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Abstract: An improved calibration method that just needs to calibrate one camera parameter was pro-
posed to calibrate a positing and monitoring system for the objects with long distances, larger view
field and binocular vision. By considering the leveling device of a vision sensor and combining the con-
dition that the focal length of the camera was fixed in the field, the measurement model was simplified,
and parameters to be measured were reduced. The system calibration could be completed when the ge-

ographic coordinates of the measuring area center and the cameras, as well as the center coordinates in
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the image were obtained. With no need for a higher precision target, the effect of target movement

and layout on the calibration can be ignored. In application to monitoring an area of 400 m><800 m at

2 km away, the relative error is less than 0. 25%, in which that caused by the error of the focal length

is less than 0. 07%. The proposed method overcomes the difficulty brought by the movement of the

target. The improved method could ensure the accuracy, and it is easy to be realized with less time

and is suitable for measuring the coordinate in a large field of view.

Key words: binocular vision;camera calibration; fast calibration; large field of view; precision analysis

1 7]

Uu\«

XCH W58 0 R G D L BB 8 52 B = 4 =5[] A
A LI A 4 S 4 R T 2 B B
EEE SRS PN s A O VL A R S NEOE )
o SR A HE AT B A2+ AR BOR AL 2 B0 X H A5
ARG . CHEPIE R T 2R
PR T R BORY . G AL E D7
VR TR R A A LA S P A ObE R AR L AR
AR A s o 2o R B AR B 199 e A5 A A L 14 R,
Tsai™ $ 193 TA2 ) 2 0 W20 1k . BT R
G B A HLAR A » O. Faugeras™ B Jef& it T H b5
SE T R ERT T AR T T AT R B R R
SR E T7 15 55 (HUR 52 B 40 5 36 T A b o #E 6
/5K HE L R 27 B 2 A A R ik 26 5k T
VA AR SCHR BT B 2 A9 B SR A 7 0 H AL 4 A
SE 07 M 28 8 PR AR S 1K

AR SCHR B 19 7 7 4 0 2% G2 0 T R v
Py P07 B A A I A S [ D 400 m X800 m Y
FEIE X3 CCD FAMLER 5 i I X 3k s 6 B 24
2~3 km, ZE5RXANCH W08 R S R
SFANIREE T WA A7 i I H i IO 7 R IE )
K EERTHR R AR SO T — R R s S8
BN RN B PSR AR 105 1 . DT R —
ol S ' b 7K S i A4 R A TR 1 AR BIL 2 BOp U7
5 A T SRR X AR S B SE W L A S B A B
B VRIEFEPR BT R ARE . OB R A T
SRR HT 1T I matlab xR 2 47
ST K SRR R U5 1 5 IR S T 1k BEAT HU AR
308 ok 52 B O X 2T 3k ARG B R AT BRI

2 MHERE

2.1 WEHRBREREFEEN
% JE B R 385 i S W R T A LR

BE S AR SCHE A /N AL BRGS0 A T8 4 Ay ) A
B HLARGEAd SRR BIL - 3 B A T A P ) X
S 225 SCHR (8 10 oK FH 2 A R » X A T2 52 i) 8
NS ARSI X AT

) 35 AL REL I 728 46 32 57 K i A AR R L R BIL A
PRAR KA AR PR R Z B AR G R . X — R AR 1]
B (D FRR

iOu
w | d I 0 00
Z”:Odivo 0 f 0 0f-
1 . 0 0 1 0
0 0 1
Xw
R T4 |Y
[f }-W, (D
0 1 Zw
1

Hu v, HEME LR A, d, HEFELEH
] E R EER AT f W AHALEE R s w0 BT X s Y s
Zw 51530 R PR AE G AL b 3R B K b A B R P 1
AEFT . R A IE 3G K B - T 1R85 1

