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MeMBer filter cell tracking method
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(College of Science, Northeast Forestry University, Harbin 150040, China)

[ Abstract] Many medical diagnostic results depend on the results of the examination of the state of motion of the cells. In order to
accurately obtain the information of living cells activities including newborn, division and extinction in a certain period of time, and
provide accurate and reliable real data and quantitative analysis results for medical pathology identification and research, this paper
will focus on the problem of live cell tracking. The multi—target tracking technique based on Multi—Bernoulli filter ( MeMBer) is
introduced into the micro cell tracking. The innovation lies in the simulation of the individual cells into elliptical shapes, which are
facilitated with the fitting of target shape. The shape parameters of a cell are uniquely determined by using mathematical morphology
to measure features including the elliptical long axis, short axis, core coordinates, and tilt angle etc. The method can be applied to
living cell tracking in general cell motion state. Finally, the effectiveness of the proposed algorithm is verified by simulation
experiments.

[ Key words] cell tracking; MeMBer filter; ellipse model

BRI ARG FAL S v R T R T
Bl AT F AR SRR 55 AR R i R RE &L
PRECANME Y [ RIS S B . H W4 e R ek £ 2
A Mean Shift %" EE M Level Set Bk 4,
(LIS B T 7 S T AR A0 R 8 77 A Ay 7 . ) e

1 HIxE=

1.1 HEEMRESEREIR

A0 AR S 2B A A B A I 25 A R D RE A, OB
A& BB SRS A A H £ B g PR 36

SN, R BAT REShE , SR B A it A
XL SR AE BT A 2 S, [ SRR A
J 5 AR AT i B NS A I R Y
B o e A% BTG R AN ML) 73T, AE XS PR 20 2 7
BERT, T AL B 5 0 RE S PE AR W AT IR 25
A, GO ok T Pk L R IR 7
H R 240 3 B T 1 — R A S R A W 2 R R T

B, HLAN Mean Shift B3E7EG BRI 32 2] H AR R/NVE
PRI BR] , 24 H AR /N e A= i B I 125 52 BRAH O 19
L ] R | SR T 5 A 240 0 P9 DA/ s 22 Ak T AR AR
A& EEEE T RER RS E, ARSI AR ZAA 55
FIEPE"! (MeMBer ) 54125 5% ¥ B 524 1 S U
ARG THRSIR B, I Al LAESR S A bR X
3, AR EA TR R . XA R AU,

BHETHE . T AR 45 2% L 54 (2572018BCO7) 5 ZRAbAol K2f ki A B3I 25 H (201810225465)
YEE BT XBIHPR(1998-) 2 AR, FES 0] 2 HARERER ; 5KE#R(2000-) , 5B, ARMVE  FERR M. £ BFRIRES; #IRH(1998-),
B AR R T I0  Z2 HARERES ; 250505 (1998-) 5 ARRME , FEFR T . £ RIS ; LHFK(1987-) , %, i+, vhil, &

BT 1] . A bREREE BEMLIE B,
WIEE ., BAEK
Y Fs HEA: 2019-04-23

Email ; shichunmeil210@ gmail.com

bR T ik K F 3 KEE G




5 4 1]

XBIWE, 45 22055 MU B AR 8 5 7 EA I 145

B X R A HLE B AR, AN IR TS | 2258 X 4%
%, 4 MeMBer 55355 | A OV 2 Ffd S5k g 0F 55 B}
AR T 5 AR B B
1.2 ZEZHBEARESR

20 ttt42 90 4 A%, Mahler 45 i 48 tF T 47 FR4E
%: 11 ( Finite Set Statistics, FISST) " B it | iz B HL
LIS RIA Z HARIREA T, @57 1 i B AR
ARSI EL AL R BED LA IR . BARBIRAS R
= 4E Yok H BE ML A FR 48 ( Random finite set,
RFS) AT, AT e DU 7 ik P HE 2R R AR 4 4 —
ik 20045 3] 1) e DN B 422088 A 58 22 HARARAS AR
BT eRAL, HIZA R I E) 52 2% R R e A
SR TCHOR R, T A ITHE Mahler $2 7 HER
%1% %% & ( Probability Hypothesis Density, PHD) '*"
IEIRY: 5 RFS BgTh BT RGP IrA 2 H
FrEYERS 5 S0 BE 5041 A0 L, PHD B3R Y 234
I AT BEHLAR 8 5 A9RGB, DA 2R R
PAHbRPPRAS M, BATH FEEEA SRS
PHD ( GM - PHD ) 8 3£ ki 7 3 3% PHD ( PF -
PHD) ¥ R H UGS, IR Ui T % B %
EAEE Y ( Multi-Target Multi-Bernoulli, MeMBer )
PEIL | HOF i 1Y 2211 %5 )Y ( Cardinality — Balanced
MeMBer, CBMeMBer ) e A&, Horp , MeMBer
PR SE Y B M T 2 HARRE M E 56
WA (A5 22 H s R ]800 SR A S RS 1Y
BEHEAG T EO, A SOl FH 2T MeMBer S8 JAE
ZETN B 40 38 R X ) A T RO
1.3 FETE

