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Thesis Title Development of a computer system for strabismic screening
Author Miss Nimmita Khumdat
Major Program Electrical Engineering
Academic Year 2013
ABSTRACT

Strabismus is caused by disorders of coordination between the extra ocular
muscles. Treatment of strabismus should be started as soon as possible to ensure the best possible
visual acuity. Treatment in adulthood cannot improve vision development. Strabismus can be
identified by the binocular motor functions. However, some devices are expensive and difficult to
apply in a real situation due to the lack of ophthalmologists. These problems can be resolved by
using automatic detection of strabismus with digital image system through luminous reflection of
the cornea generated by the Hirschberg test. The proposed algorithm was organized into four stages:
(1) Face detection was analyzed using the Chroma. (2) The locations of the eyes were detected
using the template matching. (3) The corneal light reflex was detected by the morphological
operation technique and the location of Limbus was detected based on sclera region. (4) Strabismus
was detected using Strabismus Measurement Index (SMI) which is a new methods compared with
Central Corneal Light Reflex Ratio (CCLRR). The proposed algorithm results in 100% of face and
eye detection, 99.46 % of the corneal light reflex and Limbus detections. The Robustness and

significant improvement in strabismus detection using clearly demonstrated.

Keywords: Strabismus screening, Hirschberg test, Central Corneal Light Reflex Ratio,

Strabismus Measurement Index
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HALAREAIN LAY HaNITATIATUIINTUsUATU HAGAWTEUINIRA IS

danmw A B c D E F A B C D E F A B C D E
001-11 & 855 882 | 903 | 1152 1173 1199 854 & 882 | 903 1152 1173 /1199 1 0 0O O O
001-21 & 842 869 | 890 ' 1144 1162 1190 840 & 870 | 889 1145 1162 1189 2 0 1 -1 0O
002-11 & 861 884 ' 904 1126 1149 1172 859 & 884 | 904 1127 1149 (1172 2 0 0 -1 0
002-21 | 857 882 | 901 ' 1127 1146 1171 858 & 882 | 900 1127 1147 (1170 -1 1 1 0 0
003-11 & 848 = 875 | 900 ' 1103 1127 1154 849 | 876 | 899 1103 1127 (1153 -1 0 1 0 O
003-21 & 845 873 | 896 ' 1103 1127 1155 845 ' 873 | 896 1103 1127 1153 0 0 0O 0O O
004-11 & 850 @ 877 | 898 1108 1130 1156 851 | 877 | 899 1107 1130 1156 -1 0 -1 1 1
004-21 | 856 & 882 | 904 | 1119 1139 1165 857 & 882 | 904 1118 1139 1165 -1 0 0 1 O
005-11 & 861 = 887 | 910 ' 1133 1156 1182 861 A 887 | 910 1132 1156 1181 0 0 0 1 0O
005-21 | 880 | 907 | 928 ' 1157 1178 1206 880 @ 907 | 927 1157 1179 /1205 0 0 1 0O O
006-11 | 880 ' 907 | 927 1162 1184 1211 879 A 907 | 928 1160 1184 (1211 1 0 -1 2 0
006-21 | 880 907 | 928 1168 1188 1214 879 | 907 | 927 1168 1188 1217 1 0 1 0 O
007-11 | 876 901 | 924 1144 1166 1190 877 A 901 | 923 1144 1166 1190 -1 0 1 0 O
007-21 | 878 903 | 924 1146 1168 1190 878 903 ' 924 1146 1168 1192 0 0 O O O
008-11 | 911 935 | 957 | 1164 1186 1210 910 & 935 | 957 1164 1186 1209 1 0 0O 0O O
008-21 | 912 936 | 957 1165 1186 1209 911 ' 936 ' 958 1164 1187 1209 1 0 -1 1 O
009-11 | 930 956 | 978 1176 1198 (1222 930 @ 956 | 978 1175 1198 1223 0 O ' 0 1 1
00921 | 925 | 952 | 974 [ 1170 1194 1219 926 ' 952 | 973 1171 1194 1218 -1 O 1 ' -1 0O
010-11 | 916 939 | 960 1178 11198 (1220 916 A 939 | 960 (1177 1198 1221 0 0O 0O 1 O
010-21 | 926 & 948 | 968 1185 1207 (1231 926 @ 948 | 969 1186 1207 1230 0 O -1 -1 O
011-11 & 838 863 | 885 1090 1114 1138 838 863 ' 885 1088 1114 1138 0 0 0 2 O
011-21 & 839 864 | 887 1094 1115 1141 839 @ 865 ' 887 1094 1115 1142 0 0 0O O O
012-11 | 877 | 904 | 925 1140 1162 1187 878 @ 905 ' 926 1141 1162 1187 -1 0 -1 -1 0
012-21 | 879 904 | 925 1141 1162 1186 878 @ 904 ' 926 1140 1163 1187 1 0 -1 1 0
013-11 = 868 ' 893 | 915 1134 1157 ‘1182 866 A 893 | 914 1134 1157 1182 2 0 1 0 1
013-21 869 895 | 915 1139 ' 1159 /1185 868 @ 895 | 915 1138 1160 1185 1 0 ' 0 1 -1
014-11 & 856 & 881 | 902 ' 1102 ' 1123 ' 1148 856 = 881 ' 902 1101 1123 1147 0 0 0 1 0
014-21 & 860 & 883 | 906 1105 1125 1150 860 @ 883 | 905 1105 1125 1150 0 0 1 0O O
015-11 | 895 | 922 | 944 1168 1193 (1218 894 & 922 | 945 1168 1193 1218 1 0 -1 0O O
015-21 | 894 | 921 | 945 1168 1193 ' 1218 894 @ 921 | 945 1167 1192 1218 O O 0 1 1
016-11 | 898 ' 924 | 946 1161 1182 1210 898 @ 924 ' 946 1160 1182 1209 0 0 ' 0 1 O
016-21 | 896 @ 921 | 944 1159 1180 (1206 896 @ 921 ' 943 1159 1180 1206 O O 1 O O
017-11 | 879 | 905 | 927 1152 1178 (1204 879 & 905 | 929 1154 1178 1204 O O -2 -2 0
017-21 | 874 902 | 924 1155 1178 (1205 875 901 ' 924 1157 1180 1205 -1 1 0 @ -2 -1
018-11 & 885 | 910 | 932 1138 1162 1187 884 909 ' 931 1138 1162 118 1 1 . 1 0 O
01821 | 877 904 | 922 1136 1159 1182 877 @ 903 6 922 1136 1159 1182 0 1 A O O

