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Mutual Information Image Registration Technique and Applications to Biological
Images

Student ; Guan-Jhou Pan Advisor ; Yu-Tai Ching

Institute of Computer Science and Engineering

National Chiao Tung University

ABSTRACT

Registration is a important tool in image processing that is applied to match
regions in two or more pictures. Virtually-all large systems which evaluate images
require the registration of images. In 'this ithesis, image registration technique by
maximization of mutual information was studied. The technique was applied to
biological images of fly brains. Our experimental data supplied by Dr. Chiang’s
laboratory of Tsing Hua University. By applying the registration technique, we
identify the neuropils in the fly brain and the average locations of the neuropils were

computed. In addition, we also analyze the size of Drosophila’s left and right brains.
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Abbreviations

MI
CT
PET
SPECT
MRI
DOF
SSD
SAD
CC
SPM
EB

Mutual Informaiton

Computed tomography

Positron Emission Tomography

Single Photon Emission Computed Tomography
Magnetic Resonance Imaging

Degree of Freedom

Sum of squared differences

Sum of absolute differences
Correlation Coefficient

Statistical Parametric Mapping

Ellipsoid Body
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% = § Mutual Information
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TRREEILThRH Y BL L NS > )% B+ it Mutual Information (M)
=2 % % & Image Registration #-3gF &3%it o — B4 P A G 4 MI 123 > 12
%2 MI §2 Entropy b % > £ 7\,1* A % Joint Histogram 384 > 12 % dofet &

MI & -

3.2 32

Eh#e ® o A g * Mutual Information(MI) % gaqp i B R & e 2

F’_*

TR LA R L S R a5 A kP AT et i 5o

EBVEREE S SEEF CUF £t NG RREN Y G EREY

G A ¥ U E B £ raw dataf M GadE B o
3.2.1 Entropy(#)

EAP- LA FE G F T RF AP blde s PR E AR IR R
JERS s 5 S PEE_6D% o i AV R B eh- A R - B F o - R
G ESHA AR TR AL AT ¢ 3 07 fE T (uncertainty) iPAR R 0 T 0 d #cE T
iy e 2% 1928 £ 0 d 2t F A M ehF foHartley F % 2% 14 21 4 (message)
- @ 8 2 5i(symbols) e # (strings)[ 7] Bk # 5L(symbol) & s+ it 14 >

2

{4 F 1% message ¢ 7 N % symbol e #12 > ME K G ST AL o e F5 T ¥

/\‘
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B kA% ¢ EFFNEDHE AT R AH 4 o Hartley € i8- % hi
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H = NlogS = log SV

Hartley 3 & + /] eip] T 5 2 B2t ¥ g cnumber #icen 3 % > #icp A% 4

RIS 2 T BAR S o R 2R - B Lo 7 g e s 0(logl=0) > 7]

B KAy R & TR rmI%q.\£|@; ME T oo HFY ?‘jgmfg_?'rj,j,ﬁtjﬁdgzﬁig
(uncertainty) » % F ac X i L 2485 > R A A I PARL o F 20 L ArR G

- BRAFARAAIRTMES 0

- PR Hartley R 2 iix e L 0rg HL(symbol) 3 4 el 5 ¥h4p e o

1948 & Shannon % & 1 - AATHFT AR R eh= 2 [1] %3 & B¥ o e
Ry OEEE KR el elem BEEF L DWF LB L pl, p2opm B

Shannon Entropy Z_&4c™

H = Epl log— = Zpllogpl

ARk 2 enE 28 4 e 4p B O~ Shannon Entropy 2t 5% ;

1 1 1 n n
—zS—nlogS—n = ZS_"lOgS = log S

7% &_7 Hartley entropy #7;% %+ - Shannon Entropy ¢+ ¢ - log ii&ﬁ”ﬁ 1
Fw opl AR i EEOTHEAR] 0 B fﬁ‘ui’éﬁﬁﬁé B L e ER ko
LiPenFag -nspEEgd oSy FHEL E > >4 Shannon Entropy

