International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016), pp. 169- 80
http://dx.doi.org/10.14257/ijhit. 20 6 9.11

A Granular Ant Colony Algorithm for Power Distribution
Network Planning*

Jia-Mei Zhu*?, Honge Ren***, Meng Zhu**
* Corresponding author

'College of Information and Computer Engineering, Northeast Forestry
University,
Harbin, Heilongjiang, 150040, China

?Information and Computer Engineering, Harbin Institute of Petroleum, Harbin,
Heilongjiang, 150028, China .
®Forestry Intelligent Equipment Engineering Research Center, Har \/

Heilongjiang, 150040, China $~

nefu_rhe@163.com

Abstract @

Ant colony algorithm (ACA) is a new heurls hm s been proven a
successful technique and applied to a number o blnator ‘%(mlzatlon problems.
An Granular ACA algorithm based on scou aracterls is p oposed for solving the
stagnation behavior and premature conve§proble e basic ACA algorithm on
TSP. Proposesing a Granular computi ptive heromones mechanism base on
researching on ant colony algori del,« ones update and pheromones
selection had been improved. & the nal ant colony algorithm for the
calculation of dlstrlbutlon n planni is slow and easy to fall into local
optimal solution. And imp the convb@e of the optimal solution. The validity of

nction. In addition, a satisfactory optimum

the GACA has been veri using a t
solution for a Power @rlbutlon ork Planning that has 73 users has been
obtained.

Keywords: \Iar Antmlgonthm Power Distribution Net woke Planning;
Optlmlza (2 (@ve
Introductlon

Ant colony % is a simulation based on the species evolution to solve complex
optimization prgblem for heuristic. The idea of ant colony algorithm are simulated ants
foragmg%amor That is, the use of a large number of ants in the search space in the
randor@a ch, And use of information has always been to strengthen the search route,
an other artificial ants search, At the same time, the introduction of the volatile

one mechanism. A new heuristic algorithm named ant colony algorithm (ACA)

een proposed through studying foraging behavior of real ants and applied to solving

combinatorial optimization problems such as traveling salesman problem (TSP),

assignment problem[1-2], and job-shop scheduling problem[3]. ACA has received

increased interests from researchers quadratic assignment problem (QAP) and shop
scheduling problem (JSP) solution to achieve good results.

ACA has received increased interests from researchers in recent years and a relatively
large amount of successful applications are now available[4-9]. The MAX-MIN ant
system (MMAS) and local search for TSP are proposed[4]. Reference[5] developed a
computationally efficient vector optimizer using ACO algorithm for multi-objective
designs. Reference [6] designed an ant algorithm for balanced job scheduling in grids.
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Reference [7] studied a formulation of ant algorithms for the water distribution system
optimization. Reference [8] proposed an improved ACA optimization methodology for
solving automatic bubble image segmentation.

In 1997, professor Zadeh is pointed out that granular computing is fuzzy Information
granulation, rough set theory and interval computing superset of grain number Learn
subset. Professor Yao Y Y more generally believe that granular computing is in To solve
the problem in the process of using "size" of all the theory, method, Techniques and
tools of "tag"[10-17].

Now ant colony algorithm has been optimized in the motor design, network
distribution, function optimization and integrated circuit wiring in areas such as applied
[18]. Forestry waste from electricity distribution network from the power station
involved in each location, size to meet future demand for electricity in rural areas since,
for each subject since the power station capacity at the same time, radial network

structure, as well as reliability requirements, such as binding. Because of lot of v ables»
and constraints involved, spontaneous power distribution network planning y
complex combinatorial optimization problem[19-21].

In this paper, these issues of Granular ant colony algorithm and pro @ ranular
computing-modal adaptive ant colony pheromone rb%ethanu@ their use

