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Abstract: As the sensitivity of the rotation averaging method for the Least Squares to the gross error
would lead to inaccurate solution of image rotation parameters,a robust rotation averaging method was
proposed. Taking advantages of the mapping relations between the Lie group and Lie algebra, the lin-
ear equation of rotation averaging iteration resolving was deduced by simplifying the product operation
of rotation matrix to subtraction operation in Lie algebra; then the globally uniform rotation optimum
solution was solved by combining .1 norm optimization with the iteratively reweighted least squares;
and the iterative strategy was used to eliminate the gross error for obtaining accurate rotation matrix.
The method was applicable to low-precison GPS supported three-dimensional reconstruction of Un-
manned Aerial Vehicle(UAV) images. The result of the experiment shows that compared with tradi-
tional least square method, the proposed method exhihits an higher solution accuracy of rotation pa-

rameters and better robustness, which can be applied to three-dimensional reconstruction for obtaining
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more intensive and homogeneous point cloud with better integrity . The accuracy of rotation averaging

overmatches 0. 15° with the computing time no more than 0. 31 s, and after bundle adjustment, the re-

projection error is within 1. 3 pixels, which meet the requirement of fast and robust three-dimensional

reconstruction.

Key words: Unmanned Aerial Vehicle (UAV); three-dimensional (3D) reconstruction; Lie algebra;

L1 norm; rotation averaging; Global Positioning System (GPS)
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Fig. 7 Closure histograms after first iteration in IL1

method with two sets of data
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Tab. 4 Comparison of number of reconstructed points and adjustment precision by four methods
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Fig. 9 Comparison of reconstructed points cloud by four methods with Dengfeng images
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Fig. 10 Comparison of reconstructed points cloud by three methods with Sanhetun images

B0 2 T dR /I R A JE A ST 14 7 1 R AL 22 B

SRR TR T R A 14 2 AR B 7 3 07 ik L OF
B H W T GPS BB E ANLZ AR — e s divh,
R 2 AR R 2 A A S R SO JBiT o e B
WA SRR i i 48 Ay i e 1) R T R B R L IR AR T



5 6 4]

N A g B EL T GPS Bl B Jo AL 18 = 4 o 1617

SRS R L ML L1 B i 3 A IRLS A4k oK
fifp s BRI 1AL 22 X @ B Ak T B 52 ) 5 FE— 20 R T2k
R W S 3 AL 22 R A A 10 PO BE e 2 80 o L e i
Z WGS84 bR RN, SEUIE L A B A bR R 4
— R r ZDOEHRE P ER R =4 A B

RSO AR BEAE 4 5 TR B e Ak
AN AT I ARG G /D RS 1 SIA T L1
WRT PR TR R SRR R,

[l
=
Fr
P
™

i
=
S
~
=
2
\gﬁ(
=
=
&t
£
el
Jr
l\::.'
&

505-513.
LID R. LI M. Research Advance and Application
Prospect of Unmanned Aerial Vehicle Remote Sens-
ing System [ J]. Geomatics and Information Science
of Wuhan University, 2014, 39(5): 505-513. (in
Chinese)

(2] BRAR R R, 555, 5. 1020 M IE =4

AR R )] R F M E 42, 2016,24
(10s) :567-574.
FENG F W, ZHOU Y P, FENG ], et al.. Funda-
mental matrix estimation for 3D reconstruction to-
wards multi-perspective views [J]. Opt. Precision
Eng. . 2016, 24(10s) :567 -574. (in Chinese)

(3] MATF . FMb HIF R, BOASEALRES I #7514

BRE=dEE LI L F % T 42,2016, 24
(10s) :559-566.
ZHAO CY, SUN W, CHEN X M. Accelerated 3D
reconstruction method from image sequence based
on inertial measurement unit[J]. Opt Precision
Eng. , 2016, 24(10s) :559-566. (in Chinese)

(4] TEA B2F H&W.F. ETRAGHGNED

B NS PLB LRI, i X FFM(TF M),
2016,50(7):1298-1306.
DING X Q,DUZY, LUY Q, etal.. Visual traj-
ectory planning for mobile robots based on hybrid
artificial potential field[J]. Jowrnal of Zhejiang U-
niversily ( Engineering Science), 2016, 50 (7).
1298-1306. (in Chinese)

(5] Esk, &, Foe, . ETEHMEMIEHRE=
GEAERGWIT[I] A5 #HF T42.2014.22(5):
1379-1387.

WANG X, YUAN K, YU X, et al.. Design of

binocular vision 3D reconstruction system based on

HRETF /N A LS-SVD 2 IEVM ., LA K AT
FIR L1 Je B0l i 101 B0t 2 7 oKk i
R B4 s T MO T A A X T B A AE R A
ZERE B O VR R R R T GPS Hii B — 4
AT AR B m A ) A e M AT,
JiE e S ¥ B RS BE ARG T 0. 157, 3 E) N B o
0.31 s, BIRKE TV ESE  ERZRERE L.3NEE
LW,

motion recovery [J]. Opt. Precision Eng. , 2014,
22(5):1379-1387. (in Chinese)

(6] #&E4. X4, 2,5 BAZBRHING SIM 5

UGk B A I = e F dh g LT ) KR
FI - A5 BHFHR.2015,40(5) :599-606.
XU Z H, WU L X, LIU J, et al.. Modification of
SfM Algorithm Referring to Image Topology and Its
Application in 3-Dimension Reconstruction of Disas-
ter Area [J]. Geomatics and Information Science
of Wuhan University. 2015,40(5): 599-606. (in
Chinese)

[7] IRSCHARA A. HOPPE C. BISCHOF H. et al..
Efficient Structure from Motion with Weak Position
and Orientation Priors [C]. Proceedings of 2011
IEEE Conference on Computer Vision and Pattern
Recognition Workshops ¢ CVPRW) ,  Colorado
Springs, CO, USA: IEEE, 2011 21-28.