019-11 | 870 & 898 | 920 11139 1162 1187 871 898 | 919 1139 1162 1188 -1 0 1 0 O
019-21 | 875 ' 903 | 923 1152 1171 /1199 875 @ 903 | 924 1151 1172 1199 0 0 -1 1 -1
020-11 @ 836 860 | 881 1095 1116 1141 835 861 ' 881 1093 1116 1140 1 0 0 2 O
020-21 | 834 858 | 878 1094 1115 1138 834 859 | 878 1094 1115 1139 0 0 O 0O O
021-11 & 864 & 891 | 912 11119 1142 1169 864 892 | 912 1120 1142 1168 O 0 O -1 O
02121 & 863 | 893 | 911 1125 1146 1174 864 892 ' 911 1125 1146 1173 -1 1 . 0 0 O
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026-11
026-21
027-11
027-21
028-11
028-21
029-11
029-21
031-11
031-21
032-11
032-21
033-11
033-21
034-11
034-21
035-11
035-21
036-11
036-21
037-11
037-21
038-11
038-21
039-21
039-21
040-11
040-21
041-11
041-21
042-11
042-21
043-11
043-21
044-11
044-21
045-11
045-21
046-11

A
863
814
783
801
791
796
795
804
801
780
785
793
789
756
737
781
778
898
894
868
863
888
885
867
864
876
878
858
851
855
843
862
861
858
850
865
860
861
860
844
844
854
853
813
822
823
823
818

walaauan gLy
B C D E
893 | 911 1125 1146
840 | 861 1087 1109
811 829 1063 1084
828 | 850 | 1076 1101
819 841 1073 1096
822 | 845 | 1055 1079
824 | 844 1060 1082
833 857 11085 1109
831 853 1088 1112
806 | 826 1058 1079
809 | 833 1063 1084
820 ' 843 1044 1069
818 | 839 1047 1071
782 803 ' 1016 1039
767 786 1001 1024
805 | 826 | 1026 1047
804 ' 823 1030 1049
923 943 1141 1162
921 | 941 1144 1163
894 ' 914 1145 1166
892 | 909 1148 1166
915 937 1142 1165
913 | 934 1145 1166
893 916 ' 1183 1205
892 911 1183 1202
904 | 925 1132 1155
905 924 1140 1160
883 906 1089 1113
878 ' 898 1087 1109
881 905 1126 1150
872 | 894 1118 1142
888 | 910 1122 1144
887 | 909 1122 11145
884 | 906 ' 1137 1159
879 898 1136 1158
891 | 917 1123 1147
889 910 1125 1147
886 | 908 1115 1139
887 909 1115 1139
871 896 1116 1142
871 | 894 1117 1143
882 904 1129 1154
883 | 903 1137 1158
840 ' 862 1087 1110
851 | 870 1101 1124
848 870 1072 1094
850 | 870 1077 1099
845 | 870 1084 1110

F
1174
1135
1109
1127
1122
1103
1106
1135
1139
1103
1108
1095
1098
1064
1049
1072
1076
1186
1188
1192
1194
1190
1193
1231
1229
1181
1187
1138
1134
1177
1169
1169
1172
1184
1186
1173
1173
1164
1164
1168
1169
1179
1185
1137
1150
1119
1125
1136

A
864
814
784
801
791
797
797
803
802
780
785
793
789
756
739
781
778
898
895
867
863
888
886
866
865
878
878
858
852
855
844
863
861
858
852
865
861
861
862
845
844
855
855
814
822
823
823
818

Nan1TasIRTUNNTUTUATU

B
892
840
811
827
819
822
823
833
831
806
810
820
818
782
767
805
804
923
921
894
891
915
913
893
892
904
905
882
878
881
872
888
887
884
879
891
889
886
886
871
871
882
883
840
851
848
850
844

c
911
862
830
851
840
845
843
858
854
827
831
844
839
804
785
826
823
943
941
914
909
937
934
914
911
925
924
905
898
905
894
910
908
905
898
916
910
908
908
895
894
903
902
862
870
870
869
868

D
1125
1086
1063
1075
1072
1055
1059
1085
1088
1058
1063
1044
1046
1017
1002
1025
1029
1141
1144
1144
1146
1142
1145
1183
1184
1134
1140
1089
1087
1127
1120
1121
1123
1137
1136
1121
1123
1116
1116
1117
1117
1130
1136
1086
1101
1072
1078
1084

E
1146
1110
1085
1100
1096
1078
1082
1110
1112
1080
1084
1070
1071
1040
1025
1047
1049
1162
1163
1166
1166
1166
1167
1205
1202
1156
1161
1112
1109
1150
1142
1144
1145
1159
1157
1147
1148
1139
1139
1142
1143
1153
1159
1110
1124
1094
1098
1109

1173
1135
1109
1126
1122
1103
1107
1135
1138
1103
1107
1096
1097
1064
1049
1072
1075
1186
1188
1191
1193
1190
1192
1232
1230
1181
1187
1136
1133
1175
1169
1169
1171
1184
1185
1173
1174
1163
1163
1167
1169
1179
1184
1134
1150
1119
1124
1135

HAAINTTUINIFDIIE
B C D E
1 0.0 0
0 -1 1 (o]
0 -1 0 0
10101 1
0 1 1 0
0O 0 0 1
111 0
0 -1 0 0
0 -1 [0] 0
0 -1 0 -1
0O 2 0 o0
0 -1 0
0 0 1 0
1 011 4
0 1 -1 -1
0O 0 1 o0
0 0 1 0
0 0 0 1
0 0 0 0
0 0 1 0
1 0:2 o0
0 0 0 0
0 0 0 0
0 2 [0] 0
1 0 -1 0
0o 0 2.0
0 0 0
1001 1
0 0 0
0 0 -1 0
1 02 0
0 0 1 0
0O 1 1.0
0 1 (o]
0 0 1
0o 1 2.0
1 0 2 0
0O 0 -1.0
11 1.0
0 1 -1 0
0 0 0 0
0 1 -1 1
0O 1 1.0
0 0 1 o]
0 0 0
0 0 0
0 1 -1 1
2 2 .0 1
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046-21
047-11
047-21
048-11
048-21
049-11
049-21
050-11
050-21
051-11
051-21
052-11
052-21
053-11
053-21
054-11
054-21
055-11
055-21
056-11
056-21
057-11
057-21
058-11
058-21
059-11
060-11
060-21
061-11
061-21
062-11
062-21
063-11
063-21
064-11
064-21
065-11
065-21
066-11
066-21
067-11
067-21
068-11
068-21
069-11
069-21
070-11
1070-21

A
811
804
799
816
809
803
796
811
810
937
936
935
936
926
941
944
943
964
960
917
925
941
934
964
963
970
1080
1079
1055
1053
1030
1031
1032
1030
1031
1031
1033
1037
996
992
1025
1017
945
945
957
957
968

