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ABSTRACT
To improve the quality of electric power demand prediction, we have been applied the chaos into the 

prediction model. The chaos is generated by semiconductor injection laser system with external optical 
feedback. In the modeled single-mode, distributed-feedback semiconductor laser system, the chaos oscillation 
occurs at the feedback coefficient more than 3.0 x 109 s-1 and the injection coefficient more than 3.0 x 109 s-1. 
The rate of orbit magnification of the chaos can be controlled by changing the feedback coefficient. The rate 
of orbit magnification reaches 0.8 at the feedback coefficient of 3.0 x 1011 s-1. In this condition, however, the 
chaos having the controlled difference of the rate of orbit magnification more than 0.5 cannot be obtained.
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1. Introduction
In the electrical power technology, the followings 

are interested in the electric power demand: (1) 
electric power generation adapted in local properties,
(2) storage of generated electrical power, and (3) 
efficient use of electric power such as pulsed power 
technology. Moreover, the electric power demand 
prediction is important to supply the electrical power 
in stable and safety. The prediction model specialized 
with electricity consumption in each apparatus is 
proposed. In this model, the time-resolved electrical 
power demand D(t) is estimated by following 
equation [1].

D(t )=エ Qi (t )• K (t) (1)
i

where Qi(t) is the electricity consumption in each 
electrical apparatus, Ki(t) is the total number of the 
each apparatus, i is the assignment of each apparatus, 
andt is the time.

In this study, the chaos theory is applied to Eq. (1) 
and the chaos generating with semiconductor laser is 
evaluated to improve the prediction quality.

2. Electric Power Demand Prediction by 
using Chaos

The time history of electric power demand depends 
on the chaos theory. Figure 1 shows the 
two-dimensional reconstruction of the time history of 
electric power demand. The electric power demands 
in each day are different in the time domain. In the 
reconstruction domain, however, the orbits of electric 
power demand are same because the time history of 
electric power demand has a chaos characteristic (see 
Fig. 1(b)).

The electric power demand can be predicted from 
some pseudo electric-power demand data in the time 
domain by using similarity of these orbits in the 
reconstruction domain. In this scheme, the orbits and 
the pseudo data are produced by using the actual data 
and the chaos, respectively. Hence, there is no need to 
fix the weather condition in the prediction. To 
improve the prediction, we need many pseudo date 
separately. If the chaos having the controlled 
difference of the rate of orbit magnification more 
than 0.5 can be generated [2], the quality of electric 
power demand prediction will be improved.
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(b) 2-D reconstruction domain 

Fig. 1 Two-dimensional reconstruction of time 
history of electric power demand. 

system using single-mode, distributed-feedback 
(DFB) semi-conductor laser. The laser light emitted 
from the laser diode LD1 is divided by the beam 
splitter into the beam traveling forward mirror 1 and 
the beam traveling forward LD2. The beam traveling 
forward mirror 1 is fed back to LD1 as a feedback 
light. The beam traveling forward LD2 is injected 
into LD2. This system is operated as the injection 
laser system with external optical feedback because 
of the symmetrical arrangement.

The amplitude A and phase ① of laser light, and 
the carrier density N of LD1 and LD2 are calculated 
with following rate equations [3].
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Fig. 2 Modeled laser system using single-mode, 
DFB semiconductor laser.

3. Numerical Simulation
In this study, the chaos is generated by 

semiconductor injection laser system with external 
optical feedback. Figure 2 shows the modeled laser
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where t is the feedback delay time, a is the linewidth 
broadening factor, G is the liner gain coefficient of 
laser medium,も is the photon life time,耳 is the 
carrier life time,兀 is the passing time of light in laser 
medium, J is the current density of laser diode,の is 
the angular frequency of laser light, E is the complex 
electrical field of laser light, k is the feedback and 
injection coefficient, and the subscripts 1 and 2 
indicate LD1 and LD2, respectively. Here, the 
feedback coefficient can be obtained as

I =丄(一尸22)尸3 (8)
り r

where 尸2 and 尸3 are the reflectance of the beam 
splitter and the mirror, respectively [4].

The parameter to solve Eqs. (2)~(7) are 
summarized in Table I [3].

4. Results and Discussion
4.1 Chaos generation

Figure 3 shows the typical time history of intensity 
of laser light (a) and the intensity mapping of laser 
light (b). It is possible to generate the chaos, in this 
system, if the feedback coefficient increases. Here, 
we assume that the feedback coefficient is 勺=卑= 
3.0x109 s-1 and the injection coefficient is ぬ亠= 
幻-2 = 3.0x109 s-1. The laser light intensity of LD1 

and LD2 are shown in Fig. 3(a). It seems that the 
light emitted from LD1 and LD2 oscillates like a 
chaos. The time history of intensity of laser light in

6050〇20〇〇

〇

〇
3

_

_

_

_

_

_

 

一

ー
 

〇
 

〇
 

〇
 

〇
 

4
 

3
 

2
 

1
 

(
n
.
E
)

 i
Q

コ 4
〇

 A
n

s
u

o
l

u
l

(
.
n
.
B
)  Z

C
H
J
O

 

コ
一SU

3
U
1

〇 

〇 

〇 

〇

3
 

2
 

1

〇 10 20 30 40 50 60
Time, t (ns)

(a) Typical time history of intensity of laser light

Table I Parameter of laser system.

Gn 8.4 x 10-13 m3s-1

1.4 x 1024 m-3

り 1.927 x 10-12 s

2.04 x 10-9 s

I 1.5 x 10-9s

な 1.5 x 10-9 s

a 3.0

J 1.1 x 1033 m-3s-1

の 1.226 x 1015 s-1
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Intensity of LD1(au)
(b) Intensity mapping of laser light

Fig. 3 Chaos oscillation in laser system.
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Fig. 4 Rate of orbit magnification as a function of 
feedback coefficient.

LD1 looks like that of LD2. Figure 3(b) shows the 
intensity mapping at the synchronized timing in Fig. 
3(a). We can confirm that the intensity of LD2 
depends on that of LD1 linearly. Hence, the chaos 
synchronization occurs in this system.

4.2 Increase of rate of orbit magnification of chaos

To improve the quality of electric power demand 
prediction using chaos, it is necessary to generate the 
many complicated chaos. The complexity of chaos is 
indicated as the rate of orbit magnification. Figure 4 
shows the rate of orbit magnification 九 as a function 
of the feedback coefficient Here, the feedback 
and injection coefficient is assumed as 卑=淹-1= 
幻-2 = 3.0xl09 s-1. The rate of orbit magnification 
increases as the feedback coefficient increases. The 
rate of orbit magnification reaches 0.8 at the feedback 
coefficient of 与=3.0 x 1011 s-1. In this condition, 
however, the chaos having the controlled difference 
of the rate of orbit magnification more than 0.5 
cannot be obtained.

5. Conclusions
The chaos generated by semiconductor injection 

laser system with external optical feedback is 
numerically simulated to improve the quality of 
electric power demand prediction. In the modeled 
laser system using single-mode, DFB semi-conductor 
laser, the chaos oscillation occurs at the feedback 
coefficient more than 3.0 x 109 s-1 and the injection 
coefficient more than 3.0 x 109 s-1. The rate of orbit 
magnification reaches 0.8 at the feedback coefficient 
of 3.0 x 1011 s-1. In this condition, however, the chaos 
having the controlled difference of the rate of orbit 
magnification more than 0.5 cannot be obtained.

The increase of rate of orbit magnification is the 
subject for a future study.
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