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Abstract—A quantum structure model of judgment in 
battlespace is presented and used to compute the probability of 
target identification and its evolution with incoming new 
evidence deprived from the refreshed reconnaissance image. 
On the one hand, human behavioral factors are hard to model 
using the classic probability theory in battlespace which is full 
of antagonism, uncertainty and irrationality. On the other 
hand, quantum theory is more general and powerful for 
representing and analyzing human's judgment and decision-
making. In the task of identifying of real-false targets pair, a 
Mental Hamilton is constructed in order to transform a state to 
the next after new evidence arrived. The results computed on 
the basis of random-phase initial state of cognition and 
constructed mental Hamiltonian show that interference effect 
may appear and the Formula of Total Probability may be 
violated with quantum structure model of judgment, and these 
are just what usually happen in the human's judgment and 
decision-making in the reality. 
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I. INTRODUCTION 
Cognitive scientists have an influential research tradition 

for modeling cognitive processes with the classical 
probability framework. However, a large number of 
empirical phenomena, including conjunction fallacy, 
disjunction fallacy, unpacking effects and order effects on 
inference, have accumulated to the evidence that human 
judgment often goes directly against CP principles [3]. After 
finding the violations of CP principles in their influential 
program of research on judgment, Tversky and Kahneman 
have argued that heuristic and biases (such as 
representativeness, availability, and anchor adjustment) form 
the basis of human probability judgment under uncertainty 
[4]. The heuristic concept has had a massive influence on 
many subjects including psychology, management science 
and economics, culminating in a Nobel Prize award to 
Kahneman. 

In recent years, there is a growing interest in the 
application of quantum theory to develop more coherent, 
comprehensive, and deductive theoretical explanations. 
These work formed an emerging field called Quantum 

Cognition. Quantum cognition is concerned with applying 
the mathematical formalism of quantum theory, especially 
the quantum probability (QP) theory, to inspiring and 
formalizing computational models of various aspects of 
cognition such as information processing by human brain, 
decision-making, human memory, concepts and conceptual 
reasoning, human judgment, and perception. Many well-
established empirical findings have natural and 
straightforward explanations with QP principles while they 
are hard to reconcile with CP principles [5].  The main 
characteristics of QP theory (order/context effects, 
interference, superposition, entanglement), provide us with 
lots of advantages in understanding cognitive process and 
decision-making. QP provides a promising framework for 
modeling human decision-making [6]. It may also provide us 
with an approach to model the judgment and decision-
making in the cognitive domain of warfare. 

Sun Tzu said: If you know the enemy and know yourself, 
your victory will not stand in doubt. This means that 
Information superiority and decision superiority [7] are at the 
core of every military operation. Military leaders must know 
the enemy to acquire Information superiority. Then military 
leaders must be able to know the advantages and 
disadvantages of their force correctly in order to translate the 
information superiority into superior knowledge and 
decisions. Fig.1 shows the translation process through the 
three domains of warfare. 
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Figure 1.  Three domains of warfare and the translation process from 

information to decision 

In the battlespace, information superiority never means 
perfect or exact information because of the existence of the 
fog of war. Thus real judgments and decisions usually made 
in the state of indeterminacy [8] and based on beliefs 
concerning the likelihood of uncertain events, such as the 
identification of a missile launch vehicle in satellite imagery, 
the damage degree evaluation of airport runway after strike. 
These beliefs may be sensitive to the environment and have 
an interference effect. Quantum theory could provide an 
appropriate mathematical framework for understanding and 
modeling certain behavioral aspects of cognition domain of 
warfare. A better understanding of human behavioral factors 
is the foundation of innovation of the organization and 
doctrine on one side and making better predictions about the 
enemy to take countermeasures on the other side. 

II. QUANTUM MODEL OF JUDGMENT IN BATTLESPACE 
State representation. To model judgment in the cognition 

domain of warfare, we will postulate a set of basis states. 
The basis states are used to represent the various mental 
states about preference orders over judgment, and can be 
measured during an operation. Accordingly, they can be 
represented by basis vectors of a vector space. 