951

walaauan gLy
B C D E
840 | 861 1084 1108
831 | 852 11091 1115
827 847 1091 1115
844 | 866 1111 1136
839 857 1111 1134
830 | 853 | 1071 1094
825 845 1069 1093
838 | 862 1084 1109
838 | 859 1088 1112
964 | 989 1203 1226
963 | 985 1201 1224
961 985 1192 1218
962 986 1192 1217
952 | 977 11201 1225
968 | 990 1219 1242
971 | 991 1204 1224
969 987 1206 1226
991 1012 1219 1242
987 1010 1216 1238
946 « 970 ' 1222 1247
953 | 977 1229 1254
968 ' 988 1241 1263
961 982 1234 1256
989 1010 ' 1206 1228
989 1010 1207 1229
997 1020 1238 1261
1108 1 1132 1351 1374
1108 1130 ' 1350 ' 1374
1081 1 1103 ' 1316 $ 1338
1081 1 1102 ' 1315 1337
1057 1 1081 1320 ' 1347
1059 1 1083 ' 1329 ; 1352
1057 1 1082 1 1307 | 1331
1056 1 1079 1 1309 ; 1332
1058 1 1081 1 1323 1348
1058 1 1080 ' 1330 ' 1351
1060 1 1084 1 1317 1341
1065 1086 ' 1326 | 1347
1020 : 1043 1 1303 1326
1019 1 1041 ' 1300 ; 1324
1053 1 1076 1 1303 ' 1327
1044 1 1067 1294 ; 1319
971 | 993 1247 1270
972 993 1244 1268
983 11003 1208 1228
984 11002 1209 : 1228
998 1022 1232 1257
983

1005

1216

1241

F
1134
1141
1141
1163
1163
1120
1119
1135
1140
1253
1249
1243
1243
1251
1269
1249
1250
1267
1264
1275
1282
1290
1283
1254
1253
1289
1402
1401
1364
1363
1373
1380
1356
1360
1373
1380
1365
1375
1350
1349
1353
1346
1295
1294
1254
1253
1288

1270

A
812
804
799
816
810
802
795
812
810
938
937
935
936
927
943
946
943
966
962
918
925
941
935
964
964
970
1081
1080
1056
1055
1030
1032
1031
1030
1031
1031
1034
1037
996
994
1025
1016
945
946
956
957
968

952

Nan1TasIRTUNNTUTUATU

B
839
831
828
844
839
830
825
838
838
965
964
962
962
953
969
971
969
991
987
946
953
968
961
989
989
997
1108
1108
1081
1081
1058
1059
1057
1056
1058
1058
1061
1065
1021
1019
1053
1044
971
971
983
984
998
983

C
861
852
846
865
858
852
845
861
859
988
986
985
986
977
991
991
988
1013
1009
969
976
988
982
1010
1010
1019
1131
1131
1101
1100
1081
1083
1081
1079
1081
1080
1083
1086
1042
1040
1075
1067
993
991
1003
1002
1021

1006

D
1085
1091
1093
1113
1112
1072
1071
1085
1089
1201
1199
1192
1192
1200
1217
1204
1206
1218
1214
1222
1229
1241
1234
1206
1207
1239
1351
1350
1316
1315
1321
1329
1306
1309
1323
1329
1317
1326
1303
1299
1302
1295
1247
1245
1207
1208
1233

1216

E
1108
1115
1116
1136
1135
1094
1094
1109
1112
1226
1225
1218
1218
1225
1242
1224
1226
1242
1238
1247
1255
1263
1256
1228
1228
1261
1375
1374
1338
1337
1347
1352
1331
1332
1348
1353
1340
1348
1326
1324
1327
1319
1270
1268
1228
1228
1258

1240

1134
1141
1141
1162
1161
1119
1118
1134
1139
1252
1249
1243
1242
1251
1268
1249
1250
1268
1263
1274
1281
1289
1282
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1400
1363
1362
1372
1379
1356
1359
1373
1379
1366
1375
1350
1348
1352
1345
1296
1294
1252
1252
1287
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B C D E
2 .0 -1 .0
0 0 0 0
0 1 -2 0
0 1 -2 0]
0 -1 -1 -1
0o 1 -1 .0
0 0 -2 o]
0 1 -1 0
0 0 -1 0]
0 1 2 0
0o -1 2 0
0 0 0 0
0 0 0 0
0 0 1 0]
-1 -1 2 0
0O 0 0 o©
0 -1 0 0
0 -1 1 0
0 1 2 o]
0 1 0 0
0O 1 0 o0
0 0 0 1
0 0 0 1
0 0 0 0
0 0 0 1
0o 1 -1 0
0 1 0 0
0 -1 0
0 2 o]
0 2 0 0
0O 0 -1 0
0 0 0 0
0O 1 1.0
0 0 0 0
0 0 0 0
0o 0 1!
-1 1 0 1
0O 0 0.0
-1 1 (0] 0
0 1 1 0
0 1 1 o]
0 0 -1 0
0O 0 0.0
12 1.0
0 0 1 0
0 0 1 0]
0 1 -1 0
0 -1 0 1
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walaauan gLy HaNITaTIATUNTUTULNTH HAAINTTUINIFDIIE

