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Abstract—In view of disadvantages of conventional approaches 

such as insufficient ranking, disunity of index dimensions as well 

as too subjective weights in adaptability assessment of 

camouflage screen, we proposed a new super-efficiency DEA 

algorithm to overcome them. Traditional DEA algorithm often 

runs into several DEA efficient decision making unit 

simultaneously and the efficiency score of a DMU is denoted by a 

unity, which leads to unsatisfactory differentiation of all units. 

On the basis of CCR model, we removed the evaluated DMU 

itself and compare it with linear combination of other DMUs to 

formulate super-efficiency DEA. It can rank all the DMUs 

completely, thus it has better distinguish ability. Moreover, DEA 

is not influenced by index dimensions, and its weights had inner 

objectivity. The actual example shows that the super-efficiency 

DEA can realize effective adaptability assessment of multi-band 

camouflage screen and avoid the influence of dimensions and 

weights. The algorithm can provide us a practical model for 

camouflage design and evaluation. 

Keywords-camouflage screen; adaptability assessment; super-

efficiency DEA; sufficient ranking; weight 

I. INTRODUCTION 

Camouflage screen adaptability assessment has become an 

interesting subject of many scholars in recent years due to its 

vital role in camouflage technology. It is a multiple criteria 

decision making essentially, showing solicitude for suitable 

index set and effective evaluating measures. Multi-band 

camouflage screen design involves visible light, near infrared, 

far infrared, microwave et al., which is a multiple criteria 

decision making essentially. For a long time, scheme selection 

decision of multi-band camouflage screen design goes to be 

rough and qualitative. When it faces multiple criteria 

evaluation, there are few practical models. Meanwhile, these 

conventional models such as fuzzy comprehensive evaluation 

and grey analysis cannot realize sufficient assessment and 

objective weights. 

Data envelopment analysis (DEA), originated by Charnes, 

Cooper, and Rhodes, is a non-parametric approach for 

evaluating the relative efficiency of homogeneous decision 

making units (DMUs), which use similar inputs to produce 

similar outputs [1]. DEA assesses the efficiency of each DMU 

relative to an estimated production possibility frontier formed 

by all DMUs. The advantage of DEA approach is that it 

requires no assumption on the appearance of the frontier 

surface as well as it makes no hypothesis concerning the 

internal operations of a DMU.  

In DEA model, the best DMUs are called DEA efficient 

and the efficiency score of a DMU is denoted by a unity, which 

leads to unsatisfactory differentiation of all the DMUs. In order 

to solve this problem, ranking DEA efficient DMUs has 

become an interesting topic of many scholars and a number of 

models (called super-efficiency models) were explored to rank 

DEA efficient DMU. Among these models, one can mention 

Andersen and Petersen’s [2] super-efficiency model and the 

slack-based measure (SBM) introduced by Tone [3]. In recent 

years, the super-efficiency model for SBM has been developed 

by many researchers for the purpose of ranking SBM efficient 

DMUs [4] [5] [6]. A.A. Noura, et al. [7] developed the ranking 

method according to the weights and the desirability of inputs 

and outputs. In parallel, a number of literatures have studied 

the problem of super-efficiency model’s infeasibility (see, e.g., 

[8] [9] [10]).  

II. ADAPTABILTY ASSESSMENT INDEX SYSTEM FOR 

CAMOUFLAGE SCREEN 

There are many factors that influence the performance of 

multi-band camouflage screen. We take index system into 

consideration from the following principles: (1) 

Comprehensiveness and simplicity must be concerned about 

simultaneously to cover the most important influence indexes 

of camouflage screen. (2) Irrelevance should be thought over 

between every two indexes of input and output. (3) Availability 

of index data can be another crucial factor we must take into 

consideration.  

In view of DEA structure, input and output index have their 

normal requirements: input is inversely proportional to the 

DEA efficiency; output is proportional to the DEA efficiency. 

