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credit by Bk, SKMHE
(python verion 3.8.5)

trackpy 2—MEARIFEIR Python B, BEtETSfBRVSLINAIF1B
ERAIEE DT, X TFRFmsdRYITE IR 7 EHEIFRIBRET,

LA R 1 B a1al {5 A trackpy X L3 SRR IS BRI AR BE R
CELEI R IH TR B ERFIE R R ERE AL IR
X FHEZ RGBT LASE trackpyRIE ®:http://soft-
matter.github.io/trackpy/dev/index.html
Trackpy: Fast, Flexible Particle-Tracking
Toolkit

B LUBISE TLA TS &< trackpy B
# ! pip install trackpy

import trackpy as tp #5 Atrackpy

#5 ON 0 B (10 S04 Ak R

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
import os

from PIL import Image

#ffimatplot1ibRENE 15 & i SCA 61 5
plt. rcParams[ font. family’ ] = ’SimHei’
plt. rcParams[’ axes.unicode minus’ ] = False

LZRE HfmSiER example_T=18.1C° {43 FRIE RIS HIR (L9
K EEFHLIEBRIF L EF Eframes

cd=o0s. getcwd ()
image folder="example T=18.1C° \\”
image paths=os. listdir (image folder) #3kHLE F 4551 3%

image paths id=[[image path, int (image path[6:-4:])] for image path in image paths]
image paths sorted= (np. array (sorted(image paths id, key=lambda x:x[1])))[:, 0] #& K

HiEE A



frames=[]
for fp in image paths sorted:
image = Image. open(image folder+fp)

gray image = image. convert ("L”) # £ NIk E K
frames. append (np. array (gray_image)) # ALK 40 X 4FE A\ frames

image. close ()
gray image. close ()# J¢ ] |&/1%

FBmatplotlib.pyplot.imshowE~EH—3KE

In [ ]:|i=0
plt. imshow (frames[i], cmap="gray”) #cmap="gray” %~ LK E K& &~

out[ 1: <{matplotlib. image. AxesImage at Oxlcc366abd90>
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RIERMERAIKENSR BERMEERBMIRTIARNER. trackpy BRR THTNETE

In [ ]: micron per pixel = 0.098
feature diameter = 3.3 # um
radius = int (np. round (feature diameter/2.0/micron per pixel))
if radius % 2 == 0:
radius += 1
print C Using a radius of {:d} px . format(radius))

Using a radius of 17 px

XEBAHTXF3.3umirs, EFRANTMER
TRIBGITHSEIROR FRHEX T35 100, Ftrackpy.locateBRELRAIE HPRYHIER

CERIZRER BRI EEXT FIAEHR RIS, AL AR AT iR Einvert S A TruefF
Bk



i=0
inv=False

f1 = tp. locate(frames[i], radius, invert=inv)
f1 #iR[FldataframeXf R, @& T AW, B (nass), mPE K Esize), il & (ecc) R

y X mass size ecc signal raw_mass ep
0 19994681 486.884752 198.965406 4.047151 0.192277 5.644409 30435.0 NaN
1 21.060523 626.522696 256.467819 5.010855 0.373769 4.586082 30959.0 NaN
2 20404537 951.950851 186.618262 3.731286 0.168896 4.586082 29950.0 NaN
3 21494253 50.440066 214.840305 4.885050 0.211548 4.233307 28899.0 NaN

4 26368217 753.550388 182.032180 5.246631 0.148232 3.527755 31199.0 NaN

1275 935.116059  79.260459 261.406677 4.614271 0.168380 5.291633 28258.0 NaN
1276 933.623552 207.370656 182.737731 4.841304 0.410487 3.174980 27668.0 NaN
1277 936.966981 666.613208 149.576830 5.600708 0.172334 3.527755 26186.0 NaN
1278 937.618128 153.338782 237417940 5.186134 0.086442 3.527755 27871.0 NaN