fdanw @ A B C D E F A B C D E F A B C D E
071-11 | 971 | 997 1019 | 1215 1239 1264 972 998 1019 1215 /1239 1264 -1 O 0 ' 0 1
071-21 958 986 1005 1209 1231 1256 959 986 1005 1207 1231 1256 -1 0 6] 2 (o]
072-11 947 | 972 | 992 1234 1257 1281 948 971 @ 993 1234 1257 1281 -1 1 -1 0 0
07221 | 946 = 971 | 991 ' 1237 /1258 1284 947 | 970 992 1238 /1258 1283 -1 1 -1 -1 O
073-11 1057 1 1085 ' 1110 1348 1374 1399 1057 1085 1110 1348 1374 1400 O 0 0 0 0
073-21 1063 /1089 1 1115 1354 1378 1406 1063 1089 1115 1354 1378 1406 0 O 0 (' 0 ' O
074-11 1073 /1097 1 1118 1330 1351 13751073 1097 1118 1331 1351 1374 O 0 0 -1 o]
074-21 1072 /1097 ' 1117 1329 1348 1373 1073 1097 1116 1329 1348 1373 -1 0 1 0 0
075-11 1065 1089 1 1113 1306 1328 1353 /1065 1089 1113 1305 1327 /1354 O 0 0 1 1
075-21 1063 | 1087 1 1111 1304 1325 1352 1064 1088 1111 1304 1325 1351 -1 0 0 0 0
076-11 | 982 1011 1036 1239 1265 1293 983 1011 1036 1239 /1265 1292 -1 O 0 ' 0 ' O
076-21 985 1014 1040 ' 1243 1268 1297 @ 987 1015 1039 1243 1268 1296 -2 0 1 0 0
077-11 | 982 1007 1027 1240 i 1261 1286 983 1007 1027 1240 1261 1285 -1 . O O O ! O
077-21 | 969 ' 994 1013 1226 1246 1271 969 & 994 1013 1225 1247 1270 O O O 1 ' 0O
078-11 1047 1 1074 11096 1314 1340 1368 1047 1074 1096 1316 1340 1366 O 0 0 -2 0
078-21 1044 1072 1093 | 1319 1343 1370 1044 1073 1093 1319 /1343 1370/ 0 O 0 ' 0 O
080-11 1031 ;1058 1 1081 1289 1313 1340 1032 1058 1081 1287 1314 1340 -1 0 0 2 -1
080-21 1034 | 1061 1084 1300 1320 1348 1035 1062 1084 1299 1320 1348 -1 0 0 1 0
081-21 1041 1067 1 1089 1 1311 1334 1359 1 1040 1068 1089 | 1310 1334 /1358 1 -1 0 1 o]
082-11 1032 ;1059 1 1082 ' 1302 1327 1353 1031 1058 1080 1303 1327 1354 1 1 2 -1 0
082-21 1019 ' 1046 1068 ' 1294 1316 1343 1019 1047 1068 1293 /1316 1342/ 0 O 0 ' 1 ' O
083-11 1101 ;1127 1 1149 1 1383 1405 1430 1102 1127 1149 1382 1406 1430 -1 0 0 1 0
083-21 10951121 1143 1376 1399 1424 1095 1122 1143 1377 1400 1424/ 0 O O ! -1 . O
084-11 1101 1126 1148 1387 1410 1435 1101 1126 1147 1388 1410 1434 0 0 1 -1 . 0
084-21 1099 | 1125 ' 1147 1392 1411 1437 1100 1125 1145 1392 1412 1437 -1 0 2 0
085-11 | 1102 1128 1150 ' 1384 1406 1432 1102 1128 1149 1384 1406 1431 0 0 1 0
085-21 1101 ;1128 1 1149 1387 1408 1435 1102 1128 1149 1387 1408 1434 -1 0 0 0
086-11 1088 1114 1136 ' 1370 1393 ' 1417 1089 1114 1135 1370 1393 1416/ -1 0 1 : 0 ' O
086-21 1092 1116 1138 1373 1397 ' 1421 1092 1116 1138 1374 1397 1421 0 O O -1 1
087-11 1107 ; 1134 ' 1157 1 1372 1397 1422 1107 1134 1157 1372 1398 1423 O 0 0 0 0
087-21 1106 | 1133 1155 1373 1397 ' 1422 1106 1133 1155 1373 /1397 1422/ 0 O 0 ! 0 ' O
88_11 945 | 972 | 997 11229 1252 1279 944 973 | 995 1229 1252 1278 1 0 2 0 0
88 12 954 ' 983 1005 1242 11263 1291 954 = 983 1004 1242 1263 1290 0O O 1 0 | O
88 21 954 | 982 11006 ' 1243 1264 1293 ' 955 982 1005 1243 1263 1292 -1 0 1 (0] 1
89 11 911 | 940 ' 965 1184 1210 ;1238 @ 911 @ 940 # 966 ' 1182 1210 1237 O 0 -1 2 0
89 21 891 ' 922 945 1171 1197 1225 893 @ 922 944 1170 1197 1224 -2 0 1 . 1 | O
90_11 895 | 921 ' 944 1149 1176 1200 896 921 & 944 1151 1176 1201 -1 0 0 -2 0
90 21 908 | 933 & 955 1158 ' 1183 1207 A 908 & 933 & 956 1158 1183 1207 O O -1 . 0 | 1
91_11 918 | 944 @ 968 1167 1190 1215 919 944 967 1167 1190 1214 -1 0 1 o]
91 21 910 | 938 | 960 1161 ;1184 1210 911 938 # 960 | 1162 1185 1210 -1 0 0 -1 0
92 11 878 | 907 @ 930 ' 1171 1195 1222 880 907 929 1171 1195 1220 2 O 1 0 ' O
92 21 880 ' 908 ' 932 11721196 1222 881 908 & 931 1173 1196 1222 -1 0 1 -1 0
93 11 880 | 907 = 929 1158 11182 1208 880 908 @ 931 1158 1183 1208 O O -2 0 | O
93_21 883 ' 910 ' 933 1161 1185 1210 883 910 @ 933 1160 1185 1210 O 1 0 1 o]
94 11 887 | 913 936 1148 1172 1197 886 913 937 1148 1172 1197 1 0 -1 0 | O
94 21 881 | 909 | 934 ' 1146 1171 1197 880 909 @ 933 1147 1172 1197 1 0 1 . -1 0
95_11 836 ' 863 | 889 1142 1168 1195 836 863 | 889 1143 1168 1195 O 0 0 -1 0

