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Abstract: On the basis o f entropy theory, the quality o f inform ation transm ission is described w ith the

introduction o f t im e- effect and accuracy concepts, and then the eva luation m odel is established to ana-

lyze the inform ation transm ission quality; m eanw hile, the sim ulation mode l based on theM onte- Carlo

m ethod is bu ilt to ana lyze its SE. A fter the SE & va lue evaluat ion by using value eng ineer ing theory,

com prehensive com parison and optim ization o f several system designs is thus realized. The results can

prov ide a theoretical basis of the innovating o fC
2

system design and the opt im izing o f inform at ion flow,

so as to enhance system va lue ( effect iveness) .
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基于熵理论和效能仿真的指挥控制系统优化设计

程 � 力1, 2
,韩国柱

1
,唐社教

2

( 1. 军械工程学院一系, 河北 石家庄 050003; 2. 73909部队, 江苏 徐州 221004)

摘要: 以熵理论为基础, 引入时效和准确度的概念描述系统信息传输质量,通过建立基于熵理论的评价模

型来分析指挥控制系统信息传输质量.同时,建立基于蒙特卡罗方法的仿真模型进行系统效能分析; 并运

用价值工程理论对指挥控制系统进行了效能价值评价, 实现了对多种系统设计使用方案的综合比较和优

选.其结果可以为创新指挥控制系统方案设计、优化信息流程, 提高系统价值 (效能 )提供一定的理论

依据.
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0 Introduction

M odern C omm and & Contro l system ( C
2

system ) is a com plex system; its value is synthetically affected by

system effectiveness ( SE) and its cos.t And the SE is a lso affected by various factors, wh ich inc lude not only the

hardw are perfo rm ance, bu t also the ow n organizational structure and operat iona lmode. V alue Engineering(VE)

is a m odern techno- econom ic ana lysis theory, it prov ides e ffect ive m ethods to the optim ization and innovation of

products. Therefore, the evaluation of C
2

system s' effectiveness and value analysis by using the system perspec-

t ive and the value eng ineer ing theory, is an effective approach to im prove system va lue.



1 C
2

system s' organ izational structure and inform ation transm ission quality

M odern C
2

system is a �M an- M achine� system, w hich is m ade up by comm anders, comm and structures,

comm and m eans, and fu lfils comm and& contro l functions to affiliated action un its. W e can regard the system�s
organizational structure as vertica l and horizonta l structure. The orders from the top dow n and the reports from the

bottom up const itute the comm and system inform ation vert ica l flow; and each comm and layer is link ing m ain

functional in form at ion subsystem s accord ing to horizontal d irect ion, ca lled the ho rizon tal flow o f inform a tion. The

crisscross inform ation netw ork is a good foundat ion to fulfill comm and & contro l funct ions.

Inform ation transm ission qua lity m ostly describes the quality of tim e- effec,t accuracy and integrity
[ 1 ]

. Be-

cause of the C
2

system s' work features, w e can consider that the system can rem ain the sam e am oun t of in fo rm ation

( System inform ation integrity is the sam e); we can assum e that inform ation transm its from the top layers to down

layers one by one w ith in the system. Therefore, ifw e respectively define the order degree of system�s organization

structure from the po int of tim e- effect and accuracy, the evaluat ing standard o f C
2

system s' inform ation transm is-

sion quality is the we ighted average o f them
[ 2]

. The t im e- effect and accuracy o fC
2

system s' inform at ion transm is-

sion are m utually contrad ictory: w ith the increasing of comm and layers, in form ation transm ission paths have in-

creased, thus it delays t im e- effect o f inform ation transm ission but increases its accuracy. Conversely, reducing

layers of comm and, itw ill defin ite ly increase the scope o f each comm and layer, although it can enhance tim e-

effec,t but inform ation bifurcation po ints and m istaken probability w ill increase, thus the accuracy o f in fo rm ation

transm ission w ill be reduced.

2 Evaluation m odel of system information transm iss ion quality based on entropy theory

Now adays, entropy theo ry has been w idely app lied in inform ation system; entropy is no t only a physics con-

cept, but a lso a m athem atical funct ion. In stat istical physics, system s' entropy is the m easurem ent o fm icroscop ic

states 'numbers; in inform at ion theory, it is the m easurem ent of random incident�s uncerta inty. For a generalized

system, entropy is the m easurem ent of a state s' confusion or disorder
[ 2, 3]

.

Reference to the use of structure entropy in b io log ica l system s, w e can describe system organizational degree

by the concept o f system structure s' order degree: R = 1-H /H max. H ere, R represents the order degree o f sys-

tem structure, H represents the system structure entropy, andH max represents system structure m ax im al entropy.

