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35| &R : Sheng Q H,Chen S W, Xiao H,Zhang B, Wang Q, Fei L J. Space resection method based on Pliicker line[ J]. Journal of Image and
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Space resection method based on Pliicker line

Sheng Qinghong', Chen Shuwen', Xiao Hui*, Zhang Bin', Wang Qing', Fei Lijiao'
1. College of Astronautics, Nanjing University of Astronautics and Aeronautics, Nanjing 210016, China;
2. School of Environmental Science, Nanjing Xiaozhuang University, Nanjing 211171, China

Abstract: Objective Space resection is one of the fundamental issues in the field of digital photogrammetry and computer
vision. Traditional methods based on control points limit the robust automation of the space resection procedure. The prima-
ry objective of space resection is to effectively and reliably describe the relationship between object points, the correspond-
ing image points, and the projection center. One of the classical solutions to space resection is based on collinearity equa-
tions. A solution based on collinearity equations can represent the rotation matrix in many ways, such as Euler angle, Ro-
driguesmatrix, quaternion, and dual quaternion. Existing space resection methods are mainly based on point primitives,
and do not fully consider the geometric topological relations of space lines; the geometric constraint conditions of the col-
linearity equation are weak. In this paper, a space resection method based on the Pliicker line is presented. Method
Pliicker coordinates, a representation of space lines consisting of six parameters, has the advantages of clear geometric
meaning, concise formation, and cost-effective computation. In this method, the imaging ray is representedin Pliicker co-
ordinates to obtain the Pliicker line. Thereafter, on the basis of the screw movement of Pliicker lines in space, the object

point is obtained on the line and is identified by the image point and projection center. Finally, a collinearity equation
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based on the imaging ray of Pliicker line is established. Therefore, the relationship between the control line in object and
their corresponding line in image is established. By using the Pliicker coordinates of some control lines in the object and
corresponding image lines, the exterior orientation elements can be anti-calculated. Result The tests performed on aerial
images and close-range images with small inclination indicate that the maximum error of the line elements of the exterior ori-
entation elements decreases from 0. 88 m to 0. 53 m and from 0. 06 m to 0. 01 m; the maximum error of the angle elements
decreases from 0. 016 2 radian to 0. 002 9 radian and from 0.-087 radian to 0. 066 radian compared with the traditional Euler
method. For images with large inclinations, the space resection method can be used for correct calculations, where as the
Euler method cannot. The Euler method has strong dependence on the initial values of attitude elements and line elements.

When the initial values are poor, such as a large attitude, the iterative calculation will slowly converge or even not con-
verge. The Pliicker line method uses dual quaternion to represent the rotation matrix, which overcomes the aforementioned
issues by uniformly representing the attitude and line elements. Conclusion The Pliicker line method avoids the complicated
process of solving the attitude and position elements separately, thus significantly improving efficiency. Given the enhanced
intensity of the geometry of the model, the method obtains high positioning accuracy and can be used for the positioning of

the exterior orientation elements of images with large inclination.

Vol.21,No. 1,Jan. 2016

Key words: line photogrammetry; space resection; Pliicker; collinearity condition; screw displacement
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Table 1 The experimental results of simulative images

A ik X/m Y/m Z/m o/(°) w/(°) k/(°)
. HIH 0 75 1 000 0 0 0
Pliicker -0.001 6 74.999 8  1000.0349  0.0009 -0.000 1 0. 0033
5 BLiiBANIE] 200 75 1 000 0 0 0
Pliicker 200. 035 3 74.9935 1000.0128  -0.003 2 0.-000 6 0. 0020
3 PLiEAY(E] 400 75 1 000 0 0 0
Pliicker 400. 001 3 74.9662  999.9832  -0.0005 0.003 5 -0.000 2
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Table 2 Technical parameters of images in the experiments
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Table 3 The experimental accuracy of images with small inclination
=2 w® m,/m my,/m my./m m,/m m,/rad m,/rad m, /rad
@ %) K
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by Euler 1.9x10™° 0.0029950 0.003 5447 0.001 8862 0.0000170 0.0000202 0.000 010 3
* Pliicker 1.7x10™° 0.0023336 0.0027797 0.0013957 0.0000130 0.0000011 0.000 007 5

3 GERRM M ARG AL, X T
25 FL 2R, Pliicker FLZKJT LA JT L ICER ik
ZERII/N T 30% Zody s P TR AR , Plicker B2
THEMZOTER iR Z AR, MOTER I RiREW D T
25% Fedi o IXIE I T ARSI AT R 2 18]
JE 7 B8 SR RAEAR T HE ST o Ry 7 ) B A 15
2207 e, M RE(9) I Fy JFy F, 73 IR Y)
J7 MBSO M B AR XY Z J5 1] R
RIFER)J7 XY F Z3 A 75 1) [R] i 7. i 22 07 # X,
HAT T ¢ 2 18] JLAT 0 41 5% 28 R 56 f) JL ] 24
Htk o
3.3 KaFABIESRE

HI PR RO 32 K DX A B I ARl Y
e 2, ORI KA AR/ NGRS B Iz
KRB AT TGN WAL R G, B,
FesE P22 , Tl i HAR AT 1 S AR A — O O T e £
BRI AT e i 455 I 1t 5125 D01 3145 BRAR 1 Ak

BRGS0 N T — 2B Wb AR SCRIAAE R AR A
BORATE LN B0 IERAIE, BRI PR ) ARl 7,
AT 4 ORI AR AR, HE AT A (RS O A8 2
RAFAE LB IN T LG R D3R 4, Fa il AR
DU J] 5 O A i S A 8, BB AR 2 [ s 05 2
DIREIRANE L WAL S Fik 6,

