537 % 46 SO = S Vol. 37 No. 6
2022 4F- 12 J1 JOURNAL OF EXPERIMENTAL MECHANICS Dec. 2022

XEHS:1001-4888(2022)06-0775-09

FIKRMIBWNE GRS HBIRESTE
AN KA, AEE, FE, KA, FRE

L E B R 2 KRB or e BRI 5 00 5E 5 00 4 T Se e 2, T b 4100735
2. BWERA D1 5 TR e, BN HECER A0S i, BT AR IR LR 2 SRR, B 200444)

FE: A x5S X AL B B ALI A BORR 2 B A6 B 0L, 3R R R R AR A AR EAE A B F R
HAFAG AR AR F ik, B4 RANLE R B KNG E B R AT, A AR B AL
RAMAEI IR AAMGIEE THEA DS R ERITIARERE . ZFTEHHAFHAEY
FEERAG T A G ZR R4 B R S BB A FEE LB AR R S K E)
B3R AR ARG FR L, R T B R AL I sk B AT IR B B, IR a8 i A B AR M Oy R AT A AR
AR, ST IE R AW L 5 kAR R AR R TR T L AL R Rk IS R AL R
B AR AU S A B AR 2 A

EER: A HATE ; AMILATY R AR — M H 3 (RANSAC) ; 4 A kit
FESES: 0348.1 XERFRIZAD : A DOI: 10.7520/1001-4888-21-211

0 BlE

PRI BRE RS T B IR O IR AT SN SE 3 A ST, SR I R B RTE T2 B T A R
5 U a2 S R 9 B T B S L A 2 R A A A SR A SRR A L SRR e R SR
PR AE S — A~ SR Y AT 2 SR T i AR T RE A AT B 25 4F, I oy B, WU B B RG4S
BObR E F2 B E AW FRHILAL bR 28 22 1) B AR X7 285G 2 o 045 T8 B R I A A% 1) B, RTER AP R
PG A EAGHL N 2 800T DL o 38 N b 7 vE B0 O (8 AR 21 fly T B AR O I A AR AT RE T I A
8RB WAL R E R N I 5AE B AE T O . 5 EUE AN AL 0 H AR BILAN 2 B A T I 2 LR L
ATRIAE 25— i TSR B 5 AT L JOUE ] 4 b A A5 st o i or A R AR bR AR L AT DG 3R A Jm Ak A &R TP Y
Yy i bR o 5 O S AR AL AR AR TE S A B AT S PR TR R o R R RO OR A B 2R L
Y5 s ST TR R ALER oK . 55 = B AR AR D) i S5 5 PR L 3E 5 AR Al B 3 4% 1 ) e
P FEARATAR E BN S EORM AT AT, 25 b BPAN R B E AR HLA S 80br & ME LU I A% 58 07
% B ZHAT AR 8 O T R DAL [A) L A SORE 32 B0 52 B AP A W R BLAN S B A pm s 7k

GBS AR ETTEARE KRBT N 3 28 ARG M AR E T7 i« A bn o 77 i A T J2 sh ot 19 7
& I AERAER SN R IR BT T LIS € T — A #HE N R 2 2 E AR S RS
TR P TR 2Tk . AR J7 ik th T AN T3 ZAORE C R 45 0 B9 AR 5 B o RIVAT 58 AR ILBR o2 o P9 1t 52 2]
T HOR M2 2 1 G TEN Y . Shang U e 7R LA A EAF bR G A SRS (AR BIL 43 3 A K B
% 1807IRA T HEATHA IR NI RHRALIEAT TARE o Zhen FE A0 4 AS/NREE AR 530 & TR LR

* WA 2021-09-10; fEEIHH: 2021-10-26
HEE£WMAB: HRARLSE KBS UIG I E (11727804) s H K B 8B 364 (11902349) s WIS A H S8 B2 36 4 (2020]75645)
gl
BEESE: LHEHEAQ9L—), B WL, miF xR, EENFERGQNE STV %S TS5, Email: guanbangleil2 @ nudt.

edu. cn



776 Lo N % (2022 4E) 45 37 4

NI 4 A L BCE AU — N REAR AT R AL E . Xiao SEN 3 o 1 VE — 41AH B 3 B SR SRR SR AR
SEAGHIL A FHZR VAR 0 1 T 1 SRR IL S BB TR D R P 22 30— IR B L S B, ek & 550
BT KM 8 [ 52 - 5 T SR AILER A R) R ] JE A BILEE A b i s A R b AT 0 TR B
A Fe R IFE R TE AL A I e 2R G R JC AN HLA AL L I 5 IR T 56 307 5 T 45 i A AR dE L SRR
(RERT, Feng 451 [ RE R T TC MR A 2 25 3 56 0, 412t 7 A T AT 249 30 s 2 O 13 AR LS 5
PEATARE

