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Analysis and Application of Pose Mapping from Spatial Line Vector to
Projection Plane
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Abstract A general relationship of three-dimensional-two-dimensional (3D-2D) object image mapping of line vector is
proposed to solve the common adaptation problem of optical pose processing of typical rigid targets (mostly with linear
externalization characteristics) in the shooting range. The pose information is then obtained by choosing a line vector for
object image direction mapping and matching. First, the linear vector of the target body is rotated, the theoretical
correspondence between the line vector of the key subject and the calculated pose angle is obtained, and then the key vector
is projected to the determined image plane, the mapping relationship between the spatial line vector and the image of the
projected image plane is established for the first time, and the spatial line vector is reconstructed using the substation
mapping results, in order to achieve the purpose of closed-loop verification of the correctness of the mapping results. The
pure direction pose is solved using the significant line vector 3D-2D pose mapping relationship presented in this paper for
optical pose processing based on line vector. Especially in the process of occlusion and transformation in the medium and
long-term dynamic target attitude measurement, it has good adaptability. Compared with the existing pose processing
results, the correctness and reliability of the algorithm are verified.
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Fig. 1 Composition of relative pose relationship  of

characteristic straight line

JIT A B AR AR LA RS 25 A BV vh i R B A A AR
Dy FEME . o B bR AR bR AR DL A Br il D XAl Sk R
NIAE s BEEAR AR F LA 1) Sy X0l SRR L AR AR & LOGH
PRI 0 XAl AT TR B YRl R RR R Y
ZHh o3 AT TARBLARAR &R Yo il Z . Wi RS
I8 FARAR AR A AT TR AR AR R

Fi NS 25 e B 5 WOCHE A 8 W — X REWERY S AR DA
PN L3S CHARR A AR 28 15 R v AR A 3P A7) e % =
LMW D y) BRI 2], 7] SR FEFE R A

R'=R(y. V)R(z¢)R(z. —7)
cos ¢ cos ¢
R'=| sing

sin ¢ cos ¢

cos ¢ cosy

—cos¢singcosy +singsiny —cos¢gsingsiny — singcosy

o (1)

cos ¢ siny

—singsingcosy —cos¢gsiny —singsingsiny + cos¢cosy

2 ML AT OC 2 S SR AR AR 2R E T, (D)
e 2 B e 2 55 1 0 L R R Ok R e AT R
(100)" g Ja Wtk 25 5 55 2 90 AT ¥ (0 1 0) " lié#e Jm
AR A 5 26 381 T L 3 R ki 5 2 A7 R | (0 0 1) T
B Jm Bk s o Jd S X e B A M R 45 SN TR Sy Bl g,
TE T I 2 SCHYHEME AL bR 22, 20 M RE A7 22 2505 B Y
KEEE L, RECAI AR PI2E: DR ksl 52
AT B R CFAT T B AR R AR bR 28 X0, i A
T AL A1 MUREA #8156 5 2) B v Al B A7 EL R LA Ab
M BZ, AT =S A(v.0 ) fE R

A5 S BR S Hh AT AR A 0 3 7 SRR e HOR SC
ik BRI B B AR R

2.2 HEE&XEHYAZTERGHASEMRFXREES

R Al 0 30 T 2R 2 A 3 A Lk K AR AE S, T X
K HZ R BT = 4E -4 (3D-2D) PR i AL, L
ARBUE — b 4R K = S BT AR %0E 1R Tl
K&

Dbl o B ol ), % 3D-2D W B 06 &R 3E AT 4 BB
A

1) AR T A LA T 28 i) B4R % 5 7E H bR AL pr
AW — AL KB L (a b o), WAL A TN o7&
ey e R R R=R(Y,, W)R(Z:, ) R(X,,
y) JJa  BRBO T 5 20 25 ) B4R R R AR R vE AR AR R R 1Y
REL(Imn)" , FKmN

1912001-2



L=R(Y+,¢)R(Zr,¢)R(X+, —y)Lyo  (2)
2) ¥R Ak L mn)" iR HEAL bR R AP RIE 1)
(AE)Hei B ABFR R 5 L(X: Yo Z0) ", Rm A

L:=R(—E)R(—A)L ., (3)
Hrp
cosE  smnE 0
R(E)[sinE cosE O], (4)
0 0 1
cosA 0 sinA
R(—A)=| 0 1 0 } (5)
—sinA 0 cosA

