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Automatic Visual-thermal Image Sequence Registration Based on Co-motion
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Abstract
ferent from other methods, co-motion (concurrent motions) statistics feature was adopted to regist heterogeneous image

An automatic visual-thermal image sequence registration method based on co-motion was proposed. Dif-

sequences. Compared with registration based on co-motion between homogeneous image sequences, our method faced
many difficulties. By analyzing the difficulties, we proposed the corresponding point pairs extraction method and outliers
removal method, which are suitable to visual-thermal image sequence. We demonstrated the performance of the method
on eight groups of visual-thermal synchronous video sequences, and the results showed that the proposed algorithm carried
out precise image registration under the change of image rotation, translation, scaling and viewing angle. Experiments

demonstrated the accuracy and robustness of the proposed method.
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(b) HHUYI BN HIZLAN — al WG G0k

(b) Thermal-visual image pair of building scene at noon

(c) HEHFIMI FAFWRIN FIZLAN — nl WG Xt
(¢) Thermal-visual image pair of building scene in the

afternoon

(d) ERIAYI SIS 2040 — A7 WL Gk
(d) Thermal-visual image pair of building scene at night
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Fig.1 Examples of thermal-visual image pair
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Fig.2 Flow chart of the proposed method
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Fig.5 Image Sequence I in our database
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(a) Visual motion detection results
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suboptimum/optimum removal

(c) 220 RANSAC 517k L BRA nR KA1
[l 44 RIS

(c) Corresponding point pairs selected by
cascade RANSAC

8 RIEIR] 4 )OS IE I S Ah ki £ Bk

Fig.8 Candidate corresponding points selection and outlier removal

(a) AP FH T
(a) Mosaic result of an image pair in

Sequence I

(b) MMM KRR T (©)
(b) Mosaic result of Ohio State University

c) BRI 1T

(c) Mosaic result of Sequence 11

Sequence I

B9 PR N AT ILE — AT AP 21 it PR (K el 4 R P

Fig.9 Registration results under change of translation

(a) ATADEEE

(a) Visual image

b) ALAMEIE
(b) Thermal image

c) PR

(c ) Mosaics image

10 KRB N IRCHESE S (B &R 751 T10)
Fig.10 Registration results under the change of large scale (Sequence III)

A A RE A IV RE @R 75V
KL SVEAE R RO #2240 N I ECHERCR . R0
PR IV O tEan sk, [ sV s Riangt. XM
LIRS Fe A 2 It K gr e mb & 5 R i 11 AR 12
Bz B a] e B R AL A B R T A7 AE A AR
RIREE S B M A8 4k, RIMEAEX A5 DL T, Hf
Rl S5 R IAT N B R AR G AT IR S
BT ARG BRI, BEHD T AR SO AR R R e #e 1
UL AT R

4) KI¥mmaete
EEis = ST AP AR ST BT TIPS 5 I (/T PN

oM TG, efDUFER I mmat M,
ASCRH B8 VIR U SR ROR . fEm R
Je3 VI I, SZLAMHLR ) S ST D%‘Elﬁ, 1]
AR I S 2y T dn . B 13 45
TR AR, NPHRE R AT LA iﬁatiﬂfizﬁ’]m
W IBENE AT NG TARGF RO HE. FErPiEs st R
ASSCHE T L& N T BRI 1 22 1.

LBV NN NS SN 2 L DN LR
F AU SIS (4 73 T o] S, A SCEE BA ARG
BREE, A5 R IX NSRRI R . 5 BB 52,
FER LAY, o SAROR o R A B BB, 3X
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(b) (©

K11 BORRBEeH AR~ RCHES R (AR P41 IV)
((a) ATWIEEIE; (b) MAIMEIG; (o) PiELER)
Fig.11 Registration results under the change of large
scale and rotation (Sequence IV)

((a) Visual image; (b) Thermal image; (c¢) Mosaics image)

(®) (©
12 BORRERER AL T RCHEST R (B 2R P8 V)
((a) ATIOGHE; (b) MELAMEIE; (c) PFHESSR)
Fig.12 Registration results under the change of large
scale and rotation (Sequence V)

((a) Visual image; (b) Thermal image; (c) Mosaics image)

K13

KA A4 T IRHESS R (B & RIP 5] VI)
((a) ATWOCEE; (b) RLAMEUE; (c) A4 RX; (d) PHELSRY)

Fig.13 Registration results under the change of large viewing angle (Sequence VI)

((a) Visual image; (b) Thermal image; (c) Corresponding points; (d) Mosaics image)

