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An Improved Method for Camera Location Estimation Through

Convex Optimization

XIE Li-Xiang? WAN Gang? CAO Xue-Feng! WANG Qing-He' WANG Long?

Abstract As a core module of structure from motion (SfM), location estimation of cameras in a global framework has
been a research hotspot of computer version. State-of-the-art methods for location estimation are sensitive to outliers,
especially for large scale, unordered images. The incremental SfM reduces the influence of outliers through an iterative
optimization. The global SfM does not have an efficient strategy to remove mismatch, so the result of estimation is
influenced deeply by outliers. Therefore, we introduce an improved method for location estimation. First, combined with
the epipolar constraint we propose a new pairwise direction estimation algorithm. Then, we make the problem well-posed
by introducing a new preprocessing method based on parallel rigidity. Finally, we propose a robust linear estimation model
based on convex programing. We can get a global optimum solution by resolving this model. The method can integrate
well with state-of-art global SfM pipeline. Multiple group experiments have proved the robustness of our methods without
any loss of efficiency and common precision.

Key words Structure from motion (SfM), global position estimating, parallel rigidity, convex optimization, epipolar
geometry
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Aij = ¢,Y(i, ) € E, (12)

A, AW Dyt = 0 RN > e 705l T ER
i vh &5 R FR AR 1 U (FRISCHR [10] — 3
AICH e 0 1), JIHMAIKR Ny > ¢ BT LA S
A=0,t =0 ZRMF M.

X T s &5 e ™ A A AT AR TR 3l AT
IR (Quadratic programing, QP) Kf#. & T4
b R B, AR SCEs Gk AU D e
(Iteratively reweighted least squares, IRLS) XJ#x
TUBEAT SR AR

IRLS T2 JUARE: X H AR BEAT IE A UK A%,
FEARE DA T A S B I EAY . A K/
YT B UGEARE ik 22, %Ak 2 DTk /S iU
L5 T S BCE, 2 A%, N H A AR
A Ja B v B, R (13) Bros.

D> wyllti =t — Nigvisll (13)

(4,5)€E;

minimize
{taye { Nijtag {vijtis

Xk 22 TR /N FRARDRE P82 7 T (ED B 45 52K
B, SRy AR Rt 5 o S0 A s (R R
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HB 1. % QP M IRLS kAL L 4]
GABLEE.

$® 2. WIER (12) L WRER A

HIB 3. (i QP KARK T L.

W 4. VHEIRZE I AR,

$IB 5. EHBE 4 5 HEIEREAUE
BR.

[ SCHk [10] J7iZAfbl, ARSCAEH 73T Ly 104k
MANAE Loo JEEMIAGTHEY, X4 fi 58 AT B k.
i) Sk (23] 1IDSEM J7iEAHEL, ASSOAT T 2tk (1)1
ASEARLRPE A T R, LEvH SRR T T =, IF H
AR SCAE AR A DL AAR T AR TR B DR AIE WAL S 1 4% )
AL, M 1DSIM H el J i s f

4 SRI§

SR HE STk [23] SR 8 AT B EE
8. X 8 AR IAT L. TP . b TR

UEAR SR M ROG JE, XX 8 1A d 47 4b 2
IFIFISCHK [20, 23] ISEH0 45 AT R, B IS H S
Ukl Yot Gy
4.1 KR

SIS 4 Ry PR Ay, B A e A R A A
TERERE I EEEE (WL 1), B B 40 Ab 3 B [ (1 LR
(W 2), ThoMAEI T RIHASCRIERT 8 415d db 21
SREL W 0 = YR 454 (K] 11).

AT g ) A DR 2R S, ORAIE SE I BT R
(R E SR L5 DS T . A0 & Bh 4% T8 45 573 W) STk
20, 23] R¥F—3U, KRHISCHR [23] 45 AT Bk
TR AR SR AN O TRIEA I, FEP
SAFH T SRR P AT A 2.

1wz z Rt iSRS E R R
F) 22 AE 1P SE R 7 A (SR AT ALl oK) o
IDSEM FISCHR [20] () sE 5645 251 B SCik (23]
(1DSEM 25 Jerp k25 BA i (1 P34, STk [20]
gERh AT BA R %0).

