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[1] L. Zhou, et al. Stochastic Bundle Adjustment for Efficient and Scalable 3D Reconstruction[C]. /n Proc. ECCV, 2020.
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[1] L. Zhou, et al. Stochastic Bundle Adjustment for Efficient and Scalable 3D Reconstruction[C]. /n Proc. ECCV, 2020.
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[2] X. Gao, J. Luo, K. Li, and Z. Xie. Hierarchical RANSAC-Based Rotation Averaging[J]. /EEE SPL, 2020. i
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MRt : ERTChEsE1tY (Hierarchical Rotation Averaging)
- EEZEJESTNEEEY (Hierarchical IRA on the Fly, IRAv3)

- fEZIMRJLAERESIE S FE N T
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MRt : ERTChEsE1tY (Hierarchical Rotation Averaging)
- EEZEJESTNEEEY (Hierarchical IRA on the Fly, IRAv3)

- fEZIMRJLAERESIE S FE N T
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MRt : ERTChEsE1tY (Hierarchical Rotation Averaging)
- EEZEJESTNEEEY (Hierarchical IRA on the Fly, IRAv3)

- fEZIMRJLAERESIE S FE N T
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YRR : ERTUnEdE1S (Hierarchical Rotation Averaging)
- EEEMIEST(E Y (Hierarchical IRA via Global Reference, IRAvV3+)
+ FBRIRA++/IRAV3FETFIANE I R R A A ST ST R A0
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MRt : ERTChEsE1tY (Hierarchical Rotation Averaging)
- EEEMIEST(E Y (Hierarchical IRA via Global Reference, IRAvV3+)

- ERWIMRILEE RTINS FEE R, FFESREER N el R FTEH
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YRRl : ENTUIEEE Y (Hierarchical Rotation Averaging)
. EZEEERIEETNEET (HIRA via on-the-fly Global Reference, IRAv4)
»  FRRIRAV3 + FHIEHIETMCDSsHFEREXI s £ B3 7T B ERITRSE E S1ES XAV
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A S A
S

. 1DSfM
V| [ Verl €] fi j nj 75 i 7 7

ALM 627 577 97206 105 192 2.78° 9.09° 4.65° 18.80°
ELS 247 227 20297 106 160 2.89° 12.50° 8.75° 36.66°
GDM 742 677 48144 73 144 12.30° 33.33° | 26.87° 52.65°
MDR 394 341 23784 61 128 9.34° 29.30° | 13.46° 36.30°
MND 474 450 52424 180 310 1.67° 7.51° 3.33° 18.61°
NYC 376 332 20680 80 167 4.22° 14.14° 7.18° 28.86°
PDP 354 338 24710 87 128 1.81° 8.38° 3.07° 21.75°
PIC 2508 2152 319257 56 97 4.93° 19.09° 2.92° 7.71°
ROF 1134 1084 70187 65 188 2.97° 13.83° 4.01° 30.19°
TOL 508 472 23863 81 220 2.60° 11.58° 2.63° 19.92°
TFG 5433 5058 680012 71 109 3.01° 8.62° 6.56° 23.67°
UuSQ 930 789 25561 87 150 3.61° 9.02° 20.32° 43.22°
VNC 918 836 103550 229 408 2.59° 11.26° 4.24° 24.47°
YKM 458 437 27729 112 245 2.68° 11.16° 3.40° 21.20°

VI, 1€l Verl: SMRJUAETRRESBELAR w8 BERVTREL
n;; . PCECERXS Z AR ER B HE BRI ERIHMESIYE

. IUACEGI Z BRI e N R B A EIRETESIE
7 EEREGNZEREFEUEENRERENESIYE

By X. Gao
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RS TSCIR

- SCIRZEER

Dt Robust loss-based |  Outlier filtering-based | Deep learning-based | IRA series

