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Abstract— In intelligent building applications, the awareness
of built environment illumination filed representatively applies
in intelligent lighting systems for providing decision and support.
In fact, the dynamic analysis of the built environment can assist
in the illumination field of security systems at the same time can
also work as a new means of achieving safety precautions. In this
paper, a simple interest in the built environment based on
discrete data at the point of illumination perception of the built
environment illumination field reconstruction method is
proposed based on the fast reconstruction method CMAC neural
network architecture space illumination field. Experimental
results show that with the use of a typical area of interpolation,
polynomial interpolation, inverse distance  weighting
interpolation method reconstructed building space illumination
field compared to the use of constructed building space
reconstruction method based on CMAC illumination field of
architectural space illumination field high precision.
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I. INTRODUCTION

Illumination is the built environment, one of the built
environment parameters especially close attention to the
construction of intelligent environments researchers[1].
[llumination is used to indicate the extent of the built
environment as well as the strength of the surface area of
illumination of the object to be illuminated for relating
applications in intelligent buildings. Typically, it can realize
the building lighting system of intelligent controlled by
detecting the changes of building environmental illumination,
by the favor of the energy while improving human settlements
convenience and comfort of the environment[2~4]. At the
same time, the security video monitoring system, through
the environmental illumination detection in the
building changes can be timely to fill the lightto monitor
the area[5,6], which is conducive to the normal operation
of security video surveillance system.

Taking into account the wuse ofillumination is
the space objects ~ represented by quantized  illumination
level, if we can describe carefully the degree of space lighted
level by a certain time in the architectural space illumination
field which the building space and illumination in the relevant
events and situations judged by the changesin the
building illumination field. The judge of the building space’s
events and situations relevant illumination based on event
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identification can provide new data for related application of
the intelligent building and intelligent home[7~11].

Wireless sensor network can facilitate effective
deployment location acquisition illumination sensors data by
deploying the right amount of space in the building
illumination sensor[12~15].According to discrete illumination
values at the point of interest for reconstructing the
illumination field, which is a prerequisite to determine the
changes in the building illumination field of building space
for the relevant events and situations. Area interpolation,
polynomial, inverse distance weighted interpolation methods
are used to reconstruct illumination field by the discrete points
of illumination value[16]. In order to reconstruct the
illumination field quickly, this paper designs the space

illumination field reconstruction using CMAC neural
network method. Experimental results show that the
method can reconstruct  quickly and accurately the

illumination field based on the discrete points of illumination
value.

II.  ILLUMINATION RECONSTRUCTED BASED ON CMAC NEURAL

NETWORK

A. The topology structure of CMAC neural network

CMAC network is a kind of simulating cerebellar function
and neural network associative function (Cerebellar Model
Articulation Controller, abbreviated CMAC ) within strong
generalization ability; The output of the network only need to
participate in the calculation amount of neurons and concept
mapping layer, the actual mapping layer. The CMAC neural
network use & training algorithm which has fast convergence
speed and is no local minimum point problem.

In intelligent building applications, we need to take into
account the negative impact of the deployment of the sensor
function of the building as well as minimizing the
convenience sensor deployment that all illumination sensors
may be deployed in the same plane. At this point, we can use
projective  geometry method to make an analysis
the planar illumination field for  achieving events and
situation related to the building’s illumination. The
topological structure of the CMAC neural
network reconstruction plane illumination field is showed in
Fig.1.
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Fig. 1. Topology of CMAC neural network for illumination field
reconstruction

Fig.1 shows the CMAC neural network within one input
and two output which is the composition of three layer
structure with quantitative input layer M, concept
mapping A and actual mapping layer AP and the value of
generalization parameter is six and the value of quantitative
precision is ten. The input of x=(x1,x2) by quantitative M is
quantified the value of the input layer and transports
each layer of quantify the value to the concept mapping
memory  cell address; AP layer uses  Hash  technology
to address  mapping from A totake random  small
address space; the output neurons are activated neurons in
layer AP of the weighted cumulative output as the network
output of Y.

B. Realize illumination field reconstruction method based
on CMAC neural network

The CMAC neural network is wused to reconstruct
the plane illumination field is divided into the training process
of CMAC neural network and the use of the trained CMAC
neural network calculation of plane anywhere in
the illumination of the two sub processes. Algorithm 1 and
Algorithm 2 give the form description of thetwo sub
processes.

Algorithm 1 :for the illumination field reconstruction
CMAC neural network training

Input: the observation plane of illumination sequence in the
S={ (x;, ¥, ;) [i=1,2... N}; D=[a b]x[c d] region, the
generalization of C, quantization precision constant learning
rate of delta, Q, maxN and iteration error ¢ ;

Output: CMAC neural network trained by net
1) input normalized structure of S (S* ={x;, yi, I;) [i=1,2... N};

2) quantify horizontal and vertical coordinates of the of
the input, get each quantized value activity
quantization storage unit, use floor () function to encode
mapped address; get the weight storage unit;

3) use generalization of constant C, quantization Q , learning
rate of deltato construct the 2 input and 1 output CMAC
neural network net;

53

4) k=0 error=2*¢ ;

5) while k<=maxN and error<e;

6) output in the quantized S' as input to calculate net;

7) input error calculation of error network;

8) use the 0 algorithm of the network weights adjustment;
9) k=k+1;

10) CMAC neural network trained by net output.