The larger of the num erical va lue ofR, the organizational structure is m ore efficien.t

2. 1 M athem at ica l descript ion of system organizational structure

The system structure is shown as Figure 1, it has n factors andm comm and layers. H ere: � �  represents

the second facto rs; the string o f two nodes represents the link num bers betw een tw o factors ( the length of the

links, L ij ), that is the sho rtest path o f tw o factors in the

organizational char.t W e consider that the length o f directly

linked is 1, and add 1 to the leng th w ith per transfer ( i, j

respective ly represents the seria l number o f factors, i= 1, 2,

�, n, j= 1, 2, �, m ) .

H ere, w e define System M icroscop ic States ( SM SS) as

the possib le m icroscop ic state in a system from a certa in

po int o f v iew
[ 2 ]

. The possible paths quant ity o fwh ich system evo lves to a certain state is the to ta l of SM SS. The

larger of the total of SM SS, the possibility of system at th is state is greater
[ 2]

.

2. 2 C
2

system tim e- e ffect and t im e- effect entropy

C
2

system tim e- e ffect reflects tim e ly degree am ong facto rs in the inform ation transm ission process; and t im e

- e ffect en tropy reflects its uncerta in degree. The ca lculating approach is as fo llow s:
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( 1)H 1 ( i, j) represents the t im e - effect entropy of tw o factors between tw o vertica l layers in C
2

system,

H 1 ( i, j) = - p1 ( i, j) log p 1 ( i, j) ( In this paper, the base of all logarithm s is 2). H ere, p1 ( i, j) represen ts the

realization probab ility of system m icroscopic states 'tim e- effec,t p 1 ( i, j) = L ij /A 1; andA 1 represents the to tal of

system� tim e- e ffect m icroscopic states:

A 1 = �
n

i
�
m

j

L ij ( 1)

( 2)H 1 represents the to tal of system t im e- effect entropy:

H 1 = �
n

i
�
m

j

H 1 ( i, j) ( 2)

( 3)H 1m ax represents system m ax im al t im e- effect entropy:

H 1m ax = logA 1 ( 3)

( 4)R 1 represents system t im e- effec:t

R1 = 1-H 1 /H 1max ( 4)

2. 3 C
2

system accuracy and accuracy entropy

C
2

system accuracy re flects accurate degree am ong factors in inform ation transm ission process; and accuracy

entropy re flects its uncerta in degree. The calcu lating approach is as follow s:

( 1)H 2 ( i ) represents the accuracy entropy o f each factor in C
2

system, H 2 ( i) = - p2 ( i) log p2 ( i ). H ere,

p 2 ( i) represents the rea lizat ion probability of system m icroscopic states 'accuracy, p 2 ( i ) = ki /A 2; ki represents

the contact scope of each factor( the num ber of o ther factorsw h ich contacted w ith a certa in factor ) in C
2

system;

and A 2 represents the total of system accuracy m icroscopic states:

A 2 = �
n

i

ki ( 5)

( 2)H 2 represents the to tal of system accuracy entropy:

H 2 = �
n

i

H 2 ( i ) ( 6)

( 3)H 2m ax represents system m ax im al accuracy entropy:

H 2m ax = logA 2 ( 7)

( 4)R 2 represents system accuracy:

R2 = 1-H 2 /H 2max ( 8)

2. 4 Inform ation transm ission quality of C
2

system

R represen ts the info rm ation transm ission quality of C
2

system, R= �R1 + �R2. H ere: �, � respective ly repre-

sents the evaluat ion w eight of inform ation tim e- effect and accuracy( �= 0�6, �= 0�4) . The larger o f the num er-

ica l value ofR, the o rgan izationa l structure is m ore effic ien.t

3 Simu lation m odel of SE analys is based onM onte- C arlo m ethod

System work process itself contains lots of random factors of uncertainty; therefore, it is d ifficu lt for bu ilding a

unified ana ly tic m odel to describe i.t Am ong the sim ulation and analysis m ethods of SE, M onte- Carlo is one of

the most effective m ethods. Its principle is: W hen we want to so lve a m athem atic, physica,l technical or m anag ing

prob lem, we must found a probab ility m odel to describe the prob lem firstly, and then m ake samp le exam ination a-

bout the problem. From the end of the exam inat ion, w e can get the approx im ate end of the practical prob lem.