Thus, we classify the indexes into two categories of cost and 

benefit index, which can be described as input and output 

respectively. According to practical application of multi-band 

camouflage screen, we extract seven representative indexes to 

set up index system. We can classify them by two categories: 

we deal with radiation temperature (x1), infrared emissivity (x2) 

and RCS (x3) as inputs, and handle speckle reflectivity (y1), 

speckle size (y2), speckle color X value (y3) and speckle color 
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Y value (y4) as outputs. The index system can be described as Fig .1. 

 

Figure 1.  Adaptability assessment index system for camouflage screen 

III. SUPER-EFFICIENCY DEA ALGORITHM 

DEA is a widely used mathematical programming approach 

for comparing the multiple inputs and outputs of a set of 

homogenous DMUs by measuring their relative efficiency. 

Suppose that there are n DMUs to be measured where jth DMU 

is defined as DMUj, j = 1, 2, ... , n, consuming m inputs, xij (i = 

1, 2, … , m), producing s outputs, yrj (r = 1, 2, … , s), which 

can be described as Fig .2. 

 

Figure 2.  Input and output structure of DEA model 
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Suppose that there are n DMUs to be evaluated where each 

DMUj, j = 1, 2, ... , n, consumes m inputs, xij (i = 1, 2, … , m), 

producing s outputs, yrj (r = 1, 2, … , s). The CCR model for 

evaluating the technical input-efficiency of j0th DMU (DMU0) 

under constant returns to scale (CRS) is represented as Eq. 1. 

The dual model for assessing the input-orientated 

efficiency of DMU0 under CRS with non-Archimedean 

infinitesimal is formulated as Eq. 2. Where ê = (1, 1, … , 

1)
T∈E

m
 and e = (1, 1, … , 1)

T∈E
s
 are unit vectors, and ε 

(ε>0) is a non-Archimedean infinitesimal. S
+
 and S

-
 are 

slacks, which reflect non-radial improvement between one 

DMU and its optimal condition. Slack based measure can 

provide us more management information about 

improvement. We construct the model under CRS, 

offering us overall efficiency, which includes technical 

efficiency under variable returns to scale (VRS) and scale 

effect. 
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Definition 1. On the basis of the Eq. 2, we can classify the 

DMUs into one of the following two categories: 

(1) The efficient category: all the DMUs that are always 

DEA efficient. That is, the efficiency is equal to unity: 

{ 1, 1, 2, , }j jC DMU j n   L . 

 (2) The inefficient category: all the DMUs that are always 

DEA inefficient. That is, the efficiency is smaller than unity: 

{ 1, 1, 2, , }j jC DMU j n    L . 

The efficiencies of efficient DMUs in Eq. 1 are equal to 

unity simultaneously, which leads to unsatisfactory 

discrimination. Anderson and Petersen have suggested the 

super-efficiency model to arrive at a ranking of all efficient 

DMUs, which can be applied to differentiate efficient DMUs in 

DEA. As shown in Fig .3, C is in the PPS ABCDE, which 

denotes that the efficiency of C is equal to unity. When we 
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eliminate C from the solution set and compare it with linear 

combination of other points, PPS changes to be ABDE. The 

extension line of OC converges with BD in C’, showing the 

super-efficiency of C is changed to OC’/OC, which is greater 

than unity. Thus, the obtained super-efficiencies of efficient 

DMUs are greater than or equal to unity, leading to complete 

ranking of all the DMUs.  

 

Figure 3.  Illustrative diagram of SE-DEA 

Conventional DEA can be extended into SE-DEA, which is 

proposed as Eq. 3. 

0

1, 0

0

1, 0

ˆmin [ ( )]

. .

0 , 1,2, , , 0

0 , 0

T T

n

j j

j j

n

j j

j j

j

e S e S

s t X S X

Y S Y

j n j

S S

 

 





 



 



 

 

 

 

 

  

 





L

.                      (3) 

Definition 2. On the basis of the Eq. 3, we can classify the 

DMUs into one of the following two categories: 

(1) The efficient category: all the DMUs that are always 

super-efficient. That is, the efficiency is more than or equal to 

unity: { 1, 1,2, , }j jE DMU j n   L . 

