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Analyzing Temporal Dynamics of Cell Deformation with Video
Feature Aggregation

PANG Feng-Qian, LIU ZHI-WEN, SHI Yong-Gang
(School of Information &. Electronics, Beijing Institute of Technology. Beijing 100081, China)

Abstract: A modeling method was proposed based on a novel image-based framework to profile
and model the cell dynamics in live-cell videos. In the framework, the cell dynamics between
frames were represented as frame-level features about cell deformation and intracellular
movement. The cell deformation was captured by the shape context, while the intracellular
movement was modeled with SIFT (Scale-Invariant Feature Transform) flow. In order to
completely evaluate the streaming of protoplasm, an appearance change field was constructed on
the basis of the displacement field. Then time series modeling was performed for these frame-
level cell dynamic features. Specifically, temporal feature aggregation, and compact encoding in
particular, was applied to capturing the video-wide temporal evolution of cell dynamics. A cell-
live video dataset was developed to validate the effectiveness of the proposed framework. The
experimental results demonstrate that, the proposed method is better than other mainstreaming
approaches in measuring and clustering the cell deformation dynamics.
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Fig. 1 Schematic diagram for temporal aggregation of cell dynamic feature

1 2H Be 40 55 oh ot 8] 3h AR 45 IE R

X TR R TP o ) 40 T 8 2 A A . R D U5
AR SR AR R SCaEAT 4l 2K - T 240 JHL 1A 758 3z 2l D) )
FSIFT i BEAT FEAL L 21 45 1 A 5 ik T8 s A0 A3 ot ]
F1% 240 1 3 A R
L1 EFRIKET AR B L FFAE R B

Hﬂ?ﬁﬂki?ifﬁiﬁﬂk*ﬁﬂﬁLE’Jﬁ'F‘
P H AT A B ) 22 SO AR TS E 28R v
T%ﬁ%ﬂﬁﬁ#éﬂﬂﬂﬁ;ﬁm. Pt AR R SR A

L2 Al A B 5 B AR AR T .
1.1.1 JERETFTX
B BRI R F R R R B s S P=

{pisi=1en} FFX B — A B S G — X B
AR F5 BLJT K] (log-polar histogram)h, :
hi(k) = #{q=# p.+ (¢q— p) € bin(k)}, (1)

s by o) Ry Xof o 12 % B3R A6 A T 7 [ T A /ME;
bin(k) M EFTES kD50 1K s, po B BB 0 DN

B 5%/*435’3—1.5\,,\ﬁ/JkLTxﬁwﬁﬂraﬁ
FC SRR n—1 S AHRT AL B OC R, WA pe Ml



40 db o= T Ok 2 o iR %39 %

qi 7PNk A PR P A Q. Z R (pi v g ) Y
PERLARH C, T LUE R ) SRR R

EEMm—hwW
24 h(k) +h (B

Y53k po B py KB A bR

2)

KA b, (A Ry (
J7 .
11,2 HETIR R R B8 A48 JE e fiE

Kuhn'* 38 328 3R fige— AN HE P W 7 (D o die /b
R R H () =2C(pisque) s LIAF RN ATE AR 19
BAEIEAR LT SR BE. T bR R s g, R H
ML S5 # 8I (thin plate spline model) AT DA X} HZ AR |
B2 M HEAT — RNV T={T,} o1 s R PANIE
IREIaE . FER 2 L ASIE AR LR SCUC T AR A 45
*ﬁmﬁﬁiﬁei_ﬁﬁﬁqj Al DATHSEIE AR bR SCHE 8

<o« DL JHC B R B n) A5 B A0 5 5 O AR 1 R AR
ﬁ% FD(S*{D] DI }
Dk —ZargmmC(p T(p) +
peP
—Zargmln(,(]) T(p), (3)
1€Q re

1.2 EF SIFT {40 Aa I BB 1Z 3 FFAE R BX

AR T 6 U0 B 42 oK A R IR AR R 2 [R) Y DL
BeLSIFT Jit B KR Mg p=(x.y) LR
SIFT ## i 7 (i VT Bt %t i 56 &2 L F i, iX
A T T 56 22 0% 1o P LA AA) o — 1 %8 4R Xof 02 6 & 8T, AT
AR AT HARMREL E(w)

E(w) = Emln( H 5}, *SiﬂLw(p) H lyt) +
2¢WA+MAH—anmhM w,sd) s
(psq) Ee

(4)