WG - FERR T3 R 0



,T*ui‘ﬁ fe ** Hartley entropy’ Shannon Entropy » ¥ 12 % % 7 g T4 (uncertainty )
SRR o F T A ‘FKE AP T a4 4 cnpFiE > % & F Shannon Entropy i
B AR FE2EnFEEF T FF - BRAFAPIRAE
MAB RS apFEE i\;}% ¥ uncertainty "% i< 7 0 F] 5 AP T UIEH BIE G (A

i g L el Bd -

AT LB BHS KM - B A S HHT R “mummy”
“daddy” ~ “cat” 4r “uh-oh” & u|i * g 5 0.35-0.2~0.2F°0.25 >
AT g P AT E T L BF 4 0 5 d Shannon Entropy 23U 3hE )
*evalue 5 -0.3510g0. 35(-0. 210g0. 2 )*2-0. 2510g0. 25=1. 96 ; @ 5 iF - P&
B )% oz a4 ( “mummy”  0.05) ~ ( “daddy” 0.05) ~ ( “cat”
0.02)~(C “train” 0.02)~( “car”  0:02)~(%cookie” 0.02)~( “telly” 0.02) -
( "mno” 0.8).#FF g~ BFRFRSLATE* > 54 Shannon Entropy
Hdientropy » 1.25 > ¥ U g BEH T Fa o 23 Hiﬁ?ﬁiﬁffvﬁﬁ

HUEKT S TR AT MM S A g RS N0’ BT A -

7814 Shannon Entropy » ¥ "% A ikt #3tE > APT N EEAIFE
(Gray level)ena # %38 Entropy » 1% & > B ¥ 1 5 &5 B AR E ey 5
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4 -5 B ehentropy 5 @ R B AFFE S F 355 ﬁ%ﬁgé‘iﬂ’ﬁ?entropyo
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3.2.2 % F ¥ #(Mutual Information)

MI (Mutual Information)# % crde i 8 & IR eHF B > 7L 3 BrRgi ¥
# A~ B ¢ Shannon-Entropy ¥ H(A)fc HB)™ T & =
H(A) - ZaEA P, (a) log PA(a)

H(B) =— Xpep Pp(b) log Ppwp)

B ¥ Puay % Ppay & W & 8 F 2 = #% & &~ i (Marginal Probability

Distribution > MPD) o

3+ & 8 £ 4% (Joint Entropy) :
ARGEBRE G BMEBIR R SIP jpap s P EEEFT ¥ T L
EE

HA, B)=—Y.qea Xben Pap(ap) 108Pwan)

\_.

38 £ F F3 (Mutual Information)

P ok Eil- BRES § AT - BRENTRE I ARG B

e
LTRR R E R A B GLE R FATT &7 SN R

MI(A,B) = H(A) + H(B) — H(A,B)
Fd PoE R FAdh s B A I ERPEH DT FERTE LB NS

T, = argmaxl (4, BY)

IABY)::# i AfrB i * 2dctiitant T T 5 $I1(4BYE B+ EpFen
=% o %”ﬁ’ d i * & ch F (exhaustive searching) 45 | B 32 18 et = o B B

I(A,BY) chg ~ & -
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3.2.3 Joint Histogram

Hill etal % £ #1993 # 3% &1 2 ‘enm & = B (Joint Histogram) e 2 [ 7] >
Bt A SRR R B P B (gray level pair) R A chi e A B B IS
¥ (Joint Entropy)¢ni& I ¥ » » ¥ 124 % Joint Histogram &4 $742 B % 2| 4744
i (Registration) s % ek « A7 g% T MR B#E6] > 2 AL H @
% i & & 7 joint histogram - 4 joint histogram 4% 4 $7 > & % Jﬂz =1 Jﬂz% fe X

AR A o

(c) (d)

B 3-1 %+ Mutual-Information-Based Registration of Medical Images: A Survey

MR B 0 A~ Bl G p LB 2 B 5 &R 10 & 0 Joint Histogram °
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3.3 MI value =2+ &

d Fa BB & PE L R fE Ml 2 Entropy 2. F enbf % 0 VP-4

E‘ P
%«Y‘
n‘@
ﬁ?

|

o bl K e B M

M 3-2 (a) 3x3 # A (b) 33 BB

A B H ha 3R X3 gl Nl L H AR E 0 d NS

MI(A,B) =H(A)+ H(B) —H(A,B)

