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Space coordinate measurement based on theodolites and rangefinders

CHEN Hai-ping ZHAO Bin
( Department of Instruments Science and Technology School of Mechanical Science and Engineering Huazhong University of Sci—

ence and Technology Wuhan 430074 China)

Abstract: In order to overcome shortcomings such as blind spots and high expense in space coordinate measurement with
a total station and laser tracker a space coordinate measurement method was put forward based on theodolites and rangefinders.
The distance of a few target dots along the laser @ were measured with a laser rangefinder at the same time these target dots
were observed with a theodolite so that the horizo angle and zenith angle of each target point were obtained. In the following
data processing the public plane determined by the rays consisting of each target point and the origin of the theodolite was
calculated with the least square method then these rays were projected to the public plane to obtain the corresponding projection
rays and the coordinates of each target dot were calculated based on these projection rays and the distances between target dots.
Finally the expression of the space line indicating the laser beam was fitted. Known the equation of the space line the
coordinates of to-be—tested dots in the theodolite coordinate system can be calculated if only measuring the distance between the
dot and laser rangefinder. This measurement gives access to multi-point dynamic non-contact space coordinate measurement
which is difficult for a total station and laser tracker to achieve.
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Fig.1 Model diagram of observing three points along the saj e with a
theodolite
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Fig.2  Combination measured manner based on laser rangefinder and

theodolite
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Ll ’ L2 ’ L3 . L4 - LS ‘. Table 5 Unit vector of each projection ray
5 R a b ¢
5 dot 1 -0.640306 0.765270 -0.0661055
dot 2 -0.570123 0.819413 —-0.0595499
° dot 3 -0.508319 0. 859490 -0.0537426
P P dot 4 ~0.454209 0.889567 ~0.0486313
dot 5 -0.407254 0.912246 -0.0441788
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Table 1  Distance between dots and range finder/mm 3.0 i
Loy lo Lo los los lop 2.50 [
500 800 1100 1400 1700 3951 g 20} ]
Table 2 Horizontal angle and zenith angle of each dot é 1.5 "“
horizontal angle zenith angle <10
dot 1 129°55°10" 93°47-23" 0.5 1
040-41" ° 0.0 e .
dot 2 124249741 93 2100 2200 2300 2400
dot 3 120°36°03" 93°0452" L /mm
dot 4 117°02755" 92°47°17" Fig.3 Relations of f;, and L, *
Table 6 Coordinate of each dot
dot 5 114°03-27" 92°31°52"
X/mm Y/mm Z/mm
dot P 101°2702" 91°2328"
dot 1 —1432.48 1712.05 —147.87
dot 2 -1398.37 2009.90 -146.08
3 . dot 3 -1364.70 2307.50 -144.30
Table 3 Unit vector of each ray dot 4 —-1330.37 2605.52 —142.47
dot 5 -1296.39 2903. 89 —140.58
a b c
6
dot 1 -0.640307 0.765270 -0. 0660949 0
dot 2 -0.570102 0.819413 -0.0595532
lot 3 0.508318 0. 859490 0.0537496 X +1364.46 _ Y -2307.77 _ 7 +144. 26( 11)
t -0. . -0. = =
“ 0. 1134546 0.9935247 ~ 0. 00606428
dot 4 -0.454208 0. 889567 —-0.0486415
dot 5 -0.407255 0.912246 -0.0441619 5 7
(1) .« 1 7
4 o
Table 4  Unit vector of public plane X =0 1334546( lOi - 1100. OO) - 1364.46
" b . Y =0.9935247( 1,, — 1100. 00) + 2307.77(12)
t t t
0.00679 0004901 0,905 Z = 0.00606428( ,, - 1100.00) - 144.26
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Table 7 Coordinate of each projection dot

X/mm Y/mm Z/mm
dot 1 -1432.49 1712.06 -147.89
dot 2 -1398.47 2009.91 -146.08
dot 3 -1364.49 2307.47 —-144.26
dot 4 -1330.46 2605.53 —-142.44
dot 5 -1296.39 2903. 89 -141.06

l  (12)
8 o 6 9 o

Table 8 Coordinate of each dot calculate through line equation

X/mm Y/mm Z/mm
dot 1 -1432.54 1711. 66 - 147.89
dot 2 -1398.50 2009.71 -146.77
dot 3 -1364.46 2307.77 —-144.26
dot 4 -1330.43 2605.83 —-142.39
dot 5 -1296.39 2903. 88 -140.62
dot P -983.98 5140.31 -126.97

Table 9  Error of each dot between Table 8 and Table 6 \ da? +dy* +dz* /mm

1 2 3 4 5
0.400 0.727 0.363 0.326 0.041

1mmo,

H v
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Table 10  Horizontal angle and zenith angle of result dots

horizontal angle zenith angle

dot 1 129°55°37" 93°4727"
dot 2 124°49°58" 93°24°52"
dot 3 120°35°37" 93°04 748"
dot 4 117°02°49" 92°47°14"
dot 5 114°0327" 92°31°55"
dot P 101°26755" 91°23°13"
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Fig.4 Combination measured manner based on multiple laser rangefinder

and theodolite
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