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Enterprise technological innovation is featured by ﬁef multizi . complex with
uncertain information. This paper studies the meas@oﬂ of senterprise technological
innovation capability based on measurement indg a lect the innovation
ability in an objective and systematic way. ThIS syst xc)nstructed according to
certain rules and standards and sheds Ilght he measurement index model based on
Euclidean distance and Information axiom. | odel°m$‘r#|rement indicators of different
types are standardized and Euclidean dIS s establish hen the weight of information
content produced by Euclidean dlstan alcul 0)get the comprehensive information
content so as to measure the ente p chnol a:%)ﬂnovatlon capability. Measurement of
three enterprises proves the mogdel o systemati ientific and feasible.
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1. Introduction\'\y,

In the era ofkndig? ge-bamy, with the development of science and technology
and the rising kparket competition, enterprise technological innovation has become the driven
force of the sustainable (;Wment as well as the core factor of competition. Therefore, it is
necessary to increase ﬂb’ terprise’s innovation capability to be more competitive in the

market [1-4]
Currently, many@lrchers, home and abroad, have studies the measurement of enterprise
icalNinnovation with fruitful progress [5-9]. However, there is a lack of consensus
analysis principles, the construction of measurement index system, analysis
method e selection of model. So it is hard to reflect the overall quality of the
t. Some analytical methods and models are not operational or feasible. Thus, this
pape poses a measurement model based on information axiom and previous researches.

2. The Construction of Measurement Analytical Principles and Index
System of Enterprise Technological Innovation Capability

2.1. Measurement Analytical Principles of Enterprise Technological Innovation
Capability

Measurement analytical principles are the guidance of the index system. Only with
scientific principles can the index system be reasonable. Based on previous researches, this
paper proposes the following principles.
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(1) Systematic principle: The process of technological innovation is summed as innovation
accumulation, R and D, manufacturing, sales and reaching economic profits. Therefore, the
index system should reflect the actual capability of technological innovation in an all-round
way. This is a complicated process of system engineering decision analysis.

(2) Scientific principle: Indicators should not overlap each other. The index system should
both address relevant problems of measurement and make sure a clear definition and an
objective, accurate and fair measurement and analysis result.

(3) Feasibility principle: The measurement indicators should be feasible and practical,
which means the data is acquired effectively, simply and conveniently for effective
measurement and analysis.

(4) Purpose principle: Measurement indicators should reflect the level
technological innovation capability and be able to point out the weaknesses i

es
as to provide reference and guidance for further improvement. C?
distinguished

(5) Layer-clear principle: Measurement indicators of a&%ﬂfler S

from each other and have clear hierarchy and differences 0

(6) Comprehensive principle: Measurement ingh
innovation in an all-round way. The whole and
affect the selection of indicators should be

incomplete.

(7) Quantitative and qualitative prmC|
while others are qualitative one

guantitative description model.

interval description. This ensures

&

technological innovation capabi

2.2. The Constructign
Innovation Capabili \

According

0.3 entlo
data, the meas’ mde

process of tech 0 glcal

tativ
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fectlven

conn

wprise
0

tion so

hey are arable.
shou th the technological
different factors that

K)
@ranteed. 0] ise, indicators may be

ome |nd rs and quantitative indicators

|ators can produce the accurate

produce fuzzy membership or fuzzy

the measurement model of enterprise

éﬂeasure& Index System of Enterprise Technological

iples and after consulting with relevant experts and
|s shown in Table 1 aimed at the manufacturing and sale

:& Table 1. Measurement Index System

|on while taking into consideration human resources, money,
innovation institution a% vation prospect.

First
System ind(é(b measurement | Weight Second measurement index Weight
O\ index
R&D funds investment ratio “u W,
Measurement R&D proportion of human
index system R&D c W,
12
of enterprise L c W, resources
technological | Ccapability = . y
innovation € Number of patent “ 13
R&D cycle © Wi,
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Successful rate of R&D ©ss Wi
Capability of cooperation Coo Wi
Overall gquality of R&D staff Co W,
Equipment level Cz :’\121

<
5

Manufacturing cycle ? Y’
Implement

capability C, W, Proportla@yrofesg@ W,,

Over@.nahty@éonals W,

4? g
o Gr ining fn@f professionalsCzs W

@&% Pr@%&) of management team ©x | Wa

&& . %O%rall quality of management
N C,

QJ Qv team
M ﬁ & Innovation awareness of
xD C W33
Qabl li

3 entrepreneurs ~3

8% Rationality of organizational

‘b W34
,& structure S

‘\%, Rationality of innovation
o w,

institution Css

@ Ratio of output to input of new

C W41
products <4
Production
capability C, W Output rate of new products Coo We,
Conversion rate of science
W43

achievement Ca
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Market share of new products Cat Wy,
Marketing Market research capability ©= W,
capability © W
ili _
P y Marketing cost rate Cs W,
Net profit rate Cs VY54
)

