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Abstract: According to the characteristics of architecture heat supply and the demands for energy-saving
control, load forecasting based on the maximum entropy method is proposed. By using the least square
fitting and the pretreatment approach, the historical random load series collected from the heat supply
station are separated into the certain part and the random part. Then the load series is dealt with by the
auto-correlation method and the maximum entropy method respectively. Comparing the results of these
two methods shows that the load forecasting based on the maximum entropy theory can meet the demands
for heating energy-saving control in terms of the forecasting accuracy, auto-adaptive and real-time ability
better.
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Due to the large consumption of energy in the heating system, effective energy-saving control systems
are desirable to decrease the total cost. Accurate forecast of heat load in heating system is a key to heat
supply control system design. Mattias B. O. Ohlsson"! described a method using artificial neural network
to forecast the heat load of a large building in America. The inputs of the ANN model were time,
temperature, sunlight and wind speed, while the output was the heat load. Zhou En-ze*! applied the time
series to accomplish short-term forecasting of heat load, and utilized correlation method for metaphase
forecasting. The results were used as an instruction of the energy management of heating network.
Outdoor equivalent equation whose parameters could be estimated was applied to the heat load

forecasting™. (]

Cao Yu-giang et al. "' presented a method to adjust the average temperature of supply water
along with fluctuation of the temperature outdoor. However, the method in ref. [1] is more feasible in

macroscopic administration than in real-time control. Reference [ 2] has the disadvantage of low forecasting
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precise. The forecasting in reference [ 3] and [4] which merely has the relationship with weather is not fit
for the measured heating system. Based on the above background, a load forecasting method using
maximum entropy theory is proposed, which considers two main random factors: weather and consumers’
needs. The simulation results show that this method is more accurate than the method which using
traditional time series. In addition, it is more efficient and can meet the demand of real-time of the heat

supply system, especially in the case the heat load is uncertain.

1 Maximum entropy principle

1.1 Principles of entropy
Information principle is described: if the event is happen surely, the entropy will equal to zero. The
value of entropy will increase along with the uncertain of event.
Suppose matrix X is a discrete random variable, and p; is the probability while the random variable is
Zis 1 =1,2,3,n.
P{X=zx}=p, , i=1,2,n , (D

The entropy is defined as follows:

H(X) = H(p,+p,sap,) =— > P;InP; . (2)
i=1

If the random variable is continuous distributed and its probability density function is p(x). the

entropy is defined:
Feo
H(XO :7J,,, p(x) In p(x) dx . (3

1.2 Maximum entropy rule
If the sample is a time series x = (x, ,x,.**»xy) ' s the entropy of this random process can be written

as:
oo
H, :fJ - (0 Inplx) dx (4)

where p(x) is joint probability density function p(x,,x,,***,xy). Suppose the time series is Gaussian

process whose average is zero, thus

Py sy sersxy) = 2m) VP (det R, (N) /%) exp<— % x' R, <N>x) . (5)
where the R, (N) is auto-correlation matrix.
Equation (4) can also be substituted by (5) .
H, =+ In[det R, (N)]+ N In(2ze)' . (6)

If nonstationary time series has been described as »,(0),r, (1),-+,r,(N), the course which extrapolates
the next auto-correlation value », (N + 1) above the premise H. is maximized, is named maximum entropy
rule.
Thus r, (N + 1) can be obtained by solving the following equation:
ddetR,[(N+D]/@r,(N+1D)=0 |, 7
r (1) r.(0) e r.(1—N)

r. (2) r.(1) e . (2—N)

where, R.,(N-+1) = =0 . (8)

r,(N+1 r.(N) - r, (1)

1.3  Maximum entropy spectrum estimate

Maximum entropy spectrum estimate'™ is a modern spectrum estimate based on maximum entropy
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theory. The data outside the observation area can be forecasted by extrapolating the auto-correlation
function of process infinitely. The method can solve the low resolution problem caused by adding window
with classical spectrum estimate.

In fact, according to Fejer-Ries theorem, maximum entropy spectrum estimate is equivalent to AR

signal analysis and linear forecasting error filter, and

N
S.m) = Py (24 [1= ) ay exp(—ikad | ") (9)
k=1

where a, is also the AR model parameters can be acquired by solving Yule-Walker equation which has N +1
auto-correlation function values. Py is the output power of N ranks forecasting error filter.

The coefficient of forecasting error filter 1, —a,, —a,,***, —ay can be obtained by following matrix,

r,(0) r.(—1) e r,(=N+D 1 Py
r. (1) r, (0) o 1, (—N+2)||—a 0

R.(N) = . . . L=, . (10)
F(N—1) r (N—2) = r. (0) —ay 0

2 Disposal of load sample

2.1 Choice of experiment sample
Data collected from a certain heat supply station of Harbin are treated as original data for load
forecasting. The sample includes 70 days data between December 1th, 2005 and February 8th, 2006. The

data are shown in Table 1.