@tg o

achieved good results in the electricity distribution ne imizat

2. Ant Colony Algorithm and Granula putl

2.1. Ant Colony Algorithm Q 6

The ant optimization algorithm is of the switching rules and the
repealing information element rule. §m exa present the ant colony algorithm

applied to the TSP (Travelin @J an Prob IS or illustrating the principle of ant
colony algorithm. There % mpLio cities, traveling salesman problem are
looking for an optimal travel*path of the t route. The TSP models the situation of
a traveling sales man wheyis require through a number of cities. The goal of the
traveling sales man K@/erse theseteities (visiting each city exactly once) so that the
total traveling di iS'minimak, Reasible solution of the traveling salesman problem is
a non-repeat se of all'ufe Bitigs.™ Assuming that only m ants Add to the given n
cities: dij(Q ..o,n) Wl@ i s dlstance between city i with city j. b;(t) where by(t) is
n
the number=df ants @ ted in city i when it’s t. m= ) bi(t) .where 7(t) is the
i=1
that connect city i and city j at time t, The amount of information

information on r;

of Each line 4 ual on the initial time, Supposing 1;(0)=C(C is a constant).A k ant
choice ngxl steptinstitute direction according to the information content in the process.
T’
O G /O j e allowed
Q:O pi = 2 rmf® ®
seallowed,
0

Where P (t) is the probability Ant k sets off town j from town i at time t and

allowed,={0,1,...,n-1}; tabuy is the ant k select the next step to allow the city. This is
different from the real ant system, artificial ant system with memory function. Tabuy
(k=1,2,...,m) tabuy(k=1,2,...,m) is used to memory the city that the ant k has gone
through. In order to avoid premature convergence to local optimal solution, the
pheromone is evaporation, p is the coefficient for the residual pheromone.l-p is
pheromone evaporation coefficient, the pheromone on each line adjust with (2) after
Ants complete a circle at n moment.
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T (t+m) = P*Tij (t) + Az, )
Az =Y Azt ©
P

Where Ari‘; is the amount of information Ant k left in on the path ij in this
cycle; Az is the amount of information all Ant left in on the path ij in this cycle.

Q

Ari‘; =1L, ,if the ant k traversed ij in this cycle 4)

0
Where Q is a constant and L, is the path length ant k traversed in this
cycle, Az; = 0 At the initial moment [3]. \/0

2.2. Granular Computing ?“
Grain is the fundamental element of granular computingyit is in ac r@wnh the
indistinguishable Sex, similarity and function label toge@e’ory ir@?main of the
child Set, classes, cluster and elements. %
Document [22] of the grain of the interaction @ ifferent,infolgétion is discussed

r

Mechanism Level switch is refers to the problem solutibxn e in different grain
layer Obtained, focuses on adjacent layer ({ the rap%&c struction method, As
*

shown in Figure 1. *\O \
% Problemg?\: @
Q; CVE) o

. ’) C\T S=h(problem(G))
\”‘}_—"’

-

L

Z

(V. ED

P S=h(problem(G)

@ Problem(G)

Figure*&sed on the Rapid Solution of Solution of Granular Layer Switch
Reconstruction Mechanism

igure 1, G (V,E) and G'(V',E") are two grain layer, f from G(V,E) to G(V,E’) the

ping relationship, S and S' is the solution of solving process with function h() on

topic problem in grain layer of G and G ". In the case of the problem and granular layer

mapping known, solution of coarse grain layer G' in fact can be determined through
S=h(Problem(G")[23].

3. Granular Adaptive Ant Colony Algorithm

Previous studies have shown that ant colony algorithm has a strong ability to find a
better solution, It is not only because the use of the positive feedback principle, to a
certain extent on the process of speeding up the optimization, and is a nature of a parallel
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algorithm, carried out between individual mutual collaboration and exchange of
information transmission, is conducive to a better solution was found. But this algorithm
is time-consuming than other intelligent optimization algorithms, the complexity of the
algorithm can reflect this[15]; The algorithm is prone to stagnation, that is, the search to
a certain extent, all individuals found that the solution is exactly the same solution
cannot further the search space is not conducive to a better solution was found[16].

In this paper, the mathematical model of the algorithm has been improved in three
ways.

First, single Pheromone cannot satisfy the practical application of a variety of
constraint problem question. It is clear that only selecting one of pheromones as the
definition of the optimal solution would be a hindrance to the rapid generated in the
number of constraints. Because of the above, changing the practical application of a
variety of practical constraints properly into a "pheromone". A variety of "pheromone"
Update in accordance with the actual constraints. This mechanism can n
accelerate the speed of optimization, but also reduce risk of local optimal sol
Y Y designed the measurement of granular in Reference[24]. \v

GM ()= Z' ||Iog|X Q/Q

Where 7 ={X, X,---» X }isa partltlon d mai a subset of the
set of U. When each grain is the single point set, )=0; %ﬁe whole universe is
a grain, GM(  )=log|U|. The optimal solutio btalneda her@mones.

