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The Methodology of Evaluating Segmentation
Algorithms on Medical Image

ZHANG Shi, DONG Jian-wei, SHE Li-huang
( School of Information Science and Engineering, Northeastern University, Shenyang, 110004 )

Abstract Objective evaluation of medical image segmentation algorithms is one of the important steps toward establishing
validity and clinical applicability of an algorithm. Since there are a large number of articles presenting segmentation
methods on medical image, with few studying the evaluation methods on their performance, this paper presents an
evaluation method for different segmentation algorithms. The author first gives a survey of several available evaluation
methods and presents a systematic summary. Reliability, precision, region statistical characteristics and efficiency are the
four most important metrics. The definitions of them are then described based on the image segmentation process. For
comparison, weights should be added to these metrics according to the application. Moreover, the author also presents a
method on how to construct gold standard of medical images. At last, with the task of brain white matter segmentation, the
author demonstrates how to make use of the proposed evaluation method to compare two segmentation algorithms in insight
toolkit(ITK ) . The experiment results show that this method is practical and reasonable. This study gives a scientific
method for the evaluation of segmentation algorithms on medical image. Meanwhile, it points out the problems to be solved
before the segmentation algorithms could be put into use in clinic.

Keywords image segmentation, segmentation evaluation, medical image, insight toolkit( ITK) , gold standard
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Process for evaluating segmentation algorithm on medical image

(1) [ — A48 A X — i R b i 4 B b fi
FAAHTR] 9 53 0 585 2 %) n 4K

(2) n A BRAE B X 6] — iR R 19 5 5 B be fil
FHAR TR] 9 53 31 5800 45 23 ) — IR

(3) [A) — A 4RAE XS 43 n AT 08 [8] — A4S AR AL
f n W PR TP ke e E A felE TR — b 20 0 58125 20 ol
HEAT 5%

RH R 3 Ry kR AR AR 3 A EI AR, B
S,,8,, .8, HHP —H Ay FE R (KBHANERRE
B R AT AT S AR

1s.ns.n-ns, |
= 15,Us.U-US, |
Horb 7 73RN n RO FN G REBB R WAL, 205
Fon n WHr B G R B IR RIFE P ITR WD
PRI 3 A ATEEED B Py, P, , Py o3 IR T HRAE

(1)



559 10

HH B A AR 2R AR R A R 2 (T HE
KUl P, A FIREHR A B IRE), PHEABELT
1 AR R A A 5% A 11 35 o 1 sk, v 3 52 1k
g S
3.2 Bk

Wt R kAR S EL N HER (&
PRE) I — SRR . B 4 PR T R R
DI R IE L B . R R IE R R R A
KB ERR G B8 R BB ; Kk
A% DX P B B LA 5 e R I R A S G B 4 2R
301 55 1 e B0 % Ry g A5, SR R I e AT Y —
OB B 5 1 00 L A o B i A5 S0 T 5
i =3 s L PG I S (B R R R X ) X ]
[B] R0, DR O R DA R R — A B 28 m) R, )
— SCPE A AR P PR 2R 243 AT 14 T 1t B AT LA R R i
It 43 45 SR A b o 1 O I R

B5E, AT DU B TR B 0 R VR B T
W&, WA B AR RN R SNES R
B=1{b:i=1, Ki, &EHHENLRIHESN
T=it:i=1,- N, SEHRMEEE LN
d(b,,T) =”E!r¥1in N |b, -t |,

X T — g A, AT DG R 3 AN TR
F1h 000

1 K
-2y 4 X i 25 - MAD = ?Z d(b,,T) (2)

e R4 5% i 2% : MaxD = , max {d(b,,T)} (3)

{17l oo
REMHTE e MERLUNKRRILH]

