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1. Research Target 
Image segmentation is the extraction process of all 

objects from natural input images and is the necessary 
first step of object-oriented image processing such as 
object recognition or object tracking. However, conven-
tional gray-scale and color image segmentation algo-
rithm are implemented in software with general purpose 
or digital-signal processors resulting in relatively large 
size, large power dissipation, and high cost for applica-
tion hardware. 

Objective of this research is the proposals of a hard-
ware-oriented segmentation algorithm and it’s digital 
CMOS implementation. 

 
2. Research Results 

We propose a highly-parallel digital algorithm for 
gray-scale/color image segmentation of real-time video 
signals and a cell-network based implementation archi-
tecture in state-of-the-art CMOS technology. The seg-
mentation algorithm uses a region-growing approach, 
which can be viewed as a simplified digital version of a 
locally-excitatory globally-inhibitory oscillator network 
(LEGION). Color and gray-scale picture segmentation 
differ only in the expressions for the connection-weight 
calculation between the network cells. Fig. 1 shows an 
explanation of our segmentation algorithm with 3×3 
gray-scale example image. The proposed VLSI imple-
mentation architecture (Fig. 2) based on a digi-
tal-algorithm consists of 4 functional stages for connec-
tion-weight calculation, leader-cell determination, image 
segmentation and segmentation-result restoring, respec-
tively. The image-segmentation network, which is the 
core of the proposed architecture, consists of cells (Fig. 
3) and connection-weight registers (Fig. 4). Each cell 
represents a pixel of the original picture. In this network, 
the self-excitation and excitation steps of the algorithm 
of Fig. 1 are carried out for all pixels of the picture in 
parallel. As shown in Fig. 5, the complete cell network 
can be implemented by alternately laying a cell, corre-
sponding to a pixel, and a horizontal or vertical connec-
tion-weight register block. Thus the connection weights 
can be efficiently shared among neighboring cells, and 
the wiring length and circuit area can be minimized. 
Since the cell structure becomes simple and compact, 
high speed and high density implementation is achieved.  

The test-chip of Fig. 6 for the cell-network core was 
designed in 0.35µm, 3 metal CMOS technology. De-
coder and adder/subtractor of the network cells, which 
consume the largest area portion, were designed in 
full-custom.  An integration density of 19.6 pixels/mm2 
was thus achieved. We have also estimated the possible 

pixel density for full-custom high-speed (Fig. 3a) and 
high-density (Fig. 3b) designs in scaled-down CMOS 
technologies, assuming just 3-metal layers. From this 
data we expect a one-chip integration of the proposed 
architecture for 300×300 pixel pictures at the 100nm 
technology node and for 800×600 pixel pictures at the 
50nm technology node.  
 
3. Relationship with COE Program 

The research on this subject is indispensable for a 
“Real-Time Image Recognition System”, which is one 
of the important COE research tasks. 

 
4. Summary and Future Work 

A real-time image segmentation for gray-scale and 
color images is developed. From our present results, 
VGA size video segmentation is expected to become 
possible in 50nm CMOS technology. 

The future research work is concerned with the de-
velopment and verification of new algorithm, which 
will enable low-power real-time image segmentation 
hardware for VGA-size (640×480) video data. 
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Fig.1 Explanation of our segmentation algorithm with 3×3 
gray-scale example image. 
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Fig.2 Block diagram of the proposed architecture. 

 

 
Fig.3 Structure diagram of the network cell. 

 
Fig.4 Structure diagram of a connection-weight-register block. 

 

 
Fig.5 Block diagram of the cell-network construction for 4×4 
pixels. 

 

 
Fig.6 The layout of the test-chip with 0.35µm 3-metal layer 
CMOS technology. 
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