Second, the ant colony algorithm us@ack m sm to reinforce the good
solution and is prone to stagnation mt\ ti tion. In this way, both the
probability and the random of se |nc |mprove traffic density. After
some interactions, the dlstrlbutl erom just dynamically According to the
case of solution by type (6 ase th mone of the route and update the
pheromone if the soluti s impro duced on the contrary. Increase the
pheromone of the route up atet one if the solution has improved, reduced
on the contrary.

The pheromon as foI by this method:
Each phero |n after a loop in accordance with the ratio of area

and the wir ded eq
@ ®+ m P)Tu + A7 (6)
is se

Where: ed parameters based on the actual that reflects the extent of
such a volatile p

k
z‘ Where AT” is the amount of information that the ant k left in the

path ij s cycle, %iijs the total amount of information remain in the path ij on This

Ioo@
Q ) S . )
Az, = L_K*d”’ if the pathy is thecurrent shortest @)
0, other

L

Where —kis the path length ant k traversed in this cycle; S is the area the m ants go

by; dy is the distance fromi to j.
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4. Distribution Network Optimization

4.1. Model of Distribution Network

Distribution network planning objective is to extend the fixed costs of distribution
network energy losses associated with the minimum cost, at the same time meet the
power plant capacity, Paragraph feeder capacity, Voltage landing, Radial network
structure, as well as constraints such as reliability constraints[25]. Because of The
characteristics of biomass power, using the mathematical objective function model of the
distribution network that Calculated by the direct-current equation:

Ny
minY => A xL;xZ; +PexU (8)
i=1
Where A; is the comprehensive cost of New lines of unit i, Li is The length of the
new line, Z; is the State of the line I, Pe is The penalty coefficient of the network h *
excess load, U is the load, N is the total line built newly[26-27].
The goal of the path evaluation model is to find an improvement space
optimal solution. The improvement space is calculated cgrdlng
formula %

S. =
ij
minY = ZA xS, xZ; +PE, x U, ‘®g\

=1 Q PE,:(% ij,(keANTS)

3G
where dis is the length of arc(i @ls th nding station number, dj is the
length of arc(j, r), m is the co re@mg statio ber W;s is the weight of arc(i, s),
W, is the weight of arc(j, r), WSI Wi, are ded by rank sum, and r is the adjustment
parameter. We can control n"fer ath evaluation through setting a different
value tor.

4.2. Graining P @le |S\mmed

As the n- ptlmlzatl rogram is aimed at ensuring electricity to the load
centers s sing of the fitness function of the circuit evaluation that
dlstrlbutlo Work ction and running costs to a minimum, for each line to be

elected state opt| d of distribution. This model's movement request is refers to
regarding the nt way which assigns does not present the load, the efficiency

temporarily o as taken into account line's construction investment expenses, namely
belongs has the restraint minimum question, obtains the distribution network plan
optimi@ﬂiciency function is:
NL
Tbest :zva(J =12, n) (10)
=1

%uppose T is a collection of all the candidates of the slip, each slip is 1 or 0, which is
selected or not selected. Where N is a collection of all the new load nodes for the
planning period. The state of the candidate slip in T corresponding changes would
occurred, when some of the nodes in N changed '*".Using granular “"pheromone” In this
paper, m is the number of ants, two kinds of pheromone is The power plant capacity and

radial network structure; make the initial density a very of 7(0) and 1(0) small positive
number, where their coefficients constrained a =1, B =1.The algorithm describe as
Figure 2:
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|  begin |

| Initializatio |

-
Input incompletely
connected graphG=(V,E)

Granular optimal solution
is obtained as pheromones

Initializatio pheromones

Pheromone transformation V’
— probability calculation,Choose ?\
=L ] e path By the formula(1)(3)(4) 0

