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Abstract: To estimate the camera poses for calibrated or uncalibrated cameras, a novel pose estimation
algorithm was proposed based on coplanar line correspondences and iteratively reweighted least
squares. Firstly, a linear equation for the focus length and pose of the camera was established. The
pose parameter was solved by more than four coplanar line correspondences. Then, the iteratively
reweighted least square method was applied to optimizing the parameter, and the higher accurate
estimated parameter and line weight were obtained. Finally, the focus length and pose parameters of
the camera were obtained by calculation of line weight and the invariant distance of Euclidean
transformation. Experimental results with simulative data indicate that the precision of angle is better
than 0. 2°, the precision of relative position is better than 0. 5%, and consuming time is about 1 ms,
when the focus length is known, and number of lines and noise level are 20 and 5, respectively.
Moreover, the experimental results with real data indicate that the precision of proposed algorithm is

close to chessboard calibration. As compared with the existing algorithm, the proposed algorithm is
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more accurate, robust, and is capable of estimating the pose of uncalibrated cameras based on a single

image.

Key words: space camera; internal parameter calibration; pose estimation; line correspondences;

iteratively reweighted least squares
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Fig. 1 Perspective projection model of camera

AR SO L 1 1] AR 70 AR AL AR B 2 00 AR
PRI DL Q] fhy 22 4% B0 25 (] 154 2L R AR
(1 EGRBE R AL TH AR DLER B £, L R B S R
IR

3 HEFEA
3.1 BETEZXBTENMERGITHE

WA 1 o . i ARAIL Y B AR 1Y A 45 2 = )
HE L BEE—A P WEGETT .



1170 e KWEE TR 24 %
JI fCrn X+ Y+1t,) zcos 0+ ysin 0F— p'=0, 2
ra X re Yt (1 AR FORHINLA AR R Z, B ROF T 38 A

\[ _ f( 21 X+ 92 Y+ ty) ’
Y ra X+ rp Y+t

HA.P=[X,Y.0]", p=[x y]" E&5H L PR
B L S, R=[n n rnl=
ni N nNs
{7’21 T2 T3

131 32 133

=t t, t.l,

23 ) Bk L R8T A £ 52 B2k 1T I 2
()RR

[ Xcos Xsin®® —Xp° Ycost

HT PRI S — 2 LR I R B P a5
F st (4) By BB TR . U 2 P S

[chose‘ X sin®  — Xp¢  Y,cost
X.cost  X.sin0® —X.,p° Y.cost
Hipp=[X, Y, o]",P.=[X., Y, 0]" &

B2 LA
XFF n R HZ T LA EE AN Ay s h= Bso
7 R, XFF 4 AU B R B, v e
Fe i 6135 h LR PERE
h=(A"A) 'A"B,
Hrpr,
h=[h h, hs h, hs he hs
3.2 ERmMRENZRMLK
T R R S I AT R B4 4 JBOKS S
232 B, T RS E 2 09 48 BORS JE X B 5
M) 1 I B AT B S B A TR B . BT
AN [R] 4 i 4 BOKE B A [m) BT O R I A e/ —

hs )" (&)

Ysin6*

Y. sin¢
Y,sin0"

FHL | WELIEE. 0 TRELT X, Hhinydk
. (o007 Fon T HE WAL FR .
mR DO ML UIB R .

f( 1 X+ 7’12Y7L t‘,-)
31 X+ 7’32Y+ [

f( 21 XTL T‘ng+ ty>
31 X+ T32Y+ L,

B 23— 2L AR el 153 31 .

cosf +

sinf'—p'=0, (€D

7f7’11/t;7
fra/t.
131/ L.
sinf’ | J;:;Zi =0 4
732/ L
ft./t.
L ft,/t. ]
ForR ] G FRoR

—Yp¢ coslf

SRR R U B

7.fr”/tz7
fra/t.
/.
—Y,0¢ cosl sm@‘} f‘rlg/tZ _ Eo} S
fro/t.

