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Cell Tracking Using Structured Prediction

CHEN Xu' WAN Jiu-Qing’

Abstract In this work we propose a new joint detection and tracking method for cell tracking. First we develop a new
procedure for generating an over complete set of detection hypothesis via ellipse fitting methods. Then we define several
local events and corresponding labeling variables to account for the biological behavior of cells and the imperfection in
segmentation, and formulate the task of cell tracing as an integer programming problem with constraints. In addition,
instead of learning local classifiers, we exploit a recently proposed block-coordinate Frank-Wolfe algorithm to automatically
learn optimal parameters of our model. We also present the kernelized version of the learning algorithm which can boost
the tracking performance even further. We conduct extensive experiments on public datasets, showing that our method
consistently outperforms traditional countetparts.
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3. Pick k at random in {1, ---, K}

4. Solve z* = arg maxsez, Hi(z,w™®)
5. Let ws = (1/AK)VUy(2*) and €5 = (1/K) Li(2*)
6. Let v=2K/(t+2K)
7. Update w!"™ = (1 — 1w + yw,
8 and €Y = (1 — )0l 4 ¢
E = M+ yhs
9. Update w®*? =w® + w,itﬂ) - wg)
10.  and £¢FD = ¢ 4 p0FD _ 0
11. End for

WREERE 1 h HARR TR, 55 17,
w, = Asp) Fl L, = b sy, Ko spy B se) =€
Pk 0 P REEHR. 55 6 1T, K vy WA IS i
/IME D(@® + y(s —a®)) 153, sRI5mEF] [0,1]
i A SR M Block-coordinate Frank-Wolfe
BN R BT A0 R R, R R AT HE s
SRR I B A T AL SR #) - T v:2Y, Block-
coordinate Frank-Wolfe 5yE4& #1530 H ik E—A4>
FEASEAT BT (11) WK, ROKHEE T G
1], 7] B AE 45 21 A [ fR U S R ARAIE S 5 —
D7 L, e SE AR R I A AR o] B <3 T AL
HIALFRRE ST, B RREHAR o B/ MEAS, T8

Block-coordinate Frank-Wolfe ZyEHATII45:, fE4R
R B R RS B B0 AEAE AT DA B A 4 I AOR,
T ICH Y SERER R R — AT R

43 BUFEIRE

LR B (, w) XTI R R R U R
GHRETT. PRI, AR SCHE AR LR ELST s 2K o
FRAE 1) 8 2 RSP 30— A B g A4 w2 TE BR 4 2 [A] v,
FFAEXASH Y 23 18] v 0l 11 ek R RO AT SR 0 2K,
HIAC IR RRE. 7SR Bl —H 1, F 2 HIA
L BEAT AR PTR80S S e g s
FAMGE B o ERE o B o
FCHIER AU R A AL s Al Ey, PIIEARE O
XFHAE RN RCE 2 H e S AR BOH . AR
TR o AR 0 JTFRIT, WG T HEEOIAR Y 1]
AR KR, RRES (w, ), R UL &
z PNBIE AR E 4 . S w =
Aa, 1531

(Aa, @ (z,2)) =
1 ! !
2K Z o) (2) (Tw (2'), @ (2,2)) =
k',2'€Zy,
1 / e ! e
K D e @) (W) (),01 @2)=
ecE k',2’€Zy
1 ’ ’
BT T men (v ()
ecf k',z'€Z;,

o (mk',z’> , P (:l:,z)> (16)
K, U 1 ) FIoRFE e MMA T, A
DA B A5 (B e = appear), ®€) 2 [A]H YA
AT AR IR

<@(appear) (.’l:k'7zk') ’q)(appea’r) (.’L',Z)> —

<§ :wf/(appear)zf/(appear)’ z :xgappear)z§appear)> _

J

7
k' (appear) _(appear) k' (appear) (appear) \ __
E E z; Zj X, ,Zj =
i J

k/ k/
E : z : 2! (appear)z§appcar)lc <$l (appear) ’ x;appcar))
i J

(17)

2 (16) Ay HA IR AT DARAR U AT T.
&, BAH) (Aa, @) 582 2z MR PER &L, (7517
A(T) F(11) SR T AR ROR AR F (A, @) J
TAFES e € & PEAT IR — Kb Ab 2 m] DAXEAS
[e] B AR A Tl A A i . 2K (16) At (17) 2
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3

T o 20 = e T A R R i B S o, SCRR
[28] H BSR4 T 4B Block-coordinate Frank-
Wolfe B3k, (B HUE—ANEIERHESE, XFT 55 br
I A AR AR R A BB R PR A, X
AILHBF R Z—.

