 = Ej mag 1
& bead1.tif i = U__jobj 5
= bead?.tif ‘ - {£l roI 1x1 struct
f® island.exe 28 $Compute Gel Displacement |-£] settings Ix1 struct
&) model.in 59
& phase1.tif 60
& phase2.tif 61 — Settings.resolution = 32; % Size of each window of the PIV analysis
& trypsin1.tif 62 - Settings.overlap = 0.75; % Overlap between windows for PIV analysis. 0 means no overlap, 1 means full overlap
63
64 — File = displacement finder(Settings,File);
€65
€6 %
67 $compute stage drift
68
69 — Settings.disp max = 4;% sets color bar limit for displacement
70
71 $File = dedrift (Settings,File);%use for bead defrift
72
73 }‘5% v
I< >
Command Window =
Details New to MATLAB? See resources for Getting Started.
A
shift from trypsin is (1.9959,1.1428) pixels...
Computing global shift of 2 of 2 images
Select a file to view details
... shift from trypsin is (1.9462,1.1577) pixels...
x> . v
< Step :9.1.5 time: 5 secs >

script 'ln 73 Col 3




HOME PLOTS EDITOR PUBLISH

‘1[’ - H L Find Files = Insert [=) fx tﬁ] v F_i’l u“ = el ‘ o |
- e | Compare w geﬂGoTo v Comment % 4 3 i —— f—mﬂce e File Edit View Insert Tools Deskt.op Window Help
OO T ey UFnd v e [ g v Adance Time NEdS A0 EL-A08 D
| FILE NAVIGATE EDIT | BREAKPONTS | RUN | R - ) . o
<L EHEA » C: » code » Trac_ MSM_Code » data » croppeddata
Current Folder ® M Editor - C\code\Trac_ MSM_Code\code\Traction.m
Name ~ Traction.m |+ j
& crop_Fluorescence_1.tif @) This file can be opened as a Live Script. For more information, see Creating Live Scripts.
:gzg_;lcuir;sfcence_ltlf 61 — Settings.resolution = 32; % Size of each window of the PIV analysig
ol 62 — Settings.overlap = 0.75; % Overlap hetusen windows far PIV analwvaid
& crop_PC_2.tif —
= crop_Trypsin_1.tif €3 - - o 4 Figure 2 _
Z: sFile = displacement finder(SELtim oo gt View Insert Tools Desktop Window Help
i = NEdS RRNNVLEL-E 08 el
67 scompute stage drift
68
69 — Settings.disp max = 4;% sets colod
70
3= File = dedrift(Settings,File);juse
72
73 %%
74 2 mpute the traction field
75
76 Results for all files written in
77 train energy (pj) | '
78
79 -
I< >
Command Window ol
Detas New to MATLAB? See resources for Getting Started. X
A

Computing Displacements of C:\code\Trac_

Computing Displacements of C:\code\Trac

Select a file to view details

>> Traction

’ Step :9.1.6

Busy

......................

time: 10 secs >

script

Si—Ia 2 Search Documentation

iLn Fa!

Col

{12
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'?JI.E D H [BFMHs P o

Compm; QGoTov Comment %,

FILE | NAVIGATE

G @ E

Current Folder

Name
& crop_Fluorescence_1.tif
& crop_Fluorescence_2.tif
= crop_PC_1.tif
& crop_PC_2.tif
& crop_Trypsin_1.tif