AT T AR ARG 3B S5 I [7] 44 s ook
T 20— WU T 3 s . A A Ak B,
LK B 1A 114 22 5% — W S5 A 3k 48 RS A 1) 1) 42 05
AT P PR A

3.1.2 HthEA N EE

1) AR A WA

ARSORIE B AR 91 R DL 8 B S LA g e
910366 1 SR EE 155 7SR R 7 SEAT 1, A
2.1 R (3) Fim. SRS 5 ML R A
SEBIRA A % O e, LR T O
BT U1 P57 51 5O A 55 6 A i 4 0
R RERIREBL, B AR, BRI [ 351
TR 7 12 45 5 PR 51 i 0 55

2) TR 5 HE AN

A I A B SR T LS PR 51 ML A
{82 P 5 AT AR 7] 0 P4 03 . BT BT DL o — 44

ZLAMR) A Hths K22 23 WA A R 1Y, BT R
BB R WAE AN [ 73 B T A SCENE AT AT 1
W HE P PP 51 TIT o (R AR 20 A0 7 51 EA T #0895 7
B ARESRAR R0 40 T, 1T opo] WG 5 HE R
320 183 x 240 B, MLLAMEUG T Hr 0 70 15
% x 50 1R &, FEB R 11 (PHEgs R 5 D 41
ITT Y PCHESS KA ELEE, W) RAR AL, DA SRk
A LLIE T RAR VA 70 A AH [ R I DL

3) AIIOGHIR

FRE TR WG — AT IDG G P A RCHE, T WG -
AL AN VBT 51 BC HE S 75 THI IR B 52 18 R . 7R AF 1
WG TEOL T, oA IE S AR 1230 H
br, 76 HAR I 5t 5 — w21, STEAF X (H
PRDCIRIPIE ) 7 AR LRIE S IRES; Gevt o0 #
H ARl b s 3N B, AEE RIS B, HARAIY
AR BN E - I 5t XA E S B E S

X F bR RIS 37 5 XA EE S 11
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2L AMG 2 IS PR S AT WoeH H RS R 25 R 1)
BN HBAEFA, AT GIN T 28 55— i [/ 44 05 %t
TG fi 398 ] 44 557 XoF I Aff AR 5 1 DT 55 6 I A7
W 2.2 WHTIR, ASCAKA “2 WU LB, AT
201 RANSAC SkAb#.

XF T H AR R B 52 AE 1937 5t DX 2R & 101 O
DX P AT WG 3R AR B R H bR 5 1k
(W BE 3h. AL aNe 8 ris ), v Woeig %
KU SRS AE B i ok (9 22, DR e mT L
A% 2 P IS SR AP FE ATk 32 B T H A
P B IE SR AE. R 2 5N — 2B R K UEIE 55
X, AR ] WG B FEAS 52 M 4 S (132 Bl R A AR AL
J& .

R (2 HT T 40, AR SCEVEAS 5 52 ] W Y
M. JEEFD P T e WG E Gy AT
NG AAFAEE B 5, L g ) (I 9 (a)) I—
SEFESE FIGAUE TRXAN ML T HE—B 0, seAbff
TR Z MM K 2E [R5 40 11 HEAT PR RSB0 0641, 1%
FFA R = 2 NR ST, Ar AE IR KOk
Ak, BB EA R, W7 AN B SN =2
SRR, B 14 &5 TR K FD P 5] 11
Horh—i B IR PR 45 R, &5 SRR BT WY sg
FEA M BB L5 R

4) A] WIERIHRET A ESAZ Bl H bR (15 B R T R
e SRR UL

Al LG RN A1 SIS B)) B b e BRI T B AE
R ZE IO DL, T BE HH AR SR RN R I R AR
o KM MARE . w] WoGhe W AR v Wokiz sl B
b5 AL 3% 50l E 518 8h H kil B 22 8
SEZMIREGLE. fF LA 10 Hszigrh, vl WG
LT AMENG 1018 B H b e BRI T AR #A7 B — 2 1M
ZESE AR ARSI AT, T S 0 $ar b
FUE B AR LG, 122 B bR EEAS A T 0] Wo;
H R F 41 TIT hn] WOt Re LA, HARFEEEAS
B & ED P TV a] WG 81 AT o1 34 ]
AR RS 25, A@FRDFY] VI, iF
W37 1 22 5, AREL AN P 5 R 9 H bs AR I S KT
WERA.

