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Abstract In order to improve the vision navigation of unmanned aerial vehicle more real-timely and accurately, a

pose estimation method step by step based on monocular vision is proposed using rectangular geometry feature and

coplanar feature of points and lines. This proposed method shoots the rectangular target under any position, and

two orthogonal vanishing points are achieved. The constraint equation of projection between infinite points and

orthogonal vanishing points are established to calculate the rotation parameters. And also a constraint equation is

established by using the coplanar feature of camera optical, rectangular target and its projection, which are used to

solve the normal vector of rectangular target under camera coordinate system. Based on the invariance feature of

linear transformation under Euclidean space, the four vertices of rectangular target under camera coordinate system

can be linearly calculated and the solution of the translation estimation can be accomplished through the translation

between camera and world coordinate system. Aiming at restraining the influence of noise to estimation, the

indicated function based on the coplanar feature of points and lines is obtained, using the NM optimization algorithm

to realize the nonlinear optimization of pose parameters. Experimental results show that the proposed method has

the advantages of high precision, real-time and wide application. The robustness of estimation algorithm is improved

by reducing the image noise through parameter optimization.
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Fig. 1 Transformation between the airframe coordinate and camera coordinate
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original algorithm. (a)~(c¢) Deviation of attitude parameter; (d)~ (f) deviation of location parameter
BEAh 7E Matlab g 3¢ B 24l 1505 AL AL 305 B9 05 BLAZ A7 I 1] 23500 9 0.015 s Rl 0.047 s, iX 4l
[ bof A B Rk 4 S92 I R AR L AR il SR /N B TE AL LAl 3T A RSE7 oK
6.2 EYMIRLERSHH
WNIEL 8 B 7R 78 4 B —ZAEAR S IRIAR b 20 Sl S A B AR bR 2R 23 0 R I 4 A TSR s (] AETE , HC i B A
A e U A b U P A AR S A B B s L T i Matlab A1 s B2 302 0 2% TTURUTE R B BOE R R
A b IEF I SCHR (22 119 7 EE 0 58 SRR LN 2800, BB ansk 1 Bis .
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Fig. 8 Four images of two-dimensional target
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Table 1 Image data of physical experiment

Extrinsic parameter Coordination parallel
Physical image Parallel lines /mm
K /pixel lines /pixel
a, = [479.4 310.21" A, =10 0 01"
1602.82 0 582.00 N "
b, — [732.5 275.0]" B, = [0 1100 0]°
Image 1 K, = 0 1602.82 376.00
. . 1 ¢, = [453.3 299.0]7 C, = [1100 1100 0]7
d, = [456.1 439.917 D, = [1100 0 017"
a, = [355.5 153.3]7 A, = [0 0 0]
1805.76 0 582.00
b, = [566.6 186.8]" B, = [0 1100 0]"
Image 2 K, = 0 1805.76  376.00 " "
. . . ¢, = [494.5 307.0]" C, = [1100 1100 0]°
d, = [250.2 256.4]1" D, = [1100 0 0]"
a, = [387.9 177.8]" A, = [0 0 0]
1578.04 0 582.00 - -
b, = [735.7 204.2]" B, = [0 1100 0]
Image 3 K, = 0 1578.04 376.00 . "
0 0 . ¢, = [737.3 463.6]" C; = [1100 1100 07"
d, = [325.9 431.51" D; = [1100 0 O0]"
a, = [340.3 170.6]1" A, = 1[0 0 0]"
1917.70 0 582.00 . "
b, = [734.3 181.5]" B, = [0 1100 0]"
Image 4 K, = 0 1917.70 376.00 ) )
0 0 ) ¢, = [787.6 442417 C, = [1100 1100 O]
d, = [320.3 435.01" D, = [1100 0 0]"

B3 1 TP BYECEE B B AR SCEE L, B A 1S B B AL B AR T 45 R, RSk OE A B B E K Toolbox_
Calibration T. ELAf "SRG 0 B SR &5 R 2 fs .,
* 2 WBYLES B g R

Table 2 Results of camera pose parameter calibration

Physical Rotation Rotation Rotation
] Method B 3 3 Translation T /mm
image parameter §./(%) parameter ¢ /() parameter ¢./ (%)
Ref.[25] 72.04 0.36 —4.48 [—507.1 —214.5 7168.0]"
Image 1 .
Proposed 71.52 0.45 —5.01 [—503.4 —216.1 7159.2]"
I 5 Ref.[25] 44.45 —42.62 18.32 [—1146.5 —1133.6 5480.2]1"
mage
i Proposed 45.20 —140.89 19.01 [—1142.8 —1130.0 5484.7]"
Ref.[25] 75.36 0.75 3.70 [—616.6 —226.9 6982.6]"
Image 3
Proposed 76.21 1.01 3.54 [—615.4 —227.4 6986.6]"
Ref.[25] 71.94 1.66 3.11 [—671.9 —280.1 6734.7]"
Image 4 .
Proposed 70.84 2.36 3.79 [—668.4 —282.0 6735.6]"