1
Update the concentration, of two ||
pheromones by the farmula(s /

W@& /
Y —— [ L

(N N
M\ @,
Qlptate thexpheromones

/1 By the formula(6)(7)
*

N

=—'slop condition? —

%, R
N Q _u put the
\\ optimal resu
O igtre 2.@&optimizaﬁve Distribution Network

Case Analysis @

To optimiﬁ distribution network that has 73 user and 15 small-scale self-
generatigngpo station (as shown in Table 1 and Table 2). Where points 0-72 is all
users and\§fall-scale self-generation power station are 1-4, 11-15, 31-33, 46-48. The
solid @ s the feeder to be built at the actual situation, The dotted line are the possible

e @ 0 be built. The total cost of construction is 107.95A if A is a unit of the cost of

@truction. To optimize the power network using the basic ant colony algorithm and
improved ant colony algorithm the programming respectively. Algorithm select
parameters of international standards Co=1,C;=1,a=1,p=1,p=0.8,Q= 2x106,m=50. The
Solid lines are the feeder lines that must be set up and the point line is the feeder lines
that have been optimized in Figure 3.
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Table 1. Performance Indicators of Self-Generation Power Station

Sation_id  Capacity (MVA) Load(W) Planning status  Restricting conditions

1 3*20 4975.66 Y Load;load rate;length...
2 3*50 5674.15 Y Load;load rate;length...
46 3*30 1983.46 N Load;load rate;length...
47 3*40 5042.19 Y Load;load rate;length...

Table 2. The Demand of Node

Node id  Planning status Load(W) Sation_id  Restricting conditions

5 N 1066.499 null Load;load rate;length

6 Y 2764.229 15,11,10 Load;load rate;lengt .
7 Y 1529.485 15,11,10 Load;load rate;le

8 Y 4409.619 15,11,10 Load;load rate;len

70 Y 1324.690 1,2 L.oad;lo§a®th

71 N 499.000 null Load;l te;length

72 Y 5421.115 Lo e;length

loa
The network basic has been optimized usin a\{m (as shown in

olo
Figure 4). The distribution network have three sub*s€ts in thm ved planning: one is
the power stations 1-4 and 11-15, one is B@nd other\®16-48 then all the stations

control all of users. N O
<

O*' Figure 3. The Unoptimizative Distribution Network

< ¢

the Joasic needs of the user's and can reduce the length of subnet while saving the cost of
p¥anning. The costs of the distribution network planning are 87.94% of the costs of the
original planning, and optimization efficiency increased slightly. Above all, the granular
ant colony algorithm has good optimization capabilities, the result is more satisfactory
from Table 3.

e with two algorithms (as shown in Figure 4 and Figure 5), the GACA can fits
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a0 67 68

5 10 ‘15620
e 5. Thg@zaﬂon using the GACA

\\&e 3@5 timization Using the Gaca

The Tot@ " The Feeder The Cost of Efficiency
Algorithm ost of Reduced Reduction of
Cons Optimization
The Base 15 15.57A 84.25%
ACA
GACA 4.142A 21 21.35 87.94%

Resp\kdy, It are given that statistical results of the iterative process of two kinds of
ant co Igorithm in Figure 6. Obviously, the number of the Optimal solution has
d much in the basic ant colony algorithm before 100 iterations, Because less the
% of pheromone accumulation does not give full play to the positive feedback
hanism of algorithm; The optimal solution of process decline rapidly, when the
number of iterations is between 100 and 600;Optimal solution of the process decline flat,
when the number of iterations is between 600 and 1000; The optimal solution of the
process does not change more than 800 times. Granular Ant colony algorithm to the
process of the evolution curve of the optimal solution. It can be seen that the number of
iterations of Granular Ant colony algorithm less than that of the basic ant colony
algorithm is about 50 times averagely. The algorithm based on ant colony algorithm for
distribution network planning is stable, and the speed has improved.

176 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

& — : ‘ : ‘ : —
) A S ST O A o
e

240

Number of salution

L e e Nt EE A S s |

120 =7 ACA |-t N

ol b
0 100 200 300 400 500 600 700 800 900 1000
Mumber of iteration

Figure 6. The Iterative Process of Two Kinds of Algorithm ?\/

O

5. Conclusion .

In this work ACO algorithms are originally introdu %@Iv the ized design
of the distribution network, the results show tha gorith tisfied with search
results. Compared with the traditional algorith Ac%urrently among the

and improving the

Time-consuming of the algorithm up t ertaine t; with other intelligent
optimization algorithms, the improved lony alg m for optimal design of
distribution network and provides a ctlv d. But the ant colony algorithm

precocious and stagnation-prone si als QK e further improved,; this can be
mixed with other algorithms t |t