1279 941975155 818.041925 227.187449 5.048369 0.125480 3.174980 24911.0 NaN

1280 rows x 8 columns

Fatp.annotatefEEFPFRHEAHER, HTLABRIRRT BB, IRBIZI TIFSBRAMTE, fib
TR RIS EIEE, TR AT

style = { markersize’ :radius, 'markeredgewidth’: 2, ’markeredgecolor’: 'r’, 'markerf
tp. annotate (f1, frames[i])

0 200 400 &00 800 1000 1200



{AxesSubplot: >

B ESHEAUR DSBS FHERAF. RERNLEZREEELRE ("mass”

o

SHFIRENS, JLIEZIRE1000LA EFHERD, EtEIigEtp.locateminmass£&
#1791000

hist=plt. hist(f1[ mass’ ], bins=200)
plt. y1im(0, 10)

(0.0, 10.0)
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T T T
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BB BRI S EUE I BRI BRI T

minm=1000

inv=False

sep=2%radius+tl

f1 = tp. locate (frames[i], radius, invert=inv, minmass=minm, separation=sep)
#separationZ AL 2 [0 B B /AN B R, 3 B N 2%radius+l o] LA 2B 1L — ANt 5wk 7
style = { markersize’ :radius, 'markeredgewidth’: 2, ’markeredgecolor’: 'r’, 'markerf
tp. annotate (f1, frames[i], plot style=style)



Out[ ]:

In [ ]:

In [ ]:

Out[ 1:

0
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{AxesSubplot: >

800
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VA EFA)7eRk 7 3 —3KE A haIRIFR%!, ZE A LRTE CEEIITAISEUERtp.batchXIAT
BERFHEHTIRA

f = tp. batch(frames, radius, invert=inv, minmass=minm, separation=sep)

Frame 998: 9 features

IR (] 7 AR — WKL 7 B

y X mass size ecc signal raw_mass ep

0 162997827 1098.703420 3733.776339 4.913923 0.070297 34.572003 19392.0 NaN

1 213.552719 891.730582  4573.734905 4.810252 0.059248 42.685841 24964.0 NaN

2 222891149 346425554 8167.106579 4.585167 0.134541  89.957763 31219.0 NaN

3 475366260 467.939180 4999.887760 4.740340 0.094783  49.388576 29219.0 NaN

4 610978707 741986096 3628.296452 4.775138 0.065530  33.866452 20519.0 NaN
8846 459435592  541.444593  8851.216413 5.121719 0.082100  73.355891 39809.0 0.029499
8847 519.096001 1120.672313  6449.796962 4.676492 0.176367  67.834479 24926.0 0.062600
8848 592314903 454.568663 10307.291403 5.092340 0.064848  83.609940 38304.0 0.031165
8849 676.877453  285.807732 11415123105 5.107286 0.054417  93.469603 37966.0 0.031566
8850 870.145547 17.614239 12231.503178 4.986692 0.032295 100.568560 36721.0 0.033134

8851 rows x 9 columns



BRIE—mpIFIERR, RtplinkR5EHERRHID

Hrpsearch_range 2#5 MBBMNIB E— ML F R ARIZEIER

memoryZRXS T EHIAYICTZ, Simemory =2 MK FAEHK S EEMA B BN BIAZE
E—kF, JURTERFIISEFEETAAEHE RIS

t = tp. link (f, search_range=8%radius, memory=0)

Frame 998: 9 trajectories present.

tHIX R R E UL B, AR B frame)lilF HE 5, Hrhparticled| KRBT K F 5

8845

8846

8847

8848

8850

y
162.997827
213.552719
222.891149
475.366260

610.978707

280.033111

459.435592

519.096001

592.314903

870.145547

X

1098.703420

891.730582

346.425554

467.939180

741.986096

190.618070

541.444593

1120.672313

454.568663

17.614239

8851 rows x 10 columns

mass

3733.776339

4573.734905

8167.106579

4999.887760

3628.296452

11851.314584

8851.216413

6449.796962

10307.291403

12231.503178

Fitp.plot_traja] LAE B BRI F N

tp. plot_traj(t)

