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1. Introduction 
A visual sensor network consisting of embedded 
visual sensor nodes, e.g. wireless cameras, is 
promising as a monitoring and surveillance system 
for the high visibility and the amount of 
information that video images provide. However, it 
suffers from limitations on the wireless 
communication capacity and the computational 
capacity [1]. For the limited bandwidth, an attempt 
to collect high-quality video data from all camera 
nodes to a monitoring center always fails and it 
results in corruption of perceived video images. 
Although mechanisms such as bandwidth 
allocation, retransmission control, and FEC 
(Forward Error Correction) have been proposed to 
maintain the quality of video images in a lightly 
loaded and moderately congested wireless network, 
they do not help much when the volume of video 
traffic is, for example, twice as much as the 
capacity of the network. Therefore, we need 
application-level control to regulate the amount of 
video traffic in addition to network-level 
congestion control. Furthermore, the mechanisms 
should be simple and light enough so that it can be 
easily implemented on powerless embedded nodes. 
 
From a viewpoint of applications, not all video 
images are equally important. It implies that we 
can consider such a mechanism where the quality 
of video images is high at a camera node detecting 
a target, e.g. a suspicious person, while keeping the 
quality low at the other nodes to control the amount 
of video traffic not to exceed the network capacity 
[2,3]. At the same time, network-level congestion 
control is required to mitigate buffer overflow and 
packet loss caused by the heterogeneous and 
unbalanced video traffic. Such congestion control 
can be accomplished by allowing a node who has 
more packets in a buffer to have the higher 
transmission rate than other nodes [4]. Although it 
might be possible that a single central node 
determines and dictates the video quality and the 
transmission rate to all camera nodes, it involves 
the considerable control overhead in collecting the 
up-to-date information about the location of targets 
and the buffer occupancy and to disseminate the 
control message to all nodes. As such it works only 
in a small-scale network. 
 
In this paper, we propose mechanisms of video 
quality control and congestion control which are 

scalable to the number of camera nodes and 
adaptive to the number, location, and velocity of 
targets. In our proposal, each node determines the 
video quality and the transmission rate based on 
local information that it obtains by exchanging 
messages with neighbors. As a consequence of 
mutual interaction among nodes, the globally 
organized application-level and network-level 
control emerges. That is, self-organization [5]. In a 
self-organizing system, the global pattern appears 
as a result of mutual interaction among simple 
agents behaving based on local information. We 
adopt a reaction-diffusion model [6] as the 
fundamental theory of self-organized control 
mechanisms on both of application and network 
levels in this paper. With our mechanisms, each 
node only need to evaluate the reaction-diffusion 
equations based on the information about itself and 
neighbors for video quality and congestion control. 
 
2. Reaction-Diffusion Model 
A reaction-diffusion model expresses chemical 
reactions of morphogens intra- and inter-cells. Alan 
Turing explained self-organization of periodic 
patterns on the surface of body of fishes and 
mammals by using the model [6]. A general form 
of a reaction-diffusion model of two virtual 
morphogens called activator and inhibitor is 
formulated by a pair of temporal differential 
equations as follows. 
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where u and v are the concentrations of 
morphogens. The first term of the right-hand side is 
called a reaction term corresponding to chemical 
reactions within a cell formulated by functions F 
and G. The second term is called a diffusion term 
corresponding to chemical interactions between 
neighbor cells. Du and Dv are the diffusion rates 

and 2  is the Laplacian operator. 
 
Depending on the form of reaction-diffusion 
equations and their parameters, a variety of 
patterns, such as stripes, maze, and spots, can be 
generated. In the reaction-diffusion model, the 
following two conditions must be satisfied to 
generate patterns. First, the activator activates itself 
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