 (2) The inefficient category: all the DMUs that are always 

super-inefficient. That is, the efficiency is smaller than unity: 

{ 1, 1,2, , }j jE DMU j n    L . 

IV. NUMERICAL EXAMPLE 

In this section, a numerical example is presented to 

illustrate the application procedure of camouflage screen 

adaptability assessment using the approach suggested above. 

To this end, ten DMUs with three inputs and four outputs are 

considered, which can be listed in TAB. I. 

We run conventional DEA and super-efficiency DEA 

respectively. The assessment results can be obtained as shown 

in TAB. II. We know λj≥0 according to Eq. 3, which requires 

no subjective setting. The efficiency of DMU7 and DMU9 are 

both equal to a unity, which leads to unsatisfactory 

discrimination. From super-efficiency DEA, we can obtain that 

α7=1.13 and α9=1.27, providing us sufficient ranking of all 

DMUs. We can conclude that DMU9 performs best, and 

DMU10 displays worst.  

From TAB. II we can conclude that inefficient DMUs are 

also super-inefficient. This is because the inefficient DMUs are 

not on the production frontier, which is also means 

envelopment surface. Thus, super-efficiency running cannot 

vary the efficient status. We can gain the ranking sequence of 

camouflage screen adaptability assessment as following: 

DMU9>DMU7>DMU8>DMU1>DMU2>DMU3>DMU4>DMU5>

DMU6>DMU10.

TABLE I.  INPUT AND OUTPUT DATA OF TEN CAMOUFLAGE SCREEN  

 DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMU8 DMU9 DMU10 

x1 21.6 18.0 22.95 24.3 22.5 19.8 18.0 25.2 18.9 26.1 

x2 0.81 0.837 0.765 0.801 0.846 0.837 0.819 0.792 0.702 0.855 

x3 0.522 0.675 0.801 0.693 0.621 0.9 0.612 0.801 0.504 0.819 

y1 0.171 0.18 0.207 0.153 0.234 0.18 0.252 0.216 0.243 0.189 

y2 2.25 2.07 1.89 2.16 1.98 1.8 2.43 2.52 2.25 1.89 

y3 0.333 0.306 0.135 0.342 0.252 0.225 0.315 0.297 0.351 0.144 

y4 0.585 0.594 0.567 0.423 0.54 0.522 0.639 0.432 0.603 0.396 

TABLE II.  ADAPTABILITY ASSESSMENT RESULTS OF CAMOUFLAGE SCREEN APPLYING IMPROVED DEA ALGORITHM 

 DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMU8 DMU9 DMU10 

θ 0.97 0.96 0.86 0.85 0.81 0.77 1 0.99 1 0.69 

Classification of CCR C- C- C- C- C- C- C C- C C- 

α 0.97 0.96 0.86 0.85 0.81 0.77 1.13 0.99 1.27 0.69 

Classification of SE-DEA E- E- E- E- E- E- E E- E E- 

Ranking 4 5 6 7 8 9 2 3 1 10 
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V. CONCLUSIONS 

This paper put forward a new algorithm for camouflage 

screen adaptability assessment based on super-efficiency DEA 

with non-Archimedean infinitesimal. We extracted radiation 

temperature, infrared emissivity, RCS, speckle reflectivity, 

speckle size and speckle color values (X and Y) of multi-band 

camouflage screen to construct index system. On the basis of 

CCR model, we removed the evaluated DMU itself and 

compare it with linear combination of other DMUs to 

formulate super-efficiency DEA. It can rank all the DMUs 

completely and has better distinguish ability. Simultaneously, 

DEA is not influenced by index dimensions, and its weights 

had inner objectivity. An actual example shows that the super-

efficiency DEA can realize sufficient ranking of camouflage 

screen schemes and avoid the influence of dimensions and 

weights. Further research could extend the applied model to 

include fuzzy data or network structure. 
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