PE:\%bieB;dlébi,T)<e%\ (&)

e Ah 3 AT AR TS T X sk (Tl AR A R ) Y
JE o g BRI (B — IR R A & — D B AR X
AN T R R S RS FI R AR A
X R GG, G TIGERERERN HiRX
B ERGES I RRBREAGNGERES, WE
SCINR 4 AN

HEAME: TP=SNT (5)
btk FP=S-T (6)
BEATE: FN=T -S (7)
HAM: TN=I-T-S (8)

X4 AN AT LTS B ST R 1 B X3k, A
K2 frs

AR B R B BTN O vk 1875
KIGES
EIREGIRES S RVERGIRE DS
AN

IN

—T

AT

~
=

= 10 B L

R

Pl 2 o X308 0 A 2 T A0 30 7R A
Fig.2 Illustration of evaluation metrics for

region-based algorithm

TE UL SRl 1 SN 4 AL
| 7P|

TPF = (9)
| T
FNF:M (10)
T
__|FP
FPF_‘[_T‘ (11)
__|7N]
TNF_‘I_T‘ (12)

TPF o B M H AR R B0 B A X 8 A
ERRR R LG FNF 2R 43 %) H AR R 8
H 5 X 55 A IR R B L s FPF KR8 &=
BEHGH S F D BAR R E 55 5 IEMR R
B LU TNF 0 0 50 ORI 8 SR 2405 IEH
R BRG] A B X B R T 5 H bR X
A R L6 3, D) 430 480 30k AT DL 3 22 1) TPF 0
FPF 0 #E R v (ROC) il £ 45 2 9F fr Al
B AR B 58 3 ROC 7 B2 SR 1M AN 4 3
CIRD S Bu =W /I S

| FP| + | FN|
R

W bR 25 L i AR A e BRI R A 15 3
(i 00 3 e T R S A
3.3 XEgites

TEALE LT, 8 25 R A Sl 2%
PRI A4 7 B PP O . BRI GE it
ek IR BE S 510 (BB AR IR A8 ) MR I BE . FEA Y
BRI 3 A4 BN A PE X 22 5P A
DX I ) 22 e e

FF =1 (13)



1876 ] &1 5 B R 24 4

%14 %

X 18 N 21 514 (uniformity of intra region ) : 3 i
DX IR PSR R FRAE (40K BE ) B AR BLBE 580 IX 88 1) 3%
SIRE st

D PO o)
UR = 1__T%T}S e oL
1 (max(e, () = min(g,(5)

(14)
PO RS T B EI R N A KB (%4 LR,
FRE DRI ES), INRERB T P BREMS
$,g,(s) XN ARE s 14 K BE S0 B o Bl HG At 1R %
FRAE PR (B0 S B4 ) | R, IR X R, 8 %
(¥ 2B
X 3o, P9 2% S5« 3 o X B P A R Y
B S50 7 5 S AR Ay X 40 P 2% S ) ) 3
W]

2

or =13 (a5 (T)) as)

(B, 2000 B Xt T L 0 3 X S50 A 1 115 4
FIEATE 0T SUH A E A X P 22 e AT
Z UL CHR[ 14 ] 5

X Jok ] 2% S« 3 e 3 R I dsK 1) ) S — B
RAG K I A2 Sk Haoh

> D 1A(R) ~f(R)

Il =i fem
— . (16)
c max(g,(s)) ~ min(g,(s))

DIR =

Horp, € O IR A %, g, (s) 1R 3R IR BE FRAE o
B, fi (R DX IR AR pR 80, — M DX 3807 2K
B H Al JE W BT DN BE AT 2 WL SClk [ 1] A
LR[4T,
3.4 #|E

BRI RN P 2 589 1 T 5% U1 45
FERAT B9 BT A7 I 18] 8 R, 58 B — K 23 B AT 55 B
JH i ] o 2 — 0 A B, AT Lk O N R AR
R (21151 g N1 W e o 1 ) NS B (&
&K R R AN W T R[] 3 2
Blaz 50 i 1) 30 o 553k 09 5 23 (N 4R ) s (] A 53
¥ 32 B .