T2/t
fr./t.
L ft,/t. ]
ekt 5 1 ok B v 0 42 A A VT EE
3.2.1 BAEL w it F

Pl A5 08 P iR DA v 387 20 A o TR I RT LA O B 1R
AR L2 S 1R 25 W R Al . Rk 2E A=
WA h— B) 153 A BN 0 bR ifE2E N o 10
WM R . WX N AUE w B n X n D7,

PrifEZE o BYMG T S 5k 22 A 15

—Y° cos® sinf

¢ = L3, €
ni-4
FUE o B 7530 AR 2% B2, an =X (8) »
w; = ;naefﬁ,iZLZ,"',n. (8)

3.2.2 HAR B = F A
e S A3 AR ST 15058



5 5 ]

FRARAS 2« T I i FL R B AT A e/

e A WL ZE A 1171

T4k H AR e K Z | wid | /R B

BF

stepl: B BHIAEAUE w (B =1,k=1.k Nik
ﬁ‘fk‘ﬁ;

step2: i i S B h (k) = (A" (w (k) +
w(HA TAT (wlk) +w (") B, 15 3| 5% 2
AC) =w(k)(Ah(k) —B);

step3: 12 (7) F1 2 (8) FEAT UM B8 wk) 5

stepd : THE H bi of %5, 0 W H 2 A5 0 2 1% AR
15 1k 25 R 2 DI B step2, 5 00, 4k 252

step5: iy Al T S 8 A X R L 2R 1 AL
H w,

AT 1L 55 B bR bR BN B — 0 R B B
H H b R B A AR b /N B — R, B A
B 1 i AR A E R
3.3 #HNSHNLE&IT

FEAIMLAE FE © 0 8838 R F g B0, AT AR 48
JRERE HE 4 R Y B AV 1F 52 P w2 R X A e ) £ B
PR 53 SR A5 B AH LS5

COARYEHER AR R 1Y BAALIF 28 15K it

AR bR, W e AR S E R R
B IE RS A 2 0 L A B 20 (o) B AT A5 3

[ (X = XD+ he (Yo=Y D)2 (hy (X, — XD+ R (Y, —Y))?

LIS S
f=v—Chih,+hsh)/Chshg) s €
SRIG AR (10) L (1) #E— 25 i S 45 B AH AL Y
(RS 34

J t,=hit)f
<t,=hst./ f . (10)
t.=/(h))*+ (hy)* 4 (hy)®
rn=[ht/f hst/f hst.]
Jrz[fmz/f hit./f het.]. (11)
r=nrnXn
(2) AR 4 D X 8 ke 1) £ P SR e
AHAIL A BE A A 3 ik D AR 46 1) f R M SR A 45
B, AE L LA P EMILA AR R A AL bR P
ATl (12 FR,

[L’% X+£IA12 Y-+ t.fw—’

I
R R ST I T S
7| |7 f
ths X+ thsY+t.
Fh R 2 TR) B O B L AT A
| Pi— P H:HP—PH (13)

B ADMAR A ER 1D,
(hs (X, — X +he (Y.~ Y )2 ]

t.|?
{fJ =(X,— X2+ (Y. —Y)?% (QEY)
£

on 5 H R0 Sl /D IR AR Hrp LR, E2 M HZ L, Hammm%%

[;—J L B 5 DL LA SR £ A L (AL

a0 D) & B A AL B S BUR Lk i
3.2 WY wRRN T HLELN
AIHLS B B B (52 R B R AU w 18

AR (14) T 5] 28 [;—} L B IR —

3.4 HiESW
3.4.1 R RAEHE

XFan= (5) PR /4 7 72 41 i
H br R (15) B9 e /MK -

HEAT A AR 25 T

F(RD) = D d(L(R.D L), (15)
i=1

IR, )N S BAEN T W EBRIE B, d( -
FoRM T HE MR LN ERE. Fﬁuﬁh
H A5 A AR H B i KRE A LS
{H. %ﬁ’“ﬁf)%%chAFﬁXFﬁ’J%%'ré%ﬁfﬁ
SR AR IR /N Z 3 5 1, e 24 B b
AL S 5L,
3.4.2 BIEEHAE

FEIR AL T 2 AN 7 ik — R AR 48 i i
L IV 1Y) BN T A8 T A s — b AR i A 6 1
TREETEARSE . T LRI IRE LTS
B T B e 7 B 3 RS AR PR OE B8 P T DA
IV T 2 R I (%) B I 28 M X £ R R A T A B S A7
TERCR R 25 . DRI AR A0 X o2 46 ) £ B M o
FEIEAT AT A AR e e ST, AR %,



