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Abstract: In order to forecast quantitatively the intersection precision of a theodolite, a series of func-
tions were introduced to study the intersection precision measurement. The basic multi-sensor trian-
gulation equations were used to estimate a 3D target position, and the error propagation equations
were derived by Taglor extension from various measurement errors. Then, the concept of Gaussian
measurement error was introduced to establish the relationship of the standard deviation of various
measurement errors with the standard deviation of target 3D position estimation,and the plots of vari-
ous error propagation coefficients were generated. The results indicate that the estimations of the x,y
location errors are independent of any errors, either the sensor z position or the elevation angle in

measurement. The errors x and y in the sensor position (x, y) depend only on the azimuth angles be-
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tween sensors, and not on the actual sensor (x, y) locations. The errors in the 2 component of a sen-
sor position can translate directly into equivalent errors in the » component of target position estima-
tion. The optimum geometry for a two-sensor system is in a 90° azimuth separation angle between the
two sensors. The target (x, y) position estimation accuracy depends on the accuracies of sensor loca-
tion measurement, the sensor azimuth pointing measurement and the sensor-to target range, also the
sensor-to-sensor azimuth separation geometry. The target z position estimation accuracy depends on
the sensor-to-target horizontal range, the sensor z location measurement accuracy and the sensor ele-
vation angle measurement. Intersection errors is the smallest one when the intersection angle is 90°,
and the error propogation coefficient is 0. 079 when 20°~60°. Finally a set of equations and graphs
useful for designing a two-sensor system was designed to meet the requirement for a required accuracy
specification.
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2,3 50,130 1.07 0.90 1.44
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3,4 130,140 5. 68 5. 66 5. 65
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Tab. 2 Sensor azimuth measurement error

(standard deviation = 1.0°)

fei&ss  HhifAC 0. oy o,
1.2 40,50 0.555 0. 555 0. 780
1,3 40,130 0. 087 0. 088 0. 088
1.4 40,140 0.079 0.097 0.091
2,3 50,130 0.095 0. 081 0. 090
2.4 50,140 0. 086 0. 089 0. 088
3.4 130,140 0. 554 0.551 0.776
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