J. Biomed. Eng. Res :250-259, 2006

L AT A8E
‘olqijgtiz BK21 w0977 ZAAY mFeld ¢ AlgE
(Received August 18, 2006. October 16, 2006)

A Study for Detecting a Gazing Point

Based on Reference Points

S. I Kim, J. H. Lim, J. M. Cho, S. H. Kim, T. W. Nam

IDepartment of Biomedical Engineering, Inje University, Gimhae 621-749, Korea
BK21 Bio-Organ Tissue Regeneration Project Team, Inje University, Gimhae 621-749, Korea

Abstract

The information of eye movement is used in various fields such as psychology, ophthalmology, physiology, rehabilitation medicine, web
design, HMI(human-machine interface), and so on. Various devices to detect the eye movement have been developed but they are too
expensive. The general methods of eye movement tracking are EOG(electro-oculograph), Purkinje image tracker, scleral search coil
technique, and video-oculograph(VOG). The purpose of this study is to embody the algorithm which tracks the location of the gazing point
at a pupil. Two kinds of location data were compared to track the gazing point. One is the reference points(infrared LEDs) which is reflected
from the globe. Another is the center point of the pupil which is gained with a CCD camera. The reference point was captured with the CCD
camera and infrared lights which were not recognized by human eyes. Both of images which were thrown and were not thrown an infrared
light on the globe were captured and saved. The reflected reference points were detected with the brightness difference between the two
saved images. In conclusion, the circumcenter theory of a triangle was used to look for the center of the pupil. The location of the gazing point
was relatively indicated with the each center of the pupil and the reference point.
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Fig. 4. An acquired eye image with the reference points (infrared LEDs)

turned on.
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Fig. 5. Reduced eye image obtained from Fig. 5.
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Fig. 6. Result of image subtraction .
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Fig. 7. Boundary detection between sclera and pupil areas.
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Table 1. Acquired eye image coordinates at the gazing point No.1 (unit: pixel)
' Center of reference points @ Center of pupil @ D-@
No. - — - - - -
X axis Y axis X axis Y axis X axis Y axis
1 375 255 389 232 -14 23
2 385 252 400 231 =15 21
3 384 254 400 231 -16 23
4 375 255 393 235 -18 20
5 377 253 394 231 =17 22
6 377 253 392 230 -15 23
7 386 254 401 231 -15 23
8 404 250 419 227 -15 23
9 403 251 420 225 -17 26
10 400 253 417 233 =17 20
Mean -156.9 224
Max — Min 4 6
Standard Deviation 1.28 1.77
Error(%) 2.67% 4.00%
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Table 2. Acquired eye image coordinates at the gazing point No.2 (unit: pixel)
Center of reterence points @ Center of pupil @ -2
No. - - - - - -
X axis Y axis X axis Y axis X axis Y axis
1 328 178 329 143 -1 35
2 336 190 334 159 2 31
3 315 197 318 169 -3 28
4 303 204 301 171 2 33
5 308 204 306 17 2 33
6 317 204 315 169 2 35
7 313 207 310 175 3 32
8 317 216 320 183 -3 33
9 305 216 304 184 1 32
10 311 222 310 195 1 27
Mean 0.6 31.9
Max — Min 6 8
Standard Deviation 217 2.64
Error(%) 4.00% 5.33%
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Table 3. Acquired eye image coordinates at the gazing point No.3 (unit: pixel)
Center of reference points @ Center of pupil @ ©-@
No. - - - - - -
X axis Y axis X oxis Y axis X axis Y axis
1 331 242 3N 220 20 22
2 335 241 313 220 22 21
3 333 240 314 220 19 20
4 322 244 302 224 20 20
5 323 235 302 211 21 24
6 334 239 313 214 21 25
7 331 236 313 210 " 18 26
8 332 241 312 219 20 22
9 331 238 310 214 21 24
10 335 240 312 216 23 24
Mean 20.5 22.8
Max —- Min 5 6
Standard Deviation 1.43 2.09
Error(%) 3.33% 4.00%
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Table 4. Acquired eye image coordinates at the gazing point No.4 (unit; pixel)
Center of reference points ® Center of pupil @ o-@
No. - - - - - -
X axis Y axis X axis © Y axis X axis Y axis
1 340 201 355 194 -15 7
2 355 218 369 214 -14 4
3 352 220 368 212 -16 8
4 354 223 370 218 -16 5
5 352 223 367 218 -15 5
6 354 228 369 220 -15 8
7 363 225 377 217 -14 8
8 359 233 375 225 =16 8
9 361 230 375 226 -14 4
10 367 233 381 229 -14 4
Mean -14.9 6.1
Max — Min 2 4
Standard Deviation 0.87 1.85
Error(%) 1.33% 2.67%
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Table 5. Acquired eye image coordinates at the gazing point No.5 {unit: pixel)
Center of reference points @ Center of pupil @ O-@
No. - - - - - -
X axis Y axis X axis Y axis X axis Y axis
1 309 269 308 265 1 4
2 301 277 297 274 4 3
3 296 276 292 273 4 3
4 291 284 287 278 4 6
5 304 285 303 283 1 2
6 309 288 307 289 2 -1
7 308 282 305 278 3 4
8 314 282 310 280 4 2
9 313 278, 313 275 0 3
10 313 271 309 267 4 4
Mean 27 3
Max — Min 4 7
Standard Deviation 1.56 1.82
Error(%) 2.67% 4.67%