Bt X R AN KA 50 2 Bbs R A7 10 b 38 O LY 50 20 A T BP0 SO 3 v | 4 BORY () 44 DT TS 53 % o
A7 B (R R AR 3 1k 2 WAL 5 2 Ry e A0 25 R0, AR SR 52 1 5 A R 3 X H LA 2 8 A A € T7
o IR BEE AR A ARG = G s A A A, S TE NP A A R 7 X H AR P A L
BN AR A LA BR 35 R A A TR ML 73 Rl A R 5 P R AR 0 15 2 K [R] 44 D I A X o R T
K EI LA 3 5t ?FET{E,@%I W D7 VR R AT P AE A5 0 B - DT AR A5 A A5 A B M 06 5 A% ) R A2 R
MCTT 1 SR Sigp A J5 R 14 o (0 A FEF A o AR T R o 2 ik A5 21 00 L ABOBIL B9 0 2 800 B e AR DU 28 25 1R 22 M
Exﬁféﬁﬁi&ﬁiﬂ?ﬁ?,@ﬁi%%ﬁiﬁTﬂiiﬁ%E@ﬁ&iﬁo A SCHE AR AR AN 1 TR

mamm

i ’Egﬂg e+ mug wins | f o || ERar L 28 | sma |
B3 1 r:aa-f Sy [T BAE || A [ BECR T ||
N P J J

[ P ——r ] [ NSNS RERRARRR |

B 1 HkmsE
Fig.1 Algorithmic workflow

1 3% JU AT 29 B 28 12 B il

KA RH AR PN S 5 T7 1k I 5 T [ 44 DB BE i X B J LA 29 SRS B AY . i 2 B o
W JUAT 29 RS2 4 2 A BALIY GO R R 44 fO6 F = ZE ) s AL T [6) — JUAef P 1o b i) — R 29 5,

3 i JH R B F AT 2 oA A 2
([ ofim ® ) AMRHL PR 1 7 T % 22 fi 9 % L AT 2
A . L H XL AT A O &R R
AN . XTFx =0 (1

A x S ZE GG B B AE AR s ¥
AT BG4 TR] 42 7 HE AR AR
ARS8 KK X R A bR 517 A

‘\; A7 19 — b x=K 'x, X =K ‘¥, ft AL
(D%
YUKTFKy = ¥TEx =0 (2)
Pl 2 R LAT 2 A PARE S E 5B A R 1T 1)
Fig. 2 Epipolar geometric constraint graph B ZENLEER Y

E=[tlx R (3
Horp )R m X R AE I
R AR R B 2 J5 B A] X AS AR BT AT R E A (SVD i) SR IR AEBE S SE B I R, L,

2 ETEIRAUNGRSFETFESSIR

TEAE I A R LA TEANL CAT R AR P T IR AHL AT A8 BOE R T N R B, &
BRI [] 44 DU E 2506 HP A7 78 3 D DT JC 50T DRI AR SCT75 3k 1 e o 8 0 4 BAY [) 44 DT JE i %) 2R A7



556 Gy WA BN KL X HARHLAN S50 A b E 5 1 777

Yoy 5 R AE P8 A 500 Bk, DT AR A5 [+ 44 DG e o505 A J3 66 PR R0 4 o FH I 82 3 IR AILAD S 504 Jm) S5 P A 1) oK
fift o
2.1 HEHFESHIBRBEK

BT B B A 0 3 5 B 500 bR 0 — 25 3R O

(D ZETF IR A T 2 A $E 0005 2 47 9 S 80 AR LR 2 v (% T8 B R A7 3R B 41 45, R
Jo ANHLEF CAT 48 35 4 br A 0 3 20 AR S, DU R AR R A5 0 TR ML A L ok . BLE AR L
SESE A B oE s N 3 FoR B G L G 43 B RGP 1 AUEAL 25 Hy, ROREHL 1 AUEHL 2 1Y
VI 2

(2) AR X2 W EARHLEE A 9 A3 K/ ok 8 3 T8 A HLAZ Bl B30 o DTG il A 7 5078 45 ) A A% L 0
4515

(3) BR B 1 ORR 7 o5 Y PR A b R A5 ) 4% DG i A5 % ) P 48 A 22 47 A3 HIL PN 2 508 TR A A
FoAR 2% ARAT B AR B S5 F T 19 [R] 44 DR C 5 %

(4 M P66 T 1 S DIE A 1 373 S5 5 AT BB 1 0 29 B3R D 3k o 418 BB (] 44 DE T 500 2 A7 375 5% A 55 {1 253 50
B o BT ZR A PN -5 A Jo A B A