ApEyfEe p LB L A R ke Entropy #2 2 Joint Entropy shiE > s F 2
RN AF NIRAFFEF 2-3-4-5-T 8 A H b 1/9-1/9~2/9

1/9~2/9~2/9 % »

H(A)=— X qca Pa(a) log Pua)

#FHA=-1/9og 1 /9 *3 - 2/ 9(og2/9)

PILo H B NI EF 2 3567 A u ks 3/91/91/9
2/9 ~2/9 ik »
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H(B) =—Xpep Ps(b) log Ppw)

B3 HB)=-3 / 9(log 3/ 9) - 1/ 9(log 1/ 9) *x2 - 2/9 (log 2/ 9)
*2

Ed A RP A eh pixel » AP E @D - B AR E ¥ (gray level pair)

%% @ Joint Histogram -

0
3 | "(7.8)
7 r m(6,7)
6 L
B ST 24 “(5.5)
X 3 .23.6’4}
: “(23)
- *(2.2)
1
0

| 1 1 1 1 1 1 1

o 1 2 3 4 5 6 7 8 9
Y1k —Krkfh

Bl 3-3 2D Histogram

14



#rw 2 d Joint Histogram ¥ 1 Joint Entropy #1ig

P
W

5(22)

B(23)
D24
ol X
B(5.5)
|6,7)
VIETY B (7.8)

kY 4
.

AT L AL AR ¥ R BE 2 F?ﬁ, Gray. Ié‘ve_k_Bair s S o~ 238 k3 E Joint

Entropy shig ;

H(AB)=—Xqeca 2ves P AB(a,b) logP (a,b)
HAB)=—1/ 9(log 1 / 9) *5 - 2/ 9(log 2 / 9) * 2

d IR A

MI(4, B) = H(A) + H(B) — H(4, B)

LB AP & ahk B 3E (MI Value)
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3.4 MI 1+

AP AT LB R M Gt B 22 Entropy 2 B enkd %o @ B kR Entropy
T RPIRB G E s F Ao M RIERES BRGF R 3 50
FAE - APET g M g5 T #F[3]
1. Non-negativity I(A,B) =0
2. Symmetry I1(A,B) = I1(B,A)
3. Independence  I(A,B) =0 © Papap) = Paa) Pr)
4. Self I(A,A) = H(A)
5. Bounded
I1(A,B) <min(H(A),H(B)) < (H(A),H(B))/2 < max(H(A),H(B)) <
H(A) + H(B)
Bl pF= R el fruf;rw MR ES GRS HEEETRE LT €5 F A
MI % 0 sopFiz > » fﬁ‘u%’\ﬂi 7 R AR h - AP e A AR R R Thee

Z AR J}é_,T&{;fl. Entropy =i > = ,TJ&{,% GAFFEs F AR R o
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ApE UEE D G Stepd R F X B OFHPFRE o A7 AR A E MI 2
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| & #, 2 3 4 5
% T
™ i g
% 02 (-161,59,-14) (159,60,-15) (-34,37,9) (38,40,11)
& 04 (-158,59,-13) (164,60,-14) (-31,36,11) (40,42,13)
% 06 (-167,53,-13) (155,60,-14) (-36,39,8) (34,40,9)
% 08 (-154,64,-9) (155,67,-9) (-33,40,12) (36,41,12)
& 12 (-159,73.,-10) (162,75,-12) (-40,35,11) (44,38,14)
%13 (-157,73,-11) (158,76,-12) (-38,40,14) (36,41,14)
#H% 18 (-157,68,-11) (152,75,-12) (-37,36,11) (35,40,13)
%20 (-155,52,-12) (153,57,-13) (-33,39,11) (35,42,12)
HEx 24 (-160,67,-11) (161,75,-12) (-37,35,11) (33,37,13)
%25 (-161,69,-11) (157,75,-12) (-34,37,13) (36,39,13)
%k 26 (-165,75,-13) (156,83,-13) (-41,32,11) (38,38,11)
HE 27 (-162,71,-11) (158,78,-12) (-38,34,12) (36,41,14)
% 28 (-159,68,-11) (155,76,-12) (-34,32,13) (38,40,13)
%29 (-164,71,-10) (155,79;-11) (-39,36,10) (41,34,13)
& 33 (-171,78,-14) (177,79,-13) (-39,41,12) (38,45,12)
% 34 (-159,73,=12) (162,79,-12) (-38,35,13) (40,38,13)
% 36 (-170,74,212) (175,78;-12) (-33,37,13) (45,40,13)
% 37 (-171,81,-12) (179,90,-12) (-42,49,10) (43,46,10)
% 38 (-181,75,-12) (182,75,-13) (-41,45,9) (43,45,9)
#% 39 (-172,80,-14) (182,86,-12) (-33,54,9) (45,49,11)
%40 (-180,72,-10) (177,76,-11) (-41,46,8) (38,46,11)
% 41 (-170,69,-13) (185,70,-13) (-40,43,10) (45,41,11)
Wk 42 (-180,69,-10) (174,76,-11) (-42,34,12) (37,36,13)

