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Log-polar Feature Guided Iterative Closest Point Algorithm
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(School of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650500, China)

(Yunnan Key Lab for Computer Technology Applications, Kunming University of Science and Technology, Kunming 650500, China)

Abstract Tmages with lighting variations, rotation/optical zoom, physical changes of scene or at widely different view-
points, can substantially change their appearance and shape when they are acquired using different modalities, Even with
the state-of-the-art technology,e. g. ,the generalized dual-bootstrap iterative closest point (GDB-ICP) method, it is still
difficult to register those challenging images. The reason is that the GDB-ICP method uses the scale-invariant blub
points Cor SIFT keypoints) to drive the iterative closest point method (ICP). However, the SIFT keypoints cannot be
reliably extracted from images with large appearance changes. To handle this issue, this paper proposed a novel log-polar
feature guided iterative closest point (LPF-ICP) algorithm for image registration, The experimental evaluation illus-
trates that the LPF-ICP method can reliably extract the log-polar feature points and successfully register all the 22 ima-

ge pairs contained in the Rensselaer dataset, while the GDB-ICP method only succeeds in 19 of them, thus verifying the

effectiveness of the proposed method.
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PERES -HIHEEETSRMAE. R HEGHE
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HAr,p=10 NP HEZL 2 FFI BRI T L, 0=(z—
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Hessian 45 (9 E(a) /dade) B3R & LIS EANE o« B9
EHEWE, J(J =3 f(xs0) /3 A A 2/ = f (500 1 Jacobi-
an FifE .
3.2.4 BRpEF|E

S FROT REHMEGHENEE XS, FTEFA
Sl XEHEN Y. ST 5 GDB-ICP ikl B, A5
FZ BT B 3 R PEARI B o P YA iR 22 2 LY
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1 R B 2 () Bhattacharyya 87 8§ U ERE— B «.
HoE L

Z wd.iwe,ide,i
_ @&,x)ES,
€2 —

Vi (13)

2 Wa,iWe,i
(zyz)ES,

& =max,/trace (3,)
i

e=1—2/hi(a,SOR

HAr, 5, (S =TT NIEE = (iRZW T 255, b (a,
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3 TR REFE bR, L & Rensselaer A% 4157 , 3 72 L5 1
X LPE-ICP [EEC HE Iy 6 i M RRHEAT T 94, FE 403k 4L
AN 22 WGP & E SR R EE R, Lo, 2k
BIZHER B RN S0 RS U 2o/ NE B B 42
IR 00" B KBERE L 6. 4 LR R AR R R AR AL L 58
LR L) KA G IR BSR4 B R )

AR LP fb 7 S 2 IR ICP KOR B ELHE SRR » T 1 2031
A28 LP FhF s BRERLL X 22 5 [ 450 (1 e v e 45 5% [l et
55215 B 09 £ X Bk B R 9 GDB-ICP J5 30 #n
SIFT J5 3™+ iy MR B2 SR A TR L
4.1 LP#F =R

LP 7 BUSRHIE R s. B HUE 0 Bl 2 32 31 181 B RS iy R
o PRI, REAEFH s R/ DR IFRE B B R, 55k,
T RBEAMMT 4 50EXT RAER » R 30 BERE
BUNWETE B, A AR P A 1D B X g RO AR
WK H4N Extreme Zoom EXTH 6. 4 5B REA AL, LA 7.
R3S Z 60 3R 5 20 X A E & X AR /), 4140 Dashpoint & %
HAE 2AMEEX (F2 40 B30, LR . BFEE 20 K.
RS > 75 R B R 1 He ool KRR R A0, MG X A B2 R
se T SEMEAN R . DR OR B IR LE A P I 22 AR CHE i 2 A2 ==
VSEFOBRBUY ..

1E FIRSEE ST T, A 22 XTSRS R BT LP AT R
o Horp g — xS HEE BT RT 100 7 5 LP 3R (A =
i R S O R . AR MR E DT 6
B 2/ANT 2079 H R AELO. 8,1, 250 [l LP fhF
FESCA—F R R SRR 1 A IF AR 4 h ESR
XX e e [A] QY KT DS R HEAT T RN .