RS, 128 H RS EE TR % 5
I, £ nl WG RN LT Ak 532 B i SR B —
2, WA Rl — AN sSSP AS S g RSP =
S AR IR 22 57, B I N KR 2 X — 1%
TE IR 44 S, R T A SCRA MR ZUHRAIE, WS
T L WA B RS T A R ARALE, I8
FEME A 2B 1k, LB T KRR ST,
S 1L I IV, VI Sz B I 78T
(&5 B IR A SCRT VAN T K 1632 3l At Al
XIS E) H bR BRI AR 2 5 — w2 P T ae

(d)

K14 By™ EHRG DURRCHESS R
(R Z MM RZEFE A D) ((2) FTEEE; (b) rshE
1%; (c) A% Xt (d) PHEgER)
Fig.14 Registration results in the heavy visual shadow
situation (Ohio State University Sequence II)
((a) Visual image; (b) Thermal image;

(c) Corresponding points; (d) Mosaics image)

3.2 EHIEFMEMMES R

FHER 3.1 19 10 AsSEi0 i pf a4 FenT n, Pz
AT N VR 55 H AR 343 2 T B IRt
e, GAE: FAR, U T BAR AR,

AHO T BG R AIE 1R AT DL G — Fear A 1 45 1
AL AT U 1) RN IE N, AN 5 2 2
52 JUATREIEA S35 DL R T Lol — S 2 Ah K 5 20 B8
75 S A Z 5 AT Ju 250U SRR, A
HUEATREN NS, AT R s s, &
T B sl Rk

B AT WL — AL AR FCHE ) 8, H AT T
12 RFE I S 7 %)) shlic v Ty v, K2 i
Tl B BCHE. AT W' — Sar A UG e S B
FRUEE, IR B 5 2 L RIS, A T2
VRN SEORS B B, Ak R T 30 M 2 R UG 0] Hh 3
PEIRI 4 RO 7 IR 80, I LR I S
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M RRERE, A PR ARRRIR 22" R AR SCEIE TR
AT A, CPIAARR R 227 R 4a LT3k £E 1
HME LS BasePts M, 4 AR bR eI 2
3 Hryypoen FIASCEVERAG B SEL Haye VHHE
VLI S 5EH MatchPtsyp F1 MatchPts 4, i HIiX
P AN A HRORE I AR B i ) 88 5060 R 22 1P 3. RS
FEAMTInE 1 Fros, IR 1 Army & R AR AL AR X
TP e ARk, VA MECHERS IR A BT R R, 1X
525 3.1 R EE TR T3 0 8 AsiI g5 R
(IR AA bR RGN AS bR T 34035 22 43 5l 9 0.86 AT 1.48 A4~
BRE, XK 4 LU A2 2 AR ML IR 2 R 48 B
PRSI PR R Ah B ) LK

Rl AR TR

Table 1 Accuracy analysis of the proposed method
SR A WRiRE M (A, Ay)
BZARM IR 1 1 (0.56, 0.64)
WZARM KR 741 1T (0.39, 0.44)
B FE 81 1 (0.74, 1.30)
At FE 4 11 (0.65, 1.29)
A gt m2E 741 11T (0.70, 1.85)
B &5 IV (0.99, 1.92)
HEFL TSV (1.34, 1.91)
SR TP I AY (1.50, 2.56)
TR (0.86, 1.48)

AR SR R U5 G S O HE Ay B e A 317 1%,
SREDAE N ) e 470 ) PR A AL J82 & 7 T FE IR K. 7
TEEPERCE ) AMD Athlon64 4bF 28 (45 1.8 GHz),
1GB WAF LA b, 18175 Matlab 7.4.0, %)
TRB A 8 ARG, 2 HE% N 120 B F x
160 G, A WOt — LA EHG I BCHE ) T3z
AT TE) A 6 23, 32 PR AR Fe 41 0] B ARALL: 3 2
L RE I B A
4 £t

BT WO — AR ZL A G A E ] 48
T —Fh T Co-motion [ A] W% — LT ANEIMG T 7]
HANRCHET . ITERAT LR R R 1) LR
(LI GE e ST IS R < U P ST
BN 2 HFP EBIT A, 1EH T 2 05 G AR &3S I
RY; 2) SEIL TGS T R UG T BRI [R] 44 mon)
HOM AN g2 B0 3) i O B A3 /] 44 0] v 20—
RS FIAT 2R A r B BR DT VE, SEBL T R R T
(¥ U5 EHRBCHE; 4) g 51\ Co-motion 1E3) 4T
RRAE, ETF T S U PEAGOR AL PR R AiE S BURDRG 1

Sk I R MRS T K BB A1 I, RS 1A
SCEDAERI TR « UL Tieks Mz A2 et oe
W REMUAFUF I ER. AERE— 2B IBESTR, SARESTnfe]
I 2yl 1 38 5 HCHE PR IR
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