size

4913923

4.810252

4.585167

4.740340

4775138

5.147579

5.121719

4.676492

5.092340

4.986692

ecc

0.070297

0.059248

0.134541

0.094783

0.065530

0.011437

0.082100

0.176367

0.064848

0.032295

signal
34.572003
42.685841
89.957763
49.388576

33.866452

94.652762
73.355891
67.834479
83.609940

100.568560

raw_mass

19392.0

24964.0

312190

29219.0

20519.0

384720

39809.0

24926.0

38304.0

36721.0

ep

NaN

NaN

NaN

NaN

NaN

0.030970

0.029499

0.062600

0.031165

0.033134
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{AxesSubplot: xlabel="x [px]’, ylabel="y [px] >
tl = tp. filter_stubs(t, 10) #K L E IR TRl REA R FE, Al PLH tp. filter

# Compare the number of particles in the unfiltered and filtered data.
print C Before:’, t[ particle’ ]. nunique())
print C After:’, tl1[ particle’]. nunique())

Before: 62
After: 24

MATEAETHRIATREFERINRD, SR FNTEREREHENE

d = tp. compute drift(tl) #tp.compute driftit & &Rk T 1T
d. plot ()

plt. title("x, y s IA°F3¥EFE")
plt. ylabel ("y/px”)
plt. show () #15 /% i &
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tm = tp. subtract drift(tl. copy(), d)
#ol LB 23 5, IRATE IR HIFE . FRATI %2 2 4R 47 1 Bl i1 20

ax = tp.plot traj(tm)

plt. show()

ﬂ_

s

400 ;
2 =g
ey
¢
00
BOO 4 &F
1000

T T T T T
0 200 400 00 800 1000 1200 1400 1600
% [px]



trackpyifit ¥ BT B RFMITAITESF S, Bl
MSD(Mean Square Displacement) 5255351754389 MSDRYIER
#:imsd,emsd

imsd(traj, mpp, fps, max_lagtime=100, statistic="msd",
pos_columns=None):

imsdIRESTHEEFIITRITIF B
T ERFIE, B

HANMHITEIRE, kKAIERME, At/9fERE HiHEEENR

250 1

450

150

200

250 300
x [px]

¥ 400
Hrhtraj 8 t—FFHA1E2I0E 25iTaDateFrame

mMmpRRMGEIIKE, EAREGIFmmp=micron_per_pixel=0.098um
fps/ottiEmER, XEBH1/s

max_lagtime AEITERISARRERRE, BA10000, STLUSHIREN—MRARIE, BB
LA HEAIE AR KA A

statistic MRFEITEIMIIEE, BOARIImsd, BRILURE A msd', <x> ''<y> ', '<xA2>",
<y AR

pos_columns AR T B EWEE DateFrame P E, WNRIREMtrackpylBERSEIAVEIE, B
L BEEFERBIMEX, 'y 1B0|]

BRI E = AT =0 B CEHmsdAgit &

XS FAEIEBTHIENAL, trackpy 1L & NS HIE E M AR 7, 2 7(EZEO(nlogn))

FI1E W https://stackoverflow.com/questions/34222272/computing-mean-square-
displacement-using-python-and-fft



V. Calandrini,E. Pellegrini,nMoldyn - Interfacing spectroscopic experiments, molecular
dynamics simulations and models for time correlation
functions.https://doi.org/10.1051/sfn/201112010

fps=1 #1/s
im=tp. imsd (tm, micron_per pixel, fps, max_lagtime=1000)
im
0 1 2 3 4 5 6 7
lag
time

[s]

1.0 0292961 0321070 0.288798  0.292882 0282114  0.294387 0.321156 0.270766
2.0 0599310  0.683300 0.585055  0.600883  0.582712  0.623116 0.694252 0.540752
3.0 0898890  1.047820 0.860649  0.909136  0.891030  0.933761 1.097401 0.811550
40 1213790 1411972 1.150468  1.207731 1.199031 1.250175 1.449746 1.081788