STEEE A% AL Block-coordinate Frank-Wolfe &
AR 208 i

H%L 2. #1k Block-coordinate Frank-
Wolfe Hk
1. Let @ = (e*', .-+, e*" ) e M
2. andag))*e € A
For t =0, , T do

3.

4. Pick k at random in {1,--- , K}

5 Solve 2" = argmax.cz, Hi(z, Aa(t))
6. Let S(k) = ez* € Ay

7. Lety=2K/(t+2K)

8 Update ag;-)u) 1- ) (k) + 8k
9. Update ™D =a® + a(tH) af}g
10. End for

55 5 AT BRI AR R A A i 2 D 1
W, Hod ) [E g RV (17) 155 55 9 4T
W, R TR o KM, ap) 2R ag) 40
et R,

5 SCIGEER

AT p 20 A BR Bk RSk [34] $R AL P A
ANTFE S, QG A7 B 4E: Fluo-N2DH-
SIM+-01., SIM+-02, W > E Z % #E #:  Fluo-
N2DL-HeLa-1. HeLa-2. U#E¥E4KE KA,
Hﬁj‘{ﬂ;ﬁﬁﬁﬂﬁﬁiﬂﬂ TR, A SR L
i A IR IR 2% DA K 4 i Ta) ) A B 5 & E— 25 il
TR SRR, R 1 At T S EAE S
K —Se g v B, s TS 2.1 5
W YEAS B 4y B 25517 F- {f (F-measures).

51 BAEXIEAR

BT T SCHER [29] LR, A SCREE R
W43 E R4 HE Java P& ESZEl. HAES - 7E Mat-
lab 20011b 5S¢ . A SOl T SCHk [35] DA

CPLEX SRIEABAI R Oy T g s de s
FARBEI R, A SOV R T —A GUL PAEAT = %
21 S bRE. BREZSERUS, M AN R R FF SR
{ELRFERERGS SR FTAAL ASE T 0 BT 28, 4nil 5 FiE 6
PR,

e
B &

Fuyia
EallZEEd

Ours

EAES
e Ro!
EAES
E3EX

E3ES
E3ES
ESER
E3ER

Kl 5 PSL #ll Ours 7£ HeLa-1 $fin g 1 BRERZE R LU
Fig.5 Tracking results by PSL and Ours on
HeLa-1 datasets

I
NG
O

7=26 T=27 T=28

s o8
il
)"

K6 KTH Hl Ours 7E SIM+-01 #ffladl ERYHERSS R R
Fig.6 Tracking results by KTH and Ours on

SIM+-01 datasets

5 ol P AR [) K BE B A e — 2k e RS . W A
B, BEIREBT FRERR, MR EES
I, BIHR > AR, RN —ER R
Ryl Uit PSL /At KIS E—~ 40
i, SE I TR ZIIREAER. 0 Ours REAZ AR

® 1 BARERMMRGITER

Table 1  Statistics of dataset used in our study
B EAFR IENEI IR S AR IR NS G PNAN s F-{H (%)
Fluo-N2DL-HeLa-01 92 92 1100 x 700 94.2
Fluo-N2DL-HeLa-02 92 92 1100 x 700 92.7
Fluo-N2DH-SIM+-01 65 130 660 x 718 96.4
Fluo-N2DH-SIM+-02 150 138 664 x 790 95.7




384 H gl 1k

E N 3%

(R U5 ) T RS ) B i X e v 1 22 14
PRI R HAG T T 20 B0 B B A i Al iR, ik fe A%
IBE R ER R .

A AR & AL B, 2 CPU R
Intel Core i3-2100 4%, E4¥i 3.1 GHz, N1 4 GB,
BAEZR S~ Windows 7.

Bl 6 {55 HIAH R K BE A AR AT R B, 1E 7 TEAR,
FIEAEVATA 2257 240 A0 B AN/ 7 A 1 - 4 .

5.2 EEHLTIONIE RE

PR3 th 5L (Ours) 5 Y1 LA 55 b 1 9%
AT 8, ARG (Precision). # [u] 2% (Recall)
Al F-{f (F-measure) 33X =A™ 4547 % 8354 0 J5 358
FHOW R AT R . R 2 JROR T LA R, X
TR AL TN 43 4 S e T s B R A O e 2R 1) K, 3R 2
HHORFIK T 00 S5 ) I 4 SR R AR 91 TR e 4 6
PR SR A A RAE B — T 4.