BEXT— RO AR 2t iz B RS A BRIl B, R T 2
TASS FIUR I AS 7 HE T — P 4 22411 55 1) BR i
DAy . HAEA AR R A0 i LD A R R E | iz
BB A5 X BUE 09Kl el A0 Ae bR (AR
AL SRHIE 5 iz SR E SR 700 7 |, € — >4
ML ME—ARAS  HEFOINAE 3] 5 B ARIRAS 2 i {5
AT B LU BR A 407 AR B2

2 HEHESKRERASRE

2.1 KENAREREET
EX 1 FHFLAFRE (Random Finite Set, RFS)
AR ICRHAMAES , & LA Ry AFE
Az [A] QB W(X) 1Y AL
X, = {xk,lm,xk.Nk} e ¥(X), (1)
Hrb, X FRREEM, v(X) A X LA AR
MRS

X 2 RFS Z HFRERUANTE B H BRI 1
Jo o X TAR SR, IR SRR, B, 7E
RFS HEZLR 5 Lk P2 N, N HARRES x40y, 0,
Ik RN M, D EIE 2, .2, N
X, ={xk,1""’xk,x\"k} e V(X), (2)
Z, =Az000m0} € Y(Z), (3)
Horp, w(X) M W(Z) 735 FRRRAE =1 X C
R =i z C R FIrA AR FENES.
EX3 BEAE L - 1 22 BnREES
N Xy e Xyy iy, € X AER—IFZILLT - p BORE
KW T, B0F U p,, BRI, W, R
Suror (1 2 ) N2 AARBPIRSFERE MRS L, nl s
ke ) 20 22 F AR RS FIAH R P AN
X, = [ka_]eXA,_IPk\kﬂ(xk—l)J U
[ka,]e)(k,lck\k—l(xk—l)} ue,, (4)
Hrp, Py () FoRME - 1 B2 2] kA Z)
AFE Y HARIRASEE s € (xn) FORTTAE HARIRAS
;5 0, O k WZE A HARRIBENLAT BREE
XF T AR R 2 B R T
Pt DAL 7 0 G A e R 2 D 1 - 0 B AL
A FRAR AL
Z, = [kagxk[lh(x)] UA,. (5)
Hr ) [1] (%) R k200 BVRIRES «, 2B
EIBEYLA BREE, A, F7R k B 24 24 0%
2.2 ETF RFS WiRiK =
RBCIRZEZS ] X © R™ Ay B FREIIEAE & 209
AREN x,  WHAET N AS]] Z C R PO Y &0 K
z, B VUSRI a8, AT LA i & 220 i D s i
JP9 2, RBAEATHIRS v, o BFRIRES «, FEAF A
e R A T B R T e R R
w, =fi(x) o, (6)
Hor, fi(x) N EBRFE k B2 RS R %
o, , Fm ARz s B, TR R T
RS TR] AT G I £, PRt 0 7 2 w4 D O
PATITA
z, = hy(x,) +v, (7)
Hor, by () Flo, 435027R kI 20 1% 65500 R £
A
DT S B D PR ) B A SR AR BE T AR A 1
M 2, = {2,002, RITSRH bR 805 B AR 2
BREL (%, | 2, FREHGHSE R AHODCR S Al
Wy, se— 4R AT R BERLAS B AT
TARINSE 0 R IMERE AN TG



146 & OAe

L2 N A | = T A

9%

m(01 x,,...,xy) = Ak 0)77-(0), (8)
(%, ... ,%y)

Hr g(w,,...,xy | 0) FRHILALE «, ... 0y
FECHE LT S50 0 HRISR R EL; m(0) E?JE%]Z‘
Beomsesenti; (01 x,,... x,) ESEIFRMER
R, DR SA DL o S 0 e R R AR A IS 0 A R
(01 %,y xy) BT, G2 7 (01 %, ,..., xy) 1Y
FETHE AT R TR x, BIME R, B AR
L2l TBE K I/AS W il NN