A

state-of-the-art methods for solving discreg% ation pro

Acknowledgements

The work descrl this pape supported by 2014 scientific and technical
research (guida Ject plad educatlon Department of Heilongjiang Province
(Project No. 1 ), 20 ific and technical research (guidance) project plan
educatlon ent of eil |ang Province (Project No. 12543039) (Project No.
1254303

References @

[1] M. Dorigo@ M. Gambardella, “Ant colony system: a cooperative learning approach to the
traveling sale$man problem”, IEEE Trans. on Evolutionary Computation, vol. 1, no. 1, (1997), pp. 53—
66. \E

[2] L. v* mbardella, E. D. Taillard and M. Dorigo, “Ant colonies for the quadratic assignment

Oklem”, Journal of the Operational Research Society, vol. 50, no. 2, (1999)., pp. 167-176

Q olorn| M. Dorigo and V. Maniezzo, “Ant system for jobshop scheduling”, Belgian Journal of

Operations Research and Statistic Computing Science, vol. 34, no. 1, (1994), pp. 39-53.

T. Stiitzle and H. Hoos, “The MAX-MIN ant system and local search for the traveling salesman
problem”, Proc. of IEEE 4th International Conference on Evolutionary Computation, (1997), pp.308—
313.

[5] Y. C. Liang and A. E. Smith, “An ant colony optimization al-gorithm for the redundancy allocation
problem (RAP)”, IEEE Trans on Reliability, vol. 53, no. 3, (2004), pp. 417- 423.

[6] M. Birattari, G. Di Caro, M. Dorigo, “Toward the formal foundation of ant programming”, in: M.
Dorigo, G. Di Caro M. Sampels (Eds), Ant Algorithms, Proc. ANTS 2002, third Internet. wordshop,
lecture Notes in Computer Science, Springer, Berlin, Germany, vol. 2463, (2002), pp.188-201.

[71 J-H. Zhang and X.- H. Xu, “A new evolutionary algorithm-ant colony algorithm”, Systems
Engineering Theor and Practice, no. 3, (1999), pp. 84-87.

[8] G. Panoutsos and M. Mahfouf, “A neural-fuzzy modeling framework based on granular computing:
Concepts and applications”, Fuzzy Sets and Systems, vol. 161, (2010), pp. 2808-2830.

Copyright © 2016 SERSC 177



International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

[9] B. Liu, Y. Lin and Y. Wang, “A method of automatic image segmentation for gas bubbles in water”,
Journal of Harbin Institute of Technology (New Series), vol. 19, no. 4, (2012), pp. 31-35

[10] A. Skowron and P. Wasilewski, “Information systems in modeling interactive computations on
granules”, Theoretical Computer Science, vol. 412, no. 42, (2011), pp. 5939-5959

[11] Y. Y. Yao, “Granular Computing: basic issues and possible solutions”, Proceedings of the 5th Joint
Conference on Information Sciences, vol. I. Atlantic, NJ: Association for Intelligent Machinery,
(2000), pp. 186-189.

[12] F. Lin and W. W. Cohen, “Power iteration clustering”, Proceedings of 2010 International Conference
on Machine Learning (ICML). Haifa, Israel, (2010), pp. 655-662.

[13] J. Wang and J. Wang, “Application of Adaptive Ant Colony Algorithm In Flow-shop Scheduling”,
Computer Applications and Software, vol. 25, no. 11, (2011), pp. 117-119.

[14] H. Duan, D. Wang and X. Yu, “Ant Colony Algorithm: Survey and Prospect”, Engineering Science,
vol. 9, no. 2, (2012), pp. 100-103.

[15] B. Li and X. Li, “Distributed Generation Sources and Their Effects on Distribution Networks”,
International Electric Power for China, vol. 9, no. 3, (2010), pp. 45-48.

[16] J. An, Q. Gan and G. Wang, “An Algorithm for Rule and Knowledge Acquisition Based on Granular
computing”, Computer Science, vol. 32, no. 8A, (2005), pp. 137 — 140.