5.3 SMERMRIFGE (NFP) RILLE
FEA AR S M 4 H Ry 3EPT #HT LR A

SR 2 B B, SCER [27) AEITAAr RE E )
S (JRrls) NZhms EEHR TR (Gradient boosted tree,
GBT) 43248 W30k [27] BA A TR K& S8
YUY, MSHOE . FHEERFR S, A SCRH 5 ASUE
VEAH ] B ARRAE DA B Gt S HE 1) s AL (Linear SVM)
IR ICHR [27] ISR, sl NFP. 55—
JrTH, SCHR [27] R AR O RS A B BRI
FrAs & (FF HeLa-2 %t#i 4 F AR A m 4 H
1E 800 JiZcAy), iXASEGUE T A S50 i F 5L
MR PRRE ). DR SCHR [27] rh il A2 B 8
M55 2.1 AR i, X HeLa-2 e X
FEHE A AR R R, AT T HIR Y, A SR SC
ik [27] MR R A T 2, @4 EPFL.

MR 2 ATDAE Y, ASCEEAE = AR By
RIGFT NFP 53k, R 7 2R i A
A RERA. M EPFL REMH TH Y4 E R0
H8 GBT 4r28%, FESLIn R ik 28 T A SCHE.
XA T A5 1T AR SO ¥ i P 25 A 1k 2 ) SR,
KW R AU T St A T B R4S B, R4S Fh
PR AR IR A R AT S 8024 ), AT AT A

2 OARSURES YA U R FIA Z A He (%)

Table 2  Comparison of our algorithm against state-of-the-art methods (%)

paR 22 el Iy ot LS
HiRE FEEES F-{H Uil FECES F-{H Uil EEEES F- {8
KTH 98.1 96.4 97.2 75.3 74.8 75.1 97.4 95.3 96.3
NFP 98.9 99.1 99.0 85.1 76.2 80.4 98.1 98.1 98.1
HeLa-1 EPFL 97 99 98 92 79 85 N/A N/A N/A
PSL 97.7 91.8 94.7 82.7 73.4 77.8 94.8 91.6 93.1
Ours-P 98.2 98.7 98.5 92.1 74.1 82.1 97.2 98.2 97.7
Ours 99.1 99.3 99.2 88.5 86.0 87.2 97.9 98.2 98.1
KTH 95.1 98.3 96.7 76.3 77.5 76.9 94.7 97.5 96.1
NFP 98.0 98.3 98.2 84.5 84.5 84.5 96.1 96.4 96.3
HeLa-2 EPFL 96 99 97 86 83 84 N/A N/A N/A
PSL 96.8 90.7 93.7 73.6 73.6 73.6 94.3 90.1 92.2
Ours-P 97.3 97.9 97.6 82.8 86.0 84.4 96.1 97.3 96.7
Ours 97.9 98.6 98.3 92.8 89.9 91.3 97.2 98.0 97.6
KTH 97.7 98.9 98.3 73.8 51.7 60.8 96.8 97.9 97.3
NFP 99.1 96.8 98.0 76.1 85.0 80.3 97.3 96.6 97.0
SIM+-01 EPFL N/A N/A N/A N/A N/A N/A N/A N/A N/A
PSL 98.9 94.3 96.7 33.3 73.3 45.8 91.7 94.1 92.9
Ours-P 99.7 96.5 98.1 60.9 93.3 73.7 93.6 96.5 95.0
Ours 99.8 99.9 99.9 94.6 89.8 92.2 99.7 99.8 99.7
KTH 94.4 92.6 93.5 80.2 72.7 76.3 93.2 92.1 92.6
NFP 97.1 90.0 93.4 79.6 81.8 80.7 94.4 91.1 92.7
SIM+-02 EPFL N/A N/A N/A N/A N/A N/A N/A N/A N/A
PSL 96.4 94.1 95.2 73.8 84.1 78.6 94.7 93.6 94.1
Ours-P 96.4 94.0 95.2 82.0 86.4 84.1 95.0 93.6 94.3
Ours 97.6 93.9 95.7 86.4 90.1 88.2 96.6 93.6 95.1
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TG iRy ] Bl S HON &R i S8 1R
2 3y R AR A B AN R A 2 5,
T BT 2R I R B, R[] 49 26 28 2 T 43 2
AL N o e R R B e A e
B, LROT R e h A IR, B
B Ll 2 B 4 30 0 ) 10 oy B 2 S, T
) R B T R ) B A 25 ) e, R R
AA] e, PR AE R A . Bt NFP il EPFL
I SE BB S EIE AT RS,