5.0 1.518240 1.772681 1.429537 1.520787 1.505659 1.593321 1.761763 1.337727

994.0 120.491509 637.885317 NaN 408.877565 111.070077 191.761270 NaN NaN
995.0 118.249058 639.210735 NaN 417.092732 113.003212 192.086953 NaN NaN
996.0 114.787886 635.489502 NaN 419.295246 110.958581 190.111323 NaN NaN
997.0 111.318483 635.164907 NaN 419.804993 112.980896 192.345420 NaN NaN
998.0 111.822323 633.614749 NaN 426.618399 115.060857 192.719194 NaN NaN

998 rows x 24 columns

4

emsd(traj, mpp, fps, max_lagtime=100, detail=False, pos_columns=None)

emsdiXEIRAFFEHITAIFIImsd, SEEVENSimsdtEE Hfdetail SEEIRE A True,
WEFFFmsdIMNESIREI—EEHEER

em=tp. emsd (tm, micron _per pixel, fps, max_lagtime=1000, detail=True)

c:\Users\xyc\AppData\Local\Programs\Python\Python38\1ib\site—packages\trackpy\motio
n.py:235: FutureWarning: Using the level keyword in DataFrame and Series aggregation
s is deprecated and will be removed in a future version. Use groupby instead. df.med
ian(level=1) should use df.groupby(level=1).median().

results = msds.mul (msds[’N ], axis=0).mean(level=1) # weighted average
c:\Users\xyc\AppData\Local \Programs\Python\Python38\1ib\site—-packages\trackpy\motio
n. py:236: FutureWarning: Using the level keyword in DataFrame and Series aggregation
s is deprecated and will be removed in a future version. Use groupby instead. df.med
ian(level=1) should use df.groupby(level=1).median().

results = results.div(msds[’N ].mean(level=1), axis=0) # weights normalized
c:\Users\xyc\AppData\Local \Programs\Python\Python38\1ib\site—packages\trackpy\motio
n.py:242: FutureWarning: Using the level keyword in DataFrame and Series aggregation
s is deprecated and will be removed in a future version. Use groupby instead. df.sum
(level=1) should use df. groupby(level=1).sum().

results[’N’] = msds[’N’ ]. sum(level=1)



em

<> <y> <x/A2> <y/r2> msd N lagt
frame
1 -2.214069e-17 -1.224370e-18 0.145016 0.146208 0.291224 8705.000000 1.0
2 3.475240e-04 -1.887452e-04 0.292924 0.305242 0.598166 5792.711636 2.0
3 6.402885e-04 -3.460451e-04  0.442991 0.463306 0.906297 4107.992130 3.0
4 6.273510e-04 -4.170217e-04  0.588998 0.622973 1.211971 3147.438063 4.0
5 5438132e-04 -7.501159e-04 0.736231 0.778765 1.514996 2540.732366 5.0
994 4.671618e+00 -4.584121e-01 67.348224 226.668923 294.017148 5.016128 994.0
995 4.621239e+00 -5.289331e-01 66.607559 229.320979 295.928538 5.012582 995.0
996 4.495094e+00 -5.687176e-01 63.781629 230.346879 294.128508 5.008934 996.0
997 4.349180e+00 -5.867879e-01 61.279476 233.043464 294.322940 5.005018 997.0
998 4.237967e+00 -6.562909e-01 60.032323 235934781 295.967104 5.000000 998.0
998 rows x 7 columns
lagt/93EIRAT[E], NABKMEIES
6k(Ny—k)?
>k > N0/2

(4(No—k)k2+2(No—k)+k—k3)
14 [(No — k)® — 4(No — k)%k + 4k — No + k)] 1, k < No/2
NoFHITHKE, kIERIE)

MFE—FNE N = (

BEERON, NFFAN-K, RREFEESMECmT, Bo 18, (r(kAt) - r(0))?
IS, MR TNk
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S = ETLUBENRA TSRO R

<p>r N

ItE5h, EEMSDRERIRZERIHRE(E
t

DA FFEMES ISR Qian, Hong, Michael P. Sheetz, and Elliot L. Elson. "Single particle
tracking. Analysis of diffusion and flow in two-dimensional systems."Biophysical journal 60.4
(1991): 910.FJAppendix B

