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Accurate perimeter estimation of target boundary based
on gray-level information

Wu Qin, Zhou Qi, Liang Jiuzhen
Institute of Intelligent Systems and Network Computing, School of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China

Abstract: Objective The perimeter of a target boundary in a 2D image is an essential object feature in image analysis.
However, this feature is usually inaccurately estimated because of discontinuous or blurred target boundaries. Accordingly,
this study proposes an improved method of perimeter estimation. This method is based on gray-level information and com-
bined with boundary tracking. Method Different from the traditional methods that generally use binary information to calcu-
late the perimeter, the proposed method utilizes gray-level information in digital images to obtain substantial information on
a target boundary. The concepts of pixel coverage, internal boundary, and external boundary are introduced. The slope at
each configuration on the internal and external boundaries is computed, and the perimeters of the internal and external
boundaries are estimated based on the arc length integration formula. The perimeter of the target object boundary is obtained
by combining the perimeter information on the internal and external boundaries. Result The perimeters of the target object
boundaries are estimated using the proposed method and three classical methods. Synthetic images are used to obtain the
exact perimeters of the target objects. The results are compared with the ground truth perimeters of the target objects in syn-
thetic images. In the first two experiments, synthetic images with continuous and blurred boundaries are tested. The per-
formance of the proposed method is similar to that of the classical methods but is better than that of the original gray-level
method. In the third experiment, synthetic images with discontinuous and blurred boundaries are tested. In this case, the

two classical geometrical methods are not applicable, whereas the proposed method remains to have satisfactory perform-
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ance. The advantage of the proposed method is more obvious when the boundary of the target is complex. Conclusion Com-

pared with the classical methods, the proposed method has better adaptability and stability for target objects with blurred or

discontinuous boundaries.

Key words: perimeter estimation; boundary tracking; internal and external boundaries; gray level; fuzzy boundary; dis-

continuous boundary
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Fig. 7 Simple pixel coverage of a digital image
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Fig. 8 Some of the synthetic parabolic objects

(b) d=7
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Table 1 Perimeters of the boundaries of the

parabolic objects

MEERTE
d DSS MLP HPGL BTHPGL PRt
0 1 055 1086 1074 1074 1081
1 1053 1083 1074 1076 1081
3 1 052 1082 1809 1103 1081
5 1052 1081 3512 1093 1081
7 1057 1 080 5264 1 089 1081
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B9 A3l S S 3 23 SRR TR J 10 2 X 152 25 ]

Fig. 9  The absolute perimeter errors of the parabolic
object boundary estimated by different methods,

with respect to the accurate perimeters
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Fig. 10 Some of the synthetic objects with mixed border
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Table 2 Perimeters of the boundaries of the

objects with mixed border

/BT
d DSS  MLP  HPGL BTHPGL  F3ifE
0 1263 1266 1277 1277 1269
1 1259 1263 1269 1273 1269
3 1258 1263 1486 1274 1269
5 1259 1264 2890 1277 1269
7 1253 1261 4312 1272 1269
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Fig. 11 The absolute perimeter errors of the boundary
of object with mixed border estimated by different methods,

with respect to the accurate perimeters
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Table 3 Perimeters of the boundaries of the

stellated objects
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