{EAF— 4R IR, R AR s A
A5 AR A BBk B9 52 907 ¥ (10 Matlab, € ++
SR, G R & (B E RS A
e ATEAEESE) A O NI, 7 1 3 B 1 SR Y [

I, o b 2505 B Al 5 35 114 5 B O 9 SRR A ) B IR
R

4 ZEEMRS

SEBR L B DL A 27 53X 280 B 2 ] 5 R 2
HARMSE B EATTEAR R W, T L 3E A AR ME L ORI
M ILAZ BB IR BT B o — S8 X
O3 EV B I VA b AR A 3K 26 45 AR, AR 3 A (5] 19 Lz
MR BN R A ALE

gi Lk, — e B R RS A I
SATHHMAE: (1) —ERXSHHAN R A=
SCHIRE o (2) 75 1 e B AU R R B 52/ I R
RAEEMR o (3) AT LAHI R AR Sy 23 502 25 (0 X I 19 4
B o (4) — 88 10030 A0 Lo B2 i B A b o A
B 2 BVREAR R . (5) — > TT LA 44 0 5 53 A
PR O R R G . TR B — NI R S
HiT , 3 26 250 A L O Y P o VS R LR A R 3
AT R A (1) — AT 55 - 0 4n b o8 19 0 315
(2) 73 HI B9 FBAL - 4 0 Rl 5 (3) R A 4n MRI
2 4R . AR T BRI 8 K, R R A EAR
O VL VA AR R LA R T L

5 EREBIRENEZEI

FERE R UL, TEAR Z2 1 B0 T, 48 X5 % WL A 1E B 19
G bR A AT REIR AT B, WA Al WA . A Ik,
R AT 3 B 05k R BB S &
i i

(D ANTARIEH: GRG0 10 5l X 38 ih
JUA LKL X T ThRic. R L HZIZE
H A — B, AT R P 905 R AR I A S A e
SCHERL 1S 32 7 — i 301 28 de R AL 58 12, o ] R il
RAN—EER RS, A AR ISR 2 5 o3 5 45 2R 18
TEAR R — > TAE A 20 B S5 R, B s 2 H Aw
DI P 9, B AN FAR X0 g R X T B
BRI Y 8, Jovk g AR B 4 ity SR R IR R Y
— SRR RE(0 ~ 1 ZE A —A/ N o AN TThR
DB BA W T IS (1) TEFEHRLCHKRE
(19 P 1) 00K 7, AR B2 w5 5 (2) By 28 1, AN TR I & K
[ — A~ G AN [ ) %o [) — i P 4R 15 2 ) 22
N EIGE RN B BA AN (3) “REW
A EMR I, G A S BRI, B B % 1 BE DL K



AR B R B BTN O vk 1877

F3 —AF Lo E LA

Fig.3 An example of manual segmentation

Lo 8 AR AR 2 s e LA B A5 2R
Bl 3 i —A K E G s, E 3 (a) 5E 3
(b) BAARFERFEEX WWE, EMTS5E 3(c) BAR
[Fi) F) J8 R A £, 2 30 H A i AR e A — 2

() B pi: it HEAeNTE
PG, Hrh B C T H bR XU S 5o 285,
2 2 [ (1 JRy 8 A 2500 5 e A O R IR A Y
W P 45 e A L — R 7 LAY R e R X R T
PR R 2 UL, R B RO 2 AR R
AR I IR B KR, R 5 HAFTE 2 7, IRk
TIN5,

) i o B HES NMREA S E
V1% 5 5 1235 R R B0 1 N A AR, AR 8 L AR
PR AT UG, I 25 380 1 PR R R 2 00 48 A o 119 [
B NIERERI AT LU 28 2 05 35 /9 20 A AR
BB A 1 R R T L GE o 4 L R A