840 | 867 = 890 1155 1176 1205 840 867 = 890 1155 1176 1203 0O O O . 0 | O
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1_016{ExotropialExotropiaiExotropial 0.3627 1 0.3280 |ExotropiaiExotropiaiExotropiaf13.2172{-1.2168} 16.8251 {-1.6164{ Exotropia | Exotropia { Exotropia
1_024iExotropia{ExotropialExotropiaj 0.439310.4277{ normal | normal { normal |1.6729{-4.4235! 2.1536 {-5.1869} Exotropia { Exotropia { Exotropia
1_031iExotropia{ExotropiaiExotropia; 0.4531} 0.4443} normal | normal } normal |2.6786}-2.0000! -1.4045 !-7.2052} normal | Exotropia ! Exotropia
1_038iExotropialExotropiajExotropia} 0.4444]0.4113 | normal | normal | normal |1.4440{-4.2727} 2.1003 [-6.9168} Exotropia | Exotropia | Exotropia
1_041i normal | normal { normal {0.465310.4655! normal | normal i normal :1.9590-1.5152; 2.2500 i-1.1950; normal normal normal
1_047i normal i normal { normal {0.463310.44941 normal { normal i normal {2.18531-1.48261 1.8224 i-3.2524i normal normal normal
1_055} normal | normal | normal {0.4771}0.4442} normal | normal { normal }0.4425{-1.8240{ 1.0227 {-4.6226{ normal | Exotropia | Exotropia
1_057i normal | normal { normal {0.45731{0.4346{ normal | normal { normal {1.8900i{-2.3810{ 2.5322 {-4.0084{ normal | Exotropia { Exotropia
1_063} normal | normal | normal {0.4814}{0.4699} normal | normal } normal }{1.0246}{-0.8416} -0.0484 {-3.0911} normal normal normal
1_065[ExotropialExotropialExotropia 0.447110.4428 | normal | normal | normal |2.6986{-2.5956! 2.9954 {-2.7293} normal | Exotropia | Exotropia
1_066! normal | normal { normal {0.4485:0.4529 normal | normal | normal }3.2258:-1.9504: 2.7500 i-1.9737! normal normal normal
1_068iExotropiai normal {Exotropiai 0.472810.47311 normal { normal i normal {1.54761-1.17591 -0.4697 i-3.1893i normal normal normal
1_082} normal | normal | normal |0.4576}0.4523} normal | normal { normal }2.4549{-1.7787} 2.5449 {-2.2135} normal normal normal
1_083! normal | normal { normal {0.471210.46891 normal | normal i normal }1.2897i-1.5890} 0.1889 {-2.9487! normal normal normal
1_087} normal | normal | normal }{0.4549}0.4550} normal | normal } normal }{3.2653}-1.2749} -0.6550 {-5.3324} normal normal normal
1_090; normal | normal | normal |0.4475}0.4333| normal | normal | normal |2.5449{-2.7062} 2.0833 [-4.6009; normal | Exotropia | Exotropia
1_091i normal | normal { normal {0.472010.4639 normal | normal ! normal {1.7123:-1.0722: 0.5172 i-3.0837! normal normal normal
1_096i normal i normal { normal {0.484610.46841 normal { normal i normal {1.27951-0.25561 1.1364 i-2.0224i normal normal normal
1_097; normal | normal { normal |0.4749;0.4621| normal | normal { normal }2.1429{-0.3459} 2.8912 {-0.9382} normal normal normal
1_101{Exotropia{ExotropiaiExotropia} 0.4512}0.4512} normal | normal { normal }3.4038{-1.4526} 2.0023 {-2.8816{ normal normal normal
1_102! normal | normal ! normal !0.4436!0.4392! normal | normal { normal |2.6000}-3.0488!-0.4717 {-6.6957; normal ! Exotropia | Exotropia
1_105! normal | normal | normal !0.4490!0.4347! normal | normal { normal |3.2552}{-1.8793! 1.9939 {-4.5802} normal ! Exotropia | Exotropia
1_109: normal | normal ! normal !0.4549:0.4779! normal ! normal { normal }0.78531-3.7356! 0.2700 i-1.9142{ normal normal normal
1_116 normal | normal { normal |0.4818:0.4534} normal | normal { normal {1.29631{-0.5300{ 0.5495 {-4.1105{ normal normal normal
1_117:ExotropiaiExotropiaExotropia; 0.4025: 0.4099 :Exotropia; normal :Exotropia; 7.6087:-2.2349: 4.7325 :1-4.2857: Exotropia : Exotropia ; Exotropia
1_118iExotropialExotropiaExotropia 0.446210.4244 ! normal | normal i normal }3.15221-2.2088} -0.3589 i-8.0629{ normal | Exotropia { Exotropia
1_121! normal | normal ! normal !0.4710!0.4594! normal ! normal { normal }1.4432}{-1.4579} 1.2222 {-2.8465} normal normal normal
1_131Exotropia{ExotropiaiExotropia; 0.4473:0.4296 ! normal ! normal ; normal |1.0042;-4.3436! 3.2460 :-3.7921; Exotropia ! Exotropia { Exotropia
1_136f normal | normal | normal |{0.4515:0.4452} normal | normal { normal }2.6498{-2.2016} 2.1971 {-3.2710{ normal normal normal
1_137; normal | normal { normal |0.4660:0.4647! normal | normal { normal {1.0128{-2.38361 0.2971 {-3.2209{ normal normal normal
1_139:ExotropiaiExotropiaiExotropiai 0.47501 0.4664 : normal | normal i normal :1.2850:-1.2208: 1.9880 i-1.3889: normal normal normal
1_140i normal | normal { normal |0.4602!0.4362! normal | normal i normal }2.2959i-1.6878} 3.2534 i-3.1250{ normal | Exotropia{ Exotropia
1_147} normal | normal { normal {0.4501}0.4604} normal | normal } normal |2.7883-2.2014} 1.4332 }-2.5349!{ normal normal normal
1_153; normal | normal | normal ;0.4688:;0.4625; normal | normal } normal ;0.7141:-2.3565: 0.7531 }-3.0268: normal normal normal
1_156} normal | normal | normal }0.4486]0.4492 normal | normal | normal [2.9066-2.2279! 3.7639 1-1.3156! normal normal normal
1_159iEsotropia{EsotropiaiEsotropial 0.551310.5213 |EsotropiaiEsotropiaiEsotropia} 2.1667 1 8.2071 | 4.1563 16.9088} Esotropia | Esotropia | Esotropia
2_001:ExotropiaiExotropiaiExotropiai 0.4495:0.4715: normal | normal i normal :1.6768:-3.4038: 0.0000 :-2.7778! normal normal normal
2002} normal | normal i normal i0.454510.45861 normal | normal { normal i2.1499-2.4038; 0.9219 i-3.2776; normal normal normal
2 003} normal | normal | normal }0.4608}0.4545} normal | normal } normal |2.2182{-1.6908} 2.2622 |-2.2861]{ normal normal normal
2_006;Exotropia; normal {Exotropia; 0.4641;0.4490; normal | normal } normal ;1.5873:-2.0115; 1.3658 :-3.7671: normal normal normal
2 007 normal | normal | normal |0.4905]0.4547 normal | normal | normal |1.6026]0.6180! 2.1429 1-2.3904] normal normal normal
2 _014; normal | normal | normal |0.4463]0.4382 normal | normal | normal |2.8557-2.5137} 1.2635 [-4.9591} normal | Exotropia | Exotropia
2 015! normal | normal i normal :0.478310.4743 normal | normal i normal :1.8924:-0.3138: 0.4525 i-2.0713; normal normal normal
2_021iExotropiaiExotropiaiExotropiai 0.4262 1 0.3996 iExotropiaiExotropialExotropiai-1.1236i-8.95521 7.2404 i-2.8226i Exotropia i Exotropia i Exotropia
2 023} normal | normal { normal }0.4682}0.4665} normal | normal { normal |2.2285{-0.9516} 1.2972 |-2.0642{ normal normal normal
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2_024: normal | normal { normal !0.4831:0.4460! normal ! normal | normal :0.9091-0.7848: 3.0364 i-2.3885! normal normal normal
2 025 normal : normal i normal i0.472210.4782: normal i normal i normal :0.2610:-2.5362: 1.3499 1-0.8317: normal normal normal
2_028!ExotropialExotropialExotropia} 0.443010.4219} normal | normal | normal |3.0418{-2.6596] 4.4239 1-3.3898] normal | Exotropia { Exotropia