[17] Z. F. Chen, H. Y. Shi and Y. J. An, “Globally convergent ap-proach based on chaoti
underwater robot motor optimization”, International Conference on Robotics, Intelligent S and
Signal Processing[C].Changsha, (2013), pp. 996-1001. 6

age

[18] V. Miranda, J. V. Ranito and L. M. Proenca, “Genetic algorithmsgin optimal mult istribution
network planning”, IEEE Trans on Power Systems, vol. 9, no. )bp 19 3.

[19] I. J. Ramirez-Rosado and J. L. Bernal-Agustin, “Genetic a applled ti design of large
power distribution systems”, IEEE Trans on PowerSyste 0.2, ( . 696-703.

[20] G.-J. Chen, L. Wang and G.-Q. Tang, “An Ant Col I |zat|0 sed Method for Distribution
Network Planning”, Power System Technology, vol. 2 (2010)

[21] C.-Z. Hu, J.-P. Lu, L.-H. Hu and L. Ran, “Analysis of the | act DG on the Protection of
Distribution System”, Journal of Chongqlng U\@lty (Na& r ience Edition), vol. 29, no. 8,
(2006), pp. 36-39

[22] G.-Y.Wang, D.-Y. Liand Y.-Y. Yao, “C &\ el and Iar Computing”, Beijing: Science Press
(in Chinese), (2012).

[23] X. Zhang and D. Miao, “Two basic % quantlt@gh set models of precision and grade and

their investigation using gran tlng” International Journal of Approximate Reasoning, vol.
54, no. 8, (2013), pp. 1130%

[24] Y. Y. Yao and X. F. Deng, ranular g Paradigm for Concept Learning. In Emerging
Paradigms in Machine ing”, Berli i rg: Springer, (2013).

[25] H.B. Liu, “Hypersphe@granular ing classification algorithm based on fuzzy lattices”,
Mathematical aruj Modellifyg, vol. 57, no. 3-4, (2013), pp. 661-670.

[26] L. Charles Dafj \J afeezulla Khel) and S. Ravichandran, “Distribution Network Reconfiguration
t ystem Algorithm”, IEEE Indicon 2005 Conference, Chennai,

System”, of Chongqing University(Natural Science Edition), vol. 29, no. 8, pp.
36-39, (2006).

@ Authors

Jiamei Zhu, she was born in 1978. She received the master’s
degree from Northeast Forestry University, China, in 2010.
Now she is studying in Northeast Forestry University for the
doctor’s degree. Her main research interests include the pattern
recognition and intelligent control.

[27] C.-Z. P7 Lu, E @A and L. Ran, “Analysis of the Impact of DG on the Protection of

Honge Ren, she was born in 1962. She received the Ph.D. degree
from Northeast Forestry University, China, in 2009. She is currently
professor of information and computer engineering college at school
of Northeast Forestry University, supervisor of Dr. Her main
research interests include the pattern recognition and intelligent
control.

178 Copyright © 2016 SERSC


http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=JYRJ&NaviLink=%e8%ae%a1%e7%ae%97%e6%9c%ba%e5%ba%94%e7%94%a8%e4%b8%8e%e8%bd%af%e4%bb%b6
http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=GCKX&NaviLink=%e4%b8%ad%e5%9b%bd%e5%b7%a5%e7%a8%8b%e7%a7%91%e5%ad%a6
http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=GJDL&NaviLink=%e5%9b%bd%e9%99%85%e7%94%b5%e5%8a%9b
http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=FIVE&NaviLink=%e9%87%8d%e5%ba%86%e5%a4%a7%e5%ad%a6%e5%ad%a6%e6%8a%a5(%e8%87%aa%e7%84%b6%e7%a7%91%e5%ad%a6%e7%89%88)
http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=FIVE&NaviLink=%e9%87%8d%e5%ba%86%e5%a4%a7%e5%ad%a6%e5%ad%a6%e6%8a%a5(%e8%87%aa%e7%84%b6%e7%a7%91%e5%ad%a6%e7%89%88)

International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

Meng Zhu, she was born in 1989. She received the master’s
degree from Northeast Forestry University, China, in 2014. Now
She is studying in Northeast Forestry University for the Ph.D.
degree. Her main research interests include the forestry information
engineering .

Copyright © 2016 SERSC 179



International Journal of Hybrid Information Technology
Vol. 9, No.11 (2016)

180 Copyright © 2016 SERSC





