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Abstract: A technique for metric reconstruction based on one triplet of corresponding vanishing line in three
images is proposed in this paper. Firstly, the infinite homography is computed by using the vanishing line
correspondence and the modulus constraint. Then the camera intrinsic parameters are determined linearly by using
the property that the infinite homography preserves the image of the absolute conic. Finally a metric reconstruction
is obtained. Experiments with simulated data as well as with real images show that the proposed method is workable
and applicable in real applications.

Key words:  corresponding vanishing line; plane at infinity; infinite homography; camera calibration; metric

reconstruction

B B RET e 3 REMGE A KRR ATEETEN G A B RARX L R &AM R
THHE R R @ 6y N AR R B ARSE R R P B 64 S HE AR F e AT Rt R AR R B A MR R R AR
FEMA AR R EFEE T TN E AT ER TR EIET XM E T T EFT EO TR LA,
FER: MEHARLAFTEFE;AGEE R FEIAFEEEE

REESES: TP39I1 CREKARIRED: A

MNP P 51 A H 37 56 0 = 2 G5 M 2 U SENLAIE 1) 2 2 b 2 — F AT, e U5 AR 2 T LU 5 S (gt
TR — AR TR S AN ], = i 3 5 AT DU 2R 5 i R AE R B LIS 3 2 B (SR 3 L
1140 2 0 1 S 26 24 A AR B A 2 8010 S 88 2 TR BEAT 1 = e ;) — JORAEY) ST 45 A1 g e i
LY R AT I = Y

* Supported by the National Natural Science Foundation of China under Grant Nos.60075004, 60275009 ([ X 4R Bl 23 4r); the
National High-Tech Research and Development Plan of China under Grant No.2002AA422230 ([F 5 = 8 AW 5T & 8 v £1(863))
TEZ B RBIL(1971—), B VLA A Tl A2 5 TEOF S8 AU v S 3, = 4k T RABRA (1957 —), I3 T 5T D4, 1 4
S, BT A AU T ELHL B, N T e

© e

AT https/ www. jos. org. cn




T AT B A RN AT 667

L 5 LT S5 20 R = Y TR VR 5 SCRR[5~T 10Kk 37 550 A 8 3 AN TR (K147 77 T 2 3 A EL AR 4
LT 1), 5 3 5 B BB T H 9 2K, AR e o B R LR AT A s, 308 i 5 0L 8 4 W s SR [ 800 255 A e
S5 IR LA % 28 (191 s SR TR~ A7 A0 38 G 3R) 453 B K 20 R BLROR T 3B I 9 SO SR B AT A 5, JF L
LTS AN T 1 [ 2R i, 0 R 1 T R AT I 1 R SCHR 91 9T 1 2 TR AR e BB LA 2
K 2k Uy ik %5 15 1 g a2 [T YA AP AT REOR R B AGOR T SR AN B 25 BB SR S e R A et
FHGHLN 2 0 20 R T7 R AR E BRGHLI A 2508 2, DA BT ik A T P 380 IR 2 TR ) e, S o 0

e LR Tr i, K2 HAT LA EE g I 3 AT I 2K 2 S L E B T A A SRR 4 H SO — 20 I 9 R 2 kAT
JE o S ) R 0 S, BRATIAR Y — 2L 9 2 e SR 249 ke O SR IC 575 326 1 AT 14 2P L 2, 30 i R PR ASEAR 24 ke
it ZER A — > =0 DY T R 2L, 10 A SO SRAg — Te DU R R 8 i, 150 FH I 93 38 - T PR S 157 R B DR £ 0]
U L G AN I PE B SRR BN N S 8 e m 15 B BT & A DA 2P0 hHe T RXMI L MR &1 5
FOABIE T U A5 5 PR T A VR A LA AR S 5 i 2 B i

(1) eIy R R I, B P45 3 56 5 25 8, 15 80 477 36 2 18], e i 81 R B 22 ) F) o e K 1)
J e P T MR R R G ) ) S

(2) "EREFE T LR AT AN RS T R A PRV T PG i TR AT R e T SR K e

(3) "L AE B A ZE O AN BRI P B 10 1 4R SR e X TEVE 2 J 55t (RS N3 1 35 8 v LA
53 A1) G, I3 ) o VAT T A A ) R T P AL AT R AR A A RE R AT AT R k.