2_030{ normal | normal { normal {0.4600}0.4349! normal | normal { normal {2.3381{-1.6595! 4.6959 {-1.8737{ normal | Exotropia { Exotropia
2_032! normal | normal | normal !0.4444!0.4457! normal | normal { normal !6.291410.7443 ! 0.5583 i-4.7741} normal ! Exotropia ! Exotropia
2 035} normal | normal | normal |0.44500.4470| normal | normal | normal |2.5551-2.9438! 3.0749 !-2.2267! normal normal normal
2 038 normal | normal | normal {0.473410.4510! normal | normal ! normal :2.1310:-0.5155: 1.8240 1-3.0961: normal normal normal
2_041iExotropialExotropialExotropial 0.479610.4664 | normal | normal i normal i1.1165{-0.9291; 1.8486 1-1.5049i normal normal normal
2_044i normal | normal | normal {0.4837}0.4560{ normal | normal | normal |1.2055-0.4509; 2.8032 {-1.6355{ normal normal normal
2 045} normal | normal | normal {0.455710.4432} normal | normal { normal }3.1437{-1.3014} 3.7449 !-1.9598! normal normal normal
2 046} normal | normal | normal }0.4740{0.4677{ normal | normal } normal |0.4562-2.1347! 2.1154 !-1.1290! normal normal normal
2 047! normal | normal | normal |0.4535{0.4516| normal | normal | normal |1.9231-2.7273! 2.5482 !-2.2843! normal normal normal
2 048 normal | normal | normal {0.476810.4794! normal | normal ! normal !1.0549-1.2677: 2.2237 10.2347: normal normal normal
2 049 normal | normal | normal {0.475810.46271 normal | normal i normal |1.9752-0.43861 2.7096 1-1.0171i normal normal normal
2 050{ normal | normal | normal }0.4606{0.4477} normal | normal | normal |2.2917{-1.6432} 1.9122 }-3.3217; normal normal normal
2 051} normal | normal | normal }0.468610.4555} normal | normal i normal {2.1930{-0.9777} 2.5140 i-1.9341{ normal normal normal
2 052! normal | normal | normal }0.4563}{0.4695! normal | normal } normal |4.0598-0.3582! 1.4244 !-1.6272! normal normal normal
2 053} normal | normal | normal |0.49340.4609| normal | normal | normal |1.151310.5556! 3.0151 !-0.9036! normal normal normal
2 0541 normal | normal | normal {0.436410.4374! normal | normal i normal 3.9871-2.3810: 2.4017 1-3.8828: normal ! Exotropia ! Exotropia
2 _055iExotropialExotropialExotropial 0.464310.46891 normal | normal i normal |1.8061-1.76211 1.4550 1-1.6575! normal normal normal
2_056; normal | normal { normal |0.4524}0.4430} normal | normal | normal |1.1614{-3.6307; 3.7115 {-1.9912}{ normal normal normal
2_057iExotropialExotropialExotropiai 0.455410.4728 1 normal | normal | normal |2.6627|-1.8085} 1.7059 i-1.0241} normal normal normal
2_058! normal | normal | normal !0.4505!0.4542! normal ! normal | normal !2.7926-2.1468! 2.9026 i-1.6529! normal normal normal
2_062!{Exotropial normal {Exotropial 0.4693!0.4687! normal | normal | normal |2.5362!-0.5814! 1.3103 [-1.8008! normal normal normal
2_064:ExotropiaiExotropiaiExotropiai 0.481310.4486! normal ! normal | normal [2.7555:0.7895! 3.4335 i-1.7068! normal normal normal
2_067: normal | normal { normal {0.4545!0.45721 normal | normal | normal |2.5665-2.0000; 2.8207 {-1.4130{ normal normal normal
2_074: normal ; normal ; normal :0.4812:0.4480: normal : normal i normal :1.1996:-0.6732: 2.5615 :-2.6371: normal normal normal
2_076iExotropial normal {Exotropiai 0.457810.4520} normal | normal | normal |1.9777-2.2506! 0.8850 i-4.0354! normal normal normal
2 077! normal | normal | normal !0.4891!0.4573! normal ! normal | normal !1.4331!0.3922! 2.2978 i-1.9685! normal normal normal
2_080: normal | normal ; normal :0.4754:0.4610} normal ! normal j normal :1.8775-0.5556! 2.2045 !-1.6964: normal normal normal
2 081 normal | normal | normal {0.4576!0.4539{ normal | normal | normal |3.7469-0.5376! 1.8657 i-2.7302{ normal normal normal
2_084i normal | normal { normal {0.459110.4441} normal | normal | normal |2.7664-1.3158} 2.6527 [-2.9412i normal normal normal
2 085! normal | normal i normal :0.4689:0.4826: normal | normal i normal :2.7982:-0.3638: 2.2142 10.4420: normal normal normal
2_086iExotropialExotropialExotropial 0.465610.4398 ! normal | normal i normal |2.1719i-1.2563} 3.2460 i-2.7778} normal | Exotropia { Exotropia
2 087! normal | normal { normal {0.4471}0.4582} normal | normal { normal |2.5229-2.7662} 2.2727 |-1.9072{ normal normal normal
2_090; normal | normal ; normal ;0.4672}0.4554; normal | normal } normal ;3.0797:-0.2604; 3.3270 :-1.0943: normal normal normal
2093} normal | normal | normal |0.4586]0.45391 normal | normal | normal }2.2152-1.92311 1.2168 1-3.4331] normal normal normal
2098 normal | normal | normal }0.4658]0.4542 normal | normal | normal |2.5097-0.9259! 3.0682 1-1.4501] normal normal normal
2_099:Exotropiai normal iExotropiai 0.468410.4496: normal | normal i normal :0.7112:-2.4953: 2.9891 i-2.0567: normal normal normal
2_103iExotropiaiExotropiaiExotropiai 0.46201 0.45821 normal | normal { normal i2.6573i-1.1416: 2.5862 i-1.5805; normal normal normal
2_112{ExotropialExotropiajExotropia} 0.455910.4340} normal | normal | normal {2.1028{-2.3034{ 2.4262 {-4.1747} normal | Exotropia { Exotropia
2 113! normal | normal ; normal ;0.4440;0.4645; normal | normal } normal ;2.9880:-2.5967; 1.7276 :-1.8235: normal normal normal
2_114; normal | normal | normal }0.438310.4443 normal | normal | normal |3.1192-3.0488! 3.3270 1-2.2059! normal normal normal
2 115} normal | normal | normal }0.473710.4680| normal | normal | normal [2.0791-0.5187! 2.0297 1-1.1553] normal normal normal
2_117:ExotropiaiExotropiaiExotropiai 0.46761 0.3832 1 normal iExotropiaiExotropiai 2.3515:-0.8900: 2.5105 i-9.3750: normal i Exotropia ! Exotropia
2_118Exotropiai normal iExotropiai 0.451010.4754} normal | normal | normal i2.8742-2.0294: 0.9947 i-1.4860; normal normal normal
2 119} normal | normal { normal {0.5065}0.4839 {Esotropia} normal {Esotropia}0.2415{0.9080! 0.6579 {-0.9506{ normal normal normal
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Abstract—The Strabismus affects about 4% of the children
population, causing amblyopia disease. However, this problem
can be found by the Hirschberg test that is one of the exams used
to detect this pathology. This work presents a methodology for
automatic detection of strabismus in digital images through the
Central corneal light reflex ratio (CCLRR) based on digital
image processing. The proposed algorithm was organized into
three stages: (1) skin detection was analyzed using the threshold
of RGB color model (2) the locations of the eyes were detected
using the morphological operation technique, position, threshold
of gray level and shape. (3) The detection of the corneal light
reflex were automatically detected by the grey levels in the range
from histogram equation and locating of limbus. The
methodology has produced results on the range 94.17% of
accuracy, 97.23% of sensitivity and 73.08% of specificity.