R S5HIHL A 5 M o MDA B MR v A
Ko T WM 2P0 B E B . 5EEHL
A B F ARG T R AR AR R AE 3 A A bRl b o
BAREAXL. S, .S, .S, Fx., MILK KR E
SR G AR B P 2 B0 S0 S 50 W 4
Horh SRR O AR wo v R R AER
W ER B RS d, . d, s MPLEERE £ AR L
A bR DA AR Z W B R SE W R 2 S
BAgE, SMESEAE 3 M FBARS,.S,,S.
3 A BEREAE sy

SCHRLES r 42 2 i b 8 T Ik R FEF IR R G
E V-2 R BE R AR RY E AT R Ak b T R
SR RATHHLEERE £ DL K65 /K 7 f 47 20
Yk 53k o R 2 A4S B0 K Ak A 11 9 (i
ASRAFHGALI RN S50 76 W DX SR oy i 2



2666

%21 %

ANSEARAE D © A A R R Ml AR AR R R O (X
ZWI ) 7(XW2 7ZW2> ’*H@nggﬁﬁﬁﬂéh—‘jﬂ L1 s X2 vﬂ_

ay <o AR UERR XE J7 15 B R bR 2 S 80 R T R
(2R

((11(12 +b1bz )Z (1'1 X )2 _4((11])2 _agbl )2 ><1'1 ><1'2

Jf - (a1a2 +b1bz ) (Il — X )+

2X (ay by, —a,by)

» (2D

(arva,—b1b,)* () —x,)* —4Ca b, —a,b,)* X, X x,

1(1 7(611612 *blbg)(fl *Ig)_’_

ar=Xwi—S, a.=Xw>— S,
by=Zy—S. by=Zy,—S.

TEZ 7 s 5 H O R0 A i T W X

A B B AR T B AR R R O 7

R PR e . Hp PRk i
I FE LR Sk 1E b 07 I = Ak % 5 A 4 ol 1tk
TiEAR . HARAK XYL S ST E .
A ) B S BUCRE AR AE T V  AE X FRR E
OB 7 el
2.2 ETIBNANESHERERERE

FE S B 0 R . B3 20 45 X6 Ol R AR 1 il
FEAE TR BRI . B S D S R R T X s
HIE AR AR, T BOE bR A 5 SRR 0 T bR
R GRS ] 5 55 AMH AL 0 55 000 s BE B e

Horrs

COS «
X4 f 0 0 0 0
Zoo|Y|=1]0 f 0 0]«
SIn a
1 0 0 1 0
0

PR AR R = (D) P
fcos aXw— fsin aZy + f(cos a—sin ) S, =Z X
fYw+fS,=2ZY
sin aXw +cos aZwy +sin oS, +cos aS. =Z.
€Y
WIorfEd b 5 Xw . Zw A KW J5 R HEAT AL TR W] 15
KO PrRTi e
(f—Xtan o) Xy — (ftan a +X) Zy + (f—
Xtan a)S,— (ftan «+X)S.=0 . (5)
H T I B Ay R B R AR 3 A T
PG AL FE . 2 58 v i fet AR AL B9 4 BE A8 A 38 T Ry
10~24 mm, 3f HAHHL S B8 A K ARSE
=24 mm I BRI & 2R W R EAE S 2 A
SR AL RS G 0 K P i A JEAT BR E . A —
A E R R BRI RT 58 A 2 B SR i

2X (ayby, —ayby) ’

P62 i B X #E bR 1 ROSE MR 5 A5 6 A s Y
SR Ml SR St BE B A M VA 2 4 AN Y
o FH 3 B 0 VAR M 5 T LB AR A R R A —
1R G A T 53R HOR A BT . A F
TAREAE . %8R| R TR SRR Y A R RR
il s Xf bR s T kAT E— AR AL SR T R
Xof AHAIL O b 7K T D £ 1254 T B 3 A5 O AR 2 T 5

4 By By 0 D b AR B AR B AR R
AT A . HIBRZE T AT 2 By /N T 17 i
BRIEEHAN O R R RZE AN AL 1/10 pixel, 7]
ZMEAT 75 JE B R Gy - DR By 1
Wh 0. FEXF bR 5 P2 e g0 47 17 4k 7 A &5
WM, Hf X=(u—u) Xd,,Y=_(u—
uy) Xd,,