3K Al HL R B AL AR R Lo (X Yo Z0)T
M BB AR R [ (y )" RN
y=7Yc
{222( :
4) R M ) B 4 Ok 1 TE B AR T A BE o (2T =
AR B R BB M) RN

(6)

n—arctan(z/y) ,y>0,2>>0
—arctan(z/y) ,y>0,2<<0
a= o (7)
2 —arctan(z/y) ,y<<0,2<C0
n—arctan(z/y) ,y<<0,2>>0

T B AIF B 2R R 1 3D-2D ML 5 A5 B 1Y TE B
P, AL 5 K (2) ~(7) LB gl 2 (8] B2k i 241
T 2SS AR AS S i 2 R A ) a0, 2 H R
A R Sk Bl s N H R R A, RN
L'(I"m'" n")" IWB L5 L) —30r:, BN v 56 51F 55 8] B
LR i BT IS G R A5 R IE R .

3 FE N Kk

3.1 HELXE3D 2D M EMRMERIE

PLE AR 5t Lo(1 0 0) " A6 47 vl W, 23 3l 3
o H BRI DL R3S (WL o) B8 (TR R 52 vh
fh) e 1R

F 1 Al BRRGE L BB (P o) E
Table 1 Substation position, target trajectory, and pose angle

(¥ and ¢) setting

Project X/m Y/m Z/m w/(C) /()
Substation 1 50 0 —1700 — —
Substation 2 50 0 1700 — —

Ballistic point 1 0 0. 0 1 25
Ballistic point 2 25 0.4 10 1 20
Ballistic point 3 50 0.9 15 1 15
Ballistic point 4 75 1.3 20 1 10
Ballistic point 5 100 1.7 25 1 1
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Table 2 Projection angle of substation @, and «,

Key point @ a,
Ballistic point 1 1.13 2.01
Ballistic point 2 1.22 1.92
Ballistic point 3 1.31 1.83
Ballistic point 4 7.68 1.75
Ballistic point 5 7.84 1.59
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Table 3 Comparison between analog vector and

reconstructed vector

L L

Key point - ; .
A m n

.015 0.906 0.422 0.015
016 0.939 0.342 0.016
016 0.966 0.258 0.016
.017 0.985 0.173 0.017
.017 0.999 0.018 0.017

/ m n
Ballistic point 1 0.906 0.422
Ballistic point 2 0.939 0. 342
Ballistic point 3 0.966 0. 258
Ballistic point4 0.985 0.173
Ballistic point 5 0.999 0.018
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Fig. 2 Experimental results. (a) Yaw angle processing; (b) pitch angle processing; (¢) roll angle processing

PR Ah B 9k (R Rk B R ) R T
FEFERRAE , TR RRAE RAF i b 2R vk 5 3 DU A s
WA RAF . R E LK BT, P B e A
T B WA R, AR AR AT A R i B e, FLAR X
vk, LR e MR — SO O B A T A
A2 % O AT R RS BE OREAND FRORS B2 400k 1.2°.0. 9%, FL &k
Otk VR AT AR ORS B A ARG B LA BV G AR ORS T i)
F1.2°.0.7°.0.5° A, AP SRS MEE,
HRE 58 B S e H AR 1 AR AR EL R S R R
T AGRROR LA X S A, R B e e e R — B
4 gk e

ARSCHE RS T 28 A AR B RO R IR S/
Wi 535G 28, O3l 2o 23 il e S5 45 2R 0 s ) 2 R B AT
AL, DLIA FI P PR I R S A5 R R AR H . A
SCRFET B KRB AL B PR M T E A 3D-

2D FAS W 5 A, I LI Oy HE PR LAl pE A7
AT A A PR AR AR SO B T B A
PO rp i 2 ik AN A AR E R — BobE O T A —
DL, T ELAE T2 4R ik e BT 104 S0 2R3 L A 32 [ 44
FRAE JR R, O A AL B4R S R AR B9 B 3 i B TR AT
ARG — T AR AR U HAE Z WM s & AT B i
TR FRAE AZ 0 P B AT B A

2 % X #

(1] EMm, sk/hg, TRIE . 5T B bR RAE AL 6] 0k
PR %5 BRI B2, 2009, 30(6): 974-978.
Wang K P, Zhang X H, Yu Q F. Measuring cooperative
target’ s pose based on proportions of feature points[J].
Journal of Applied Optics, 2009, 30(6): 974-978.