4 #. 5-1 Landmark %% 2~5 &&= %

34




| & #, 6 7 8 9
% T
™ i g
% 02 (-108,51,-10) (105,55,-7) (-50,-57,-3) (44,-56,-2)
% 04 (-108,47,-9) (113,53,-7) (-50,-57,-3) (56,-49,-2)
%k 06 (-114,50,-11) (108,47,-8) (-53,-56,-1) (46,-55,0)
% 08 (-108,51,-6) (110,48,-5) (-54,-56,1) (51,-54,0)
& 12 (-113,52,-8) (116,56,-7) (-62,-58,-3) (54,-54,-1)
%13 (-111,57,-5) (110,56,-5) (-57,-57,-2) (51,-50,-2)
#H% 18 (-109,53,-8) (108,61,-6) (-55,-56,0) (54,-47,1)
%20 (-108,42,-9) (108,45,-6) (-57,-67,-2) (56,-71,-2)
HEx 24 (-110,56,-5) (109,58,-5) (-57,-57,-2) (51,-53,-2)
%25 (-111,58,-5) (108,58,-5) (-61,-55,-2) (52,-56,-2)
%k 26 (-115,57,-7) (108,63,-6) (-66,-49,-3) (54,-50,-3)
HE 27 (-110,59,-7) (109,58,-5) (-54,-57,-2) (55,-55,-2)
% 28 (-108,53,-5) (110,59,-3) (-60,-53,-2) (64,-47,-2)
%29 (-113,57,-7) (108,53,45) (-60,-53,-1) (53,-55,-1)
% 33 (-125,62,-6) (129,58:-5) (-63,-55,-2) (56,-59,-2)
& 34 (-115,566) (118;57,-6) (-57,-51,-2) (55,-51,-2)
% 36 (-120,58=7) (140,52,-5) (-60,-54,-2) (53,-55,-2)
% 37 (-120,70,-7) (126,72,-4) (-57,-56,-5) (49,-60,-1)
% 38 (-122,60,-10) (122,62,-7) (-50,-65,-1) (52,-58,-1)
#% 39 (-118,67,-8) (127,64,-5) (-67,-51,-2) (61,-55,-2)
%40 (-120,60,-6) (116,65,-4) (-56,-58,-2) (56,-61,-1)
% 41 (-116,58,-8) (129,54,-7) (-60,-59,-2) (57,-56,-4)
Wk 42 (-119,58,-7) (119,58,-4) (-55,-59,-3) (54,-61,-4)