PRy TE 05 A AR IR 28 2 M) FLSLARL, B LTSRS S AR LN S 5L S S B 1 BT S A SCHR I (3)
B R RN E] 8 v 4% 25 8] T EAT FAG o LU B A AR s 15 S B A s 1) O 22 B A Sk i i k. L
KB IR 3 R,

i 2o A5 SR A B 4 i 22 5 BEIT T AR SCER I A RS R 5 SRR 25 189 77 3k R BORA R] L 76 7T 45632 19 1% 253
FEl 22 PR T 408 2 Ay oA Tl e T 45 A5ATL 1) 37 8 R AT Al 3 s 2 2R 2 /N R E AL A 2 A B ARG K

FA 2.1 5 JR L FE FEAT SRR ML AL bR 28 S LR AL bn 22 18] B4 e e 2 Jis AT 58 /N B TE A BILEY 67 2 A 1
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Table 3 Reconstruction coordinate and deviation error of space point

Physical Reconstruction of Parallel lines Deviation of
image Method parallel lines /mm /mm reconstruction error
Ref.[25] Ay = [0.32 —0.26 0.17]" B ) 0.20
Proposed A, = [0.28 0.31 0.21]" 4 =10 00 0.22
Ref.[25] By = [0.45 1101.20 0.37]" B ) 1.78
Proposed B, = [ —0.38 1099.12 0.23]" B, = [0 1100 0] 0.97
tmage 1 TR0 25]  Cu — [1100.61 109952 —019]° ] 0.87
Proposed  Cip = [1100.42 1098.87 0.11]7 €, = (1100 1100 0] 1.46
Ref.[25] D = [1101.12 0.35 0.16] " B ) 1.40
Proposed Dy, = [1101.32 0.13 —0.18]" Dy = 111000 0] 1.79
Rel.[25] A, = [0.47 052 —0.14]7 A= [0 0 07 0.51
Proposed Ay,p = [0.23 0.19 0.26]" . 0.16
Ref.[25] B., = [0.42 1100.31 —0.26]" B, — [0 1100 0] 0.34
S Proposed  B., = [ —0.32 1100.29 0.16]" ’ 0.21
Ref.[25]  Cux = [1099.13 1100.26 0.14]" €. = (1100 1100 017 0.84
Proposed  C,p = [1098.92 1100.39 0.25]" ’ 1.38
Ref.[25] D, = [1100.41 0.14 —0.13]" B ) 0.32
Proposed D, = [1099.64 0.37 0.16]" D. = (1100001 0.29
Ref.[25] Ay = [0.21 —0.42 0.51]" B ) 0.48
Proposed ~ Agp = [ —0.31 0.55 0.29]" 4= [0 00 0.48
Ref.[25] By = [0.33 1100.62 —0.31]" 1.38
Image 5 Proposed By = [0.23 110112 01477 By =0 1100 01" 1.33
Ref.[25]  Cux = [1100.23 1099.54 0.19]7 B ; 0.30
Proposed  C;p = [1098.96 1100.51 0.11]" € = 100 1100 0] 1.18
Ref.[25] D = [1100.22 0.14 —0.29]" B ) 0.15
Proposed  Dsp = [1099.78 0.62 0.37]" D= TH00- 001 0.57
Ref.[25] A = [0.21 0.47 —0.32]" B . 0.37
Proposed A, — [ —0.26 0.33 0.41]7 Ac=1000] 0.34
Ref.[25] By — [0.45 1101.01 0.17]" B.— [0 1100 07 1.25
Image 4 Proposed B, = [0.19 1101.08 —0.22]" 1.25
Ref.[25] Cux = [1099.02 1100.44 0.55]" ) 1.46
Proposed C,p = [1100.45 1100.26 0.41]1" €= 1100 1100 0] 0.43
Ref.[25] D, = [1100.61 —0.25 0.15]" B ) 0.46
Proposed D, = [1098.98 0.26 —0.43]" Do = 11100 0 0] 1.29
7 4 e

PR T — I T I LA A B s ) a5 e I 1 R i /N B TR A BIL R s A 5 k. il 2P
SRIFETENHLA LSS BN E SR il T —LeE T PR R A7 2 50 20007 v 2 MO ER A L S 1k
WAL BT — i 2 M 05 R DR NG SR S/ R TS AL 2 B T s R A DGO L =S R B
AR ARV TR 22 8] A e TR AR AR A ST P RE AR AR BR R, S T X L R S RO AR AR AL B T
SRR B . kY 017 FORN S 4 S 06 25 SR IE ISR B S v R ST O | O e S 4 P AR
P AR AR R e R 3 Bl N R AT S A A A T B T IR R BB DA R I . O g AR SR Tl
SER S HOEA L R/ N AL A E RO RA T Z N AR . BRI R RR R SERRRT
PEATHY AR — N5 D0 T AT ARl VRS A SR A TR — 2 e
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