F 1 H LPFICP Jyib M 22 X EX B T s R S

GDB-ICP ikl 4 R Ho e
Table 1 Separation of seeds from 22 pairs of maps using LPF-ICP
method compared with GDB-ICP methodl®’

F 2t 4 7 Rt LPF*ICP‘ GD??rICP :
LPAFAM SFTXEEH

Boston 1712X1368 23 =50

Boston Library 15041000 8 =50
Brain T1-PD 512X512 5 9

Brussels 1712X1368 30 >50

Brugge Square 1712X1368 14 =50

Brugge Tower 1712X1368 44 >50
Capital Region 1712X1368 6 i
Dashpoint (2% & & [X) 2048 <1536 5 17
Summer Night-Winter Day 1504 <1000 3 0
Night-Day (Summer) 1504 <1000 3 30
Summer-Winter (Day) 15041000 3 21
‘White Tower 15041000 3 6

Eiffel 1712X1368 30 =50
EOIR 1 300X 236 3 4
EOIR 2 676X280 3 0
Grand Canyon 1 1184 X780 9 45
Grand Canyon 2 900X568 10 12
Melanoma 1156 X880 3 3
Retina 16001200 4 12
Extreme Zoom 15041000 3 41

Satellite 2878X 2878 20 =50

‘White Board 1504 X 1000 3 =50
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Fig. 4 Results of seed point extraction on Rensselaer data set

FANETE T RENN G AR BCMER LP XN AR FIa SN 3 XX R EEA T A TR AR TR . thk
AT 3 (4 = S BOAh B2 2 . B (00358 28 IR 22 5 RUBE 2 AT e ol A0 2 0 158 25 /I T 2. 236 1R 36 T ) 22 4
WL SRR 2 sl Kb A i =S B A EAE 14,8997 8. 2117 . T U HEAE 0. 955 5 1. 163 Z[H],

%2 JH LPF-ICP 3= 5%F Rensselaer 411 14 22 A~ BT 09015 L 45 58

Table 2 Example of the initialization of 22 pairs of images on Rensselaer data set by using LPF-ICP method™®’

B3 4 A RHEALE/ B R/ R A/ RE
L& ZWE FEAE w# SO FISE O MmO SWE  AZE 0 REWL
Boston 381,346 1125,406  1125,406  0.000  —3.112  —3.462 —0.35  1.013 1.016 0. 997
Boston Library 1299,509 32,575 32,575 0.000  17.676  21.045  —3.369  0.816 0.759 1.076
Brain T1-PD 332,146 332,146 332,146 0.000  —1.863  1.046  —2.909  0.948 0.992 0. 955
Brussels 642,1311 533,536 533,536 0. 000 0.377  —0.573  0.95 1.007 1.000 1.007
Brugge Square 1264,520 1277,1336  1277,1336  0.000 ~ —0.647 —7.564  8.211 1.062 0. 957 1.109

Brugge Tower 812,297 168,290 168,289 1. 000 —7.494 3.097 —10. 591 1. 002 1.015 0. 988
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e FEEMCE/ : E]ﬁ[@,éiiﬁ/f%%/ : EX@/° : Rf?ﬁ :

&F S K wz SHfE ESE BwE O FEE O Es#E 0 REL

Capital Region 916,1057 190,840 191,839 1.414 —14.904 —14.249 —0.655 0. 965 0.883 1.093

Dashpoint (2% & & [X) 2020,1403 43,1362 43,1361 1. 000 —0. 967 1. 361 —2.328 1. 009 1.038 0.972

Summer Night-Winter Day 1827,1656 715,533 715,533 0. 000 33.994 31.874 2.120 0. 203 0.210 0. 967

Night-Day (Summer) 1214,792 440,426 441,426 1. 000 38.199 36.512 1.687 0. 487 0.502 0.97

Summer— Winter (Day) 367,710 688,428 689,426 2.236 1. 204 —4.639 5. 843 0. 435 0.418 1.041

‘White Tower 573,453 1082,677 1080,678 2.236 —0. 061 1. 210 —1.271 0. 688 0. 700 0.983

Eiffel 869,195 164,759 164,759 0. 000 2.944 —1.531 4.475 1. 008 1.049 0.961

EOIR 1 436,86 416,129 416,129 0. 000 0.942 0. 303 0. 669 1.072 0.954 1.123

EOIR 2 268,157 294,205 295,204 1.414 —15.629 —4.289 —11.340 0. 897 0.771 1.163

Grand Canyon 1 682,329 793,98 793,98 0. 000 4.482 2. 440 2.042 1. 026 0.974 1.053