Index Terms—Strabismus, strabismus central
corneal light reflex ratio, Hirschberg test.

screening,

1. INTRODUCTION

Strabismus found about 4% of children is a disorder in
which the eyes are not properly aligned and point to different
directions. It is caused by disorders of coordination between
the extra ocular muscles. The strabismus is a cause of
amblyopia, i.e., brain ignoring input from one eye. Nineteen
percent of strabismus in children during brain development is
likely to be amblyopia [1]. Strabismus affect to a stereoscopic
depth, i.e., capacity for stereoscopic of 3 dimensional visions.
Moreover, it affects to personality traits and employment
opportunities [2].

Treatment of strabismus should be started as soon as
possible to ensure the best possible visual acuity [3]. It can be
treated in several ways such as eyeglasses, vision therapy, and
surgery, depending on the type of symptoms. Early treatment
of strabismus in infancy may reduce the number of surgery and
the chance to become amblyopia. Treatment with eyeglasses
and vision therapy can treat strabismus to 96% [4] but cannot
treat the case of manifest strabismus. Eye surgery can help a
normal response in appearance or personality, but cannot help
develop improved vision. Therefore, treatment should be
started as soon as possible to ensure the best possible visual
acuity. Patients will be diagnosed and treated in a timely
manner consistent with the efficiency in the visible
permanently [5], [6].
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Strabismus can be identified by the binocular motor
functions assessment e.g. cover tests, corneal light reflex tests,
simultaneous prism cover test, or any other devices, such as
synoptophore. However, these devices are expensive and
difficult to apply in a real situation due to the lack of
ophthalmologists. These problems can be resolved by using
automatic detection of strabismus with digital images system
through luminous reflection of the cornea of the first Purkinje
image generated by the Hirschberg test [7]. Their image
processing techniques consist of geostatistical function and
support vector machines. With similar objective, the authors in
[8] have determined the range of CCLRR in Thai children from
photographs. First, the image input is brought into a computer
for analysis. Each of the images is measured twice by using the
Adobe Photoshop software program. The image is zoomed to
1200% and markers are placed in the center of central corneal
light reflex and horizontal limbus by three specialists. The
results from the 206 images show that there are some errors of
location detections due to the different judgments of
specialists.

To reduce subjective results and time consumption, we
develop a computer system for strabismus screening based on
digital image processing techniques. The system is capable of
helping the specialist to obtain fast and cheap way for
automatic screening of patient with strabismus.

II. IMAGE ACQUISITION

The pictures were taken from the 103 subjects (age: 14 + 3
years) and obtained by using a compact camera; namely, a Fuji
FinePix S602 Zoom with a 6X optical zoom lens. The camera
must be centered at about one meter away from the subject’s
face. The subjects sit on the fixed position and stare at the
camera's objective lens. All subjects must not wear glasses or
contact lenses because they affect the accuracy of CCLRR
measurement. Each subject takes picture twice (at a distance of
1 m and 6 m). The flash will be on to provide the corneal light
reflex image. The image resolution was 2048 x 1536 pixels.



III. PROPOSED METHODOLOGY

The detection of strabismus in digital images shown in Fig.
1 is dependent on the location of the limbus and the corneal
light reflex detected on the images. The proposed technique is
involved the following four basic modules: the region of the
face is obtained; the precise location of the eyes is established;
corneal light reflex and limbic boundary are detected; central
corneal light reflex ratio is measured. The details of these
modules are explained in the following sections.

A. Region of the Face

Many papers have used the color space to perform face
localization [9]. The main part in skin color segmentation is to
choose the suitable color space. The RGB color space (i.e., red,
green, blue), is the most common use to represent this images.
Fig.1 shows the resulting examples of the proposed face
localization method. The detail of each step is given below:

e  Step AI: Calculate the Chroma, which is the difference

between the largest and smallest values among R, G, or
B [10] as given by

Diff 6.5 =max(R,G,B)—min(R,G,B). (1)

Fig.2 shows an example of the value Di]ﬁR,G)B)
calculation.
o Step A2: Convert the value DIff ; pto binary

image using a threshold value of 0.15.
e Step A3: Remove small objects which is less than

40000 pixels. Calculate the ratio of Ay and AX of the
objects. Remove the object which has the ratio less
than 1.8 because the optimal ratio of Ay and Ax of

face is 1.618 [11].

e Step A4: Find the perimeter regions of foreground and
apply common morphology dilation operators in
binary image. Structure element used in decomposition
is the 'disk' shapes. The holes in binary image are
filled.

e Step A5: The masked face area is transformed into
original image and is converted from RGB color to a
gray level color then.

B. Location of the Eyes

To detect eye images with face region, feature extraction of
eye image is used. Fig.3 shows the resulting examples of the
proposed eye detection method. Generally, an eye detection
system can be described below:

e Step BI: Convert the result from step A5 to binary
image using a threshold value of 76. Remove small
objects which is less than 900 pixels. Calculate the
ratio of Ax and Ay of the objects. Remove the object

which has the ratio less than 1.8

e Step B2: Find the objects in same row following by the
center of mass of the region, which is considered as the
reference point. Draw a vector, which connects the
every reference point and calculate the angle between

the x-axis and this vector. The object that the angle is
greater than 50 pixels is removed from image. This
method is effective in high quality to detect the eye but
its performance degrades in case of the eyebrows
appeared in the image. However, it is observed that the
effect of eyebrows can be reduced by finding the
lowest row of the vectors.
e  Step B3: The holes in binary image are filled.