In this paper, on the prem ise o f syn thetically analyzing C
2

system�s features, w e build simu lation system

based on M onte- Carlo m ethod, and then com pile the action scenario. A ll action units and the correspond ing

state o f bo th sides a lso have been sim ulated. A fter the obligatory t im es tests have been com p leted, w e can obtain

the statistica l value of SE.
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3. 1 S im ulat ion of C
2

system itself

In the sim u lation of C
2

system, corresponding to d ifferent system design pro jects, for the hardw are installa-

t ions of one- leve l comm and vehicle and tw o- leve l comm and vehic le, their work tim e is a long w ith the sim ula-

t ion clock forw ard, and the increasing num ber is accordance w ith the tim e o f enforc ing comm and assignm en.t

In this paper, w e suppose the life o f C
2

system adapts to exponential distribution. Respectively, acco rd ing

to M ean T im e B etw een Fa ilure (MTBF) and M ission T im e Betw een C ritica l Fa ilure (MTBCF), M onte- Carlo

m ethod is used to generate life - distributed

random num ber on every subsystem of C
2

system.

Thusw e can judge w hether they are in generic fai-l

ure and fatal fault o r no .t

W e suppose the tim e of C
2

system s' repairing

adapts to exponential d istribution. According to this

regulation, we can use the distribut ion�s inverse

function to samp le the t im e o f failure and the tim e

of repairing. Thus w e can judge w hether they have

been repaired or no.t A ccord ing to the correspond-

ing C
2

system s' design pro jects, the work flow chart

w ith in a sing le simu lat ion process is shown in f igure

2.

3. 2 S im ulat ion of action un its

Antagon izing sides w ill com e through severa l

events such as act ion, m ovem en,t m aintenance

and suppor,t etc. In this paper, using M onte -

Carlo m ethod, w e pushes the sim ulat ion clock for-

w ard by consistent steps, dec ides the even t by

sim ulation c lock, and system 's reliab ility, m ain-

tainab ility and action e ffect have been sim ulated.

4 Case Study

4. 1 Evaluation o f system trainnsfmormisasitoionnqua lity

A ccord ing to three k inds of C
2

system s design

pro ject, w e can draw the corresponding chart of system organ izat iona l structure, and they are shown in Figure 3,

F igure 4, F igure 5.

W e can use t im e- effect and accuracy entropy evaluation m ode ls to ca lculate inform at ion transm ission qua l-i

ty of three k inds o fC
2

system s design projec.t The result is show n in Table 1.
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Tab. 1� C2 system�s in form ation transm ission quality

pro ject

to tal of system

tim e- effect

en tropy (H
1

)

tota l of sy stem

accuracy entropy

(H
2

)

system

tim e- effect

( R
1

)

sy stem

accuracy

( R
2
)

inform ation

transm ission

quality (R )

system

effecti - veness

( SE )

un its put

into ac tion

(N )

1 5. 801 3. 938 0. 157 0. 279 0. 206 0. 393 23

2 5. 201 3. 875 0. 108 0. 281 0. 177 0. 434 22

3 5. 127 3. 124 0. 113 0. 405 0. 230 0. 427 20

4. 2 Ca lculat ion of SE

The action scenario should be com piled firstly, and then the reasonable effectivenessm easurem ent param e-

ters shou ld be se lected. N ow w e can use MATLAB language to program, after putting the param eters of three

kinds o fC
2

system s design project to sim ulation m ode l�s program, the resu ltw illbe obta ined. It is show n in Tab le

1 and Table 2.

Tab. 2� Contrast of C2 system s' SE and in forma tion transm ission quality

P ro ject 2: P ro ject 1 /% P ro ject 3: P ro ject 1 /%

The added propo rtion of SE 10. 4 8. 7

The added propo rtion of un its pu t into action - 4. 3 - 13

The added propo rtion of in fo rm ation transm ission qua lity - 13. 7 11. 7

W e cou ld draw a conclusion from results: C ompared on the po int of SE, Pro ject 2 is optim a;l but com pared

on the point of system value and in form at ion transm ission qua lity, Project 3 is opt im a.l

5 Conclus ions

In this paper, the evaluat ion m odel based on the inform at ion entropy theory has been established to analyze

the quality of inform at ion transm ission. And the practice show s that it is easy to coun,t and has the advantage of

avo id ing the subjective factors.

M onte- Carlo m e thod is one of the uncerta in sim ulat ion m e thods. The simu lation m odel based on M onte-

Carlo m ethod has been bu ilt to ana ly ze its SE, w ith the application of th ism ode,l C
2

system effectiveness assess-

m ent has been carried ou.t A fter the SE & va lue evalua tion, w e can com parat ively analyze and optim ize to sever-

al system design pro jects. And the practice show s that th is m odel is particu larly suitable for use in comparison

and optim ization o f C
2

system s' design.

C
2

system effectiveness ( va lue) is a lso a ffected by inform ation transm ission security and its re liability;

therefore, it needsm o re study and research.
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