IRLS-¢ 1[1] MPLS[2] DESC[3] OMSTs[4] HRRA [5)HARA[g] NeuRoRA[7] MSP[g8] RAGO [9] IRA | IRA++ | IRAvV3 : IRAvV3+ | IRAv4
ALM | 214° ' L16° ' 1.63° [ 126° ' 1.03° ' LI15° L16° 1 1.07° ' 0.88° [0.83° | 0.80° 1 0.73° FH072° 1 0.73°
ELS 115%  G88° | 1.01° | 075 , 059 , Q62 0.64° | 0.83° , 046° | 0.51° , 046° , 044° 2039~ 041°
GDM | 2820° ' 9.87° ' 9.43° | 45.15° ! 4.04° ! 63.74° 2.94°  13.69° 1 268 | 532°1 2388 | 1.99° I 220° | 1.90°
MDR | 3.08° |, 126° , 235 | 1.12° | 2.54° | 1.50° 1.13° | 1.09° , 1.03° | 0.85° | 0:83° SNONS RO NI
MND | 0.71° ' 0.51° ' 0.59° | 0.68° ' 0.62° ' 0.5I° 0.60° 1 0.50° ! 0.46° | 0.51° ' 0.50° | 0.44° ©0.40° 1 0.40°
NYC | 1.40° | 1.24° | 148 | 130° |, 1.24° |, 137° 1.18° | 1.12° S 1.00° , 095° | 0.82° . 0:81° NONE
PDP 2.62° 1 1.93° 1 1.95° | 1.73° 1 092° 1 0.92° 0.79° 1 0.76° © 0.63° | 0.90° ' 0.75° ' 0.72° © 0.63° | 0.62°
PIC 3.12° | 1.81° | 243° [EEE 487° | 3.22° 1.91° | 1.80° SN 1.67° , 1.70° | 1.50° , 1.55° [0S
ROF 1.70° 1 1.37° 1 1.42° | 1.85° 1 248° 1 242° 1.31° 1 1.19° ¢ 1.10° | 1.51° 1+ 1.24° (1.09° ' 1.14° ¢ 0.96°
TOL | 245° | 220° | 249 | 210° | 2.05° |, 236° 146° | 1.25° 2 120° | 2.45° |, 1.33° | 1.44° NS
TFG | 203° 1 — 1 184° | 263° 1 488 1 206° 225° 1 — (1.53° | 3.30° 1 1.74° (UIE9SEN 1.80° 1 1.79°
USQ | 4.97° | 348 | 431° | 383 | 3.77° | 478 20RO 4.40° | 3.70° | 3.27° | 297° | 3.15°
VNC | 4.64° 1 283 1 1.99° | 330° 1 1.84° 1 1.49° 1.50° 1 1.10° + 0.89° | 1.02° 1 0.94° | 0.86° MNOM6N0:80°
YKM | 1.62° | 145° | 1.60° | 155° | 157° | 1.65° 0.99° FOOY 0.92° | 1.57°, 1.38° |, 1.36° , 098 | 1.20°
Rank | 1271 ' 9.62 ' 1136 | 1029 ' 10.14 ' 10.71 771 1 592 ¢ 314 | 807 ' 521 't 343 | 257 (22

[1] A. Chatterjee and V. M. Govindu. Robust Relative Rotation Averaging[J]. /EEE T-PAMI, 2018.

[2] Y. Shi and G. Lerman. Message Passing Least Squares Framework and its Application to Rotation Synchronization[C]. /n Proc. /ICM!/, 2020.

[3]1Y. Shi, C. M. Wyeth, and G. Lerman. Robust Group Synchronization via Quadratic Programming[C]. /n Proc. /ICMI, 2022.

[4] H. Cui, S. Shen, W. Gao, L. Hong, and Z. Wang. Efficient and Robust Large-Scale Structure-from-Motion via Track Selection and Camera Prioritization[J]. /SPRS P&RS, 2019.
[5] X. Gao, J. Luo, K. Li, and Z. Xie. Hierarchical RANSAC-Based Rotation Averaging[J]. /EEESPL, 2020.

[6] S. H. Lee and J. Civera. HARA: A Hierarchical Approach for Robust Rotation Averaging[C] /a Proc. CVPR, 2022.

[7] P. Purkait, T. J. Chin, and I. Reid. NeuRoRA: Neural Robust Rotation Averaging[C]. /n Proc. ECCV, 2020.

[8] L. Yang, H. Li, J. A. Rahim, Z. Cui, and P. Tan. End-to-End Rotation Averaging with Multi-Source Propagation[C]. /n Proc. CVPR, 2021.

[9] H. Li, Z. Cui, S. Liu, and P. Tan. RAGO: Recurrent Graph Optimizer for Multiple Rotation Averaging[C]. /n Proc. CVPR, 2022.