1 %5 1 A B8 R RE P 5 3 N OH ok

1.1 ASHER
PEATSC R B AR UL Sy 25 (¥ /N FLAE Y R BAG AL I P 2 5500 K A
HE
K=|0 f v]|,
0 0 1
P, (g, ve) FKon T SABKR, £, £, 53 508 BB w AN v 3l B R R T, s 2 A2 IR 7 0 BLBCE BHEHLTE R 3
RN SR REAL
1.2 k5 IEFEA R R
— 4 B2k 31 2K A(vanishing point) & i% B £k 15 JG 57 1 V- TH 1948 s (R G 55 328 550) 78 G T B 2 0. =
HEZF ) P ) — 2 PATERAHAS T — AN B 55 3 A, RSP AT B e A AH [ 009 2%, RV 2k i RS LR R 1) 4G DK
5 H S04 E TGO 1 )V 2 2 (vanishing line) & 1%~ 111 5 T 55 4 V- 1H1 1) 28 28 (BRI G 75 1 . 28) 78 EIE P 1
(15 1 45 = 4 25 18] P S AT F I A AS T 46 To 95 38 1 4%, DR 9 e 2 H A5 P T (136 1) A 6 17 5 S T £ 67
oK PANH R R — T E — S0 SR 2R
R x 5 x' ARDRTE s e W X, 75 EGCEE B BRI R AR H, A4S
Ax'=H x,
Lrp Ay Ry AR 2 SR T I RR AE B H, A TG 55 3G S T G T 79 S P44 T ) . 17 R B 8 6 PR AT 22 — AN JE R
R T 5 SO R M — 1, TS T PR S RS N —— X B R R
T 55 2 26 AE PR PR 5T T B PR A5 T 2k 2 D)L A7 ) I 56 2R 3N o 7 5 2R 8 T DA 3 G 9 3 S T g P
TR B A A I SR D) M Ve, A T 55 LR L, AE W IR MR R IR B Ay mlie ol LR ) b A
AL, =(H,) L, )]
Ny MVE St S

© PEBREBALTU bt/ www. jos. org. cn



668 Journal of Software #RAFFIR  2004,15(5)

2 ETFEAMNHRENRREZS A

2.1 THIE TSI B A AR
B BT 5 T 415 3 (O T LA PR 35 0 5% 1 T A 1 R T B3R A 3 1 IR 45 (R B A DL 13 R o -
P =[1|0], P,=[H,|e,], P;=[H;]|e;] ()
Horb, 1 BT FERE, H, B H 2 B ) 2 — AP 7e R 1 ATENR 2 2R LR G 1 FIEG 3 2 8] 5 9 1
4 B (homography), e, Fl e, 73 5ill & B14% 2 FTEIE 3 6T BIE 1 Ak st
HAFAE — A 2 ) AR B

Forfra AR I =4 ) 19

PP ‘AZ[”O][_ftT ﬂ=[1|0] 3)
(a) _ 3 Lo 0l T
P, —PZ'A—[H2|32]|:_aT 1}—[}12_‘32“ le,] 4
(a) ) 1 0 _ T
P :P3'A_[H3‘e3]|:_aT 1:|—[H3_e3a le;] 5)
SERRAGHUAE 07 56 25 1) B4 5% R0 B, ) T 55 328 V- 1T A2 PR 1 5 % 2 2 10355 S (0 T 59 3z o v i ey
Hcfolz) =s,(H, _ezar) (6)
TeoF e EE 1 5EMG 3 2101 5 10T 95 & B N AR
H3(013) :Ss(Hs_e3aT) @)

Horprs,, s, JEAEF W BN T, a 2T 55 1 10 78 5 52 B Al ks & P 7 1)
T E AT — ZH K N 9 2 £ FNRRAR 2 TR A 1) 1 DA R AR S T 5 32 Y- T 1 BN R A E R L, AT
L, 2% 1 FEG 2 2 Il st g g2k, iR B

ﬂ’ZLl = (HSZ))TLz (8)
Ho 4, AR AR E HUK (RN 2 () T 5
a=——iL,-21)
e, L, S
% x=22
S
a=——(HIL,-x-L,) ©)
e, L,
FXORAK (6)H, T
eZTiHa(om:(eersz_engHz)"'x'eleT (10)
§
A H,=e L,H, —e,Ll' H, W= (10),4
H'") ~H,+x-e,L’ (11)

FLrpex” FoRAEAR 25— AN W BUR 7 (05 O A AR
RHEVHEEAERE H, + x - e, LT IHHE 2 5K 0
p(x) = Det(AM — (ﬁz +x-e,L) =2 +a(x)A +b(x)A +c(x) (12)
Herp:
a(x)=~(e; L) x ~tr(H,),