SRR, SRS TR AT SRR R e R R

2 4 BrainWeb [ MRI simulator % F i 8t 2% )7
2, VR P S M AR e R 2 8Ok A
AT MRL 8 o 33y s 1 ke i 7 T A i
BERY A AR T, HOTC ¥R 58 2 AF & NI 1 4 21 45
Y, R FH B B BB RS 1 BIR 5 B S ER Y 2%
PAIRIER: /N

X 3k 3 Ff oy gk (9 40 AT L, SR N CAs Il
125 1 4 A UE BT AT G B 2 R 03 X — AT 55 1 )
s 0 A iy S0 3 ar A2 3R AR i1k (s i &
5 BE 6 U RE , PR B R A 0% ) " H B B
DX 5l 3 S ) ok O X LA ASEOR A 3R A B T A 2 0- 1
B R IR, XA A 7 1Y & b HER A TRy 2
FME

R T HES B 2 UG o E DT AT, — S 4R
PR Ry 1 i DR AIE 5 385 X LA A 4 o M 030 e ) (1) R

L THESE T AE X R R 43 BUE 55 19 4 b e B 2, e
L FE B A5G 4 0 %509 14 (TBSR) ' il BrainWeb' ' f5: 45
S ), R 4 TR M M R AR K 4 AR U,
Kl 4(a)3k [ IBSR, K 4(b) 3k { BrainWeb, H & KN
RS W[ 17] . [20 JHIRA 4,

(a) IBSR

P4 s MRT PSR I A 5505 4 b e
Fig.4 Brain MRI image and its gold

(b) Brain Web

standard of white matter

PR 27 AR S 25 o R0 P O S S AR 2 R PR o
PG Ak BRATE 5 2 5 ik DR Y [ T, 7 T B R = £ R -
R BB AL BT AR 240 (EFMI WG MIP) 2006 4F #1 JF
AR R R G A " W b, BT S %
P 4 (RID ) B BROAR R e F0F 5 3 &) T 17
e, I — 22 DA T Ay 7 4 g RID LUHE S
B2 R AL P S 43T ) R

6 5> EITFTIE LR BT M KB
P19 40 BT B 0 B AT BT — RIS

SRAEA TR 23 B B0 b 9 R B, 5 4 40 ] 8 A0
TE S B LU I 45 E (9 730 AT 555 05 — A = #r 1



1878 o E B 4 EE £ 4

%14 %

BZA 7> BV AR TN [F]— 73 F 4 55 A 00 25 72 8
DR B4 T A B Bk O A 7 A I R 5 AT LA
JH ROC ik )5 . i B DL MRI B8 H BT 45 #
FH T B 25 R 0T 5 0 48], R TF-AR R A (] £ 3 50 53
BAE T WGX R — 7 EE S i R RE 22 5 . SR
Fh A vk e Ho s B )5 5 ¥ o4 NIH ( national institutes of
health) i Fl T 0F 53 5 27 8 5 53 %1 R IC 6 19 insight
toolkit (TTK ) £ {4 ¥ % 63 i 9 57941 0 SR I AO B
SE4 S AMD sempron 1.9 GHz CPU,1GB N fF,

¥ & Windows XP #:4E £ 48, C ++ Fi FE 15 5
Visual C ++6.0 ZfiFes.

SR A A 1 Rl IBSREKCHE 4R b (1 55 %
T1 /AL MR EZ , 95 % 788_6 M5 52 )2, 4%
FE 55 g i T DI 3R B, A R AR A T
ITK A4S o0 FI 5, 2R 45 6 A ar B 45 2R, Bk
STk MBS ER 1 R o e R K H
S ARES B G5 H LN K 6 AN TR 9 43 HI 45 51 fn
Bl S Fs o

x1 ZLBAEREESHEE

Tab. 1

Experiment method and parameters corresponding to the algorithms
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Tab.2 Metrics results of the segmentation algorithms
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