Q=C, @ [ KNE &R AR

R 1

; S — e W@ﬁﬁﬁﬁ—&ﬁ%@ﬁﬁﬁj
| [} “
: ' A B

C ” - G TERRARE
L e s FRELA =
¢
i tH £038

3 ETHEGF AN EBIINSE A bR E R ZE

Fig. 3 Schematic diagram of self-calibration of
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Fig. 4 Flow chart of interior point calculation program
external parameters of binocular camera

based on dynamic scene points
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camera external parameters
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Tab. 2 Camera internal parameter table(unit: pixel)
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Fig. 7 Images taken by left camera and flight interpretation trajectory of UAV
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Tab.3 Comparison of camera calibration results(unit: (°))
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Fig.8 Distance distribution from matching point to epipolar line

K E,p o 03X 159 B A LR M5 E,,, 47 23 5 8 20 19 B0 A0 5 00 @ % 46 [ A7 7% 1) & e, HC
BERL M RUARZE ex M 0. 03, FFF it tiR2E e, N 0. 01, A SCHEH 465 4~ EMG VT IS &5 6078 b Uil 246 1
HARTHRE E, A 233 ASEHGQICEC S X E MR UEERIE N H 2 S SEERZE, b T Ee)m
PEACRCR AR SCEL G 5 B8 F bR g B TR U I Es T 0 R DE IS A5 53 T IR B 1 3 =
IR B A 5 0I5 v At T 0 AR DR T s AR W] 5 PR AR T A 249 SR A BT 46 B s AT 0L . AR B
W AT a5 S (H 00 i 5 A5 3 4 A S BORFEFE I R FN-F- A8 1] & ¢, 8L 3158 4 2H ROFD ¢ 19352 22 AT 45 ) 1E
WA RAN ¢, AR SCSEI0 ) HIE % 40 B AT 3% 1) iR 22 A NS5 SR X [ 2 Aok st LD fig i
72 RN ¢ EAH 5 THRE Z (B 09 f R iR 22

er = arccos((Tr(R,R™) —1)/2)

e, = arccos( (L) /Cll e, [ [ el )
Hrp . Tr RO 5 R, KR e 7 56 M BLAR 5 1, KRV ) i ELH .

48 A bR 15 5 A SO IR AT S BE 3% 56 B F-#% Il iR 22 X0 LS5 R R 4. TS A bs ik,
BE S R R 2R R 1 3. 54°, F R m & ¢ iR 22004 1 2. 99°, Wil AR SOy ¥, e o R
RRERAIE S T 5.29° PR i ¢ (R 22 0ARE = 1 12, 00°, A SCT7 1 WAL 48 H A 125 1 e &% 46
M RiRZEMALEE S 1 1. 75°, AR G AbrE ki PR i ¢ DR 22k 4 | 1 9. 017, XUl AR SO ¥k 1
AR AR AL RO TR 58 F AR a2 ¥
A ARG ARRE B S A ST AL B S5 BERE A BT B 1) AR 22 LR AL ()

Tab. 4 Comparison of translation vector errors of rotation matrix before and after optimization
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Fig. 9 (a), (b) and (c) are the error distribution diagram of the distance between the binocular

intersection of the verification set and the actual point in X,Y and Z direction respectively
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Self-calibration method of external parameters of
binocular camera with large field of view

YI Jianwei', SU Zhilong”®, GUAN Banglei', LI Zhang', ZHANG Dongsheng®, YU Qifeng'

(1. Hunan Provincial Key Laboratory of Image Measurement and Vision Navigation, College of Aerospace Science and Engineering,
National University of Defense Technology, Changsha 410073, Hunan, China; 2. School of Mechanics and Engineering, Shanghai
University, Shanghai Institute of Applied Mathematics and Mechanics, Shanghai Key Laboratory of Energy Engineering Mechanics,
Shanghai 200444, China)

Abstract: Aiming at the difficulty of external parameter calibration of field binocular camera with large
field of view, a method of external parameter calibration using UAV signs as scene points is proposed.
The UAV was controlled to fly in the large field of view of the binocular camera. Then the UAV was
photographed and tracked by the binocular camera. The position of the UAV can be used as the
control point for external parameter calibration. This method is easy to meet the requirements of
uniform distribution of control points in the large field of view. There are outliers with the same name
point pair of the image and the algorithm is easy to converge to the local optimal solution. In order to
solve the problems, the graph cut optimization method was used to eliminate the outliers, and then
the external parameters were accurately solved by the global optimal solution method. Comparative
verification experiments show that the calibration accuracy of this method is better than the traditional
method, and can effectively solve the problem of external parameter calibration of field large field
binocular camera.

Keywords: camera calibration; epipolar geometry constraint; RANSAC; global optimization