WRERE . 1IEEFEFY (Incremental Translation Averaging)
* HER& 1Y vs. R
+ ABNVIEEANREE: R, = RR]; t,; =R == Ri(c - )

T lei=cj|| — by,
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
* DER%¥1Y vs. B

s o, . . _ ci—¢; 1
+ ENEEEAERIE: Ry = RiRT; 6 = R — 0= Ry(ei - ¢)

- ENeEenETVEEK AR . EXIR;. R ;, KMER; = R; = R, R,
TRV ERETVEIEK R E':ﬂ:lcl\ R;. bi,j\ i, *ﬁgzq = =c¢;—b

.
i,jRj tij
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
* DER%¥1Y vs. B
o FENZEARLRGEE: R; ; =RjR;r} t;i = R; L ](Cl ])

T lei=cj —
- TEYheiEHERVEBHEKAE . EFIR,. R;;, Xi#R, = R; —Ri,jRi
- AT EHVEBEREE: BFci. R, by, t;, Kifc; = c;=c¢;— bR/t

Lj™

7
« HMH=FEIREFFKE: EXFci. ¢i. Ri. Ri. Ry tij. tix. tig, ;.k%fFCkzi’

1 .
Cr = ( (6] )Slk(C] ;) + R,-(—H]-')Si],'jk(ci —¢j)+ ¢ + cj)

)
Jiang et al. In Proc. ICCV 2013
By X. Gao
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
. R TBTLY

IRA = ITA

- HENERTF
.« IMEXRERA
.« UICEIRRE

(W EE?’I%XT PrEE )

,._______.\

DIES

7J
V“Bé)%ﬁuﬂdd;f R |
A LS LI 77 L RGO B gromy=rm
IR P2 4G VY o 17E BY I% PR S50 JC ,___ﬁ ________ B o ARV

AL ]
NS IS
. N
PESA
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WRERE . 1IEEFEFY (Incremental Translation Averaging)

- ENTRTY
IRA = ITA
- HEVNEEF
IRA, EXIR;. R;;, XR;: R; =R, R,
ITA, EXci. ¢ ¢ij. Ciks Cir, Key:

1 - -
Ck =5 (Ri(ei’)sil,']]'c(cj —¢;) + Rj(_ejl)sij,’jk(ci - Cf) Tot cj)
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
. R TBTLY

IRA = ITA

o IEXRERON
IRA, ETFBEMUAIIG=7cH1%EEK

i*,j*, k* = arg max {Zvlv 1€Vt 1 Thij €OS (dR(R , RiR; ))

Ukefj

i,j,k

ITA, ETBEICCHIIIRIUTEIZE

c: '—'C
m J *;
i ] k S — arg max {Zvlvjevq klcl] ”C P ” CIi,j,k,l € Q }

el!egqukl
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
. R TBTLY

IRA = ITA

- (LI BiRERE
IRA, TERERERERIERR/IME: (R} = argmin}, , ey d§ (R R; R])’

e; ;€€

2
ITA, NERESRIEER/IME: {c/} =argminX, ,.cvdep (CU ||: :H)

eUES
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tEmEE: =
- REDBEIEI1Y

- [RIRiERR (SFBYY) BEFYR: = ](Cz ¢;) =t;,;, SH{t;;}{R;}, KE{c;)

IRy (Incremental Translation Averaging)

] lei— CJ”
(" )
o —————— Y O ~N
| Local | I Global L
» - - .

r y || (2 fuspmEsy, | | SEtevemE i )
) ) ES.SGIItl.al Matrix Global Relative Scale Relative Baseline Length { ______________ \
Pair-Wise Feature _ Estimation: R;} t;;, i Computation: s;; Computation: b;; Scale-Aware |
Point Matches: x}, © xJ, and Two-Vi | Translation Averagmg

kTriangulation: d;kj i Rotation Translation Direction| |
Averaging[ Ril Globalization: ¢;;

Translation Averaging with Scale Separation Strategy

.

Cui et al. In Proc. ICCV 2015
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tEmEE

ST B (Incremental Translation Averaging)

. RESETHS

/i&j

. FOF— (BHREFY) BRYER: sl /sl =d,, CR{d,}, KE{s ), eBEMRENE: s =s/,/s;

Pair-Wise Feature

Point Matches: x%, © x7,
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], i L]
e N
rFoTmE——————— Y Y ~N
| Local | | Global |
5 I—’I H
| Scale Averaging] s/ | Scale Averaging: s; J
e . snssibate v a0 ) I Wtist i bt o <,
ES.SGIItl.al Matrix Global RelativeSeale Relative Baseline Length e e \
Estimation: R; ij> Lijs | Computation: s;; Computation: b;; J Scale-Aware |
and Two-View I Translation Averaging: cl}
: : i _ , . . ) | ——————————————
kTrlangulaum){ dje ) L Rotation Translation Direction
Averaging: R; Globalization: ¢;;
Translation Averaging with Scale Separation Strategy
.