3. Measurement Model of Enterprise Technological Innovat@bg’ablhty

based on Information Axiom ‘1 @

3.1. Analysis of Information Content Based on Infor

Axiom design was first introduced by Profes@w gS)in 1990. It was the
leld of d

application of Shannon information theory in as well as an effective
decision method [10-13]. Information axiom.i |mpor esign theory. It refers to that
under the independent axiom, the system he maX|m mformatlon content | is the

best one. Information content | is de mic function of the probability that
the system meets the given desi K ent. i’

| =—log, P =log, (1/P) (1)

In the expression, .P 'Qg% to thq@}mty that the system meets the given design
requirement. N’
As the probabilit ion R@d%ﬂ the probability can be expressed as:

PjpsD@

In the expression,

2

@ refers to the probability distribution function; & refers to the
down limit of the@\ range; D refers to the up limit of the design range; Ac refers to
the area enclg{tz'b system range and design range.

3.2. Star@gzatlon of Measurement Indicators

%measurement index system, some indictors are quantitative indicators while others
are qualitative indicators that are fuzzy and uncertain and require fuzzy language for
description.

Therefore, in order to effectively analyze the measurement, there is a necessity to
standardize indicators of different type. Suppose all the indicators value can be expressed in

the form of interval value, that is, cij:[cijL,ci? In particular, when ;=G
¢ —ct=cf |
U WU s the accurate information at a point.

Standardization is based on whether measurement indicator ¢; = [C ] iS a positive or

J"J

adverse indicator.
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(DWhen measurement indicator C; =| Gy, . . - Vi
[ ! ”] is a positive indicator, the indicator "

after standardization is:
_[\,L (R
Vi = [Vii Vi ]/ HCU Hmax (3)
In the expression,

€4 = e e[ 5. men [ . e ).+ max([e] [ )

It is the maximum norm of design scheme i ahout measurement indicator J@)

@When measurement indicator _[C”’ is an%@e.indié%)he indicator ¥
after standardization is: 'Q x)
Vi :HCij‘min / [ViiL'Vﬂ QQ A\\) ®)
In the expression, Q
Hcij‘min :]rg_igq(mln ‘cu‘ ‘c” m@‘c %@nm ‘cu‘ ‘cu D) (6)

It is the minimum norm of schem,e gbout measurement indicator J

3.3. Calculation Model 0 matloko ent of Measurement Indicator

Through the anal \ measu%nt indicators, it is clear the probability distribution
function in whj ifferent m(f@rs hould meet the analysis requirement is not available.
So, it is nece tod I@h the indicator value. In this paper, Euclidean distance is

introduced for this purpo
As measurement |;§blors after standardization have unified scale standard, the optimal

measurement indi equence V ® can be constructed.

V@=%§$‘%...,V§n)=([vgl,vglj,[vgz,vgzj,...,[vgn,vgn]) ()
e@ressmn

[voj,voj] [rgiz;\)m((vij) an%( : )} (8)
The Euclidean distance between measurement indicator J and the optimal indicator

® . HE-
sequence V™ under measurement analysis scheme ! is:

2 2
vé—VA T VR =R
i _ 1Y T Yo ij — Voj
D ® _\/ 2 (9)
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The closeness degree between measurement indicator ] and the optimal indicator

® . .
sequence Y under measurement analysis scheme | is:
ij _ ij
K =1-D (10)
(Vu VOJ) (VU VOJ)

The meaning of expression (10) is: If i _1 Measurement indicator ] and the

(v ) =
. ® i
optimal indicator sequence V ~ are overlapped; If K'(':/ &) = =0 measure@tator ]
ij*Voj

and the optimal indicator sequence V® are not ﬁ\@f @ - )
Q ijrvoj
measurement indicator ] and the optimal |nd|catence \S}{artiauy overlapped.

According to statistical distribution, prob% at mee & design requirement is
expressed by the exponential distribution Qenw nctlon

& <
i ‘Ab %\ (12)
The information conten etweer@asurement indicator J and the optimal

indicator sequence V easur analy3|s scheme 1 is:

—1
l, =-I Iogz% 12

Expression (12) sh@hat the closer measurement indicator J is to the optimal

1_

u "OJ

P.=e

I i
indicator, the s;zﬁhe information content I of measurement indicator J will be.

Under such 6 stance, the measurement analysis scheme is the best one and vice versa.