AJLAEE, emsdEHERRIAERIRIFRIFRIEN, REEHERABAVER, BRI TRE,
IR fmE it

plt. figure(figsize=[14, 6])

plt. subplot (121)

plt. scatter (em[”lagt”], em["msd”], s=1)
plt. ylabel (r”$<\Delta r 2>/\mu m 2$”)
plt. xlabel (r” ZEIR B[R] /s”)

plt. subplot (122)

plt. scatter (em[”lagt”], em["N"], s=1)
plt. ylabel (r”$N§$”)

plt. xlabel ("4LiR W} [A] /s”)

Text (0.5, 0, ’#EIRHIA]/s’)
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plt. scatter(em[”lagt”], 1/np. sqrt (em["N”]), s=1) #4HXJ it 2= (¥ 1 B8 1 M 23 0388 I {E 50% LA I
plt. ylabel ("X} {2 I EEH )

plt. xlabel (r” ZEIR I [H] /s”)

plt. show()
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BATANEIIRE < 10%AIEHRR NS AN EIFHRENZIEIS

maxlagt=np. count_nonzero (1/np. sqrt(em[”"N"])<0. 1)

print (f’maxlagtime={maxlagt}”)

plt. scatter (em[”lagt”]. iloc[0:maxlagt], em[“msd”]. iloc[0:maxlagt], s=4)
plt. ylabel (r”$<\Delta r 2>/\mu m 2$”)

plt. xlabel (r” #EIR B[] /s”)

plt. show()

#0] DL B L B AR R I 2R R R

maxlagtime=109



0 20 420 &0 80 100
FEIRF 8]/

x=em[”lagt”]. iloc[0:maxlagt]

y=em[“msd”]. iloc[0:maxlagt]

errors=1/np. sqrt (em["N”]. iloc[0:maxlagt])

coefficients, covariance = np. polyfit(x, y, 1, w=1/errors, cov=True) #LL1/4HX} 2=

slope = coefficients[0]

intercept = coefficients[1]

slope _error = np. sqrt(covariance[0, 0])
intercept error = np. sqrt(covariance[l, 1])

# 2 B
plt. scatter(x, vy, s=3)
plt. errorbar (x, y, yerr=ykerrors, fmt= o , markersize=2, ecolor="gray , capsize=0.05

HZ: I FL A 2%

plt. plot(x, slope * x + intercept,c="r")
plt. ylabel (r”$<\Delta r 2>/\mu m 2$§”)
plt. xlabel (r” #EIR I [0] /s7)

plt. show()
print (f”slope={slope}, intercept={intercept}, slope error={slope error}, intercept erro:
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HERATE]/ s

slope=0.29752437089942957, intercept=0.07012760457269701, slope _error=0. 00072175822024
55167, intercept _error=0.024342625124089922

BEENESRETERN/REZEFEL

B
HepptEoiRiERERAL: n = A x 107 ¢
A=2.414x10"(-5) pa-s, B=247.8K,C=140K %5

18y
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(mPas)

n
.
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02 ¢
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T8 Mt F B N E ] SER =7 5% 2011,30(11):15-17.

T=18. 1&#C*

D=slope/4

eta=2. 414%10%% (=5)*10%* (247. 8/ (T+273. 15-140) )

kb=D*10%% (—12) *3*np. pi*feature diameter*10%* (-6)*eta/ (273. 15+T)
print (f”kb=1{kb} J/K”)

kb=8. 338080058322233e-24]/K
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BLES, NEEETREERD = 1.38 x 107 BJ/KIPER/NESLRE, (RARXE
RRED?

