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A High-Resolution Subdivision Algorithm for Photographic
Encoders and Its Error Analysis

Yu Hai, Wan Qiuhua, Zhao Changhai, Liang Lihui, Du Yingcai
Changchun Institute of Optics s Fine Mechanics and Physics , Chinese Academy of Sciences ,
Changchun , Jilin 130033 , China

Abstract In order to realize high resolution angular measurement, a subdivision method based on the photographic
sensor is proposed. A more adaptable high-resolution subdivision algorithm is proposed to eliminate the subdivision
error caused by the irregular distance between the photographic sensor and the grating center during installation and
adjustment of the encoder. The mathematical model of the proposed subdivision algorithm is established, and the
error of the method is analyzed. Based on practical working conditions, an error model which takes many aspects
into consideration is built and the effect of various elements on the subdivision algorithm is analyzed. According to
the error analysis results, how to reduce the subdivision error of photographic encoders is recommended.
Experimental results show that the subdivision error can be ignored when the line number of circular grating is more
than or equal to 128. The results can provide theoretical foundation for develop the miniature photographic encoder.
Key words measurement; signal processing; photographic encoder; high resolution; subdivision algorithm; error
analysis
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Fig. 1 Principle of photographic encoder
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Fig. 2 Principle of subdivision algorithm
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Fig. 3 Subdivision algorithm error
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Fig. 6 Principle of photographic sensor angle error
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Fig. 8 Testing encoder. (a)Optical lens ; (b) circuit ; (¢ ) code disc ; (d) light source ; (e) flange
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Table 1 Collected data for the 1* time
Reference line A Reference line B
No. Pixel No. Pixel
306 0 362 0
307 91 363 86
308 163 364 246
309 186 365 244
310 167 366 173
311 169 367 177
312 170 368 177
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Reference line A

Reference line B

No. Pixel No. Pixel
313 170 369 177
314 170 370 177
315 170 371 177
316 170 372 176
317 170 373 176
318 169 374 176
319 169 375 176
320 169 376 177
321 169 377 177
322 169 378 177
323 169 379 178
324 168 380 178
325 168 381 178
326 168 382 178
327 168 383 179
328 168 384 178
329 167 385 174
330 161 386 255
331 246 387 195
332 154 388 82

333 55 389 0

2
Table 2 Collected data for the 2™ time
Reference line A Reference line B

No. Pixel No. Pixel
306 0 362 0

307 90 363 87

308 174 364 250
309 186 365 236
310 168 366 173
311 169 367 177
312 171 368 177
313 171 369 177
314 172 370 176
315 171 371 177
316 171 372 177
317 171 373 176
318 170 374 177
319 170 375 177
320 170 376 177
321 169 377 177
322 169 378 177
323 169 379 178
324 168 380 178
325 168 381 179
326 168 382 179
327 168 383 180
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Reference line A

Reference line B

No. Pixel No. Pixel
328 168 384 179
329 168 385 175
330 163 386 255
331 243 387 194
332 159 388 83
333 60 389 0
5.2
’ 2 ]J.mo ’
( ) 19 mm, 28 =256, r=
17.5 mm, (9 , 23.57",
23, 1" .
15° , 9 . . . 20" .
25
20
15 ,,//
10f ; 4
X
ft
g -5
-10 /
-15 \/
200 60 120 180 240 300 360
Angle /(°)
9
Fig. 9 Error detection results
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Fig. 10 Subdivision error
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