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Positionpose Measurement of Rectangle with Unknown Aspect Ratio
Based on Nonlinear Optimization
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Abstract Keywords

We propose a novel algorithm based on nonlinear optimization for calculating the position pose measurement position-pose measurement
of a rectangle with an unknown aspect ratio. With only four corresponding corner points of the rectangle the pro— algorithm;
posed algorithm can effectively estimate its aspect ratio the relative pose between the rectangle and the camera unknown sized rectangle;
and the relative position as determined by the unit length of the side of the rectangle. By separating the calculation nonlinear optimization;
into two steps: the estimations of the relative position-pose and then the aspect ratio we establish the cost function Lie group representation

of the position pose matrix which is represented by the theory of the Lie group. By optimizing the cost function
the position pose matrix is solved and by using a binary search algorithm we obtain the best estimation of the as—
pect ratio. Our experimental results show that by using four corresponding image points we can estimate the aspect

ratio with less than a 3% error rate. The proposed algorithm can also be run in real-time on a regular PC.

1 N
PNP
. . . 1 . ( perspective-n-point) b PNP
> (4~50 )
. 5 DLT( direct line—
ar transformation) ¢ 4 5
4

5-6 4



1 ; 109

2 7 5 . PNP p:(0 00 1)" p(1 001"
po (1 70 1)" p(0 70 1)"
( 1) ()" 4 x4 T
PNP 3x3 R
3x1 t T
. K
0 0
R, ¢ |ju ) 0
T:(‘O‘ 1) K:%b £ v o% (1)
8 PNP 9. Haralick 4x4 ™ o 1 o0
S 1. Uy~ Uy
u; u/
( 6DOF) ( 1DOF) i21 2 3 4
7 4
o u{T 7) =a(T*p(7)) (2)
- R*>HR%.
, 0'm o, , O
z
7 7 gae-e
0gm O; "0
3 10
T 7 o= argminznui’(T 7) —u, > (4)
T 5
(4) LM ( Levenberg-Marquardt)
17
. T
-2 , T
13
a 15 -16
T = . T
T (5) T
F(r) = min 3 lui(7 ) - lf (5)
7 =argmin( F( 7)) (6)
2.2 T
T T. T
1
Fig.1 Typical office scene . 9
2 3
2.1 ;
x %
z

LM



110 45
2 1 ( (0 0 0)7
) (00 N ( (11.46° 17.19°
3 17.199) " (0.307 0.099 0.667) ")
SE(3) SRR R Rk
e.
106.
@
e . ;ft 10* ¢
T i
e V.. (¢ & & & & &) w1071
SE(3) e V, £ 6 3 %55; i
3 ) &
(7) £ SE(3) 7
0 0 - & s 3 0 104y
0 0 - O
T(¢) =expD§6 & sz (7) 1 2 3 4 5 6
D_§5 54 0 §3D Jiﬁ(}b\ﬁ
Uo 0 o ol 5

1) E(&
T T ¢ - T 3
u(€) =a(T(§) - T-p) (9)
E(E) = Z lu, —uwi(&) IP (10)
u,»—u,»’(f) Ji
6ui(§) =U; _ui’( §) z((Sui( 0) +Ji§ (11)
08 om(p) aT(£) P
JL'— a§ - ap P:F-pi a§ -0 ? pz (12)
om{ p) _ f./z 0 —xf, /7 0 (13)
ap 0 f/z —yf/7 0
(11) (10)
E(§) = Y (llou,(0) P +2¢"T/6u,(0) +£T/J&) (14)
2)  E(¥) 3 3
E(¢)

M‘ ~ Y (2Ju,(0) +2J' 08 =0  (15)
0 leog 7

E=-(XJ1)" Y Jlsu(0) (16)
3) g 7
T=1d -7 (17)
5~6
. LM

LM

Fig.2  Error curve using Gauss-Newton method

2 10° 10 6
2
2.3 T
0.1 10
0.1 10 2 000 2.2
T F(7)
F(7) 0.005 . 2.2
PC( CPU Intel Core 53470 3.20 GHz
4 G) T 2 000

0.01 s( £0.001 s) .
KT8 MG R R R 254

G ERIRIEF(0)

(=
o

[

102 n n n n n n n n n n n n
0 0204060810121416 18202224
Kithe

3

Fig.3 The relationship between the aspect radio and the projective error
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Tab.2  The result of experiment 1
/(°) /mm /mm /(°) /mm
pitch =20 x=-15 (946.53 561.069) pitch =20.000 4 x= —15.000 5
L =200 (1168.26 601.811)
roll =15 y =25 roll =14.999 6 y=24.999 5 7=2.00
aw =10 = -1000 V=100 (1152.76 705.818) yaw =10.000 0 = -999.999 0
yaw = == (938.899 661.167) yaw =15 2= :
pitch = =25 x =20 (948.38 555.525) pitch = -=25.000 0 x =20.000 8
L =240 (806.353 636.922)
roll =15 y=-30 roll =15.000 0 y=-29.999 4 7=2.40
=-30 = -1500 W=100 (785.534576.205) aw = —30.000 0 = -1500.010 0
yaw = 2= (922.959 494.517) yaw = =54 2= :
3.2 2 40.8 cm 83.4 cm
2 0.489 2.
1 0.483 5 1.17%.
4 4 3 3.3 3
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Tabh.3 Image pixel of comers of the cabinet door ’
Kinect2
1 2 3 4
U 969 713 738 967
v 663 675 166 106
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