%@Ue of measurement indicator J is acquired, calculate the information content in

2
the same way as addressed above, the information content sequence I of measurement

indicator J of the second index is:

Ii2 (||21’||22’ ’ ’||2n) (13)

: : |2 : :
The overall information content "I of second index under measurement analysis scheme

I js:
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(14)

. . I . .
the information content sequence ' of the second index under measurement analysis

scheme ! is:

=1 110 (1.5)

The overall information content I of the second index under measuremen @?&cheme

i s ﬁ
Ny
=2, 15) Q"»\ N as)
=t V
The information sequence | ofallmeasur analys %\‘he I is:
I:(Il,lz,-n,lm (17)

Q)

According to the optimal princi qz) onlr@ on axiom, if
I, _mln ‘i

(18)

Then the measureme Sis s |s the optimal measurement scheme which
means this scheme ha\mg st tec al innovation capability.

4. Case Stu@% Mo

This paper takes the te i ogical innovation capability of three enterprises as samples and
tests the algorithm odel. Measurement indicator values are acquired after survey,
statistics, analysis Xpert consultation. Results are shown in Table 2.

Table 2. I\@&l’mement Indicator Values of Enterprise Technological Innovation

Q Capability
% Second Measurement indicator value

measurement | Weight measurement Weight
. . Scheme 1 | Scheme 2 | Scheme 3
index index
Rand D
funds investment
R and D unes v 0.15 8.05 5.83 7.64
capability 0.27 ratio Cut
& R&D
. 0.14 8.85 6.26 7.75
proportion of
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human resources

ClZ
Number of
c 0.13 15 22 18
patent 13
R&D
C 0.15 8.5-9.0 7.2-8.0 8.3-8.5
cycle ~# e
\
Successful \>’y
e of R&DC 0.15 6.72 @, 6.56
rate o 15
A L\ ° [\

Capability of 50\1 4)\})

o |01 0.6 0.72 0.58
cooperation 1

Overall Y
. vere (§ \%3-0.8 0.80-0. 0.75-0.

Y @9 85 80

A 4

@evel C AN020 0.72 0.81 0.65

\\V Manufacturin

m(; 3.0-3. 2.2-2
Q 0.22 2.6-2.8

O e 2 5 5

G\f’roportlon of
Implement T ek 0.21 0.25 0.18
capability 0.2@ professionals =
C, \%' Overall
Q qualityof | o 0.75-0.8 | 0.75-0. | 0.80-0.

Q e 0 80 85
@ professionals ~

Training input

of
0.20 0.65 0.72 0.43
professionals Cs
Proportion of
Management manadement
i G, | 018 J 0.16 0.11 0.08 0.15
t 3
capability team Cn
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Overall
uality of
minage):nem 020 0.80-08 | 0.75-0. | 0.75-0.
' 80 80
team C=2
Innovation
awareness of 0.24 0.75-0.8 0.75-0. 0.80-0.
c ' 80 5 °
entrepreneurs ~3 »
Rationality of \,
organizational 0,80-0,8 \ 0.75-0.
ganizationa 0.20 %0. 8@
tructure Cx é,\ 4’ %0
struc
o\t N/
Rationality of o %\5)
innovation ﬂ% . 0.80- 0.75-0. 0.75-0.
WD NG 80 80
institution -2
Ar&p\ Ra N
OAES
out input of
-\( 30 0.72 0.65 0.75
Q@)roducg&y
Output \‘\V Output rate of
e g \Q c |035 0.68 0.73 0.65
capability 4 new pheducts ~+
A (7\
= Conversion
rate of science
@ 3¢t 0.35 0.23 0.15 0.18
. C
achievement 4
{_
Q Market share
of ne
Q)Q W 0.25 0.35 0.28 0.41
products,C51
Marketi Market
arketing o e” 0.75-0.8 0.75-0. 0.80-0.
¢ |016 research capability | 0.22
capability s c, 80 85
Marketing
c 0.25 0.25 0.32 0.18
cost rate “s3
Net profit 0.28 0.45 0.35 0.62
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rate Cot

Standardize measurement indicators of different types as is shown in Table 3.

Table 3. Measurement Indicator Value of Enterprise Technological Innovation

Capability

Measurement indicator value

Second measurement index

Scheme 1 Scheme 2 Scheme 3
R and D funds investment Y’y
. 1.000 0.724 0.949
ratio ~ut 4 N
\ \
R and D proportion of g/
c 1.000 o%&) 0.876
human resources ™2 x
C
Number of patent -1 ° @ % 1 000 0.818
A\Y _)\ 0.900-1.00 0.847-0.86
C _ 0 0 . = .
R and D cycle ~u @300 %
y 4 <) 0 7
Successful rate of R and\k . Y
0 0.868 0.976
c Q &6
0% LY | XY
Capabilitholy 4%
) 0.903 1.000 0.806
coop‘w
e
Overall quality of‘g‘
0.941-1.00 0.882-0.94
C 0.882-0.941
staff 0 1
Ec@#{m level Cz 0.889 1.000 0.802
0.786-0.84 0.880-1.00
%anufacturmg cycle C2 0.629-0.733 5 0
Proportion of
c 0.840 1.000 0.720
professionals ~2
Overall quality of
0.882-0.94 0.941-1.00
] c 0.882-0.941
professionals 1 0
Training input of 0.903 1.000 0.597
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professionals Co