[8] & Tu. ERK.HEA @AMKE GPS/IMU &

BTN GRAEF = g T F k)] 24 A
F4R,2015,27(10) : 2409-2421.
CAO X F, WANG Q H, XIE L X. Batched 3D Re-
construction of UAV Images Fused Low Precision
and Orientation Parameters [J]. Journal of System
Simulation, 2015, 27 (10): 2409-2421. (in Chi-
nese)

[9] GOVINDU V M. Combining two-view constraints
for motion estimation [ C]. Proceedings of 2001
IEEE Conference on Computer Vision and Pattern
Recognition(CVPR) . Kauai,» HI, USA. IEEE,
2001 218-225.

[10] MARTINEC D, PAJDLA T. Robust rotation and

translation estimation in multiview reconstruction
[CJ. Proceedings of 2007 TEEE Conference on
and  Pattern Recognition

Minnesota,  USA.:

Computer  Vision
(CVPR) ,
IEEE, 2007 1-8.

[11] ARIE-NACHIMSON M, KOVALSKY S Z,

Minneapolis,



1618

Pl

% TR

[12]

[13]

[14]

[15]

[16]

KEMELMACHER-SHLIZERMAN I, et al. Glob-
al motion estimation from point matches[ C]. 2rd
International Conference on 3D Imaging . Model-
ings Processing, Visualization and Transmission,
Zurich, Switzerland: 3DIMPVT, 2012, 81 -88.
OZYESIL O, SINGER A, BASRI R. Stable cam-
era motion estimation using convex programming
[J1. SIAM Jowrnal on Imaging Science, 2015,8
(2):1220-1262.

BRIAN C H. Lie Groups, Lie Algebras and Rep-
resentations [ M ].
Press, 2007.
FOAR, ER N &a,F. BTZ2EI0: I
DU B X B b 5 0K BE S ma 43 A [T]. e db 5 2
,2016,31(9):902-912.

CAI M B, WANG C, LIU J H, et al.. Impact a-

New York: Springer-Verlag

nalysis of attitude determination accuracy to target
localization accuracy on Multi-BD receivers [ ] ].
Chinese Journal of Liquid Crystals and Dis-
plays, 2016, 31(9): 902-912. (in Chinese)
ERH, & AF. KRR L TR B0 = P i
FrEsE )], ikdh B 27 ,2017,32(1) :48-55.
WANG Y X, LV Y. Method of miss distance
measurement for projectiles in the suppression[]].
Chinese Journal of Liquid Crystals and Dis-
plays, 2017, 32(1): 48-55. (in Chinese)

BrE wEMATERALEAIM] dLE. A\—

fEE® T

EHBA987—) B MR IEHA L
WEFEAE . 2010 4F F A5 B TR K235k 145
25, 2013 AR T B TR K% 3R
AT 2E A, B 5 B TR KA LB
ged, BN F RO AR AL B S BL
M5 455 T A9 TF 5% . E-mail: hel16007
@163. com

[17]

[18]

[19]

[20]

At 1993,

YANG Y X. Robust estimation theory and its ap-
plications[ M]. Beijing: Bayi Press. 1993. (in
Chinese)

HARTLEY R. AFTAB K, TRUMPF J. L1 rota-
tion averaging using the weiszfeld algorithm[C].
Proceedings of 2011 IEEE Conference on Com-
puter Vision and Pattern Recognition C(CVPR) ,
Colorado Springs, CO, USA:. IEEE, 2011:
3041 -3048.

Bl RS E REABETEREZR (M R
DL BDUR A AL, 2012.

LI D R, YUAN X X. Error processing and relia-
bility theory [ M]. Wuhan: Wuhan University
Press, 2012. (in Chinese)

ZHANG T, LERMAN G. A novel M-Estimator
for robust PCA[J]. Journal of Machine Learning
Research, 2014, 15:193 251.

PR R IR AL R S AL RO TT i 2
TR ER]]. XXKRFFR - FEHFR,
2017,42(1):109-115.

LU J, ZHANG BM, GUO HT, etal.. A Batch
Reconstruction Algorithm of Multi-view Images U-
sing Image Triplets [J]. Geomatics and Informa-
tion Science of Wuhan University, 2017, 42(1) .
109 -115. (in Chinese)

SInEN:

£ EQ963 ), B LKA B AL
o B A R 1983 4R TR i
T 2 2 e IRAT 2 2 00, 1987 AFF
iR T 2 I 225 2 B 4K A5 B 1 2 67, 1997
o AR R e 0 R BN 2R T R
S YN X 3 A E N
5 A T 0 2R N UL 45 5 i )

o . .. .
% . E-mail: tjiang@sina. com