—sina cos aS, —sin aS. Xw
0 Sy YW
. ’ s (3)
cos a  sin aS,+tcos aS. Zw
0 1 1
% A5 1 I3 b 35 B BB 08 1 2 A AT B R L

X B Rt A b 2R 110 RV O R0 R LA R R T
PR . A () A B 1 106 T o W DU e of
EAE R IR R LRI 5 A S X BhaE ey, g ok
HiAL AR R LIS F] Xy =Zw =0, B M A0 7 E 2
TR AR AR A s )T 2R BCAE 0 rh o0 9 GPS
WA MO AR W) AT H AR AR HLAR 8 R BRI
To=u—u ) A (6) .

(f—axotan ) S, — (ftan a+x,)S.=0 , (6)

DA i £ 19 22 35 AN 20 (7D B s

_fS.—x,S.
T fS.FxS,

W AN MER 1 A S BB E T vk R IS
AHALAR XS 55 I 0 1 2 AP B8 AR d e s i s
T G b 1 A A B AT 58 BB AE

7



% 10 34

ES LK S PPN R RS Rt 7/ U SR VAR I 2 4 €7 S8 A 2667

ARSONSP-RE R i R I 7R R T . A
FHSEEE )35 22 43 GPS A5 A7 HIL A W i ey B AE
VLB E R M A bR 2R H I 28 20 B A b L e ES T SE
15 09 0y AL 388 45 1S P B iy il & k1, A 3
R

5 A LR AL O 6] 2 Xl OE e 57 4
LR EMBERR. CLCo AHPLITENL &, L
Ry AR ATLBE W s BRSPS K AT LR R O

S, =LXcos0 ,S,=LXsin @ , (8)

A FH 9 500 22 5 HE A B T S AR AL B 0
O B BE B ROAE BIL A M I 0 JE R 5 R G T ) Y e
A RVAT AR B RS R . B I L BB £ 2
J¥ M AR K (Lato s lono) s (late s lone) BB L e e £
$ A XA D) L (10 PR
L =R Xarccos[ sin(lato) X sin(late) X cos(lono—
lone) +cos(lato) X cos(late) ], (9
Hrp R Ry sk - 22442

A=arccos| cos(lato) X cos(latc) +sin(lato) X sin(latc) X cos(lonc— Llono) |
p=arccos{[ cos(latc) —cos(lato) X cos(A) |/sin(latc) X sin(A) }

Il

@] X

K1 FRRERER

Fig. 1 Sketch map of the translation vector

Hy b BT O vk Rl A GPS i i 3845
H s ST BT A 57 B AR R A A 2R v 1) 20 245 38 A
i AT A BUAR E BT A 1 F B R AL ARA(D
58 BN AR AL G il 7K T D 7 19 5 €

3 RIS R

5 2 B0 15 25 A L ST MR R 22 0 BT i
FRFATT AT LA 25 S8 AT S 43 Bt SR AR S
$& B BbR R J5 1 1 ) 1 2 BLTE K FR (LA
B RIS BOF R0 BRI ho AR 2 0 ST A LS
S0 PR R B T A8 B R 04 S S AT AE 22 K
IR 2 AR 25 K 45 D A S B R T AR R
RS TR 22 70 B B0 T 7 T AR (R R 2 0
P E YR

HT T A A i 78y STl o R SR TR E S T 1)
S s X » Z AR BR(E 2 B2 S 2R 20 S A
W A AR X T 00 e 0 o B TR S A R b 3

ﬁé]\ﬁ f X‘TWH‘DEE dW — sz JFZW2 E@?ﬁuﬁﬁ//{?