» C. » code » Trac MSM_Code » data » croppeddata

Details

Select a file to view details

] X
PUBLISH {2 Search Documentation ,O
Insent a E v
=L
o,
Save and run Traction (F5)
g “Ady 3 =
EDT
v P
Workspace ®
|| | Tractionm ]NameA Value
@ This file can be opened as a Live Script. For more information, see Creating Live Scripts. x [;EJFnle 1x1 struct
79 TDI Hi imagenum 2
80 — Settings.Filter.CutFreq = 1; % cutoff freguency in units of the nyquist freguency originally [Embag ;
81 - Settings.FlipMatrix = 'no';%fllp matrix for] edge or interior assay only. [f:]:ojl ] siruct
82 — Settings.GelHeight = 100:% Gel Height input] if using traction finite @Semngs T
83 — Settings.height = 'finite' ,%'infinite‘, 'finfite', 'constrained' , tells what traction code to use
84 — Settings.DedriftImage = 'yes';%was image defirifted above?
85 = Settings.TracBoundCond = 'unconstrained';%tfaction boundary condition constrained or unconstrained
86
87 File = traction finder(Settings,File,ROI);
88
89
90 %%
91 % Plot the traction results
92
93 — Settings.reshapeMatrix = 'yes';%*‘ ~sr:pe image to reduce traction pixelation in plot traction.m
94 - Settings.PlotDisp = 'yes';%plot displacements yes or no
95 = Settings.PlotTracX = 'yes';%plot tractions in x
96 — Settings.PlotTracY = 'yes';%plot tractions in y
97 — Settings.PlotRmsTrac = 'yes';%plot rms tracticns o
I< ) :
Command Window G
New to MATLAB? See resources for Getting Started. X
Computing Displacements of C:\code\Trac_MSM Code\data\/Croppeddata/crop Fluorescence 1.tif A
Computing Displacements of C:\code\Trac MSM Code\data\/Croppeddata/crop Fluorescence 2.tif
>> Traction
f-§ >> . . . v
& Step:9.2.1 time: 5 secs g
:script Ln 87 Col 1
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HOME PLOTS APPS EDITOR PUBLISH < Figure 1: Tractions = O X Search Documentation PE
"U"" w.j H L] Find Files - Insert g\; fx ﬂ] v e ::: File Edit View Insert Tools Desktop Window Help *|
e i e BET DIDRR oL P 1 EIEY -
v v v o Print ¥ \{ Find ¥ Indent | | s |7 :}
FILE NAVIGATE EDT BREAKPO) ,__'
S Y » C: » code » TracMSM Code » Data » v P
Current Folder O Edito _ Workspace (x
Name | | Tractionm | +1 Name Value
* croppeddata @ This file can be openec X! L] File 1x1 struct
= & Displacements 1100 sTraction| W imagenum 2
i u M Sett%ngs.c Li_:t;g ;
#  Tractions Sl Sett%ngs 1 LEl rOI Ix1 struct
) analysis.out 103 - SEtt%ngs 4 |-£] settings Ix1 struct
& bead1.tif 104 — Settings.{
& bead2.tif 109
%] island.exe 104~  plot_trac]
«1 model.in 107 %%
= phase1.tif 108 % mark th
= phase2.tif 109 % For N ni
& trypsin1.tif 110

i1l = Settings.]
119 = Settings.l

28|
114 ¥Mark cirg
115 '
116 %%
117 % IMPORTANT: Before running this, make sure you have properly edited model.in file
118 % Check if pixel to micron conversion, young's modulus etc. G
l( >
Command Window Ol
Details v 2
New to MATLAB? See resources for Getting Started.
A
234.6361 166.9288
215.8135 132.9264
Select a file to view details
>> Traction
fx v

, Step : 9.2.2 time: 5 secs >

Busy script {Ln 106 Col 1




Il Find Files (o]

@ oEs &
e |/ Compare v C)GoTo w Comment %/, ﬁ_,_}
v

Iﬂsen[iéfxﬁﬂv o

PUBLISH VIEW

hqull

st | Z) Run Section

ow  Open Save Broakpom Pause Runand . Adance  Runa
| v v apm R “,Flld b2 Indent a\tﬂ L# ] Advance =
FLE i uAmATE Immms RUN

<L EE C: » code » Trac MSM_Code » Data »
® (& Editor - C\code\Trac MSM_Code\code\Traction.m

Current Folder

Name »
1 croppeddata
] Displacements
& Results
& Tractions

& bead1.tif
& bead2.tif
[® island.exe

& trypsinl.tif

Details

Select a file to view details

Bucv

| Tractionm |+ |

@ This file can be opened as a Live Script. For more information, see Creg

109 % For N number of images, draw boundary X
110
1l = Settings.DomDrawn = 'no';%was domain for
112 - Settings.DomImagej = 'no';%was domain drg
113

114 — | mark circular_domain(File,Settings)
115

116 %%

117 % IMPORTANT: Before running sy
118 % Check if pixel n, yd
119 % If pixel to micron doesn't match what's
120 $ come.

121

122~ imagenum = 2; %specify the number of imag
123 ¥Run_StressCode (imagenum) ;

124

125 %%

126 £Plot Intercellular Stresses

129 — Settings.reshapeMatrix = 'yes';% set to §
i< ' !
Command Window

New to MATLAB? See resources for G ettmg Started.