AHres, Fosy 405600y 7 i SIET & p 5 SIFT
IR T 5w, = Cuysv,) R p MBS T ] S50 ¢ Al
d 3 R s A W A TR s A e s iy
AR, bR SR A A5 3 1 AR X G &R LRI Dy B B
o X I () AN AR A6 37 AT LA 35 3K ffe X R s i SIET
R F 22 (HAF 5.
i Jsthh SIFT 36 7 RO AL e #1328 8) J5 [ 77
e B SCHE B R HAE S R AR JC R 45 B B8 1 PR fiE
Z RGO 8 B 7 B &, xF SIET 3 42 M5 [n)
BT TE AR bR R T 4% IR A R P T AT 0 X
bin(r) sr=1---R. X% r A>3 XX W 5 1] 1Y 32 3
AN AE I BT B GEtt & f o B face € LA
fae = 25 Vi s (5)

w,v€ bin(k)

fie = ) s+, (6)
w,vE bin(k)

Fypr = {fllvlm LR f{\s[m Pl Facr = {fl/\cm B
Rer |23 531 o 240 i A 328 3l AN A LA A

1.3 HIEmEmA

T AR R N B G R T LUK b 2 T
20 i e B TR A2 R A0 i PR o Sl 1Y SR R Bl A AR
Fcs » Faioe Ml F ac 83 15 e 28 014 20 Jifd Jm3 48 3l 285 45 ik
T gk, T i 25 ) 3 X B R 240 i 8l A A
(19 s i) 245 4y 2 47 25 7.

2 2 BE ot 18] Bh 755 4 AE B B 8] 4E A 3R

X4 O A3 % 551 19 40 i 20 2 5 an faT & B b R
— Z 5 T 2 240 M sl 25 R AE A e ) 4R A 8 TR RE
YEEL AR, AT K HEFRE 4 65 Fisher [
R A A A0 B AL A0 b i e R S
2.1 E-F Fisher A2 R EHEHRD

78 Fisher [a) & gt s f v, 35 T SR S 40
Jry 0 Bl AR AT DL 29 45 2] K A 4 A 4R ) s 3
RBEMACH O={(w o0 m) k=1.2, K}, H
*wmwmﬁ%ﬁ%kAﬁﬁmﬁﬁﬁiﬁ%ﬁ
PG #1260 3R FACER ) . 2465 7 — A D00 4 240 400 03
Xof 1 1 JRy B 3 A FRAE P 51 X e, s LA
(EEIE kAﬁﬁﬁfmﬁﬁﬁﬁﬁﬁﬁmg

NJT

E%(T*”y (7)
N

0 = }j%[(ﬁffm)—l}, (8)

Nﬁ = o
KA g, WRT SIS o, BT 2 S
B ¥ K A 53 A0 X0 0 — B A B g it i ik 22w
F o HRIK BB R B K B A AR A Y Fisher ] 5 Z i
2.2 MEEFEBL

T RAE SN B 0 B [ 53 B L ) 4
BYFRRAE 9 % 22 J5 3 — 20 5 AT B[R] 4 5 55 Ak
(temporal pyramid pooling, TPP). ][] 4 5
LT 25 Al & F k. Bik.Z R —A- 4l
PRATGT L B Jey 38 2 A8 R AIE Ty A0 4R G b B ) 4 i
B RRAE A AT AR AE SCh @« )L A ] 4 72 350
MAEFEES Z R WA W T8 20 20 hds
[ 4E B 2550 n ASF 8 B RS m A TR R 4
T AL AT DL R R

O(Z) = [D(Z)),D(Zy) , D(Z3) , D(Z3) D(Z3) s
D(Z) ] (9)

*{‘119T [

u, —




1

e AR TR 45« H T HUUARRATE 3R 11 4 BT 28 3l 25 e 48 41

LA [ <5 7 3 b A6 = 19 240 I 3 25 e ik D L i
SC AR SR 1) SR AL A Sy 0 2885 68 905 20 A0 5T 1 4
M sh A& AT 72 e Z P E A% AT S 88 1.