Grand Canyon 2 265,454 338,445 337,445 1. 000 0.573 2. 053 —1.48 0. 987 0.963 1.025

Melanoma 512,464 254,503 255,503 1. 000 —3.300 —2.045 —1.251 1. 034 0.997 1.037

Retina 1062,429 362,212 363,212 1. 000 —11.258 —17.513 6. 255 1. 056 0.979 1.079

Extreme Zoom 880,789 792,541 793,541 1. 000 2.259 —1.236 3.495 0. 156 0.155 1. 006

Satellite 492,274 171,253 171,253 0. 000 —78.801 —76.629 —2.174 0. 941 0.949 0.991

‘White Board 314,1153 266,660 266,661 1. 000 —18.715 —3.816 —14.899 0. 587 0.542 1.083

LRI » SIFT 5644524 GBD-ICP 7 ik 19 % &
SRR T R AL LP JRAE S IR LPF-ICP ik EC#EA 22
SFE AT TR iR . BAACRE A GDB-ICP Fikwl g ik
Wy 3 SF B S A, Capital Region EXHE T4 18 i i K52
W72 , Sumnmer Night-Winter Day & %546 56 fi 5 SR AL 1E AL
FITEAIR AR , T EO-IR 2 B XF W 2 535 n A5 i 0 T2 45
A AT A5 76 7 v 93015 B 75 Bt g B4 RUBE 2 ) 3R TG
SIFT S8 AR AT SR, AN , 7615 B G A 0o Bik 2= )
ARE LP SR AR S IB R AT EE
4.2 BEgREA

ERGEWNE . RAE MRS EHEX — 1 SHF
TR —BESLT K E N 200 B2 BAEAE T T A
AMEBL: 1D 3T & KA/ 09 B Gt s 7 Dashpoint B %t 5

Boston Library BEIXfT 5 » K2R 60 53 D X148 LR
T AR Ak 59 B 2 %, 4 Extreme Zoom [ X 5 Summer
Night-Winter Day RIS 5 » 2 KW EFE 300 2%, &/5.LP
Filt 5 BT 4R (AL ) B S AR DR doke (B X T R 5 I
A7 H) Capital Region B XT, ¥ AR RIAR o B 401 2 B BC R
RTEKRWIRZE QCBFD . A T AR ILIR R, RET —4 2
PRI ERAL Ak, RITE LP F 204, P —ZEDC IE ik 42
A RS 5 DXH (1 522 S A 2 78 ke X 12 B e e
AT HRA .

LPF-ICP J7 ¥k RYBLHEPE RESS SR ANSR 3 B a s B ME AL
SR 5 R, BT E G A B IR IE G A R S
BEGERE EREE.

# 3 H LPFICP Jy A E #E Rensselaer R4 22 X EEME5HR S GDBICP Jrik Mg i
Table 3 Comparisons of 22 pairs of images on Rensselaer data set between LPF-ICP method and GDB-ICP method!*

LPE-ICP GDB-ICP LPE-ICP GDB-ICP
B 4 Rt ERRE. BE  GEwD  EEEZ. BE AL W B /s
Boston 1712X1368 0.47 PRD 0. 36 PRD 43 12
Boston Library 15041000 0.32 PRD 0. 32 PRD 18 6.5
Brain T1-PD 512X512 0. 66 PRD 0.98 P 5 8
Brussels 1712X1368 0.45 PRD 0.35 PRD 34 31
Brugge Square 1712X1368 0. 87 PRD 0.43 PRD 369 58
Brugge Tower 1712X1368 0.42 PRD 0. 49 PRD 12 28
Capital Region 1712X1368 0.73 PRD x PRD 266 1225
Dashpoint (2% % & X) 2048 X1536 0. 96 PRD 0.30 PRD 26 10
Summer Night-Winter Day 15041000 1.09 PRD x PRD 748 300
Night-Day (Summer) 15041000 0.58 PRD 0. 62 PRD 1094 43
Summer-Winter (Day) 15041000 0.58 PRD 0. 60 PRD 158 51
‘White Tower 15041000 0. 67 PRD 1.14 PRD 192 56
Eiffel 1712X1368 0. 60 PRD 0. 30 PRD 8 22
EOIR 1 300X236 1.22 PRD 1.59 PRD 11 107
EOIR 2 676X280 0.94 PRD & PRD 16 51
Grand Canyon 1 1184 X780 0.89 PRD 0. 88 P 178 11
Grand Canyon 2 900 X568 0.51 PRD 1.20 PRD 15 592
Melanoma 1156 X880 1. 06 Q 1. 88 Q 30 126
Retina 16001200 1.16 Q 0.58 Q 383 23
Extreme Zoom (X6, 4) 15041000 1.03 S 0.33 PRD 4 761
Satellite 2878X2878 0.62 PRD 0. 26 PRD 51 67
‘White Board 1504 X 1000 0. 56 PRD 0. 20 PRD 261 12