C. Corneal Light Reflex and Limbic Boundary Detection

In this application, the accuracy of methods based on real
iris detection affects the performance in next step. In this
study, the morphology based erosion and only the largest
object keeping is used to detect an real iris. The binary images
are segmented first by using gray level to separate eye from
the face region. Fig.4 shows the resulting examples of the
proposed corneal light reflex and limbic boundary detection
method. The detail of each step is given below:

e Step CI: To remove eyelash, some morphological
operations such as erosion is used. Find the coordinates
center of most areas of the iris containing the region
calculated as:

Cen, = Min, + M , )

) Max, — Min,
Cen,=Min, + ——.

"

-
P

|
h -

2
o

Fig. 1. Resulting examples from step A1-AS5 in face detection algorithm.



o Step C2: Generally, it is assumed that the center of
light reflex should be closed to center of most areas of
the iris (Ceny, Cen,). Therefore, we define the Cen,,
Cen, as the reference position to find the center of
light reflex, which is closed to (Ceny, Cen,) by finding
the grey level of the light reflex in the range from 204
to 255.

From Fig. 5, the position (B,H) and (E,G) after corneal
light reflex detection is shown. The next task is to detect the
boundary of the limbic (position A,C,D,F). It is not possible to
detect the correct boundary because of the occlusion of the
eyelashes and eyelids. However, it can be reduced by details
given below:

e Step C3: The rows between Cen, and Ceny+o are
selected. Rectangle window divided into two parts are
lower (range in the columns from 1 to Cen,) and upper
(range in the columns from Cen,+; to end of the rows)

e  Step C4: The boundary of the limbic position, A and D
only, is detected by finding the coordinate of the lower
rectangle window corresponding to the minimum
position (min(white;)), of white region in each row
(Ceny to Ceny+9). The difference min(white;) of the
coordinate is found by using the following formula:

diff, =|min(white,) — min(white,,, ), 4)

Where i are 1 to 10, white; corresponding to the row i
(white; = Cen,) and position white;+; corresponding to the row
i+1 (whitej+; = Cen,.;). The diff; value of row positions of the
last diff which is less than 3 pixcles is selected.

e Step C5: Similar to step C3 and C4, A and D limbic
position is replaced with C and F position. Therefore,
the coordinate is the wupper rectangle window
corresponding to the maximum position (max(white;)).

D. Detection of Strabismus

In this section, we present the results obtained from the
detection of strabismus. The Hirschberg test uses CCLRR
related to papillary margin to detect strabismus [8]. Then
CCLRR values from this method are compared with CCLRR
values in the TABLE I. Measurements are made of the
CCLRR from Fig. 5 by using:

BC + DE
CCLRR = =2~ 5)
AC + DF
cis gae | ciea | | Diff..., =250-148
B:135 | B:137 | B:148
R:237 | R:234 | m:23e
Gi149 | Giade | e:vam Diff. o5, =236 -134
B:135 | B:132 | B:l34 i

Ri23 | R:238  R:246
Grld45 | G:l49 | G:l57
Bil3l : B:135 | B:l43

Fig. 2. Example of finding the value of Diffz ¢, 5.

Fig. 3. Resulting examples from step B1-B3 in eye detections algorithm.

IV. RESULTS AND DISCUSSIONS

A. Region of the Face and Location of the Eyes

The face segmentation using R, G, B color model and the
gray level threshold, shape and position detection of eyes in
206 images is 100% success. Fig. 6 shows some examples of
the correct detections.

We concluded that the set of scene constraints in image
effect to the accuracy of the region detection in color image.
The background and the light source should be carefully
chosen by using one color for the background color.

B. Corneal Light Reflex and Limbic Boundary Detection

The accuracy estimated from the proposed method is
compared with the all positions, i.e., A, B, C, D, E and F. The
maximum pixel differing from three specialists at 1m and 6m
are 7.329 and 5.523, respectively, while the average different
pixel at Im and 6m are 1.799 and 2.058, respectively. The
results show that 7 images are different more than 3 pixels
between this system and specialists. The proposed method has
an accuracy rate of 96.60%. Two examples of wrong prediction
images are shown in Fig.7. The results showed that this
technique may fail to detect this



Input image, Im;

Apply morphological operation and find the coordinates center of
the smallest rectangle containing (Cen,, Cen,)

0)\

Find the grey level (>204) closes to the Cen,, Cen, (B,H),(E,H)

oV

Convert the gray image (Im;) into a binary image, fill in the holes
and divided into two parts (1: Cen,, Cen,: Ceny. ), (Cen,+;: end,
Cen,: Cen, ¢ ), find the maximum region and set to i=1, diff;=0

Find the maximum position of
white region in each row
(white;)

Find the minimum position of white region in
each row (white;) @

——> VO

diffi=| white; - white;.; |

| No v
Yes

Detect of row 7 and the edge of the iris will be determined by white;.

<

(@

Fig. 4. (a) Block diagram of corneal light reflex and limbic boundary
detection. (b) Resulting examples from step C1-C5 in corneal light
reflex and limbic boundary detections algorithm.

>

D E F

Ve
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B C

Fig. 5. A, B, C, D, E, F, G, H Position is detected by our algorithm to
identify strabismus.

Fig. 6. The examples of correct face and eye detections.

Fig. 7. Two examples of images which the methodology incorrectly predicts.

position which are caused by the occluded, ie., eyelids,
eyelashes, hair, non-uniform illumination and low contrast.

C. Detection of Strabismus

The difference of CCLRR from the proposed method
compared with three specialists of the maximum pixel at Im
and 6m are 0.0338 and 0.0438, respectively while the average
pixel at 1m and 6m are 0.0083 and 0.0106, respectively. The
values of TP = 175, TN = 19, FP = 7, FN = 5, indicated that
our methodology has 94.17% of accuracy, 97.23% of
sensitivity and 73.08% of specificity.

The examples of wrong prediction images are shown in
Fig. 7. According to the specialist, the patient is grouped to the
strabismus. However, the proposed algorithm referred the
patient as normal. This mismatch can be explained by the
Hirschberg test in the phoria patient that is a latent deviation, or
misalignment of the eyes.

TABLE I. THE RATIO OF CCLRR FOR NORMAL, INDETERMINATE AND
ABNORMAL RANGES AT DISTANCE OF 1-(NEAR) AND 6-(DISTANCE) [8]

Parameter Near Distance
Normal range 0.446-0.484 0.421-0.482
Indeterminate zones 0.435-0.445, 0.403-0.420,
0.485-0.495 0.483-0.5
Abnormal range <0.435,>0.495 <0.403,>0.500

V. CONCLUSIONS

This paper proposed the algorithm for automatic
identification of strabismus on digital images. The CCLRR can
be used as the basis for a simple screening test. The corneal
light reflex test is a good screening test but it is not very
sensitive for detecting small deviations. Because the
Hirschberg test is significantly low accurate, our methodology
requires the other techniques in the future. Moreover, the
instructions to train muscles from an ophthalmologist and the
improvement of programs to specify that the quality of images
will be planned.
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