 
Ω ൌ ሼ|1ۄ, ,ۄ2| ڮ ,  ሽۄ݉|

 
According to a quantum process, an individual 

experiences a superposition of all these states, and at any 
moment the person remains uncommitted 
to any specific state [6]. A superposition state of the mental 
at any moment in time t is defined as a linear combination of 
the basis vectors in Ω: 

 
|߰ሺݐሻۄ ൌ ∑ ሻ|݆ۧ௠ݐሺ߰|݆ۦ

௝ୀଵ ൌ ∑ ߰௝ሺݐሻ|݆ۄ௠
௝ୀଵ           (1) 

 
Where  ߰௝ሺݐሻ  is the probability amplitude of observing 

the basis state |݆ۄ at time ݐ. 
State transitions. A quantum state can be transformed 

into another state. The probability amplitude of starting in 
state |߰ۄ and then observing basis state |݅ۄ can be expressed 
in terms of the Ω basis as 

ۧ߰|ܷ|݅ۦ ൌ ∑ ௠ۧ߰|݆ۦ݆ۧ|ܷ|݅ۦ
௝ୀଵ ൌ ∑ ௠ۧ߰|݆ۦ௜௝ݑ

௝ୀଵ          (2) 
 
Where ݑ௜௝ ൌ ݆ۧ|ܷ|݅ۦ  is the probability amplitude of 

transiting from basis state |݆ۄ to basis state  |݅ۄ going through 
the unitary operator U. 

Then the initial state |߰ሺ0ሻۄ is processed by the unitary 
operator U for some period of time t, then it produces the 
new state 

 
|߰ሺݐሻۄ ൌ ܷ|߰ሺ0ሻ(3)                           ۄ 

 
Time evolution of probability distributions. The time 

evolution of the superposition state |߰ۄ is described by the  
schroሷ dinger equation 

 
݅ ௗ

ௗ௧
|߰ሺݐሻۄ ൌ  (4)                            ۄሻݐሺ߰|ܪ

 
The Hamiltonian H has elements ݄௜௝ ൌ ݈݅݉ఛ՜଴ሺݑ௜௝ሺ߬ሻ െ

௜௝ሺ0ሻሻݑ /߬  in row ݅  column, representing the instantaneous 
rate of change from |݆ۄ to |݅ۄ. The solution to the schroሷ dinger 
equation is given by the matrix exponential of the 
Hamiltonian matrix: 

 
|߰ሺݐሻۄ ൌ ݁ି௜ு௧|߰ሺ0ሻ(5)                          ۄ 

 
The probability for for each state is obtained by taking 

the squared magnitude of the corresponding probability 
amplitude: 

 
௝ܲሺݐሻ ൌ ห߰௝ሺݐሻۄหଶ

                             (6) 

III. TARGET IDENTIFICATION COGNITIVE EVOLUTION 
MODEL 

In the task of image interpretation, a human interpreter 
derives useful information from images of various 
surveillance and reconnaissance platforms in order to 
identify objects and judge their significance. Target 
identification is the premise for tactical decision making and 
weapon-target assignment optimization. Sometimes one 
must identify the decoys from the real target (e.g., a missile 
launch unit). Mistake the decoys for real targets could lead to 
a wasted fire or fall into the enemy’s trap, and so could the 
error of misidentifying a real foe as a decoy. However, 
warfare will always be full of antagonism and uncertainty. 
Having a picture of what is happening reduces uncertainty 
about the target while the enemy will certainly have a strong 
wish to raise this uncertainty by take some countermeasures. 
Thus the confidence rating of the image interpreter associate 
with target identification may be fluctuated by contradicting 
evidences derived from the discretely reached images. 

A. Initial state 
Basis states. The basis states represent all the possible 

identification outcomes with different confidence rating 
measures. A binary choice (false versus real) is represented 
by two orthonormal basis states, |െۄnd |൅ۄ for false target 
and real target respectively. The confidence rating is 
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represented by m orthonormal basis states|0ۄ1|,ۄ ,...,| ൅ሺm െ
1ሻۄ . Thus the tensor product of these two basis states forms 
a complete set of basis states 

ூߗ ൌ ሼ| െ ሺ݉ െ 1ሻۄ, | െ ,ۄ݉ ڮ , | ൅ ,ۄ݉ | ൅ ሺ݉ െ 1ሻۄሽ 
Then a superposition state is a linear combination of 

these basis states. 
 