Algorithm 2: illumination computing method based on
CMAC neural network

Input: CMAC neural network net; D=[a b]x[c d], C, Q, the
generalization of constant quantization precision; (X, y) and D;

Output: the illumination value of point (X, y)
1) (x,y) will be normalized (x', y');

2) (x,y) will be quantified for (x', y'), calculating the value
of the storage unit;

3) use the net to calculated the illumination value | of (X', y');

4) return 1 as the illumination value of (x, y).

Step7 of algorithm 1 needs to calculate value of CMAC
neural network output. We can use the absolute error of
TAE (Total Absolute Error) and root mean square error of
RMSE (Root Mean Square Error). We can set up the output
sequence as {Z,7,...,Z,; and the actual output sequence as
{z,25,...,z, },which use the type (1) and type(2) to calculate
the value of TAE and RMSE. Taking into account the
rapid demand computing, computing root mean
square error of the RMSE can be used for type (3)the
provisions of MSE instead of the mean square error.

TAE =Y |2, -2 type(1)

RMSE = \/E type(2)
1 L

MSE =—Y (z -2’ type(3)

n

III.

In order to test the validity of algorithm 1, 2 reconstruction
of illumination in building space, experiments use glass to
build a simple model of architectural space model within 1
meters long, 0.5 meters wide, 0.4 meters high, the bottom for
the board and the possible moving around glass door; It gives
the part of the glass full of shading treatment by using black
foam sheet as the shading material. In the experiment, the
illumination sensors complete 1 times per second acquisition
interest point illumination tasks by arranging on nine points of
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interest model floor. To test the validity of reconstruct the
illumination field of the model’s bottom surface,
experiments take illumination data acquisition at 5 points of

interest as the sample datato train the CMAC neural
network, the other 4 interest points illumination data as
test data.

Firstly, the experiment uses the illumination Sensors to

collect the all interest points of 50 groups of illumination data
and respectively uses polynomial interpolation, inverse
distance weighted interpolation method, area interpolation of
three kinds interpolation methods as well as algorithm 1 and
algorithm 2 of the plane illumination field reconstruction
method based on the bottom surface of the illumination field
calculation model. Each illumination field reconstruction

method of TAE and RMSE were calculated using the test data.

Fig.2 gives four kinds of methods of 50 times reconstruction
model bottom illumination field absolute error of TAE
distribution histogram and TABLE [ gives the relevant
descriptions. Obviously, whether it considers the minimum
value, maximum value and mean of TAE or considers the
variance of TAE, the illumination field reconstruction method
has better performance based on CMAC neural network.

30 30
20 20
10 10
DSD 40 50 60 DQD 40 60

(a)polynomial interpolation

(b)inverse distance weighted

20 20
15 15
10 10
5 5
0 0
50 £0 70 a0 15 20 25 30 3
(c)area interpolation (d) CMAC neural network
Fig. 2. TAE histogram of illumination field reconstruction
TABLE L. TAE STATISTICAL OF ILLUMINATION FIELD
RECONSTRUCTION
. inverse CMAC
_polynoml_al distance _area neural
interpolation weighted interpolation network
maximum 53.8035 56.9341 73.6625 32.5682
minimum 31.9060 29.6425 51.0150 17.4524
mean 40.4264 39.1373 57.2767 23.2626
variance 8.4577 9.3469 6.5760 5.4450

Similarly, Fig.3 gives four kinds of methods of 50 times
reconstruction model bottom illumination field root mean
square error of RMSE distribution histogram and TABLE II
gives the relevant descriptions. Obviously, whether it
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considers the minimum value, maximum value and mean of
RMSE or considers the variance of RMSE, the illumination
field reconstruction method has better performance based on
CMAC neural network.
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Fig. 3. RMSE histogram of illumination field reconstruction

TABLE IL. RMSE OF ILLUMINATION FIELD RECONSTRUCTION

. inverse CMAC

_polynoml_al distance . area neural
interpolation weighted interpolation network

maximum 3.8675 4.0564 5.2639 2.6416
minimum 2.2991 2.7317 3.7709 1.6345
mean 2.9384 3.2225 4.4335 2.2506
variance 0.6176 0.4251 0.4193 0.3276
IV. CoNcLUSION AND OUTLOOK

[llumination is one of the most important environment
parameters in buildings. On the one hand, it can provide
decision support for intelligent illumination system by
perceiving the single or multiple discrete positions’
illumination data in environment of building; on the other
hand, it can be used as a kind of the new security means. This
paper studies the method of reconstruction of building
environmental illumination field based on discrete points of
interest the perception of simple construction environment
and puts forward a fast reconstruction method of architectural
space illumination field based on CMAC neural network.
Experiments show the architectural space illumination field
reconstruction method has a high precision based on CMAC
neural network.

The reconstruction method of CMAC neural network
architecture space illumination field based on CMAC neural
network is trained by the ¢ algorithm. In order to promote



the use of building space illumination field reconstruction
method  of architectural space illumination precision based
on CMAC neural network which the learning method need
further study in future. At the same time, we need to pay
attention to design the security system based on illumination
field’s monitoring and analysis which combine with the
security specific needs.
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