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Abstract In order to realize the static and dynamic contrast calibration of the adjustable contrast optical target
device for measuring the low-contrast target capture capability of photoelectric tracker, a target sources contrast
measurement system is established for researching the relationship between image contrast and optical contrast. The
static target sources image contrast is analyzed and the static calibration curve based on the least squares method is
obtained. The military standard rules and the static calibration method, according to the dynamic target sources
unique “deformation effect” and “gray gradual change effect”, which leads to the problem of lacking uniform and
accurate target gray extraction method; discriminant analysis based on mathematical statistical methods is used to
classify target gray extraction frame dimensions by different gray values. Then, the scatterplots are applied to
visualize the relationship between the extraction frame size and gray distribution. which makes the extraction frame
size clear and exclude harmful effects from the above two effects on calibration. Dynamic contrast calibration curves
are mapped out under different rates conditions. Experimental results indicate that the accuracy of extraction frame

selected is more than 94 % and the evaluation parameters of the static and dynamic calibration fitting equations: R*
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and RZ; are both better than 99 % , calibration precision S is better than 0.006, which demonstrates that the method

is feasible and can satisfy contrast calibration demands in the equipment.

Key words measurement; adjustable contrast; contrast calibration; mathematical analysis; discriminant analysis;

curve fitting
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Table 1 Static contrast calibration data

Background radiance /
[W/(srem %) ]

Target radiance /

[W/(srem %) ]

Object contrast /% Target gray Background gray Image contrast /%

34.76 34. 39 1.08 177 175 0.7843
35. 42 34. 39 3.00 178 175 1.1765
36.13 34. 39 5. 06 181 175 2.3529
36. 83 34. 39 7.10 184 175 3.5291
37. 49 34. 39 9. 01 185 175 3.9216
38.56 34. 39 12.13 186 175 4.3137
39.56 34. 39 15.03 188 175 5. 0980
34.03 34. 39 —1.05 173 175 —0.7843
33.35 34. 39 —3.02 172 175 —1.1765
32. 67 34. 39 —5.00 169 175 —2.3529
31. 96 34. 39 —7.07 166 175 —3.5294
31.25 34. 39 —9.13 162 175 —5.0980
30. 24 34. 39 —12.07 159 175 —6.2745
29. 20 34. 39 —15.09 154 175 —8.2353
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Fig. 2 Fitting curve of static contrast calibration curve
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Fig. 3 Sketch map of static and dynamic optical target

under the low-contrast and dark background condition
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Fig. 5 Sketch map of gray extraction frame
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Table 2 Data of discriminant analysis

Number 1 Number 2 Number 3
Pore size/mm: 4 i Yelocnylz/ Pore size /mm: 6 Ydocnyg/ﬂ Pore size /mm: 4 Yelocnylz/
C. 0.15 Q/S]: .0 C. 017 [(')/s]: . C.015 [("/s]: 12.0
s Light target o Light target " Dark Target
Group 179 180 181 182 Group 182 183 184 Group 168 169 170 171
179 11 3 0 0 182 27 8 0 168 6 1 0 0
180 0 27 1 0 183 1 55 1 169 0 27 0 0
181 0 1 28 0 184 0 3 49 170 0 1 33 0
182 0 0 3 7 Total N 28 66 50 171 0 0 3 10
Total N 11 31 32 7 N correct 27 55 49 Total N 6 29 36 10
N correct 11 27 28 7 Proportion 0.946  0.833  0.980 N correct 6 27 33 10
Proportion 1.000 0.871  0.875  1.000 Proportion  1.000  0.931  0.917  1.000
N corrects N=144 N correct: Proportion -
N=81 " Proportion correct: 0. 901 ' 131 correct; 0. 910 N=81 N C(;rrect; Proportion
73 6 correct: 0. 938
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Table 3 Experimental design
Factor Name Type Low level High level Units

A Target velocity Numeric 4.5 12.0 /s

B Pore size Numeric 4.00 8. 00 mm

C Dark or light target Text —1(dark) 1(light)

D Optical target contrast Numeric 0. 10 0.15
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Table 4 Evaluation parameters of fitting equations
V=1.5"/s V=3.0"/s V=4.5"/s V=6.0"/s
S 0.0048067 0.0050864 0.0056006 0.0052124
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