% ¥ 5-2 Landmark %%.6~9 B> ¥
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| & #, 10 11 12 13
% T
™ i g
& 02 (-52,-20,5) (54,-18,5) (-59,-2,-2) (60,1,0)
% 04 (-54,-21,6) (60,-12,5) (-60,5,0) (59,4,0)
% 06 (-54,-17,6) (53.,-18,7) (-60,-2,-2) (59,-2,0)
& 08 (-57,-19,7) (58,-20,7) (-64,-1,2) (65,-2,2)
& 12 (-62,-21,4) (64,-16,6) (-69,-3,-2) (70,2,0)
%13 (-58,-15,6) (59,-15,5) (-64,2,0) (66,2,0)
#H% 18 (-55,-18,8) (60,-14,8) (-61,0,-1) (65,6,3)
%20 (-58,-24,6) (61,-18,7) (-62,-7,0) (66,-3,0)
HEx 24 (-58,-18,6) (58,-17,5) (-64.,0,0) (64,1,0)
%25 (-59,-19,6) (53,-19,8) (-66.0,0) (64.,2,0)
%k 26 (-68,-17,6) (68,-15,6) (-76,0,0) (74,3,1)
HE 27 (-59,-21,6) (61,-20,5) (-65,1,0) (66,2,0)
% 28 (-60,-23,6) (57,-17,8) (-67,-3,0) (69,5,0)
%29 (-60,-19,7) (62,-22,6) (-65,1,0) (67,-5,1)
& 33 (-66,-15,6) (66,-19;5) (-74,1,-1) (72,-1,0)
Wi U (-60,-18:6) (61,-16,5) (-65,-1,0) (67,2,0)
% 36 (-64,-194) (66,-18,5) (-71,-1,-1) (75,1,0)
% 37 (-64,-13,4) (70,-11,6) (-70,6,-1) (76,8,1)
% 38 (-62,-21,7) (64,-19,6) (-68,-3,0) (72,3,0)
#% 39 (-68,-34,6) (70,-14,5) (-74,3,-2) (74,5,0)
%40 (-58,-17,7) (63,-14,8) (-67,-1,-2) (70,2,1)
% 41 (-63,-21,6) (67,-20,5) (-67,-4,-1) (74,-2,-1)
Wk 42 (-59,-20,5) (63,-21,6) (-66,0,-2) (69,-1,1)

% ¥ 5-3 Landmark %%. 10~13 A& %
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-+ - BREES S22 Ti0aE
Ul - (1 EB ¥ s 5 REE)
5
k2 (-164.913,69.2609,-11.6957)
LY ) (164.913,73.6957,-12.2609)
Fcd (-37.1304,38.7826,11)
EL Y3 (38.8696,40.8261,12.087)
Pk b (-113.957,56.1739,-7.26087)
BT (115.478,57.0435,-5.52174)
P8 (-57.4348,-56.3478,-2.08696)
9 (53.6522,-55.1304,-1.69565)
Fpc 10 (-59.913,-19.5652,5.91304)
Facll (61.6522,-17.087,6.04348)
P12 (<66.2609,-0.391304,-0.652174)
P ll (67.9565,1.43478,0.391304)
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TH=1 e 4L AL ] A (2%l | LEE((X )
(voxels) (voxels) + %9:2) [+ *100 )%
S 02 1654676 1661819 2 0.429830%
Mgy 04 1594403 1685476 2 5.403399%
Sa%r 06 1973830 1868906 1 5.315757%
Sa%r 08 1871424 1858380 1 0.697009%
Yo% 12 1445447 1417836 1 1.910205%
%o 13 1533175 1526414 1 0.440980%
S5 14 1603138 1454197 1 9.290591%
% 15 1819348 1665212 1 8.472046%
%o 16 1930600 1798865 1 6.823526%
% 18 1884500 1716370 1 8.921730%
gL 19 1642944 1649668 2 0.407597%
g 20 1671872 1641550 1 1.813656%
g 24 1681075 L529555 1 9.013280%
S%r 25 1681214 1575046 1 6.314960%
%L 26 1539464 1415601 1 8.045852%
Sa® 27 1590586 1570057 1 1.290656%
S5 28 1590084 1513531 1 4.814400%
S5 29 1562429 1450787 1 7.145413%
S5 30 1672737 1466759 1 12.313831%
S 31 1556191 1391249 1 10.599085%
%L 32 1898600 1983391 2 4.275052%
%o 33 1844343 1851624 2 0.393222%
S5 34 1409425 1432473 2 1.608966%
%L 36 1597489 1672794 2 4.501750%
S 37 1742162 1853336 2 5.998588%
S5y 38 1882950 1894378 2 0.603259%
e 39 1761105 1912822 2 7.931580%
Sa%r 40 1939571 1846921 1 4.776830%
S5 42 1860676 1838949 1 1.167694%

