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Coplanarity Constraint Based Attitude Measurement
for Visual Navigation of UAVs
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(1. School of Environmental Science, Nanjing Xiaozhuang University, Nanjing 211171, China;
2. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Relative attitude estimation with the stereo vision method is an important part of the autonomous
navigation system for Unmanned Aerial Vehicles ( UAVs). An attitude measurement method for visual
navigation of UAVs based on coplanarity constraint is proposed. Stereo vision is built for images taken by a
single camera at different time, the attitude measurement model based on coplanarity condition is established
in accordance with the geometric constraint relations of imaging lights of the camera to the same target at
different time, and the precise relative attitude parameters are calculated out. Experimental results of the real
UAYV image data show that the proposed method has higher measurement accuracy and stronger anti-noise
ability. Without the synchronization problem of photography in UAV attitude measurement with two cameras,
it is of greater flexibility and practicality.
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Fig.1 The relative attitude measurement model
under coplanarity condition
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Table 1 The experimental parameters
¥ 1 L2

£ BE/mm 24.34 48.1

By s 5616 x 3744 7264 x 5440

{55 A/ mm 0.0064 0.00641
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Fig.2 The distribution of the matching pairs of
UAYV stereo images in area 1

3 X 2 T ANLAEERICAR R 570
Fig.3 The distribution of the matching pairs of
UAYV stereo images in area 2
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Table 2 The experimental results of relative

attitude angles of UAY images
S TRl 2
@1 /(°) 1.5937 2. 4075
7/ (°) -0.1816 4.2042
@/ (°) 1. 7754 0. 2005
w,/(°) —0.1674 —0.4578
K/ (°) -1.2375 4.4537
e RTE s 0.0298 0.0319
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Table 3 The measurement accuracy of

relative attitude of UAV images
SHBE EE1 L2
iR/ faE 0.44 0.45
o/ (°) 0.01343 0.01784
K/ (°) 0.03295 0.02276
@,/ (°) 0.01459 0.01691
@,/ (°) 0. 00821 0. 00501
K/ (°) 0.03237 0.03215
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Fig.4 Error curves of the relative attitude at
different noise levels

mE 4 AT LA, SREIREERTE 0 ~ 1 BRRBH
BARMLES, RRUEFRENET 0.5 BRZHHA
RELSBR, SERFRREZY S, 5 M ESM
B iR 2 REE R A AR HE R I 4R B T 0, T LB A
BHEARMER KBS, WA SO EEH#ET AN
BB EES R B0, M ENEESRE R
REWERE K FRMEMER,

4 #ZHig

AR —FETHARAFLROTASAE S
AU EANE T %, A B G RBIER R 237
BREGEL AR GBS AR LS HERR
RBESSE BT ERET AR 2 GBBILESTT
MHLEATE R 8B F 2 R, T HRA EREHR
HHMZ A, TAVNERERBEZRERREIET
BEBEIRBIEANANBEESE T ERA B,
ZRGERERY, TABERFAZBSNEIRES
MM AR E XX . BTRESRFE
JUTARGE 5, BN BAR BB EZ 2R
EXNE BT FERENERRE, FIFEXRE
LSS AR, TS TERTRAERET
TSR ER FE ELRRAEESMHT .

2% X W

[1] SINOPOLI B, MICHELI M, DONATO G, et al. Vision based
navigation for an unmanned aerial vehicle [ C]//IEEE In-
ternational Conference on Robotics and Automation, 2011 ;
1757-1764.

[2] REMONDINO F, BARAZZETTI L, NEX F, et al. UAV pho-

togrammetry for mapping and 3D modeling-current status
and future perspectives [ J]. International Archives of the

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

(14]

a review[ J]. Applied Geomatics, 2013,35(3) :1-15.
EISENBEISS H. A mini Unmanned Aerial Vehicle (UAV) .
system overview and image acquisition[ J ]. International Ar-
chives of Photogrammetry. Remote Sensing and Spatial Infor-
mation Sciences, 2004, 36(5) :102-108.
CUILJ Q, LAI S, DONG X, et al. Autonomous navigation of
UAYV in forest [ C]//Interational Conference on Unma-
nned Aircraft Systems (ICUAS), 2014,726-733.
g, GEE AN REH BARA RN
BEathll]. RA LR 5HE THAR,2012,34(9) : 1889-
1894. (YANG H Y, TANG G J. Target visibility and measure
precision analysis of stereo vision systems|[]]. Joumal of
Systems Engineering and Electronics, 2012,34 (9) . 1889-
18M. )
E3E RREE AR, 5. ETRENTAILERF
VEGERGSWMAI]. RETRS5BHTHER,
2012, 34(7) :1511-1517. (WANG L, KANG F ], DENG
H D, et al. Application of vision-based UAV landing hard-
ware-in-loop simulation system [ J]. Joural of Systems
Engineering and Electronics, 2012, 34(7) :1511-1517. )
CHANG L, HU B, CHEN 8§, et al. Comments on quaterni-
on-based method for SINS/SAR integrated navigation
system [ ] ]. IEEE Transaction on Aerospace and Elec-
tronic Systems, 2013, 49(2) :1400-1402.
WU S, WU G, TAN S, et al. Quaternion-based adaptive ter-
minal sliding mode control for spacecraft attitude tracking
[C]//The 10th IEEE Intemational Conference on Control
and Automation (ICCA),?2013.913-917.
XU D, MANDIC D P. The theory of quaternion matrix de-
rivatives [ J]. IEEE Transaction on Signal Processing,
2015, 63(6) :1453-1556.
SERIEF C. Remote sensing image fusion via quaternion
model [ C]//The 40th COSPAR Scientific Assembly,
Moscow, 2014 :29-35.
ROSCA D, MORAWIEC A, DE G M. A new method of con-
structing a grid in the space of 3D rotations and its applica-
tions to texture analysis [ J ] . Modelling and Simulation in
(F#%Z34 1)