ۄ߰| ൌ ∑ ߰௝|݆ۄ௠ିଵ
௝ୀିሺ௠ିଵሻ                         (7) 

 
Where ߰௝ሺݐሻ  denotes one has |j| confidence rating of 

identifying a target as real (if j > 0), false (if j < 0), or 
unknown (j = 0) with probability amplitude of ߰௝. 

Task definition. Suppose there are two targets A and B, 
one of which is the  real target and the other is the decoy . 
Before the arriving of the first image, there is no prior 
information available to identify the potential target from its 
decoy. The target identification process begins with an initial 
state with even distribution of probability. 

 

 
 

Figure 2.  Basis states of identifying a target 

We set that the initial probability of each basis state is 
equal, and the initial superposition state is a linear 
combination of these basis states. 

 
|߰஺ሺ0ሻۄ ൌ ∑ ߰஺௝|݆ۄ௠ିଵ

௝ୀିሺ௠ିଵሻ                       (8) 
 

|߰஻ሺ0ሻۄ ൌ ∑ ߰஻௝|݆ۄ௠ିଵ
௝ୀିሺ௠ିଵሻ                       (9) 

 
Then in the task of distinguishing them together, the  

basis states of the task in one’s mind would be the same as 
ΩI , and ߰௝  represents that one has 6 |j| confidence  
rating of identifying A as real and B as  false (if j > 0), A 
false and B real (j < 0), or unknown (j = 0) with probability 
amplitude of ߰௝ሺ0ሻ ൌ  ߰஺௝ሺ0ሻ ൅ ߰஻௝ሺ0ሻ .  

 
|߰ሺ0ሻۄ ൌ ∑ ሺ߰஺௝ሺ0ሻ ൅ ߰஻௝ሺ0ሻሻ|݆ۄ௠ିଵ

௝ୀିሺ௠ିଵሻ          (10) 
 
To illustrate the similarity between the model and human 

cognition process in identifying the targets together, it is 
helpful to consider an example. We set m = 20 and the 
argument of each basis state was set to be random as shown 
in the first row insets of Fig.4 The probability of identifying 
A as real (j > 0), false (j<0),or unknown(j=0) is the squared  
magnitude of the probability amplitude ߰஺௝ሺ0ሻ, see Fig.4. 

ܲ൫ܣ௝൯ ൌ ห߰஺௝ሺ0ሻหଶ ൌ 1/ሺ2݉ ൅ 1ሻ ൌ 1/41 
ܲ൫ܤ௝൯ ൌ ห߰஻௝ሺ0ሻหଶ ൌ 1/ሺ2݉ ൅ 1ሻ ൌ 1/41 

The probability of identifying A as real and B as false (j > 
0), A false and B real (j < 0), or unknown (j = 0) is the 
squared magnitude of the probability amplitude ψ(0), see 
Fig.4. 

 

 
Figure 3.  Basis states of identifying a pair of targets A and B together 

 

ܲ൫ܣ௝ିܤ௝൯ ൌ ܲ൫ܣ௝൯ ൅ ܲ൫ܤ௝൯ ൅ 2ܴ݁ሺ߰஺௝ሻ߰஻ି௝      (11) 
 
Where the term 2ܴ݁ሺ߰஺௝ሻ߰஻ି௝  was called the 

Interference item. When the interference item doesn’t equal 
to zero, we say there is an interference effect in the 
judgment. 

With the results in Fig.4, we can see that it’s apparently 
that there exists an interference effect when identifying A 
and B together (See last inset in the second row of Fig.4). 
With this effect, the judgment of human will no longer be 
even distributed. The final result may be sensitive to the 
environment, context and even worthless information. 

B. Evolution states 
Then we assume that new information about these two 

targets is derived from the discretely refreshed image by 
image interpreters. The information provides some evidence 
about the target’s attributes (real or false) and changes the 
initial state |߰ሺ0ሻۄ to a new state |߰ሺ1ሻۄ which represents 
the probability amplitude distribution over basis states (Here 
we set t = 1). 

 
|߰ሺ1ሻۄ ൌ eି୧H|߰ሺ0ሻ(12)                         ۄ 

 
We construct a Mental Hamiltonian H of this transition 

as (15), which simulate an interpreter’s cognitive process. 
After reading the image, the contrary basis states on the same 
confidence rating may collide with each other and new 
confidence rating arise from the middle state because of the 
new evidence of identifying the targets pair. 