1172 e KE TR %24 %

B3R R/ e et S 5k oF bk A B
HARERAEE S B, ik — 2
P TR BT RE .
3.4.3 HEwRAELXE

Bk FE S R 3 0 /D AR MR AU
g/ AR AL TR BE AL 11, 5k b E B AR AR
53 R EACIA R /N e Al AR BT R/ ek
PEAR O A5 B SR B2 0 S8 THE, DR AR D 8K
JLUGEACED AT 58 ) S 5 ik . B R 3 AR 2k 1T
— IR/ Al T I ) A A O, dRe/h
Te L PE M AR BEAG TH A B E A O,

4 ZE 5ot

4.1 HEHEZXR

FHLE N S HOEE I £=800, T A5 A bx
w=uw=0, HIISE . REM e o x5
FEX 3 [ — 20°, 20" BE ALK, 7 %% ml & 1=
(e, oty o ]" A3 9IFE R IR[10, 2007 FEALHUE .

AL B 2 2807 B &5 E) 5L P 7R X I
(10,200 JFEALIUME . LA P iR bk o LR S 4L
0 FEDXIFL0, m I BEHLIRAE , B2 b 55T 0 AT LB
BB p°. 8 A ih 2 1 2 2 504 B m=50
A E L L ARHIE S, BEHLAE R n=20 S H L.

GO T 4 85000 < o 2 o] B4R T I R AE A5
Fie FRAHAL S B AT 852 159 2R 7 T B 48 4R AE
RUARAR po FERFAF S AR AR WS INI(E R 0, AR i 25
o B fer ST M R L Ko LR R I A A AR AT AR/ e
HEMA SBIEG TP EXSE (0,0,

F—RhECE FEAT 1 000 YR M 7 525y, X 1B
B 1) R 22 SR BOF (. BERS o o«
GLIEET e o k]t fIREN TR R .

Eungte = |l [;o w ;]_DP w x|

E=1i—«ll /¢l
E;=|f=fl/f. (16)

BEFHLAR 3 AL AT 0T L S 5

Yu, SCHRLL7 182 M 4 25 LA b i) 3 i B 2
PP G A i A AL AR BE RN A7 2 2 B 4R i O
T s

Yu+LOI, L Yu WA, R SCHERL15 1Y 1E
2 AR AT O A 1

IRLSPnL , A SCHE A9 58 T B4R RRAE 19 32 48
TAS S5 /I — e Al AR AL A5 I RN 37 38 S0 Bk

(DAPLEE S A

P 2 Ry S T i 40 M S 4 AR, o Oy 22
o AR FLFE [ Ry (0. 0.5, 0, kKl 1.0, Xt
THLHH n B R6,96 ], LK N
10, TP FRAE 2 6=2. 0 BUAEHLAL 4G iR 22
Gt RWE 3 PR, WK R LEH,
IRLSPnL B E L HE 2 FhE L B9HS B 38w 1A
I TH] b 2 P 5 1 ik

B3 A fE—A B R, XEH TS
AWM EL AR B A 2 H 4k, K 3
AT, TRLSPnL 5309 38 ixf 22 A0 A 5k 72 A7 24 b 417
il T AR ORS B 55 225 00 T4 S B T4 R 5
M, Pt TRLSPnL 553 HoA 04 1 8 ok

-
W

—+Yu & —+Yu
0.6 | = Yu+LOI 1 = 2.5} = Yut+LOI
4 IRLSPnL S 4 IRLSPnL
~ 05 3,
504 2
o =15
203 =
=0 =
<02 E
E
&

] (2e

/\
I

(= R |

—+Yu ————%
= Yu+LOI
A IRLSPnL,

Time/ms

b2 ad = n

A i S NS R ik

0 1 2 3 - 5 0 1

3

3 4 5 Y0 | 2 3 PR

Nuoisc level N‘t-)isc level Noise level
2 AR 0 BRI TS S e 4 R

Fig. 2 Results of image noise experiment with known focal length
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