Cui et al. In Proc. ICCV 2015
By X. Gao




fERES . 1IEETVFEF

- REDBE¥2F1Y

- FAEZ (2BRET) BRR: si/s = s, SAlfs;,), KR EORERETE: by =3 (sl +55,)

i )

Essential Matrix

Pair-Wise Feature Estimation: Ry t;;, | |

Point Matches: x5, < xfn and Two-View

214 (Incremental Translation Averaging)

Sj’i

Triangulation: dj,
N J
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Rotation Translation Direction
Averaging: R; Globalization: ¢;;

.

TN O /mmr/mmmm—m—m——m——— ~N K
Local I_){ Global !
| Scale Averaging:s;; | | Scale Averaging SiJ_
s s s e s N o o e e e e e
Global RelativeSeale Relative Baseline lenoth { ______________ \
Computatiory: s;; Computation] b;; J Scale-Aware |

Translation Averaging with Scale Separation Strategy

I Translation Averaging: c; ;I

Cui et al. In Proc. ICCV 2015

By X. Gao




WRERE . 1IEEFEFY (Incremental Translation Averaging)
- RED B2

- FER= (RESMNFREY) BFYR: R(c;— ;) = bt ;, bt} (R}, KiFc;)

4 )
rFoTmE——————— Y Y ~N
| Local | | Global L
p N | | L Scale Averaging: sij 1 | Scale Averaging: s; J
— ———— ————— -’ ——————————
) ) ES.SQIItl.al Matrix Global Relative Scale Relative Baselinedenoth { ______________ \
Pair-Wise Feature _ Estimation: Riptij, | Computation: s;; Computation] b;; Scale-Aware |
Point Matches: x}, © xJ, and Two-Vi | Translation Averagmg
: i ) ) . )| m——————————
kTrlangulatlon. i L Rotation Translation Direction
Averaging} Ril Globalization: ¢;;
Translation Averaging with Scale Separation Strategy

.

Cui et al. In Proc. ICCV 2015
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
» ETLIBHIRESB¥ BN (L,SA-LTA)

e e
| Local L,-Based I_): Globall L,-Based |

i
r ) ﬁgfff%"iglﬂg_if |\ SeMErReas g ) ]
) ) ES.SGIItl.al Matrix Global Relative Scale Relative Baseline Length { ______________
Pair-Wise Feature _ Estimation: R;; t;;, i Computation: s;; Computation: b;; ) Scale-Aware L, -Based |l
Point Matches: x4, © xJ, and Two-View I Translation Averaging: c; i)

kTriangulation: d;kj ||| L,-Based Rotation Translation Direction| |
Averaging: R; Globalization: ¢;;

L L, Optimization-Based Translation Averaging with Scale Separation Strategy
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WRERE . 1IEEFEFY (Incremental Translation Averaging)
ENTRET (ISA-LTA)

- <! Scale Averagmg sl‘] ] | Scale Averagmg S; |
i N S N —
) ) ES.SGIItl.al Matrix Global Relative Scale Relative Baseline Length { ______________
Pair-Wise Feature _ Estimation: Rl]vtljs | Computation: s;; Computation: b;; J Scale-Aware L -Based |
Point Matches: x4, © xJ, and Two-View I Translation Averagmg C; ,'

kTriangulation: d;kj || |[Incremental Rotation Translation Direction| |
Averaging: R; Globalization: ¢;;

ISA-Based Translation Averaging with Scale Separation Strategy

.
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tEmEE: =
- EFRESTENEE

IRy (Incremental Translation Averaging)
PR (ISA-ITA)

- <! Scale Averagmg sl‘] ] | Scale Averagmg S; |
- - S A— S —
) ) ES.SGIItl.al Matrix Global Relative Scale Relative Baseline Length { ______________
Pair-Wise Feature Estimation: Rl]vtljs | Computation: s;; Computation: b;; J Scale-Aware|Incremental |

and Two-View I Translation Averaging: C”I

kTriangulation: d;kj || |[Incremental Rotation Translation Direction| |
Averaging: R; Globalization: ¢;;

ITAS’: Incremental Translation Averaging with Scale Separation Strategy

Point Matches: x5, < xin
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SEFZ