5.4 S4laEEMLE S5 % (PSL) MILLE

SCHR [21] $2 A9 PSL Jy VA R R R T S5 H AL 1
MAEEHA 2], SR, TR S A SO R RA MR
ARG 1) PSL J2—Fhoota il - HEREAY T IA,
LA A6 0 0 1A 18 B A — S R A S 4l
PRI, TR IR 1 B PR A 14 X o3 IR 53381,
X S B IO, DT %5 v e TR LR
I G B B B Az 0 i 2 2 BR B AR . i AR
SO Y A A i L B Y SE A S AT T K, RERS
AL IR PR R SRR, AR B S A BRI R
FOC R AN B . 2) PSL Ay
U 02 ) BB S AR BT ). FE2% > Bir
B, PSL FHH48 2 Wit R AF N — NI GRpeAs TiAe
T BB, PSL AEAE 2 Wi 8] 5R fAf— AR Bl 7]
L, B e T SR ERIBGE R AT B SE B ER BB SC
Bk [21] iR T —Fh B> (Active learning)
S AV NN SR REA AR ICAE o, B, &
PR ARAE S S MR LRI, T T AP LA, A
SURR I Bl s, o2 6 se Bl gr2k. o
5b, PSL 53T IA M AR AR 46 23 IS5

2 MEERER, ASOTRM SRR E T
PSL. JRA A RELET, PSL 126 5™ 5 A48 -4 il
Jr IR TR A TERBILE SOk [21] 1, PSL G
T ANH R R B 2 B AR, - {E sk 99.3 %.
ARSI IR BE MBS AG M B By 4 e, 8 A
T AN R B -5k, R RR U A A (Y H
HOR. B S g T AN AT, Hod iR iR
#2580 PSL 74 TR B EREAE R, N T RIS
AR R RE ST, IMAASCTTIA Ours /Y
— g Ours-P, H 2505 1F (2) B2 1, i
LIRIEAE (3) F1(4) PREH, IF HLO5 IR PSL, 7EAH4E 2
iz [EEA T2 > FIF. MR 2 Fra] L, Ours (9%
BT Ours-P, K4 Ours fBAL ] T 43R E 14
SR AEDIEHSY

5.5 5 KTH 53R

KTHP vh 1 1 % 5 35 76 55 — Jm 40 1 5 i ok
B RS TR, HAA N 4ERR L (Viterbi) Jrik
A8 AN B BT, AR TR ) 2 500 3 A I SR R 4

K38, KTH 2JF 7 al A7 3CF (exe), FFifs
TR A BRI RAES R M, AL
T EAT RN R E M E SR

MR 2 158, ASCOr kAR B KTH. |5 6
5T SIMA+-01 Hfln gk LR oy IERGS . W LE
B, ASCOPIR LA E] T K E I A — BB,
i KTH 5iRHEE B Al B' f#Re T 2 Mk
A— BHMC — B toh, KTH FHRHCRE Al X
D 1 C Hry A ECHE R 2 Ay T4 £,
REH AR 7R HEWTX AT ES KTH AR A 952
RPN A K, Holid de KA — AT 73 s i 5
RPN I — 2P0, AR B2 a2 Tl 3 S
RIVEFEATR, AT APRAE I B 2% HUl A 24w v RUZ
TR AT, EICIR ORI RS BT A B oy il e 4
Ry B C R 53 BET7 55 T A S5 ¥ )2 s o e 5%
e S BRI TR0 A, e R A ORIl TR [ B 3
FHETA R R PLIE, P PR IR T BEE LY 4R e i
Y. 5346, FEisfT )b, PAANIBECH 2 1) HeLa-2
B Bl, b1 KTH 34y HIHIN SR, H it
SRS 18] AR SCRA R AL, 360 Ab oAl
FIEHE KR GFAT, 5% 30 BhidbAT ILP 5K,
EIEIF AR 27 390 £ KTH dz4T M 1E 2% K 2y
393 Fb.