(10)

L1522 53T AR SCHR M AR R O AT IR
-5 87 Ak B A b 7 AT LR

% AR PR A 7E 2 0K R R 25 N AR R R
RREMHRARZE ST I of =0/ =2
mm , 738 7 A S B BR € D7 00 X e X
BN A U O BRI B S5 R o Ry A S B
T B A L5 AL R S5 IS G BB O Ly =
L, =2 000 m, ¥ AN ay =450, =135",

HR 1R 22 43 7 BB ASYERS 1 01502 X >
P 2 ) AT LR A

JIF, J
67w ()= 91;‘{ Cof, OXy(f)= al; XL s,
J J
aczw(f):a;?v”v -8Xw(f,)+a?; « 5Zw (fD)
de(f,): adw(f1)2+8dw(fz)2 . (11)

FIH matlab #4715 22 53 07, 43 B 45 R A&l 2
() TR s Xw s Zw 43 A€ W5 00w e 95 ) — 200 ~
200 m J¢ —400~400 m 7E fk , #& A W X 35 i
SR W O BE R 25 0dw AT 0.5 m, Wi X 5
FA O A 1R 22 AR s HUEAS XS N 45 s A A 22 80

N AR RE 7 9 TR AR R X i O BE A Y
SR F Ty 3 T 0 DX PN A A R O B T
AR 25 oDw $EAT 507 25 R A 2(b) i
RAKZEEAET 0.4 m, XWMEKHE L L, 7 1
~3 km AR {L I 43 0 HE AT 15 25 43 B, 0 HE R R Ok 1
kem B fe KM it 22 (AN B 5 0. 17 m, 3 I B Ry
3 km W K22 H A 2253 0.5 m. 3% 22 (8 A X ]
PFEE AR BUR, HeslEMmOoHERZENRZLw
A GPS A5 i W I oot S5 AR BLIE] A BE 2 L



2668 e M LRE ——
B Af A R GEM IR 22 73 GPS. - T8 & i » .
R BE Oy 25 mm, 2843 B A M I X3 A 7 A A _150 2229
K 89 A i 15 mmo W E G IAR
Ko BULESHE TN S AL bR R 0 -
0 A A7 R R £ - oo

BN T 18 07 2 1 TE Y I R SO >
S B AL R AT T R, 5% -
S B e 5 AR LT A 7 56 R A0 < A A

LS W s BE g 43k Ly =2 136. 041 m, L,

=2 084. 953 m, % & & A H GPS I & & 4
JaiTAAR YL ER K E N £ =f =24 mm,

b€ HE MBI M EERESE RN 1=
22.894 mm, f,=23. 169 mm, Wi .05 75 W 4>
FABLARICEME 0« R 3R AR bR 3 50 R 1219
1201, ¥ MR E S RN an =167, 546",y =
202. 355, BEWUCAS [l 457 & F A TNT A5 %o fif 534
JEEAT B AE . AR ST 45 R 5 GPS & 25 R JE AT 1
.

F 1WA T S5 T A HE L el e 2R AT T
i FHAS SC25 1 B S B0 s b ik S DL T
W) X3 P g K 0 a0 0 B R 22 AN 2
m, B X 25 R BB 0. 25 %, Horh 5 JFRR A Y
WZEM LTI AR ZE Y E S 0. 568 m, A7 XT iR
ZEAHBIL 0,07 Y0 PR bR 2 Jr i 1 IE M 2R
BEEAS B TR UE . N [ B R R T B K
WA iE T Rk g,

200
—400 -300 -200 —=100 0 100 200 300 400
Xw/m

Ca) M D0 DX 3 P A ) A7 8 Ak i R BE R 22 51 B4 i O
PR 22 0347
(a) Effect of the error of focal length on the eccentric-

ity in the different positions of monitoring area

~200 o D)
-150 03
-100
-50
£
N
504
100} 0l
150 0.05

1
20900 =300 =200 ~100 0. 100 200 300 400
Xw/m

(b) PFAR RE J7 %6 0 D8 P 25 0 oz A 22 43 A 8]
(b) Measured deviation brought by using different
calibration methods
K2 RZEIITEE R

Fig. 2 Results of the error analysis
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