© HHEREBAAIGUT http:/ www. jos. org. cn



T AT BN A RN AT 669

~ ~ 3 ~
b(x) =—~(e; (H," —tr(H,)-DL,)-x+ Y Det(H,(j, /),

Jj=1
c(x)=~((e; (H,)")" L)) x~ Det(H,)).
I, or(H ) RoRHIRE IS, H (j, ) AR H (6 A5 26 000 3BT I 19— W TS0, (H,) %% H, 19 PEBE
R A AR A AT 48 24 o0 T LA 3R T O R
o] = e()a(] =o.
T a(x),b(x),c(x) B x B— R BT 22— A PR T2
i) =a, -x* +b X’ +c,-x* +d, - x+e =0 (13)
Hrray,by,cp,d, e 2 HA T
H AN 2 (7), M ASE A 2 AR 25, [) BRRAT) ) DAAS BR EN 8 x 18 55— DY IR
fr@)=a, -x*+b,- x> +c, x> +d, -x+e, =0 (14)
Hdra,,b,,c,,d,,e, 7 HHHT.
A5 R DU T I SR A (13) A 3 (14) 156 37 4L R 1) 5 R 4L, 3RATT AT DAE — B 0E x AROAEL, AT 15 21 0 55 18
gL
2.2 HBEBGNHASHINEHNSE
H b R, FRATT P UM 3 0 PR ) 1) ZE 0 R0 SR 2, o S R T e AR R 1 SRR 2 K AEEE
HEMG 3 Z S i N R R B 5 H D AT AT g ] TG 55 S s N R B 5 H Y 5
BBHN SR 4L
WIRBHLN S HHERE N KBS 2 0T EUE L EEHLZ S 2800 (RY, 1), 5 3 LTI 1 g
BLZEZHCh (R ¢, Horh R, R JEFEHEAERE, 612, ¢ JE P ) it
o TEIBEHN NS EIER
¥ D, HY 47500340, )35 R g ic ok B0, B W64

[

H” =KR™K™, H!Y = KRVK™ (15)
JFH
Kt = J,e,, Kt™ =].e, (16)
Horp Ay, Ay EARFNIARF T AL
1 (15), 1
H!K =KR"”, H"K = KR"” a7
P ILRE B A
K'(H”) =(R"™)'K", K'(H") =R") K" (18)
dr (17 AN (18) T LA £ 6 T WS i L3y e
HPcHY =c, HPcH!) =C (19)

b, €= KK 24505 — Uk i 2 FEZ 10 0] 45 3K (19) 2 W 24856 — vk it 28 1) % 4 DG 55 8 1 18I SR 9 5 B AR 9 T
PRFFAAL .4
¢ 6 G
C=|c, ¢ o5/,
[ |
It e = (¢;,¢5,¢5,¢4,¢5) U (19) A LS AN 26 PE 7 PR AL FE 2
Ac=d (20)

T R™, R [ Jig s A [5), Bt LA £k M 7 FE 20 (20) A Mk — 1 ) 2B SR AR Y 4 B € LG % & 34T Cholesky
Sy f kvl S SRR ML N S EUEFE K.

© HHEREBAAIGUT http:/ www. jos. org. cn



670 Journal of Software #RAFFIR  2004,15(5)

o ITEBRENIZHHSE
e T RGHL I S EHFE K 2 55, th (153 20 e R e R, R™:
R?=K"'H”K,R"” =K"'HK 21
di A (16) T 7P # i i £, ¢
t" = 4,K e, 1" =1,K e, (22)
R EH 30 0 2 T ) 5 TG G B, BT TN B A 2 — AN DR 7 (0 5 SO SRA P i
gy BT U, T DA BT 20T IV R 2 1) B e T S S R
(1) HRHE T I 2 e RSB 249 TRVE S50 55 8~ T FR) B I PR B HE, H DY
(2) SRRk 7 R 41(20), 13 BIHBE C;
(3) XIHiFE € HEAT cholesky 43 fift 13 BB AL N S HUERE K
4@ dmReHFMRQ2)IHRBGHLIIE S 4.
2.3 BRIULIERD
ARATHATREAR L 1 3 AN TERHL GO 52 1 T 18915 2K B A BE XS TG 55 22 5 I o A4 ol 24 TR S I A S 1Ry D7 vk
K B 3 ASFRAGHUG Lo R 1R~ 1 P T BV K e S AR ST VR KR AL A 2.
A AR T 3 MR R B R LTI I 5 3 AN AILG BT AR TR AS Ze i BERE i 1 TR,

G
e Ly en
e 3
L L,
€13 3 c
3

C | 1%
Fig.1 Degeneracy of corresponding vanishing line in three images
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Table 1 The averages of the estimated intrinsic parameters under different noise levels