Wklk—l(xk | zl;k) = jf}flk—l(xklk—l)Wk—l(xk—l I zl;k—l>6xk—1’
(9)

gl

gz 1w )m (x| zl;k—l)

(x| z,,) = ,
g (g )y (x| oz ,)dy,
(10)

Hr ) g,(z, 1 x,) 50 H bra MRIK bR AL,
Sara (x| x,y) FoR B HRREH R,

2 I 2 B AR Y 0 2 R UL s ALK e
B
gzl x)=g(z 1 x)g (2] 2,)..8(5 1 x,),

(11)
TE G HER X5 Ay DU il e i AT HET
1948 Z B AR B B i A Ul T 4

T (X, | Zl;k) = ffk\k—l(Xk I X, D) (X, | zl;k—l)BXk—lﬁ
gz | X)), (X, | zl;k—l)
g (z | X)m, (X, | zl;k—l)SX/c

Hp (X, | 2,,) F78 k 212 BARRSHG 56
BERBRL; £ (X, | X, ) FRZ BRIRE %
£ g,.(2 | X,) FmZ HbraM IR sREL,

23 WMNEEH
2.3.1 Rz

(DRI 2 H bR EHLE G 7] LU —
ML RIS

(2) B—A 43 st s FHE
A B N Sl ST T R A A

(3) 24P IR SECR A IR 53 AR
2.3.2  Hbrwm

T ABAE £ — 1 B2, J5 50 22 B b 20 A 2 B
OEZISE:T NI 75w

7 ={(rn . )} (12)

MF i 22 B e Bl 2085 FE, HlE

CATHE R AN BT A R A0 2 BB AT 4R, A

(X, | zl;k) =

A, I HBr

T k-1

{(7'1 Kk-1 ppkll 1)}% 'V {(r kP /f)}w
(13)
;H\‘[‘Jlja rl(;fl)rlk—l = rlii)1<pl(ci)l 9PS,k>; p;f;clk—l(x> =
(i)
Vi PEPsal (1 gy Rtk £ Fof
<Pk—1 ’Ps,k>
FI bR R R 55 JEE R p SO BAERETH
PRAEITREIRER s L pre ) 31 b IR H
PRBEDLEERISHL ™
2.3.3  HBRER
ST ARAE k2 T B 22 H bR i B
ZSHEA .
T k-1 _{(rklk 1 Puk 1) }M“k ' (14)
WIFEZ E IS Z T, 55 2 B bn 41 M 2% i
LA ZAHBS AL 2, i b — I 207 3 AT 2 3
OIEH N
=L p) P UL(r,(2) ek (52)) 3 ey,

0 — (D L= pos
Trge = Thik-1 1= () >
Thik-1 Pm 15Ppk

1 - ~Poi

(i) — (i)
Prk = Prik-1 o ,
1= (pii-s 9pD,Ir>

szIA—l Tsz’i 1<P1(\£111 lﬁx )
R B rm 1<pklk 19Pp, k>

ryyk(z): s

e
K(Z>+2L.M=M1“ I.Ikl kEk-1%k

1= rli\l)c—l<pklk—l 9pD,k>
My p-1 rl(;lili—lplili;c—l x)l/sz(x)
2 T o)
pus(n;z) = 2 (15)
EMMI rl.lk 1<Puk 19V, )
s -rZ\Z 1<pAIA 19 Pn,k>
2.4 HEEIFFHESEERE
AR SCHR [ 16 ] Hh 6 158 22 BRI U7 12 38 BRUA%
OAEBR (x,y0) , WRHEEHN (a,b) DLRBR A EE 6
VE AR FG B 1R IE S
H 2 MRS IR, an sl 1 s KR 1
St 1, 5 KO 5 b i T D 1) 19 SR £ 4 Sy {6
A o, .
241 BbAEFR (x,,y,) A

i i R BIAR B 1) n D IAG A q.(x,,y,)
AARLAMB R AL, e i = 1, .
WG R AZ O AL R I/JT/A\fUﬁE:
b= 30
I (16)
;'ryo =2



XBIWE, 45 22055 MU B AR 8 5 7 EA I

E1 HESHEREREE

Fig. 1 Schematic diagram of ellipse feature extraction
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Fig. 2 The flow chart of the tracking algorithm in this paper
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Fig. 3 Cell state estimation results at frame 5
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Fig. 4 Cell state estimation results at frame 10
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Fig. 5 Cell state estimation results at frame 15
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Fig. 6 Estimation of the number of cells
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Fig. 7 The state estimation results of real cell
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