# . 5-5 Threshold=1 = +*g= -] £ §ELLH 4




TH=5 R + k] A (2%l | £EE((*-))
(voxels) (voxels) + %a:2) + *100)%
S5 02 1518914 1511378 1 0.496144%
S5 04 1448340 1545901 2 6.310947%
% 06 1831743 1724726 1 5.842359%
% 08 1745104 1747066 2 0.112303%
S5 12 1340919 1323627 1 1.289563%
¥ 13 1395135 1388725 1 0.459454%
% 14 1469106 1342600 1 8.611087%
%o 15 1699037 1542091 1 9.237350%
% 16 1844210 1710735 1 7.237516%
S5 18 1805916 1633666 1 9.538096%
S5 19 1568137 1566507 1 0.103945%
S5 20 1603755 1569497 1 2.136112%
S5 24 1556932 1422318 1 8.646107%
S5 25 1552067 1468462 1 5.386688%
3% 26 1437428 1326876 1 7.690959%
¥ 27 1485842 1460852 1 1.681875%
S5 28 1474488 1407211 1 4.562736%
% 29 1448101 1352830 1 6.579030%
% 30 1543451 1336827 1 13.387143%
% 31 1444319 1270646 1 12.024560%
% 32 1735130 1778241 2 2.424362%
% 33 1700331 1705079 2 0.278462%
S5 34 1297064 1301968 2 0.376661%
3% 36 1470928 1540182 2 4.496482%
S5 37 1634048 1713425 2 4.632651%
3% 38 1730885 1750370 2 1.113193%
% 39 1637834 1764463 2 7.176631%
S5 40 1776828 1691341 1 4.811214%
S5 42 1696273 1674269 1 1.297197%

% & 5-6 Threshold =5 =

o o] A BE S




TH=10 =) + %] (2%l | LEE((x-))
(voxels) (voxels) +%%:2) + *100 )%
S5 02 1439531 1428229 1 0.785117%
S5 04 1363242 1461599 2 6.729411%
% 06 1725806 1622365 1 5.993779%
% 08 1654699 1667904 2 0.791712%
%l 12 1283573 1269513 1 1.095380%
S5 13 1321016 1317069 1 0.298785%
S5 14 1390131 1279151 1 7.983420%
S5 15 1623038 1467536 1 9.580922%
% 16 1800010 1651562 1 8.247065%
S5 18 1764552 1583099 1 10.283233%
S5 19 1524228 1509040 1 0.996439%
% 20 1561769 1518982 1 2.739650%
%L 24 1482555 1353771 1 8.686625%
%L 25 1479535 1405700 1 4.990419%
%L 26 1372679 1272552 1 7.294276%
% 27 1421828 1393751 1 1.974711%
% 28 1395046 1338059 1 4.084955%
S5 29 1380343 1288260 1 6.671023%
S5 30 1456786 1223289 1 16.028229%
S5 31 1370853 1167782 1 14.813477%
S 32 1633507 1669351 2 2.147182%
% 33 1619548 1622589 2 0.187417%
S5 34 1239185 1236378 1 0.226520%
% 36 1402201 1463838 2 4.210644%
S%L 37 1580890 1648147 2 4.080765%
% 38 1649301 1671222 2 1.311675%
% 39 1574398 1681628 2 6.376559%
% 40 1688887 1610172 1 4.660762%
% 42 1598475 1584667 1 0.863823%

# . 5-T7 Threshold =10 =

o % o] 2 BE.

?f‘u ;‘:’L Z:l"\'




e
%
4
Th # .
0%-~1.5% 1.5%~5% 5%~10% Rk
,J.
Th=1 = = e ER T X G T
3 4 5 3 11 3 10
10.34% | 13.79% | 17.24% | 10.34% | 37.93% | 10.34% | 65.52% | 34.48%
Th=5 | =+ T ER T = ER T T
5 4 4 3 11 2 9
17.24% | 13.79% | 1379% 1 10.34% 37.93% | 6.89% | 68.96% | 31.04%
Th=10 | == T E= 2 E 3 T = T
6 3 5 3 10 2 8
20.68% | 10.34% | 17.24% | 10.34% | 34.48% | 6.89% | 72.41% | 27.59%
28 508 =+t ] Bt &
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