3 XWEER

3.1 LI

T SRS BT AR T i AR B g P
S 2R SRR AR PR R P S e g 25 R B
JEE A [R] A9 78 L% 440 A0 400 g o o A A0 2 0 P A 22
B CHLbR M S BXS1. 20 B R 0.3 Ok R A R
1.000) FHANWEE T Wk LS 20 B . B Jm BEAT 40 458 4
JHEL 8 AN 1) 8y 285 742 o 3o W% 7D B R S A 1 ik A
JE 9T b L 40 Y A [ 87 380 B I ik ) o AR A A 03
T b L A0 D 2l 2 7 A L IS ) A R LR
T BR L HP 8 35 BRI o B2 9 R 4 1> 4 i 3 2598 78 2R 5
. /N R S A B R RS A 2 1 4 R B9 CSTBL/6
N BRAE Sy B2 IR BE A fit e /Y Balb/C /N BUAE S 52 14
T A0 T4 IR GB/T 14927, 2056 % 3 913 42 &
ANER R BB IR B8 A R ) AT - BOIR RS AL B HE
JE— 340 120 DIBAEAS B8 30 A4~ Hih 20 A4
YE N ZR4E . 10 AR It 4.
3.2 HREEHNESILSER

AR5 18 5 5 B T VR X e B SO B
TEAR AT RO, 25 X Y 5 T LUAR 4 2 5
R FE AR ML B 25 0 AR B ORI Loy P AL
20 77 1% 00 240 g ¢ 2l 2 A, XoF R 1 A I
F1 ETHRBHSHEESEIRAESLMER(BEE.

BEIRMF E)3F L
Tab.1 Performance comparisons (precision,recall and F-score, )

with several mainstreamingmethods on Dataset

ik KR/ % HER/ % F{E/%
ARS8 38.34+14.16 45.45+11.35 29.91+13.52
Zernike 40 55.95+10.16 60.654+12.75 54.46+11.49

i &l 57.15+12.36 54.40411.80 53.46=10. 30
I T B A )R]

) 61.66+4.25 63.95+13.14 55.81+13.88

L ) A% ] BE S
A2 1] BEES FOG
L . 66.37+12.95 65.85+17.24 64.63+14.31
1) Tl B R AT
SAPHIRE %#)  58.2447.86 57.65+6.86 56.76=7.20
Ry FR I AR A 81.72+7.60 80. 45+8. 46 79.09+8.05
Fisf [F) 08 i
0.95+11.79 79.95+17.52 79.29+12.
4 B 80. 95+ 9.95 5 9.29 58
A5 45 fiF
82.34+4.67 81.65+6.95 81.27+5.06
ATk

SATEETAHIENIXI N R 1 e 4 17, XKk
IFi) B 2 T 40 S 38 0 2 R 400 i 3 2 i s DA R

AT S0 E A0 M B A B I A IR g X
JO7 ) S B 25 SR (4 Ok o B IR FOED.
F 1R AR 1 R B RO A Bl RR AR M RE A
TAES — A0 e Jr i, R W] T A0 M5 B B S R AE
FIVAH T B AR AE B AR, 55 3% T Sh A sl (] BB i 42
I 2R B A% ) B R RN O T O A R AE SR T T
8. 8200, ik ik — A5 15 BH 7F 41 i 5 56 3h 2 i SE A - il
B 20 PN 3h 25 7E 2% 00 40 M 3 2 43 2 ) L AT LA
AT EREFE T

X EU B — A A S A e A [R) 40 i SR S B A R AE
Xof RN 9 7 1% o AT LA 3R B 4 R A B B 2 0 S B
ARCE B TR T M B A o 2Rk Re. B, 5B AR
Z M I, SAPHIRE 28 #5978 3 1 h 4 51 3k
26. 85 F (H M4 T, Zfl . R IE A i 5 3
By A B[] R R (9 42 1) B 5 R FH AR [+ 7 200 L) 350 2 2%
FRAES HVUELAT AL 43 J5 Pk . I T) 40 5 ) 48 A5
U R 4 AE 3B 5 D 9k SR A [R) %) JE Rl RS AE 1T
WA HE A 07 1 B T S A 1A 43 5 P B (82, 34 %%
K5, 81. 65 % F [l 0 81. 27 % F 8. 13 Al LA B
Fisher [a] & FEAF 4 05 58 035 & 40 i B 7 2 245 s A
5 RRAE RS T IR AR R 1 T IS B LR fE
LW g RN T H B F R

4 & ®

SCHR T R ) ZRA A A0 I SR R Bl 25 R AR 4R U
T+ 73 591 SR R LR SO STFT 3 4 240 1 %8 156 3l
SN N RIS BT R AR SR I SER AR AN AR
BTS2 Y 1 200 6 A o R 200 B 19 35 3 Bl R R ) 28
FRAEAR H X BA E L A PERE. 7E 40 I Fy 3h A A
J5 D 5 SR PR R AIE i A% 5 R H AT AL A
IO P 52 56 45 2R 2 I SC P i B HE A 40 N 3 25 0 B AR
A A A0 i 3 785 ek A 93 28 5 T OIS T HE A0 s 2
M £ 5k,