5.6 ZEAILE S)ItRE

2f 3] 3 BE PA— AT BT AP I R AE 4R S A AR
R BRIV R A, B i b AR AL
53k [21] o H #F 1 (Bundle method) A
[\, 2SR T H &R BCEW (Block-coordi-
nate Frank-Wolfe) 2% >) 835 5 vA 7] DA 25 Hh 45
WYNZRB AN AR K. BCFW BA R T AR
SRTHAE, ] PAPA—FPAE i oy kT, 2
A BE AP TC AL H I 2 AR
5.6.1 HFEFXTRAIIE

ghEpg b ) R R R AR B AR A5 v AT, XLk
ZARBFHEA BT M R 2 TR A =S, i $E
FRERIYFRI. AT SEHT I ST AR 48 T — LB,
[F] B R B T JLASHT AR AE. R T A SCDARR R 1 Ay A
AT G2, BT R T A 5 A — L8 J LA RRAE, 5120
TN AL 2R T ) A AR D)2 AR
V5] DX Stk 17 1 D ] A A 21, DXy K AR/ B
PR BE . R T A

Bl 7 R T M HeLa-2 ##insR oy > 15 2 14
AEAE. AUE S 000 4 XHELAQ A B ARFAE Y H 22k
BAFHIE B B SRR VAR AN R DA diff FF 3L AL
PR B AR 22 57, Horp position 7R 1
[ () Lo BE S, size 7R MBI Y TRT AR 22, eccen-
tricity fUFEfw.[>22, orientation fUF 2K HlJ7 M) 2=
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12 J
. R A P o o> . o> . A P
RSP AC § ST FIFSFSAF TIPS E PSS E P Y SSS
& Sg& & & @Qb & & &P &S & S &7 S & & s;& & $ & &L
& PORNO . g ¥ T KT FTE S Sy &7 oS T & R
& _g&& &S & = & o5 s o (8 S & & & <« § g - T
¥ < & & TS °
& RS
LER il

K7 HeLa-2 Fdlidl Loyt )15 2 R RFAEAUEL S5 R
Fig.7 Learning results on Hela-2

ZZ: inten.sum {8 F K JE M, inten.mean {tFIKE
YIME, inten.devia LT IKEFREZE; diff son.size
AT AR FL 2, diff.son.inten.mean 3%
WA T 20 0 1 2K B2 ¥ 225 angle pattern UJJ2& P
AN Y5 B0 A 1 A B (FE— IR SE Y
Gy HEE T, XA A BEAELE T 180°), dist to
border %40 B 15 300 2 ) 25 (BRI b IR AR
) A ) A R A — E AEH); emd of
histogram W] J& WA~ K B 5 B 22 8] i b T A% 2l B
& (Eearth mover’s distance), € & NE
BRI AL 22 3] AR IR BT 60 muill 2R kMg, H 0
#R 6 DA, BAFEARMS 10 WHESEG. 7
W4 izt BCFW 53k, & s R ERIRECH
200, MIE 7 ATRAK B, # 15 RIMARHIERUE S EH
WEenE & — . BN, F#E diff.postion f{FR—14
o I A AR I T A% H s 2 [ W BRI BE S, HAE 7%
FLER A 8 ANRHEH Sl TARK A E, BLEHEE
BT EENE TR E. AR, gt
THEEYPEP T A TR, S5 ERH 9% W
TR FERAETE DB E T —hip a4z
[

2 3 JRIR T 4IRS FI, P77 2y
ANIA] (RIREA ERBEARBORN ) ARz Y45
IFA] R A PR F- (R 5. 32 3 il
PERAr 22 2 Wl IEC &, 7E HeLa-1 a4 h
TEE 80 il R AE A Il Z54E, HeLa-2 4R ik i
60 i A RIS MR 3 AT DAE th, fiHEH
B2 A KSR YN GRbE A ] DA K2 25 b 245 5 1)) 2 =
1, B2 DA SRR 22 3 IR Ay, [R50
AT R TS B2 Ah, DU E NI R
A BE RE S AT R 38 O SR A RS RE Hh R0 Ao ) A
F 38 21 ) N AE AN 1Y 0] A, AR SRR B/ NN A Y

AT AN REMAZAT. (H A KL/ ()
i HeLa-1 w1y 4 Wi BEREASAT HeLa-2 1y 3 ot
KEEREA), 0 RS A BOVW 2R
W XEARSOW A —E, BB KA EE TEZH
SRR, HR T IS  RE S Z SE A 24 ¢
B

5.7 BUFEIHR

DAL SEEG I R BT 26 S-SVM. 24 3 FIFi &
VE. 85 4.3 R F], WiV HAZ TS (Kernel tricks)
A DA PR T SR . SR, X B AT
NG Z ANV Briy, TR A Ik 75 20 0 1 B3 BT A
fiE 1 (B) A A R A, AR K. (EARE =X (16), %4k
AL AT DA AR SO X DAY 26 M bR B50H) B 0 R o =R
. R, FEsei, ASCH R R AL
Moo, HA R bR B, R4 R T
P B4R SIM+-01 _Eiigfbss > Bkng R 2L,
Gt FERs 65 MR BT IIRh 5 e, B4
FEAAL S 13 iR