Proportion of management

C 0.733 0.533 1.000
team ~3
Overall quality of
0.882-0.94 0.882-0.94
C 0.941-1.000
management team 3 1 &1 .
)
Innovation awareness of
0.882-0.94 ;E'O\ZI 1-1.00
c 0.882-0.941 1 Cf 9
entrepreneurs
P A L\ [
Rationality of \}9 0.882-0.04
o C 0.941-1.0 % 9 ' '
organizational structure “3 W 1
Rationality of innovation Q
° .882-0.94 0.882-0.94
institution Css 0@1'000 y \%) 1 1
&,
Ratio of output to input of 4 @ &\\'
’ (%60 0.867 1.000
new products ¢
P A ;\\,
Output rate of % \y
0.932 1.000 0.890
productsf@ \
Convers@te of % i
) C 1.000 0.652 0.783
achievement
[N
Market sh@a new
C 0.854 0.683 1.000
p S 5L
&ckét research capability 0.882-0.94 0.941-1.00
.882-0.941
c, 0.882-0.9 1 0
7
Marketing cost rate C53 0.720 0.563 1.000
Net proﬁt rate C54 0.726 0.565 1.000
Euclidean distance is acquired as is shown in Table 4.
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Table 4. Euclidean Distance of Measurement Indicators

Measurement indicator value

Second measurement index

Scheme 1 Scheme 2 Scheme 3
R and D funds investment
. 0.000 0.276 0.051
ratio —u
R and D proportion of
) c 0.000 0.293 124
uman resources 12
-3
C
Number of patent “3 0.318 DOOO 0.182
P \4 O \
cC 0.129 < > N 0.101
R and D cycle ~u . . )
Y A0
Successful rate of R and Y

\
. &o\ . 0.132 0.024
D% r\\ o 2 \%

Capability of =Y J
Q)& 0.05&‘\\ 0.000 0.194

cooperation Cis

/.
| =
(¥

Overall quality of R an@D \Q
. 'C} 0.059 0.000 0.059
st NN |4 .
N A

y J
Equi .% level Cn@ ) 0.111 0.000 0.192

N\

Manufacturin \gzz 0.259 0.128 0. 000
Proportioh of

\% 0.160 0.000 0.280
nals Cas

Noverall quality of

) C 0.059 0.059 0.000
professionals ~
Training input of
) C 0.097 0.000 0.403
professionals ~2
Proportion of management
C 0.267 0.467 0.000
team 3t
Overall quality of 0.000 0.059 0.059
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management team Ce

Innovation awareness of

c 0.059 0.059 0.000
entrepreneurs -3

Rationality of

ational C 0.000 0. 000 0.059
organizational structure ~
’ AL )\°
Rationality of innovation y
it i C 0.000 0.059 Cf E 0.059
institution ~3s
A L\ ° [
Ratio of output to input of ‘} X)
c 0.040 ‘Q 0.1 0.000
new products ~4 «

Output rate of new @? . % Y
¢ 0.000 0.110
products Co %\ b \

Nawe N
Conversion rate of science 4 Q)\ &\\
C &\ 00 0.348 0.217
achievement >4 ¢
A t\\

Market share of \y
\ 0.146 0.317 0.000
productsfo \
) 4

Market résearch capabiti

0.059 0.059 0.000
Cy,
Marketing@a e Css 0.280 0.437 0.000
Y
it rate Cs 0.274 0.435 0.000

-

@mdering the weight of indicators, the information content sequence of three

enterprises Is: IZ(O'089’0'136'0'103). According to the optimal principle based on
information axiom, enterprise 1 has the least information content under the measurement
index system and the best technological innovation capability.

5. Conclusion

This paper proposes a measurement model of enterprise technological innovation
capability while addressing the problems in the measurement analysis. This model realizes
the standardization of measurement indicators of different types by establishing a

Copyright © 2014 SERSC 331




International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.7 (2014)

measurement index system. it also calculate the Euclidean distance and proposes an improved
calculation model of information content which makes it possible to measure the enterprise
technological innovation capability. By practical test, the model is proved to be effective and
feasible. It has a simple physical definition and calculation method with high accuracy and
reliability. It can provide a good support for the computed-based intelligence technological
innovation. It also serves as guidance to the development of enterprise technological
innovation so as to increase the competitiveness of the enterprise.
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