[2] Haralick B M, Lee C N, Ottenberg K, et al. Review and
analysis of solutions of the three point perspective pose
estimation problem[J]. International Journal of Computer
Vision, 1994, 13(3): 331-356.

[3] Oberkampf D, DeMenthon D F, Davis L. S. Iterative

1912001-4



(4]

(6]

(7]

(8]

pose estimation using coplanar feature points[J].

Computer Vision and Image Understanding, 1996, 63
(3): 495-511.
Kneip L, R. A novel

parametrization of the perspective-three-point problem for

Scaramuzza D, Siegwart
a direct computation of absolute camera position and
orientation[C]/CVPR 2011, June 20-25, 2011,
Colorado Springs, CO, USA. New York: IEEE Press,
2011: 2969-2976.

RIS, WEE, KL, & AT AE AR 2 ) F AR =
i AR I S R e R N I NG SR E e R E DS e
2010, 40(4): 591-604.

Zhang S J, Cao X B, Zhang F, et al. Monocular vision
determination algorithm of three-dimensional pose of
space target based on feature points[J]. Scientia Sinica
Informationis, 2010, 40(4): 591-604.

IR E BTG H A AR LIy R O
[D]. &3 :IL K, 2005: 1-184.

Su G Z. Research on the method of aircraft pose surveying
from image sequences obtained by photoelectric theodolite
[D]. Wuhan: Wuhan University, 2005: 1-184.

BEAT AR TR ED Y SRR AL AL 5 2 Bl T O WFSE[D ]
Kb HERHE AR R, 2006: 1-37.

Cai W K. Study on pose estimation using single camera
based on object model[D]. Changsha: National University
of Defense Technology, 2006: 1-37.

2R, SCTTIR, SRR I A AR 0 ST A AR Al B
AT H bR A 2] 3 B AL 05 B, 2007, 24(11): 95-
99, 143.

XiF, Wen G J, Cait W K. Estimating pose parameters of
flying object by using model and stereo images[J].

[10]

[11]

[13]

1912001-5

E 6055 19H1/2023 F£ 10 B/ 5B FFEHE

Computer Simulation, 2007, 24(11): 95-99, 143.

Tl g, IME— BRIEZE . RGN R 6 2 25 [ H A3 I
A0 7 A i A0 AR 0 R A 2R 1 (D). B R B R A R R
2000, 22(2): 15-19.

YuQF, Sun XY, Chen G J. A new method of measure
the pitching and yaw of the axes symmetry object through
the optical image[J]. Journal of National University of
Defense Technology, 2000, 22(2): 15-19.

FM, T, BT EL SR 2 0 R LORE Y L
BRI 62 K TR, 2013, 21(7): 1831-1839.
Wang B, He X, Wei Z H. Attitude estimation of
aircrafts using line features on multi-camera images[J].
Optics and Precision Engineering, 2013, 21(7): 1831-
1839.

TP BT R AR Y 25 7] F AR = 4 25 4 T A o7 280
i IrEANIGRID] Kb E BB HOR KAz, 2008.

Fu D. Researches on

three-dimensional — structure

reconstruction and pose measurements based on line

feature for space targets[D]. Changsha: National
University of Defense Technology, 2008.
i, AL T A LAY = SO & TR K

GO gE (0] L 24, 2021, 41(9): 0915001,
Gao S, Bai L. Z. Monocular camera-based three-point
laser pointer ranging and pose estimation method[J]. Acta
Optica Sinica, 2021, 41(9): 0915001.

/N, FEOHWL, SeM0E . — Bl ik B2 28 2ok i i S 2
Ab PRI IL[T] WOE St o g, 2020, 57(9): 091203.
Hu X L, Tang M G, Wu H Y. A pose information
acquisition method based on characteristic line intersection
analysis[J]. Laser &. Optoelectronics Progress, 2020, 57
(9): 091203.



	1　引言
	2　原理分析
	2.1　目标主体直线矢量选取
	2.2　直线矢量由物方空间向像方空间映射关系推导

	3　算法应用及验证
	3.1　直线矢量3D-2D映射正确性验证
	3.2　基于直线矢量的姿态处理方法应用

	4　结论

