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Methods of monocular pose measurement based on planar objects
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Abstract: A plane objects pose measurment algorithm based on monocular vision is proposed aiming at
close-range pose measurement requirements in space rendezvous and docking. In order to facilitate the
adjustment of the aerial mobile platform so as to satisfy the specific position relations, a new angle
definition method is introduced, the three angles defined by which can be used as the feedback of the
platform attitude adjustment and they are not restricted by the order of rotation. The three angles and
position vectors of the plane model with respect to the camera coordinate system can be directly
derived from the plane homography matrix. In the measurement experiment, the algorithm is
implemented based on DSP platform, and the cooperative target is composed of 4 coplanar LED light
sources, and the measuring datum is obtained by the high-precision inclination angle sensor and the
total station instrument. Experimental results show that for the target surface measurement with
spatial position change range at 2 m X2 m and the angle ranging from —30 degrees to 30 degrees, this
algorithm can achieve 0. 88% relative positioning error and maximum 0. 996° angle measurement
error, and the single-frame computing time is only 0. 25 ms.
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Fig. 1 Perspective imaging model of four coplanar points
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Fig. 2 Attitude angle definition
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Fig. 3 Location solver
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Fig.4 Measurement system diagram
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Fig. 5 Two-dimensional emulation target



278 = % 25 %
10 ] ]
—— Qur algorithm
g -=-- Fischler algorithm(P3P)
5 of
b
2
=
= af
3 i
= ] i
2t r! II;.; | J, JII II .lf“‘.
F L ‘I‘ A PN Y
B 6 ER AR E ol . . : . ;
=20 -10 0 10 20 30
Fig. 6 Effect diagram of image processing Roll angle/(*)
Bl 7 VR AR R 22
*F1 HEIRELER Fig. 7 Roll angle error
Tab.1 Camera calibration results
10 - .
fo/ &% o/B#E —— Our algorithm
ket kez ---- Fischler algorithm(P3P)
x y x v 8t 1
1642.097 1 642.059 600. 570 469, 648 —0.431 0,262 ’;
g 6f
¥ % FIH matlab T HAH toolbox X CMOS ERI i
= i) P
( Complementary  Metal-Oxide-Semiconductor 5 ' fi %
Transistor) Ml f 45 241 #1705 7€ 3R 159 45 0 45 3 a0 & \
— o — e L Nl L L
%‘élmﬂ_\‘o ;H:l:':l’jc %%EE’M x,yﬁ/l\jfrﬁlﬁ 0 -20 —10 0 10 20 30

FE s ST RABHR s ko« ke 230 SR — UKL UK W AR
4.1 ESATR

DIKEE N 0. 01° By LE-30 8 f A A/F N B R
F RFA AR B £ B T bR o L E MWL R Z
FE1,2,3,4 m &b oy i ik B — A~ B AT R VR £
ARFAVR /3 0 S92 s 00 2 2 86 L 3 1 £ B A9 R AR R
—30°~30%, Frr, 0 VR e AR I AR A IR . D
TR AR O° B T e A AS A% 5 0 o R A A S AR R TR
SR AT TE OB T A AR

B 7, B8 4y Gl AR SO DL K Fischler™
P3P B i B W R VR A RIORAD £ 1 N £ 152 25 446 %6F
(BB 50 A7 P o B s S Bt 3000 R TR A A
U 5t 1 A X 0 2 JE% 25 i b 0 358 25 4 X {E
CREA A BE N 5t 35 22 11 02 4 A 07 8 4t 1
N A BEAEL R 22 - YD . 3% 2 S KSR A AR
I I (B S I ST P
Fischler™ [ P3P 83, A SCH ¥E 10 38 45 £ S0 i
SRR BN, HARZE L AHEYITE 1° LT .

Roll angle/(*)
[l 8 AR AR i 2= 1]
Fig. 8 Pitching angle error

2 BERAMINANERETEHE
Tab. 2 Average errors of roll angle and pitch angle
(@)

BRI ZETHE WA RETHE
KIE®: 0.568 0. 386

Fischler(P3P) 1. 330 1. 812

4.2 (NMEWNEXE

ARSI FH AR X B PR 15 2 ) 5 Rk ) A6T
RS EE LK BN 2+ 2 ppm 9 NTS-360Ry 4 3l
A ) B B A 2 % (H L, IF 5 Fischler™ iy P3P
I AR AT X L [ E AL B A D
0 N BE AL 32 DRFIN AL, DL Oy (—222. 1,
—144. 7,3 374.5) CBANE . mm) AE Ay 2 0 5 11 3
HEAS THE 32 AN SRR R B 5 Ak
ASCAR ) et T AR B S 6 A 44 X 1R 25 43 AR
WE 9 frs, Ho, 3T Fischler™ 8 ¥k 0 A7 B 1%
PE 4 WHE B BE S 15, 6 mm, 48 SO B R 2



Bl

E %A SR HARAY AR B S

[f1] 457 & 7 v 279

o S YA R 13, 7 mm, 45 5 5 R A Sc sk
B B R SAS BE B T Fischler iy P3P 5:,

50 T . .
—— Our algorithm

r ---- Fischler algorithm{ P3P)
40+ |

Distance measurement error/mm

500 1 000 1 500 2 (00
Distance/mm

B9 R I 22

Fig. 9 Measurement error for distance

_ 40 T T T —— -
& st —Inclinometer output| |
3 —/\EVQ —DSP output
g l] -“_.--‘_-—-_.h_-"‘—:
= =20 |
<

_40 . ; : . s .

50 100 150 200 250 300

t's

40
201

—Inclinometer output

-ia‘

El —DSP output

=1 0

E]

=20t

2

& —40 30 100 150 200 250 300
s

10 S B2 I A h 2R

Fig. 10 Real-time measurement of the angle
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