F 1 AEAFRBRFACE RS A 2 EY

Noise levels (pixel) Y% fv U Vo s
0.0 1200.000 0 960.000 0 255.999 9 256.000 0 0.0300
0.4 1254236 4 999.533 8 231.038 1 273.177 2 -2.2156
0.8 1244.058 7 986.022 8 250.843 2 295.399 9 -4.9213
1.2 1181.0358 936.654 1 301.999 1 281.087 7 199115
1.6 1286.388 8 1016.861 9 228.272 4 290.234 2 —19.769 9

Table 2 The standard deviations of the estimated intrinsic parameters under different noise levels

T2 AR KPR A TN S B R b e 22

Noise levels (pixel) fu fv U Vo s
0.0 0 0 0 0 0
0.4 21.986 4 18.159 7 25.8242 20.3913 7.758 6
0.8 26.8199 21.774 5 33.7090 27.809 9 10.2317
1.2 33.370 8 25.986 9 38.1495 36.9527 12.578 9
1.6 34.990 5 26.357 1 40.9071 43.510 7 18.637 0

o BHSHMLWER

N T ARSI AN S S0 SR AR BB ML I B 2 B 5 R, FIAT T T A AGL B8 i s e e i ) PR B S TS 2
TE1) () S A, T 5 4 (V) B R 45 U S 2 TR) PR 50 0 22, P A% U 1) TR B (B 55 TR 22 T [ K A

3~ 5 4 R BN LIS B) 2 B RN, S 56 5 S (BRI 75 KSR S 100 10), 18] 2 S AE AN Al e KPR
TEHZ B S HU R A i 2, o B 2(a)RIEL 2(b)53 2 R R R (1 g Al ) o S 55 AR B 2 R 1) K £y
S 5225 B4 (R B 75 AR A 26 2(c) ML 2(d) A B2 ROD L RO [kt £ v S0 5 B AR 2 I (it i
ZE A B 75 (0 AR Ak i 2 181 2(e) R 2(6) 3 5l ¢ 0 ¢ (1 77 1l (¥ v S0 5 BRI 2 TR 10 2 £ B g 75 11 A
A st 2. S50 45 SRR WY AE R P AP (R 0 I A ST R T 3 T U O R Al M o 5 L B AR AL T A R A
VA I A

Table 3 The estimated rotation axis of R'?and R
£3 RV RV AT 45 R

Noise levels (pixel) Rotation axes of R"'” Rotation axes of R
0.0 (=0.717 7,-0.575 8, 0.391 7) (0.406 5,0.314 7,0.857 7)
0.4 (-0.714 7,-0.584 5, 0.384 0) (0.4103,0.289 1, 0.864 8)
0.8 (=0.727 1,-0.5755,0.374 1) (0.404 8, 0.280 9, 0.870 1)
1.2 (=0.703 4, —0.580 6, 0.409 8) (0.390 2, 0.257 2, 0.884 0)
1.6 (—0.736 2, —0.585 5, 0.339 2) (0.391 8,0.248 0, 0.885 9)
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Table 4 The estimated rotation angles of R'® and R'?

&4 R RUIMER A TSR

Noise levels (pixel)

Rotation angle of R"”

Rotation angle of R"">

17.882 8
18.667 7
17.3851
18.370 1
17.423 0

44771 1
44.794 0
44.639 7
44.844 7
44.857 8

Table 5 The estimated translations of #'? and ¥
SER T ) £ p DRk T g R

x5

Noise levels (pixel)

112

PSR

0.0
0.4
0.8
1.2
1.6

(-1.1279,2.351 0, 1.000 0)
(-1.113 7,2.316 3, 1.000 0)
(-1.108 9,2.304 4, 1.000 0)
(-1.106 5, 2.295 3, 1.000 0)
(=1.103 6,2.288 8, 1.000 0)

(0.776 9, -1.376 3, 1.000 0)
(0.768 6, -1.367 7, 1.000 0)
(0.765 1,-1.363 1, 1.000 0)
(0.763 5,-1.360 4, 1.000 0)
(0.761 4,-1.358 1, 1.000 0)
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(®)

02 04 06 08 1 12 14 16 18
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12 14 16 18

0 02 04 06 08 1

()

12 14 16 18

Fig.2 The averages of absolute errors of the camera extrinsic parameters under different noise levels
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328 AN R 0k
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1817.54 8235 618.71
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Fig.3 Three calibration object images used for experiment

3 M TSI 3 e br bk 4

The white lines show two sets of parallel lines of a plane in calibration object.
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Fig.4 Computation of the vanishing line
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Fig.5 The reconstructed result of calibration object
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RAnE 7 Fros, b B 7(a) 2 FEE = g )R B 7(b) ok I SRR R Sk AR P S AR S th R B AL
(K3 i A AT AT 10, AT B I T R

Fig.6 Three architecture images used for experiment
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(a) (b)

Fig.7 The reconstructed result of an architecture
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