F4 KAPEBRZGINFLTE
Table 4 Exterior orientation elements of simulative

images with large inclination

2% Xs/m Ys/m  Zs/m @/(°) w/(°) «k/(°)
1 0 75 1 000 25 75 5
2 0 75 1 000 40 75 35
3 0 75 1 000 50 70 35
4 0 75 1 000 65 60 45
I3RS MK 6 A LI T 4L
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D) YMEAR 11 o Ak B/, BRBL M5
Pliicker F{ 4L REIERMZE T (HAE B AQ R 5 05
¥R L Pliicker F{ 2675 B AT I R ALH

2) M AR LS A BT, BP9 1R 22 05 1R
FRBUH B 1 2] ) i 2 (R AR AE B 2k O & B[R]
ST TS B LR, SR T R 22 R A
BFAR A . ZERCIE LT, S /D A 1T ¥ 7 22
BR A il AT s, M Pliicker
ELZ R R 19 e e — o B EE BN T AN T

REICER Z 8] B AR S, v ik 1 i 22 J7 fe =X B AY
TRAS IR, P, S R AR S AR UM Dy 60° e
i}, Pliicker F £k 1 B 1E B b i 530 1 b 5 e R
ELRERS PR AIE K4 000K BZ , 55 5245 51 05 137 70 3R 1A
PUEALE , ZOCR Z(EH/NT 0. 03 m, MICERAY 2 (H
/INF 0. 000 06°,

3) T IR B B RS A B, S T L
PR EAIR O, — 2D UL 5 JLAT 29 Ay Plicker EL
2255 75 S8 2 T IE A
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Table 5 The experimental results of images with large inclination

AL Ik PEYAN & Xs/m Ys/m Zs/m o/ (°) w/(°) k/(°)
Euler 20 0.019 188 74.982 26 999.943 0 24.909 96 75. 040 04 4.979 947
1
Pliicker 8 0.017 478 74.991 63 999.993 2 24.999 79 75. 000 06 5. 000 075
Euler EAANSL
2
Pliicker 8 0. 009 951 74.994 54 999.997 1 39.999 99 75.000 02 34.999 95
; Euler ErY AW N L&
Pliicker 9 -0.005 412 74.998 93 999.995 1 60. 000 02 60.-000 00 39.999 99
Euler B AW N &4
4
Pliicker 9 -0.026 851 75.022 51 1 000. 006 64.999 97 59.999 92 45.000 22
x6 XIAAMGIRIBE
Table 6 The experimental accuracy of images with large inclination
P2 Jrk o m/10 'm0 my/m my/m my,/m m,/ (%) m,/ (%) m,/ (%)
Euler 0.017 177 0. 006 865 0.005 921 0.000 058 0.000 042 0.000 072
! Pliicker 2 0.003 071 0.005 426 0.005 040 0. 000 005 0.000 005 0. 000 007
Euler PR SL
2 Pliicker 3 0.002 615 0.002 674 0.003 002 0.000 001 0.000 003 0.000 002
3 Euler AL
Pliicker 2 0.018 407 0.012 242 0.016 276 0.000 010 0.000 018 0.000 032
4 Euler BRI
Pliicker 5 0.009 150 0.005 043 0.008 014  0.000 003 0.000 007 0.000 013

3.4 AEGRBIRENIRELE

TESZBR B v, A5 a5 AR Y b I 2 A 7 — T 1Y
R ZE O TR — I R 25 X A5 )5 J7 A 2
KL RN, TR R AR 25 P CARPLIN AR T (7T R |
Pl A ) e e —E I OO, M i B AL
BRI A I R — 5 s o 2 1) o T iR 22, O R

T 55 MG AR BRI o« F1 y ABFR, BER & F y (4 BE
HLR 205 AL A, UARSIE E AT i g 7, 3 BLEC Y
FREZEA B 0.1.0.5.1.0.1.5 2 MEZE ., #lr
G AN B TEE N T Fiam, 42 8 R 4 i
TEBI ARG S BEPLIR 22 5 125 18] J5 5 28 SR BE
Hop o REF W REAARMERS , BN R E

© b [H B R BT AR A A



$21%5 /5518 /2016 1 B

BRRRAL, PRk, BRE, R, 5, EFIE
Plicker BE&IEANZTERFHRS

FT BERSEGIIMFATE
Table 7 Exterior orientation elements of simulative

stereo images

4 % B

AR Xs/m  Ys/m  Zs/m  @/(°) w/(°) k/(°)

i 0 75 1 000 5 5 5
H 200 75 1 000 5 5 5

x8 BEHLFEIZIRIFE
Table 8 The experimental results of simulative stereo

images

/um

ocg=0.1 ¢0=0.5 ¢=1.0 o=1.5 o=2

FHEE  2.33 26.19  46.10 58.61 65.34

ERRSE 9.19  157.42 326.47 406.68 445.82

MR 8 WLIE o 0. 1 3G KEF] 2 MR AT,
ST e AR ) B S B ok 3 il AR T 0..063 mm
#10. 44 mm,

R TR0 T M L A S BroRG FE R 5 AR 22 1 AR
IR, 43 BT T e R ) A S B B2 A R 9 Ala
br,o VERREALPRVEIR B 3 E5 SR, SEPrks
Bl o (A3 R T R TG, L A AT s 8 3 ik /) , i —
UL T AR SCRIR I IER M SRR

0.07 T T T
0.06f

0.05r
0.041

0.03-
0.02+

SPTHURS % /mm

0.011

olf3 %
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R=n
=]

0 0j5 i 1j5 2
MR
3 B SL GO0 S Ml B BRI R 22 G
Fig. 3 The relationship between random error and accuracy of

the simulative stereo images
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