NRE, XEHRHARESGRA RS i AT RIS BRI R M RAISZ )
A, ARASINOZIERA ARSI BE R N R R FTRE?
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C. K. Choi, C. H. Margraves, and K. D. KihmExamination of near-wall hindered Brownian
diffusion of nanoparticles:Experimental comparison to theories by Brenner (1961) and
Goldman(1967) Phys. Fluids 19, 103305 (2007); doi: 10.1063/1.2798811

J. Goldman, R. G. Cox, and H. Brenner, “Slow viscous motion of a sphere parallel to a plane—
I: Motion through a quiescent fluid,” Chem.Eng. Sci. 22, 637(1967)

H. Brenner, “The slow motion of a sphere through a viscous fluid towards a plane surface,”
Chem. Eng. Sci. 16, 242 (1961).

K. D. Kihm, A. Banerjee, C. K. Choi, and T. Takagi, “Near-wall hindered Brownian diffusion of
nanoparticles examined by three-dimensional ratio-metric total internal reflection
fluorescence microscopy (3D-TIRFM),Exp. Fluids 37, 811 (2004)

FBK. YIERANE. iR  ALRRBAFHARM, 2022 362-367 EiFRENNZE

Rz,

PBIExyFEAIMSD X FtHIREREEL? ESLRE MANXERRFIRED? 20
ASESS NN

RIENESEIRID, WIEERSUBRESRE S T:

p(z, At) = \/47T1DAt exp(—x?/4DAt)

def get dxy (tm, pid, mmp) :

yp=np. array ((tm[tm[“particle”]==pid]) ["y"])
xp=np. array ((tm[tm[“particle”]==pid]) ["x"])
dxp=xp[1l:]-xp[:-1]
dyp=ypll:]-ypl[:-1]

return np. array (dxp)*mmp, np. array (dyp) *mmp
def get allp dxy(tm, mmp) :

particle=tm[”“particle”]

particle unique=np. unique (particle)

dx=np. array ([])

dy=np. array ([])

for pid in particle unique:

dxp, dyp=get_dxy (tm, pid, mmp)



dx=np. hstack ([dx, dxp])
dy=np. hstack ([dy, dyp])
return dx,dy

dxp, dyp=get_allp dxy(tm, micron per pixel)

#2z i x 7 M AL % o A7 K

plt. figure(figsize=[14,6])
plt. subplot(121)
hx=plt. hist (dxp, 100)

sigma=np. sqrt (2%D/fps) #HDE B LA A 1 sigma

e il 1E 25 h 2

x=np. linspace (min(hx[1]), max (hx[1]), 1000)

y=1/np. sqrt (2%np. pi)*np. ex* (- (x) **%2/ (2*sigma**2))/sigma
plt. plot (x, y*sum(hx[0])* (hx[1][1]-hx[1][0]), linewidth=4)
plt. xlabel (“$\Delta x$”+7$/\mu m$”, size=12)

plt. ylabel ("count”, size=12)

plt. title("$\Delta t$A[alx77 AL Fe 5407

plt. legend (["IEZ M Zk”, “$\Delta t$Bf [y 7 M AL#"])

plt. subplot (122)

Hez il y 7 T 6285 93 A
hy=plt. hist (dyp, 100)

#ez il 16 25 h 28

x=np. linspace (min(hx[1]), max (hx[1]), 1000)

y=1/np. sqrt (2%np. pi)*np. e¥x* (- (x) **2/ (2*sigma**2))/sigma
plt. title ("$\Delta t$F [A]yJ7 [ AL # 43 4 ")

plt. plot (x, yxsum(hx[0])* (hx[1][1]1-hx[1][0]), linewidth=4)
plt. xlabel ("$\Delta y$ +7$/\mu m$”, size=12)

plt. ylabel (“count”, size=12)

plt. legend (["IEZ& A HHZR”, “$\Delta t$HS [y 5 AL 7 ])
plt. show()
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# O HEAIE VR, R RS

from scipy.stats import kurtosistest, skewtest
test=dyp #fu%yJy m BRI AFE

# i SRR

kurtosis stat, kurtosis p value = kurtosistest(test)
print (f’ Kurtosis Test Statistic: {kurtosis stat}’)
print (f’ P-value: {kurtosis p value}’)

# oS e A 56

skewness_stat, skewness p value = skewtest(test)
print (f’ Skewness Test Statistic: {skewness stat}’)
print (f’ P-value: {skewness p value}’)