E6 SAIEeHOIM 22 oyl BtE

Table 6. Acquired eye image coordinates at the gazing point No.6 (unit: pixel)
Center of reference points @ Center of pupil @ D-@

No. - - - - - -

X axis Y axis X axis Y axis X axis Y axis
1 357 249 336 253 21 -4
2 355 252 332 258 23 -6
3 356 252 335 256 21 -4
4 352 256 330 258 22 -2
5 353 258 332 262 21 ~4
6 353 262 330 269 23 -7
7 356 - 260 335 265 21 -5
8 356 261 333 264 23 -3
9 354 264 332 270 22 -6
10 356 263 333 267 23 -4
Mean 22 -4.5

Max — Min 2 5
Standard Deviation 0.94 1.50
Error(%) 1.33% 3.33%
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Table 7. Acquired eye image coordinates at the gazing point No.7 (unit: pixel)
Center of reference points D Center of pupil @ D-@

No. - - - - - "

X oxis Y axis X axis Y axis X axis Y axis
1 404 268 420 274 -16 -6
2 404 277 417 285 -13 -8
3 408 279 421 281 -13 -2
4 411 282 426 286 -15 -4
5 415 285 428 291 -13 -6
6 366 233 380 236 -14 -3
7 363 238 378 245 -15 -7
8 366 245 378 250 -12 -5
9 365 243 377 252 -12 -9
10 361 244 375 253 -14 -9
Mean -13.7 -5.9

Max ~ Min 4 7
Standard Deviation 1.33 2.42
Error(%) 2.67% 4.67%
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Table 8. Acquired eye image coordinates at the gazing point No.8 (unit: pixel)
Center of reference points @ Center of pupil @ O-@

No. - - - - - -

X axis Y axis X axis Y axis X axis Y axis
1 372 230 373 236 -1 -6
2 381 232 379 239 2 -7
3 382 235 380 240 2 -5
4 388 246 386 252 2 -6
5 392 253 392 259 0 -6
6 393 255 391 259 2 -4
7 396 250 394 255 2 -5
8 406 258 402 263 4 -5
9 387 266 386 270 1 -4
10 396 272 395 275 1 -3
Mean 1.5 -5.1

Max —~ Min 5 4
Standard Deviation 1.35 1.19
Error(%) 3.33% 2.67%
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Table 9. Acquired eye image coordinates at the gazing point No.9 (unit; pixel)
Center of reference points Center of pupil @ D-@

No. - - - - - -
X axis Y axis X axis Y axis X axis Y axis
1 315 266 296 277 19 -Nn
2 295 298 277 312 18 -14
3 296 301 277 311 19 -10
4 289 309 267 327 22 -18
5 306 210 285 225 21 -15
6 308 233 286 246 22 -13
7 307 230 287 247 20 =17
8 304 235 284 250 20 -15
9 305 236 284 251 21 -15
10 304 238 283 250 21 -12

Mean 18.2 -12.8

Max — Min 4 8
Standard Deviation 1.33 2.53
Error(%) 2.67% 5.33%
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