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Multi-view DLT three-dimensional positioning
method for spatial points
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Abstract: 3D positioning of physical body points plays an important role in machine vision applications
involving feature extractions, pattern recognition, geometrical measurement and motion analysis. To
cover a wide detection and mitigate the influence of occlusion some multiple view technique for positio-
ning is adopted, a technique that is generally fulfilled using expensive instruments and specialized soft-
ware and thus its applications are restricted in terms of number of points that can be positioned simul-
taneously, ability for user programming and affordability. With both complete algorithm and proce-

dure, this paper proposed a DLT (Direct Linear Transformation)-based method for 3D positioning of
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object point in the world coordinate frame via multiple view geometry, applicable to multiple view pro-
vided by either a single camera moving into different positions for still scene positioning. or by multi-
ple cameras for a dynamic positioning application. This method consisted of 2 main steps, i.e. a DLT-
based camera calibration and a 3D coordinates reconstruction (positioning) with the camera parameters
obtained in calibration. In the calibration step, a minimum of 6 control points, not co-planar but with
known world coordinates, were set up and linear equations were formulated modeling relationship be-
tween world frame coordinates of these control points and their relevant image points’ position in the
camera coordinate frame, and equations then were solved via least squares method for best linear esti-
mation of the camera parameters in the form of a series of L intermediary parameters. In the positio-
ning step, the concept of finding intersection point of multiple spatial ray-each ray emanating formed
the corresponding camera’s optical center and the image point corresponding to the same physical
point-was used to formulate equations for the 3D positioning, which than were solved also via the line-
ar least square method with the obtained L parameters. Still scene physical point positioning tests of
10 control points and 20 test points were conducted on a field leveler machine platform, where the
scene was captured by one camera in 3 different positions and true reference positions of the test points
provided by a total station. Results show that the average absolute error of the coordinates measured
in the X, Y and Z directions is 4. 19 mm, 3. 97 mm, 3. 69 mm, and the spatial relative distance error
is 0. 81%, thus satisfying the needs of general geometrical measurement. The method proposed can
measure static and dynamic 3D world coordinates for multiple physical points, though higher via a
more complicated DLT-based calibration procedure for the additional cameras’ distortion parameters.

Key words: Direct Linear Transformation(DLT) ; multiple view geometry; camera calibration; 3D po-

sitioning ; machine vision
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FH v -2 01 3 AR SR AR 1 25 L I A AL A S8
I R 0 2 AL E R BL 43 BE 32 24 1280 X800,
W% 18 P £ S O B BAH S K Ak bR ol (640,

AT £ -2 52 2 i B ) ] i /) 3 12 52 S DN 400) . N3 4 TTLUE 3 S HL I B AR AL B o 25 2R
TS AR AR, R 1 bR g A PiGi=1,2, -, Hh, AR SR A bR B R 250 65. 28 pixel, £ KT
R1 BORERBILER
Tab. 1 Partial calibration point coordinates
B E A5, (T s Yo s 2w)/m Cuwr > v)/pixel (s » )/ pixel (s » v /pixel
1 (0.59,—0.002,—0.005) (717.25,324.75) (689. 88,327.63) (694.50,330. 50)

2 (0.613,—0.295,0.019) (663.25,370. 38)

3 (0.419,—0.181,0. 336) (618.25,347.75)

(657.38,382) (639.63,379.13)

(598.25,361.63) (599. 38,355.75)

#2 HHWNARBRELIR
Tab. 2 Pixel coordinates of partial the measured points (pixeD
B £ G sv) (s v) Cug s vy)
1 (303.38.72.13) (111.07.88.15) (318.50,51)
2 (319.13.32. 38) (135.50.50. 50) (330. 88.15. 88)
3 (323.25,131. 50) (137.88.144.13) (337.75,109.75)
%3 EWERNSH LRBER
Tab. 3 Solution results of parameters Ly for each view
L L L, Ly L, L, Ls L; Ls Ly Ly Ln
1 490.19 68.282 —33.203 490.17 112.42 —220.64 410.12 288.25 0.145 —0.251 —0.075
2 501.01 —39.477—31.853 440.41 68.285 —274.98 386.1 310.62 0.112 —0.296 —0.101
3 472.84  71.291 —26.642 480.63 112.92 —242.75 379.57 296 0.157 —0.260 —0.092
F4 ZUEBEINAMSERBER
Tab. 4 Internal and external parameter solution results for each view camera
ZH A 1 A 2 M 3
Cwp s w) (633.83,463. 36) (646.48,457.31) (574.72,451.87)
(basb,) (1533.2,1533.9 (1371.9,1 367.8) (1397.2,1 393.8)
—0.868 —0.495 —0.029 0. 940 —0.333 —0.072 —0.865 —0.498 —0.060
R —0.098 0.228 —0.969| |—0.037 0.307 —0.951 —0.096 0.284  —0.954
0. 487 —0.838 —0.246 0.339 —0.891 —0.301 0.492 —0.820 —0.293
T [1.318 2.871 1.203]" [—0.584 2.735 1.247]" [—1.335 2.591 1.275]"
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Tab. 5 Average error of measured points in X, Y, and Z

directions

4% B U 7E XL Y. Z J7 1) A AR AR L 20 @ AT 2 X Y 2 Error
SRy AFUATL N A5 1) BT A5 A o A X6 T 4 il AL 00 745 412 A ML 0.0012  0.0010  0.0037  0.008 1
R NI R W 0. . . .
BYIR 25,38 5 NEISTE XL Y, Z Jrm b iyF 2R
72 WL 5 AT LU H G2 I LA T 5 hoO o AH HL I
1.2 0.5
L e Y 1] M 2 —e— Uy !
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Fig. 5 Error of world coordinates of measured point in X, Y, and Z directions
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