#pfE >0. 05, WA N EPE Ok B 1E & S 4A

Kurtosis Test Statistic: 1.2240435079888197
P-value: 0.2209358151073194

Skewness Test Statistic: —0.17295045414157423
P-value: 0.8626903724945251

#1+ B xT7 AL FE I AH OC 1 sum (dx (i+k) dx (1)), 7T DA B HAXAER=00F BL 1, H & JLF A0,
test=dxp

corr = np. correlate(test, test, mode="same’ ) /np. sum(ltest**2)
plt. plot (range (~len(dxp)//2, len(dxp)//2), corr)

[<matplotlib. lines.Line2D at 0x27c2ch76e50>]

1.0 4
0.8~
0.6
0.4 1

0.2

voq e ha

T T T T
—4000 =2000 0 2000 4000

X S

RERImage) SEIFRIAVEITEHER csvIE, AJLA

gl
1_%%1«1?7’5%44’ i 75 Atrackpyfidataframef

def imagej2tpy (data) :
data. rename (columns={’ TRACK ID’ :”particle” }, inplace=True)
data. rename (columns={  FRAME’ :”frame” }, inplace=True)



data. rename (columns={’ POSITION X’ :”x” }, inplace=True)
data. rename (columns={" POSITION Y’ :”y” }, inplace=True)

data=data. drop ([0, 1, 2])

datal[”frame”]=datal[”frame”]. astype (float)
datal[”x”]=datal[”x”]. astype (float)
datal[”y”]=datal”y”]. astype (float)
datal[”particle”]=datal[”particle”]. astype (float)

#5025 91 44 R 1% M 3K

data=data. sort_values (by="frame’ )
#3275 HE A

return data

data=pd. read_csv(“data. csv”)
data=image j2tpy (data)
tp. emsd (data, micron_per pixel, fps, max_lagtime=1000, detail=True)

c:\Users\xyc\anaconda3\1ib\site—-packages\trackpy\motion. py:235: FutureWarning: Using
the level keyword in DataFrame and Series aggregations is deprecated and will be rem
oved in a future version. Use groupby instead. df.median(level=1) should use df.grou
pby (level=1).median ().

results = msds.mul (msds[’N ], axis=0).mean(level=1) # weighted average
c:\Users\xyc\anaconda3\1ib\site—packages\trackpy\motion. py:236: FutureWarning: Using
the level keyword in DataFrame and Series aggregations is deprecated and will be rem
oved in a future version. Use groupby instead. df.median(level=1) should use df.grou
pby (level=1).median().

results = results.div(msds[’N ].mean(level=1), axis=0) # weights normalized
c:\Users\xyc\anaconda3\1ib\site-packages\trackpy\motion. py:242: FutureWarning: Using
the level keyword in DataFrame and Series aggregations is deprecated and will be rem
oved in a future version. Use groupby instead. df.sum(level=1) should use df.groupby
(level=1).sum().

results['N ] = msds[’N ].sum(level=1)

<x> <y> <xA2> <y/r2> msd N lagt
frame
1 -0.019040 -0.000693 0.153815  0.160285  0.314101 21561.550087 1.0
2 -0.038368 -0.001746 0313650 0321682  0.635332 14327.834809 2.0
3 -0.057565 -0.002791 0.473101 0.479993 0.953095 10145.681529 3.0
4 -0.077030 -0.003966  0.630292  0.637105 1.267397  7765.946525 4.0

5 -0.096688 -0.005798 0.789397 0.789244 1.578641  6263.875395 5.0

995 -15.981485 -1.223974 350.328649 122.845797 473.174446 9.029002 995.0
996 -15.997443 -1.139700 348.280344 122.628184 470.908528 9.022624 996.0
997 -15.951158 -1.059571 345.245609 120.026428 465.272037 9.016065 997.0
998 -16.043947 -1.021943 346.324518 119.563738 465.888256 9.009023 998.0
999 -16.178069 -0.963456 351.017382 119.457090 470.474472 9.000000 999.0

999 rows x 7 columns