MR 4 WA, SR Y A R BRI S 400E,
FHEGT Gt o BT DASR T K2 4% 14 2405 2. (H
R, REIAMAZREMEC g2 i
RIS SE N, AR PR U GRis [RATD 98 ey 3
fi52it.
5.8 WELR

ARTLT5 YA F AT DA SR ML AR 228 f ) W] e 24
SR CRE R I A W T ) SE 6 R TR 2 Sy T e
ZIRIE, FIMAZ 2 MR, T RE &t
— R IR AR FESR I A, R I
SR B FHR I, FR X W R A B A 2
BEA I Tt SR, W] AR — LSk s b
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# 3 HeLa $dlide EUNGRAEAA X T UIGRFI TN 52 (%)
Table 3  Effects of training sample length on training and prediction HeLa (%)
ol FeA R EAAMFEA K N ZrtE] (min) BN TR FMH F-M S F-M EHELF F-M
1 80 101.5 3.5 99.3 86.8 98.9
2 40 41.0 2.1 99.2 82.5 98.1
4 20 25.3 2.0 99.3 87.5 98.9
HeLa-1 8 10 14.6 1.7 99.1 87.7 98.7
10 8 15.4 10.3 98.6 72.5 98.0
16 5 12.3 10.6 98.9 77.8 98.3
20 4 4.4 10.7 98.5 69.7 97.7
1 80 96.3 4.3 98.1 86.2 97.1
2 30 28.8 4.8 97.8 82.7 96.7
4 15 8.9 5.2 97.9 90.4 97.1
HeLa-2 6 10 4.8 4.8 98.3 91.3 97.6
10 6 4.0 6.0 98.3 89.4 97.5
15 4 1.8 6.4 98.1 89.7 97.0
20 3 1.1 7.3 95.9 55.3 93.6
# 4 SIM+-01 BRI HeR (%)
Table 4  Effects of kernelization SIM+-01 (%)
R et ZH YIZknsia) (min) R o
KB FEEES F- {8 KB FEEES F-{H
100 5.8 99.8 100 99.9 94.6 88.1 91.2
10 4.5 99.8 100 99.9 92.9 88.1 90.4
RBF 1 4.5 99.8 100 99.9 98.2 91.5 94.7
0.1 4.8 99.8 100 99.9 96.4 91.5 93.9
0.01 4.3 99.8 100 99.9 96.4 91.5 93.9
0.001 5.0 99.9 100 99.9 98.3 94.9 96.6
Linear 2.0 99.8 99.9 99.9 94.6 89.8 92.2

XFPRIE ) A& A Ban: Wi 2 A2 dar—miny
—ANKYIHY (LR B R — R EIg) 5 EiaE,
DB AT 32 AE [f) — il S DX e v, 3 o AR 38 T DA
SR AU 2R

M e;, e ANFER—AHTE AT

zight =0, ¢.= {vjvvk}

Tl b A B, WA 20y 257 2 ST
AR HETT, PR AR AL T AN [ ) i DI
L A, BRI BT E AU T AR e
AR S E AR AR, %3 s, A4
B 2 A/NAIIARA AT REAL T [ AR . RS
AT PA H, A BRI e 24 oK 5 R A I (False posi-
tive) MBI IEAR T, 72— RR I AR 10 3R
FHERIG B R IR

6 Z5ip
A SR T 2 B B G Y, A T A

(18)

] iR e PN T R R S AR S
SERAERT 1T IR SR A . AR SO IR
SR B T T L RE AL ML FEE R F) 2l ARG [ 40 i, X —
A2 FR TIUA B A B o SR PR I DL A M i . (H
A EREASAR I & 15 A A0 M AG TN (B35, %77 98 Wl LAY,
HATAEMSg & AR T, A BRERFA SO Y
S A IEAR 1 20 M BRERECT L 3 R A B
T8 P A 4 B B R A R T AR T R
.

# 5 1 HeLa-1 $diafR LA B2 s 0CR

Table 5  Effects of optional constraints on
HeLa-1 dataset
o i i e
(R ) (12709) (143) (1)
TP  FP TP FP TP FP
AHIT kL 12575 115 119 20 1 12
MAF AR 12590 119 125 17 1 0
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