5% 30k

[1] Sirinukunwattana K, Khan A M, Rajpoot N M. Cell
words : modelling the visual appearance of cells in histo-
pathology images[]]. Computerized Medical Imaging &-
Graphics,2015,42:16 - 24,

[2] Li Q. Wang Y. Liu H,et al. Leukocyte cells identification

and quantitative morphometry based on molecular hy-



12 b # T K % %R 5539 %
perspectral imaging technology. [ J ]. Computerized [11] Dunkers J P,Lee Y J,Chatterjee K. Single cell viability

Medical Imaging & Graphics,2014,38(3).:171 - 178.

[3] Parrilla E, Armengot M, Mata M, et al. Primary ciliary
dyskinesia assessment by means of optical flow analysis
of phase-contrast microscopy images[ J]. Computerized
Medical Imaging &. Graphics,2014,38(3):163 - 170.

[4] Alizadeh E,Lyons S M,Castle ] M, et al. Measuring sys-
tematic changes in invasive cancer cell shape using
Zernike moments [ J]. Integrative Biology Quantitative
Biosciences from Nano to Macro,2016,8(11) :1183.

[5] Wang K,Sun W,Richie C T,et al. Directwavefront sens-
ing for high-resolution in vivo imaging in scattering tis-
sue[ J]. Nature Communications,2015,6:7276.

[6] Campana M, Sarti A. Cell morphodynamics visualization
from images of zebrafish embryogenesis[ J]. Computer-
ized Medical Imaging & Graphics, 2010, 34 (5) ;394 -
403.

[7] An X, Liu Z, Shi Y, et al. Modeling dynamic cellular
morphology in images[ C] // Proceedinds of International
Conference on Medical Image Computing and Comput-
er-Assisted Intervention, [ S. 1]: Springer-Verlag, 2012
340 — 347,

[8] Li H,Liu Z,Pang F, et al. Analyzing dynamic cellular
morphology in time-lapsed images enabled by cellular
deformation pattern recognition [ C] // Proceedinds of
Engineering in Medicine &. Biology Society. [S. 1]:Conf
Proc IEEE Eng Med Biol Soc,2015:7478.

[9] Tsygankov D, Bilancia C G, Vitriol E A, et al. CellGeo:a
computational platform for the analysis of shape chan-
ges in cells with complex geometries[ J]. Journal of Cell
Biology»2014.204(3) :443 — 460.

[10] Chen W, Liang X, Maciejewski R, et al. Shape context
preserving deformation of 2D anatomical illustrations
[J]. Computer Graphics Forum, 2010, 28 (1): 114 -
126.

(12]

[13]

[14]

[16]

[17]

[18]

measurements in 3D scaffolds using in situ label free
imaging by optical coherence microscopy. [J]. Biomate-
rials,2012,33(7) ;2119 - 2126.

Huang Y, Liu Z,Shi Y, et al. Quantitative analysis of
lymphocytes morphology and motion in intravital mi-
croscopic images [ C] // Proceedinds of Engineering in
Medicine and Biology Society. [ S. 1]: IEEE, 2013:
3686 — 3689.

Yuan L, Zheng Y F,Zhu J,et al. Object tracking with
particle filtering in fluorescence microscopy images:ap-
plication to the motion ofneurofilaments in axons[ J].
IEEE Trans Med Imaging,2012,31(1):117 —130.
Gordonov S, Hwang M K, Wells A, et al. Time series
modeling of live-cell shape dynamics for image-based
phenotypic profiling [ J ]. Integr Biol, 2016, 8 (1):
73 -90.

Pang F,Liu Z,Li H,et al. The measurement of cell via-
bility based on temporal bag of words for image se-
quences| C| // Proceedinds of IEEE International Con-
ference on Image Processing. [ S. 1]:IEEE,2015.:4185 -
4189.

Kuhn H W. The hungarian method for the assignment
problem[ J ]. Naval Research Logistics, 2005, 52 (1)
7-21.

Liu C,Yuen J, Torralba A. SIFT flow:dense correspon-
dence across scenes and its applications [ J ]. IEEE
Transactions on Pattern Analysis & Machine Intelli-
gence,2011,33(5):978 — 94.

Nchez J,Perronnin F, Mensink T, et al. Image classifi-
cation with the fisher vector:theory and practice[J]. In-
ternational Journal of Computer Vision, 2013,105(3):

222 — 245.
(FrAE %5 58 . T 45 RO



