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Abstract

A high speed context-free marker-controlled and minima imposition—-free watershed transform is
proposed for efficient multi-object detection and segmentation from a complex background. The
context—-free markers are extracted from a complex backgrounded multi-object image using a noise
tolerant attention operator. These make marker—controlled watershed possible for the
over-segmentation reduction without region merging. The proposed method presents a
marker-constrained labeling that can speed up the segmentation of a marker-controlled watershed
transform by eliminating the necessity of the minima imposition. Simulation results show that the
proposed method can efficiently detects and segments multiple objects from a complex background
while reducing over-segmentation and the computation time.
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Input gray image
Context-free marker extraction
using NTGST
High speed context-free marker
controlled watershed transform
Output segmented image
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Fig. 1. Flow chart of the proposed method for

object detection and segmentation.
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Fig. 3. Comparision of the GST and the NTGST:
(a) Original image including an airplane in a
complex background; (b) the symmetry map
of the conventional GST; (c) the symmetry
map of the NTGST.
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Initialization

Set the water level and marker level to zero.
Put different label on each marker.

le
2l

| Water level increase by a level

y

Modified region expantion

If two marker regions meet, then watersheds are created.
Else if marker region meets non-marker region,

then marker region absorbs the region.
Else if two non-marker regions meet, then they are merged.

I

Marker-constrained labeling

If new local minima excluding the markers appear,
then give the same label.

Is water level higher
than maximum level?
/ Segmented image /

T8 4. 3% v Al £4A WP daeE
Fig. 4. The algorithm of the high speed marker-
controlled watershed transform.
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Fig. 5. The ©proposed minima imposition-free
marker-controlled watershed transform: (a)
1 dimensional input signal; (b) at water
level 3; (c) at water level 6; (d) at water
level 7; (e) at water level 9; (f) the final
result of the proposed watershed transform.
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Fig. 6. The result of the proposed algorithm for a
synthetic image: (a) Original image; (b) the
symmetry map of the
segmented image.
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Fig. 7. The result for single object in a complex
background: (a) Input image with an
airplane; (b) the symmetry map of the
NTGST; (¢) the ROI with extracted
markers; (d) the segmented image.
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Fig. 8. The result for single object: (a) Input
image; (b) the symmetry map of the
NTGST; (¢) the extracted markers and the
ROL and (d) the segmented image.
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The result for multiple objects In a complex
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airplanes (248X156); (b) the symmetry map
of the NTGST; (c) the extracted markers
and ROL (d) conventional flat region
markers in ROL (e) segmented image by
the conventional flat region method with
region merging as a post-processing; (f) the
segmented image of the proposed method.
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Table 1. Comparison of the total processing
time for the image of Fig. 9(a) from
marker extraction to the end of
segmentation at Pentium III, 700MHz.
[msec]
Marker ROI Minima Region | Total
extraction Lgenemtion imposition Watershed merging | time
Conven-
toral 2 0 J ) 68 535 | 5613
Proposed 103 1 ] 0 64 0 168
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Table 2. Comparison of only the marker
controlled watershed transform for
the image of Fig. 9a) at Pentium III,

700MHz, [msec]
Marker-controlled watershed
: T | Watershed| 2" | time
1mposition mergng
Conventional 49 63 131 243
Proposed 0 4 0 64
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