 

(13) 

Where ߝ௞ି௠ is the argument of complex number ߰௞ି௠. r 
is the enabling function to increase or decrease the 
confidence rating. 
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Figure 4.  The argument of state is random and the probability of identifying each target over basis states is even distributed. An interference effect 

appeared when identifying A and B together. 

 

 
Figure 5.  Different types of mental hamilton(i.e., Real Confirming Mental Hamiltonian and False Confirming Mental Hamiltonian) lead to different types 

of transition of probability distribution over basis states. 

We call the Mental Hamilton (i.e Real Confirming 
Mental Hamiltonian when new image gives the interpreter 
an increase in his or her |൅ۄstate of judgment (e.g., first inset 
in the first row in Fig.5), and we call it is a False 

Confirming Mental Hamiltonian while the effect of 
transition is an increase in |െۄ  state of judgment (e.g., 
second inset in the first row in Fig.5). 

2015 2nd International Conference on Intelligent Computing and Cognitive Informatics (ICICCI 2015) 

© 2015. The authors - Published by Atlantis Press 99



If the event AାሺAିሻ was defined as identifying A as real 
(false) over various confidence ratings, then the probability 
of AାሺAିሻ  is as follows 

 

൝
ܲሺܣାሻ ൌ ∑ ห߰௝หଶ ൅ 0.5|߰଴|ଶ௠ିଵ

௝ୀଵ

ܲሺିܣሻ ൌ ∑ ห߰௝หଶ ൅ 0.5|߰଴|ଶିଵ
௝ୀିሺ௠ିଵሻ

        (14) 

 
Where we divided the |߰଴|ଶ   equally into  PሺAାሻ  and 

PሺAିሻ for simplicity. 
Then according to the data in Fig.5, the probabilities of 

these events are computed and shown in Table.1. 

TABLE I.  PROBABILITIES OF VARIOUS TARGET IDENTIFICATION 
RESULTS 

 
According to the task definition, if the interpreter’s state 

߰ሺ1ሻ about A finally collapsed onto a state representing “A is 
real”, then his judgment about B would be “B is false” by 
default. The probability of event Bି under the condition of 
“A is real” equals to 1.  

 Similarly, the probability of event Bି  under the 
condition of “A is false” equals to 0. 

 
ܲሺିܣ|ିܤሻ ൌ 0, ܲሺܣ|ିܤାሻ ൌ 1 

 
If we compute the probability of Bି using the formula of 

total probability, we will have 
PሺBିሻ ൌ PሺBି|AିሻPሺAିሻ ൅ PሺBି|AାሻPሺAାሻ ൌ PሺAାሻ  (15) 

It is apparently that (15) is not true for the data in Table.1. 
So the results in Fig.5 violate the formula of total probability. 

The probability of the event “A is real” is just a judgment 
of an image interpreter. It represents the strength with which 
one believes the event will happen and it is based on ones 
belief degree that equals between 0 and 1. After the 
judgment is revealed the superposition state will 
collapse onto exactly one basis state. A well-trained image 
interpreters belief degree is close to the truth and usually has 
a high probability of collapse onto the correct answer state. 
A beginner may be confused by the elements derived from 

the image and usually has a lower probability of collapse 
onto the correct answer state. 

IV. CONCLUSIONS 
The general purpose of this study is to provide a more 

general and humanlike model of judgment in battlespace. 
Firstly, a general quantum structure model of judgment in 
battlespace is developed on the basis of the quantum 
theory. Secondly, we developed a specific application of the 
quantum structure model in the task of target identification. 
Its initial state is assumed to be random-phased and a Mental 
Hamilton is constructed to simulate the evolution of 
interpreter’s mind. The derived probability distribution over 
basis states show that the model has very different attributes 
compared with classic model. There exist an interference 
effect and the formula of total probability may be violated. It 
sounds strange but it’s usual in human judgment and 
decision-making. Quantum structure model based on the 
quantum theory provides a more human-like approach to 
describe the information processing and judgment of human. 
It provides a promising new way to model judgment in 
battlespace. 
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