In imshow (line 7
In roipoly>parse inputs (line 183
In roipely (line

n Tzactlcn (line 4)

¢ Step:9.3.1 time: 10 secs

4 Figure 1

Desktop Window Help

D9 L- 2 08 D

W’ ‘ 4 A File Edit View

v
JEY *——”—_4

1§ §



= AYZP=SEY
[,This PC > Local Disk (C)) > code » Trac MSM_Code > data

v O| | Search data L

b g .. y & l & j —

- S I S '

* - '

* croppeddata Displacements FEM Results Tractions analysis.out bead1.tif bead?2.tif island.exe phase1.tif phase2.tif
)| model.in - Notepad - O X
File Edit Format View Help

tpppanat 196 196 --- number of grid points along x and y

1.3e-6 --- pixel to meter conversion factor (m)
1.2e9 0.5d0 --- youngs modulus (Pa) and poissons ratio
5.0e-6 --- thickness (m)
2 --- 1-strip, 2-hole

Step :9.3.2 time: 10 secs
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g} D G L‘@Fmdﬁles

Gonw. wGoTov

s» @A

Current Folder

BHEEE

Name ~

croppeddata
Displacements
Results
Tractions

& bead1.tif

& bead2.tif

f*] island.exe

«| model.in

& phase1.tif

& phase2.tif

& trypsin.tif

&

PUBLISH JIEV " v ST 20 Search Documentation

%84

}mm@éﬁﬂw @ [2 % A &

Details

Select a file to view details

» C. » code » Trac MSM_Code » Data »

|‘ Tractionm* | 4 |

(D This file can be opened as a Live Script. For more information, see Qmanng_hze_s_cnmg X

115 ~

116 %% ' ]

117 $ IMPORTANT: Before running this, make sure you have properly edited model.in file

118 % Check if pixel to micron conversion, young's modulus etc.

119 % If pixel to micron doesn't match what's in settings, results will not

120 % come.

121

122 = imagenum = 2; %specify the|number of images you have

123 |Run_stresscode (imagenum) ;

124

125 %%

126 $Plot Intercellular Stresses

12T = Settlngs.reshapeMatrix = 'yes';% set to yes to reduce pixelation

128 — Settings.max shear max = 400;

129 — Settings.avg_norm min = 0;

130 - Settings.avg _norm max = 400;

131 - Settings.domSize = [196 196];%Use nXPts for this

132 %Also, you can use by calculating domsize as such-if cropped image size is 1152 x 1152 (must be square) with

133 %then resolution domSize = 1152/32 = 36 o

|< >

Command Window =

New to MATLAB? See resources for Getting Started. x
A

196
2

fX, >> v
Step :9.3.2 time: 5 secs

: script

v P
Workspace @
\ Name » Value
E File 1x1 struct

imagenum 2

| mag 1

Obj 5
[ﬁi ROI Tx1 struct
Ej Settings Ix1 struct

Ln 123 Col 1
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HOME PLOTS APPS EDITOR PUBLISH 4 Figure 1
Lc) Find Files =] Inset =1 fx || ¥ o= File Edit View Insert Tools
i/ Compare v ()|GoTow Comment % 45 7J al=" I
New Open Save . , - Breakpo
v v v = Print ¥ 4 Find w '“de’“ut'._luf v
FILE NAVIGATE £ BREAKPO
E® EHE  » ¢ > code » Trac MSM_Code » Data »

Current Folder
Name

egdata

v L{ Editor - C\code\Trac_N
Traction.m + |

€X) This file can be openeg

124
T
125 5%
T
& 126 $Plot Intd
al °
\ 27 — ettings.|
_| analysis.out 127 Jettings g
& bead1.if 128 — Settings.t
& bead2.tif 129 — Settings.:
] island.exe 130 - Settings.:
v| model.in 131 - Settings.(
& phasel.tif 132 %Also, yol
= phase2 tif 133 *then res
& trypsin1.tif 134
135 = Settings.|i
136 — Settings.l
137
138 -
139 } plot FEM results(File,Settings):
140 to
141 L8
142
I<
Command Window
Details :
New to MATLAB? See resources for Getting Started.
max shear stress =
Select a file to view details 132.9264
Fx
<
Step:9.3.3
Busy

Desktop Window Help

LROVELL- R 08 D

Average Normal Stress (Pa)

400

300

1200

100

time: 5 secs

script

(w

— O X -u‘d Ej & W el CDJ_ ch Documentatior

X  Workspace

Name
X L Fite
WM [ imagenum
{11 mag
{13 obj
{-£ ROI
|E| Settings
v
9
X
A
v
>

R
(v
Value
1x1 struct
2
1
5
Ln 139 Col 1