¥ : LPE-ICP i F 2. AGHz fY3ER/RELE 17 55 SGB NTERIALES , 1 GDB-ICPLOJF 3. 2GHz W74 4 55 2GB INFEHIHLES ; B4k, S AL RAA I, P R EF 3K,

PRD R4 B GIRAE B N T80, T Q AR R #
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Fig. 5 Results of registration of 22 pairs of images on Rensselaer data set by using the LPF-ICP method

T TR ER R (15), LPF-ICP J5 Bl 7T iy
22 SFEMR G 3R A 100%0) . XHE] 5 #EA7T IS4G A o] LU R
th 2223 ) AE A R VR R 5 H H AR RS BB AR L b i . GDB-
ICP Jrik e 7 =iy 19 X Gl %k 86 %0) 2RI 3 XFI&l
1% . EO-IR2 &%, Summer Night-Winter Day &%} 1 Capital
Region EIXF, 34k, FeFARREAE S VTR SIFT Jik 0 1
B 7 22 X i 7 X GRS Hy 3200) . ol Xt AT LA
L LPF-ICP 5 A FC i A 3R F I 54

Hk . 3R 3 AL LPE-ICP J5 ik 19 P-4 e iR 22 4 0. 75
B .M GDB-ICP J5 ik Ry 0. 67 3K A N AR ZE A, Ak
i .76 LPF-ICP J5 LB se iy 22 X vk b, 77, 3% (B 17
X ) (1 E 450 R T HE IR 22 AIC B AR R G (BN T 1483 FI T

) 22. 796 (B 5 XD IR ZE B R G BN T HET 122 %
3o R TRHE 1 3 X EMRBCHEXT . B EO-TR2 &%
Summer Night-Winter Day & X} #1 Capital Region [& %}, H iR
Qa3 0. 94 18R (1. 09 R KA 0. T3 18R . 5 h 2R
PAFI G ARV A5 . e GDB-ICP 73k 52 AU 19 X 7ic
e 78. 900 M IR AR E AR G (B 15 %) HAx g 21 196
CHP 4 30 By R 22 B R Y BN T EAE T 188 85 . Mifh
J5 VA (W EC RS BEA > ST U] LPE-TCP J5 4k R F I AR AIE £
TERCE MoK E T2 et R 3l 1CP o

B 3 3 AT, LPF-1CP J5 vk 58 BURC 1 1) - X o i) S F
92 178s, T GDB-ICP J5 ik 163s, Bt{H 1L . [H5 EHIA
SHR A 2. AGHz SRR /RIEE 4 17 5 8GB INFEIPLES .
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MR, FREE WA RS T HA R, BT AR
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HgEILE NSRS . A TSR, RE R X
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I, T BRI AR R 48 /1N 5 2) TERCHE Y HR B R 24 1Y Ex-
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REXT 55 DX R B B FRFAE A, T IR . A T A R
A BCHERR S SR I T [ S RN R~ SR E & X
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ik LP £ 8 530 A0 M EE SIET FRAE A 4 B G El v 2 k]
ERWRTI X, HAN, HR A BREERAE & (Harris /1 5%
WROTERIGEMR F3RE) ICP W 2, s Ae e Blg [ S X ik S
BVER RN A SR EE 2 RGE W, BEs FEPMEAR,
ASCHR T —FdE LP AR R Oy HOR B AE A R BT
B SCRITHr R R RIIHECE T R 22 Xk E
X, T GDB-ICP J7 W H 58 5 7 =i 19 %9, ATHESE T
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