F 1 ACTTVEE IDSEM. SCHR [20] AbBURS R LLE

Table 1 ~ Comparison of accuracy: our method. 1DSfM and [20]
K AICTTE 1DSfM 23] [20]
L] BA J& L] BA J5 BA J5
EAy i JOF (B%) HH z T N z T z N z T N z
Tower 1600x1064 1576 3.4 19 461 1.3 22 11 414 1.0 40 306 44
Montreal 1349x1600 2298 0.6 1 454 0.4 1 2.5 427 0.4 1 357 9.8
Madrid 1600x1081 1344 2.3 5 337 1.0 4 9.9 291 0.5 70 240 18
Piazza 1600x2 390 2251 1.8 5 318 1.0 3 3.1 308 2.1 200 93 16
Yorkminster 1600x2129 3368 2.7 6 406 1.4 4 3.4 401 0.1 500 345 6.7
Library 1067x1600 2550 2.3 6 321 0.7 5 2.5 295 0.4 1 271 1.4
Vienna 1600x2400 6288 6.5 16 821 2.2 10 6.6 770 0.4 2E4 652 12
Alamo 1600x2133 2915 0.5 2 554 0.4 2 1.1 529 0.3 2E7 422 2.4
R 2 AIT7IEF 1DSIM, ik [20]. Bundler AZbREHTH] LG
Table 2 Comparison of efficiency: our method. 1DSfM. Bundler and [20]
Lie KTy ik 1DSfM[23] [20] Bundler
Tr To Ts Tsa % Tr To Ts Tea ) b)) %

Tower 1 29 9 351 390 9 14 55 606 648 264 1900

Montreal 2 66 24 352 444 17 22 75 1135 1249 424 2710

Madrid 1 12 7 158 178 15 8 20 201 244 139 1315

Piazza 1 14 11 95 121 14 9 35 191 249 138 1287

Yorkminster 1 31 12 128 172 11 18 93 T 899 394 3225

Library 1 13 6 199 219 9 13 54 392 468 220 3807

Vienna 6 344 50 1206 1606 98 60 144 2837 3139 2273 10276

Alamo 4 153 49 847 1053 56 29 73 752 910 1403 1654
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W4 2 Bundler J7¥AB! 54 4b KR TC T 1]
B Z ML, AEARMUAL AN TR 7 T EL A AT &
P, TR SCHR [23] —H#F, D 1 RS 4 SR ARG 1 2t
irefb b, fTH Bundler (ANBELE A NS % (1%
45 FNSCHR (23] &t A SR, 43 o0l Bl ek vH A
W2 EH KGR DA CRIHT —FidE
T RANSAC (Random sample consensus) 4%}
SEALTTE, RS2 56 45 Rn 5 212 2 HE A T 3R HL
SRR A7 ). BRI AT A7 H O B
MR PRIAE T P I S i (2 4 AR 38 ()P 24 7K F,
I KN Ty S AR i A A9 52 W, DRI Rl LS R 5T
FRTAN R B o (7 5 R 1 o A R B ) 2
i@, AN OB SmREE, BN R R
R A T SR PR 5 R

#® 2 P T ARSI AR 1IDSFM. SCHR (20
KAL) 1550 Bundler Jy v ARE I (8] (5474
Fb). Fh Tr Rongixd el frifs (], To &os
XA SR 5 [ BEAT AL Bl it IS 18], Tg s 42 JmiAr
EATVEPTH IR, Tpa FoR3t4r BA B i E],
> BT A BN [E] R R

42 LRSI

By A FRG LT T, ME 1 W LUEH, ATk
7t BA Ak 2 17 (9 F % (E te 1DSEM J 4t BA
PG P RE AR, AR T k4 BA L5
H 9 K. H Vienna Fil Alamo W/
B (P A B A 22 T 2E3L 1ET % (I 7, WK
6 L E] LB 6 T-8d Alamo {8 HH A ST 79 AT
i U S A RON). IX R T ARSI 4
Ferh BAT T D1 0 2 2 5 (5 AR AE, 7800 BT
ASCTTVER A S, Jf HLIA 1DSEM #HEL, 7
BA ARALTT G A SC 5 1R # S AT L5 10 el g TR A
R 2 (19 Rk 10). [ SCwik [20] AHE, ATy
AR AT AR M A7 20 (K] 8). XK T AT v

% 106

©® Bundler
o Our method

40857  X/m
K6 ML RAERUGE (B Vienna, AP 821)

Fig.6 Global location of cameras represented by

scatter diagram
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Fig.7 Comparison result of mean between our
method and 1DSfM after BA
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Fig.8 Comparison result of median between our
method and [20] after BA
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Fig.9 Comparison result of median between our
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Fig. 10 Comparison result of median between
our method and 1DSfM after BA
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Fig.11 The experimental result with 8 groups of datasets based on our method
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