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Realizing the Grouping Process with the Reaction-diffusion Model

ATsusHI NOMURA," MAKOTO ICcHIKAWAtt and HIDETOSHI MIIKE#

The human visual system has the function which groups the regions that are filled with
similar features. The function is the underlying mechanism in the human visual system. The
present paper proposes a computational model realizing the grouping process of the visual
system. The proposed model utilizes a reaction-diffusion model consisting of activator and
inhibitor variables. The reaction-diffusion model utilized here is a modified version of the
FitzHugh-Nagumo model, which was derived from physiological experiments. A set of the
reaction-diffusion model governs one feature. Thus, multi sets of reaction-diffusion models
are utilized. A particular reaction-diffusion model has two mechanisms, one of which merges
neighbouring regions having similar features and the other of which inhibits other regions hav-
ing different features from growing. In addition, the model also has the mechanism inhibiting
self-growing process. This mechanism is caused by the condition that the diffusion coefficient
on the inhibitor variable is larger than that on the activator variable. The performance of the
proposed model is confirmed through analysis of several test images. The proposed model has
several parameters. Thus, the influence of the model parameters on results of the grouping
process is also confirmed.
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Fig.1 Phase plot illustrating the solution behaviour of the
FitzHugh-Nagumo type ordinary differential equa-
tions du/dt = f(u,v)/e and dv/dt = g(u,v) [see
Eq. (2) for the functions f(u,v) and g(u,v)]. The
horizontal coordinate system refers to u; the verti-
cal one does to v. Parameters are set to a = 0.25
and b = 10. The points A and C are stable steady
states and the point B is an un-stable one. The
system illustrated in this figure is bi-stable. A set
of solutions (u,v) moves along the arrows as time
proceeds.
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Fig.2 Test images causing the perceptual grouping. The
upper row shows original group maps and the lower
one does images having groups filled with short
lines. Particular images have (a) circular, (b) tri-
angular and (c) spiral patterns. Short lines locating
within each pattern and those on the background
are directed to different orientation directions of 7 /4
and 37 /4 from the horizontal rightward direction in
the inverse clockwise direction. The image size is
200 x 200 (pixel).
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Fig.3 Proposed model for the perceptual grouping. Orien-
tation selective modules detect orientation of short
lines contained in an original input image. The out-
put s, of the nth orientation selective module is
provided to the nth reaction-diffusion (RD) model
for the perceptual grouping. When the number of
orientation selective modules is N, the same num-
ber of sets of the reaction-diffusion models are pre-
pared; the particular models consist of two equa-
tions having activator and inhibitor variables wu,,
and vy, [n =0,1,---, (N —1)]. The proposed model
takes account of not only a mutual inhibition mech-
anism among the reaction-diffusion models, but also
a self-inhibition mechanism between the two equa-
tions of the particular reaction-diffusion models.
[See Eq. (3), Eq. (4) and Eq. (5).]
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Fig.4 Outputs of the orientation selective modules. The

outputs (a), (b) and (c) were respectively obtained
from Fig. 2 (a), (b) and (c). The upper row and the
lower one are outputs of different two orientation se-
lective modules for the orientation directions of m/4
and 37 /4 from the horizontal rightward direction in
the inverse clockwise direction. Black regions and
dots in each output share the same orientation.
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Fig.5 Results of the perceptual grouping from the test

images having two groups. Results (a), (b) and
(c) were obtained respectively from Figs. 2 (a), (b)
and (c).
groups of orientation. Model parameters were set
as D, = 4.0,a0 = 0.25,r = 100. All of the maps
were obtained at t = 10.
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Fig.6 Test images having 3 groups (N = 3). Particu-
lar groups of the image (a) are filled with short
lines. In each group, lines share the same orien-
tation. Short lines belonging to different groups
are directed at the different orientation directions of
w/4,2m/4,3m/4 from the horizontal rightward direc-
tion in the inverse clockwise direction. The image
size is 400 x 400 (pixel).
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Outputs of the orientation selective modules from Fig. 6. Orientation is (a)

/4, (b) 27 /4 and (c) 37 /4 from the horizontal rightward direction in the
inverse clockwise direction. Black regions and dots in each output share the

same orientation.
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Fig.8 Results of the grouping process for the test image of Fig. 6. The results (a)

and (b) were obtained by the proposed model with the diffusion coefficients

D, = 4.0 and D, = 0.0, respectively. The result (c¢) was obtained by an

ordinary diffusion model, that is, the model of Eq.(3) without reaction-

terms. The result (d) was obtained by the method proposed by Kawasaki

and Iijima14). See the appendix A.1 for more information on the method of

Kawasaki and lijima and its parameter values utilized here. Different grey

levels refer to different groups on orientation. The maps (a) and (b) were
obtained at ¢ = 10; the map (c) was done at ¢t = 1.0.
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Fig.9 Quantitative evaluations for the grouping process.
The horizontal coordinate system refers to time t;
the vertical one does to the value d (%) of a quanti-
tative evaluation for a particular grouping process.
[see Eq. (8) for the quantitative evaluation]. Results
evaluated for the grouping process by the proposed
model with D, = 4.0(a) and D, = 0.0(b); that by
an ordinary diffusion model (c), that is, the model
of Eq.(3) without reaction-terms. A quantitative
measure d evaluated for the result of Fig. 8 (d) ob-
tained by the method of Kawasaki and lijima (see

the appendix A.1) was d = 6.58 (%).
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Fig.10 Dependence of the model parameters on results of the grouping process.
The proposed model was applied to the test image having three groups
(Fig.6). Wide variety of the model parameters on (a) ag, (b) b, (¢) D,
(d) €, (e) r were chosen for experiments. The horizontal coordinate system
refers to t; the vertical one does to the value E(%) of a quantitative eval-
uation for a particular grouping process [see Eq. (8) for the quantitative
evaluation]. Several typical group maps (f), (g), (h) and (i) were obtained
by the proposed model from the same test image at t = 10. The parameter

D,, was fixed as D, = 4.0 throughout the experiments.
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Fig.11 Real test image. Image brightness was quantized
into 256 levels (8 bit). The image size is 500 x 250
(pixel).
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Fig. 12 Outputs of orientation selective modules from the

real test image of Fig.11. (a) Horizontal orienta-
tion map (—107/180 < 6 < 107/180). (b) Vertical
orientation map (807 /180 < 6 < 1007/180). The
parameter 6 denotes orientation. Black regions and

dots in each output share the same orientation.
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Fig.13 Results for the real image. The results (a) and (b)

were obtained by the proposed model with diffu-
sion coefficients D, = 4.0 and D, = 0.0, respec-
tively. The result (c) was obtained by an ordinary
diffusion model, that is, the model of Eq. (3) with-
out reaction-terms. Other parameters were set as
ap = 0.1 and » = 10. Black regions and white ones
refer to groups having vertical and horizontal ori-
entation, respectively. The maps (a) and (b) were
obtained at ¢ = 5.0; the map (c) was obtained at
t =1.0.
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