=T AL
BT

/QH!J

1

Data BATA[1] | GLOMAP 2] ITA [3] LiSA-LiTA[4] | ISA-L,TA[5] | ITAS® [6]

éc e_c éc e_c éc e_c éc e_c éc _c éc e_c
ALM | 0.69 | 1.16 | 0.72 | 423 | 0.46 | 2.36 | 049 | 0.77 | 047 | 0.74 | 043 | 0.73
ELS | 3.44 {2072 | 407 {3610 | 1.62 | 244 | 2.82 | 408 | 1.53 | 2.43 | 1.45 | 2.34
GDM | 3.11 | 17.25|31.40  49.90 | 2.23 {4822 | 3.19 {1611 | 1.15 | 1.75 | 0.99 | 1.70
MDR | 146 | 416 | 2.43 {1450 | 6.1e2 | 3.4e4 | 1.61 | 358 | 1.10 | 1.83 | 0.71 | 1.50
MND | 068 | 0.85 | 0.86 | 7.48 | 0.47 | 15e4 | 050 | 0.60 | 0.42 | 051 | 0.42 | 0.57
NYC | 0.67 { 099 | 0.85 { 870 | 052 { 0.80 | 0.62 i 0.78 | 0.46 i 0.67 | 0.48 | 0.70
PDP | 0.79 | 3.40 | 1.70 | 9.64 | 0.76 { 70.89 | 0.90 | 2.18 | 0.78 | 1.95 | 0.76 | 1.82
PIC | 1.07 | 1.76 | 154 {66.00 | 0.79 {3.3e2 | 140 | 1.99 | 0.75 | 1.30 | 0.73 | 1.39
ROF | 3.85 | 7.17 | 2.63 {2.8e2 | 153 | 259 | 537 | 6.61 | 278 | 7.63 | 2.97 | 7.67
TOL | 288 | 3.82 | 380 | 1360 | 2.11 | 3.18 | 5.08 | 6.42 | 249 | 3.33 | 2.03 | 2.69
TFG | 3.76 | 552 | 4.46 | 85¢2 | 256 | 6.34 | 6.18 | 9.40 | 2.16 | 3.12 | 212 | 3.60
USQ | 2.10 | 2.86 | 8.85 | 11.40 | 1.19 | 1459 | 14.01 | 1459 | 2.38 | 3.31 | 248 | 3.72
VNC | 1.32 : 398 | 3.74 {1710 | 1.24 | 3588 | 142 | 313 | 1.28 : 235 | 1.14 | 185
YKM | 097 | 7.73 | 547 {2840 | 0.86 | 2.16 | 1.32 | 215 | 0.95 | 1.64 | 0.85 | 1.42

[1] B. Zhuang, L. Cheong, and G. H. Lee. Baseline Desensitizing in Translation Averaging[C]. /n Proc. CVPR, 2018.

[2] L. Pan, D. Barath, M. Pollefeys, and J. Schonberger. Global Structure-from-Motion Revisited[C]. /n Proc. ECCV, 2024.
[3] X. Gao, L. Zhu, B. Fan, H. Liu, and S. Shen. Incremental Translation Averaging[J]. /EEE T-CSVT, 2022.

[4] Z. Cui and P. Tan. Global Structure-from-Motion by Similarity Averaging[C]. /n_Proc. ICCV, 2015.

[5] M. Li, X. Gao, Z. Xie, and S. Shen. Incremental Scale Estimation-Based Camera Location Recovery[J]. Journal of Image and Graphics, 2024.
[6] M. Li, X. Gao, H. Cui, Y. Liu, Z. Xie, and S. Shen. Incremental Translation Averaging with Scale Separation Strateqy[J]. Submitted to IEEE T-CSVT
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- [RBEEGE
o EETUIEFEIIY: IRA,1JCV 2021
«  YAEERGERMA
- BRIESETUHEFEYY: IRA++ IEEE T-CSVT 2022
o EERBERIEETHEREIEY: IRAV3, IEEE T-CSVT 2023
- HEBRIEERHEEIY: IRAV3+, IEEE T-CSVT 2024
- ELEEERIEEIEETY . IRAv4, Pattern Recognition Major Revision
-1 1] [ S a2
- BEI RIS ITA, IEEE T-CSVT 2022
- RESBEEARENIY: ISE-L,TA, Journal of Image and Graphics 2024
- RESBEIEEIFBILY: ITAS3, Submitted to IEEE T-CSVT
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