Table 1 Day-Average Heat Load From Dec. 1th,2005 To Feb. 8th,2006

Dec. 1st,  Dec. 2nd, Dec. 3nd, Dec. 26th, Dec. 27th, Feb. 7th,  Feb. 8th,
Date/day
2005 2005 2005 2005 2005 2006 2006
Load/
44. 250 45. 750 45. 625 48. 750 45. 250 59. 250 59. 625
(MJ«h™")

2.2 Pretreatment of random process
The certain part can be estimated by using least square and the random part can be separated from the
same part simultaneously.
Before modeling, the random part should be pretreated. 30, Stationary random signal after pretreatment
1) zero mean value method For the time series x (i) (i =

15
[=]
T

1,2,++,n), the data should be disposed by zero mean value
method if E[ x(i)] £0.

2) Stabilization Run test is utilized to realize steady test.

—_
(=]
T

It” s practicable to small sample observation series without

-
=)
T

considering the distribution rule of the data.

©
S
;

Heating load of heat supply
system/(MJ * h)
2

The time series needs to be stabilized if the heat load is

&
=

non-stationary series. In this paper trend items are removed by 10 20 30 40 50 60 70
using first-order difference method. Date: From Dec 1th, 2005 to Feb 8th, 2006/day

The random signal separated above is dealt by the zero Fig. 1 Random signal after pretreatment,

mean method and stabilization. And the final random signal

separated is shown in Fig. 1.
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3 Heat load forecasting with maximum entropy method

3.1 Burg algorithm
According to Burg algorithm"™, reflectance is calculated under the rule that both the average power of
the forward and backward forecasting errors are minimized. Thus the power spectrum of signal can be

acquired restrictedly by Levinson recursive algorithm. The detailed approach involves six steps (see

below) :

1) The initial value of forecasting error power can be calculated by:

1 < :
PO:N; lzG|* (1)
and the initial value of forward and backward error
foG) = g, (n) = x(n) . (12)
2) Let m = 1, then the reflectance is
N N
Ko=— 2 fimga=D/(5 2 [+ e mlf]) . (13)
n=m+t1 n=m+1

3) Coefficient of filter can be expressed as follows:

. (n—D (m—1)
a; =a"  +K,a, " (14)

m

and then let the reflectance K,, = a

m*

4) Forecasting error power can be calculated by

P,=(1—|K,|[")P.1 . (15)

5) Outputs of filter are obtained:
foG = f,. +K,g,. . (n—1) (16)
g, () =g,  n—1+K, f, ., . (17n

6) In addition, m < m + 1, and repeat step 2) ~5) untilm = p.
3.2 Forecasting applying maximum entropy method

The algorithm based on maximum entropy theory, which is utilized to forecast the load of heat supply
system, solves the inconsequence problem that the values of time series outside “window” are set to zero

by traditional algorithm. Thus the forecasting zone is extended to infinite.
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Fig. 2 Load forecasting based on maximum entropy method.

The time series from Dec. 30th, 2005 to Feb. 8th, 2006 is dealt with Burg algorithm forecasting,
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while the number of the time series is 40. The simulation results are shown in Fig. 2.

According to Fig. 2, to the heat supply system which has the characters of random, nonlinear, and time-
varying, the accuracy of heat load forecasting is improved obviously by using maximum entropy principle.
3.3 Results comparison between maximum entropy method and auto-correlation method

Through simulating, the one-step and two-step heat load forecasting with auto-correlation method are

shown in Fig. 3. And comparison of those two methods is shown in Table 2.
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Fig. 3 Load forecasting with auto-correlation method.
Table 2 Comparison of load forecasting using maximum entropy method
and auto-correlation method
) Accumulative Absolute Average Absolute Average Absolute
Load forecasting method .
Error/(MJ « h™) Error/(MJ « h™1) Relative Error/ %
One-step maximum entropy method 150. 89 3.77 7.69
Two-step maximum entropy method 152.71 3.82 7. 80
One-step auto-correlation method 175.59 4.39 8.96
Two-step auto-correlation method 178.92 4.47 9.13

Through the comparison of the accumulative absolute error, the average accumulative absolute
error, and the average absolute relative error in Table 2, it can be concluded that the accuracy of the

method this paper introduced is higher than using auto-correlation method.

4 Conclusion

In this paper, the heat supply forecasting based on maximum entropy principle is proposed. The
results show this method can be advantageously employed in heat supply control system. The conclusion
can be obtained as follows:

1) The sample data are pretreated to improve the accuracy of forecasting.

2) The algorithm, which based on maximum entropy theory, can be processed online. It can meet the
demands of the real-time system.

3) Comparing the results, heat load forecasting based on maximum entropy method has higher
accuracy than using auto-correlation method.

4) The forecasting method based on the maximum entropy has the same effect as AR method in

stationary process. Furthermore it’s also suitable to parameters estimate for non-stationary process.
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