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Abstract— Crime scene analysis is a retrospective process from
traces to psychology and physiology. It is not only the starting
point and foundation of criminal investigation, but also the key
part for solving criminal cases. As a typical open complex social
system, it has three features, namely, uncertainty, diversity, and
complexity, thus making the system modeling a huge challenge.
In this paper, we propose the parallel crime scene analysis system
based on the artificial societies, computational experiments and
parallel execution (ACP) approach, which uses artificial (A) crime
scene to describe the basic elements, functions and states of the
criminals, computational (C) experiments to compute and predict
the different forms of crime scene, and parallel (P) execution
to guide or control the evolution of the physical crime process
in accordance with the results from the artificial crime scene.
First, we propose the concept of parallel crime scene from the
perspective of complex system theory and give an overview of its
architecture, then we present the construction method of artificial
crime scene and the blackboard-based multiagent artificial crime
scene analysis system. On this basis, the temporal and spatial
interaction models of the criminal subjects are proposed and
verified. After that, we introduce the software-defined crime scene
analyzing model systematically. The ACP approach sheds light
on the intelligent management and control for complex crime
scene analysis.
Index Terms— Artificial societies, computational experiments
and parallel execution (ACP) approach, computational experiments, crime scene analysis, parallel systems.

I. I NTRODUCTION
OWADAYS, our society is in a period when social contradictions are prominent and crime rate is high [1], [2].
At the same time, the counter-investigation ability of criminals is getting stronger. Generally speaking, modern crime
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presents five new characteristics, namely, the uncertainty of
the choice of criminal objects, the dynamization of crime
process, the professionalism, systematism, and intelligence of
criminal behaviors. So the work of fighting against crimes and
implementing cases investigation is confronted with increasing pressures and challenges. Confronted with such a tough
situation, the public security organization are requested to constantly enrich their crime fighting technologies and optimize
their business process.
Crime scene refers to the field where criminals commit
crimes, generate and leave crime traces, and evidences within
a certain range of time and space. Crime scene analysis is
the starting point of crime investigation, thus it is of vital
importance to the success of cases solving. Traditional crime
scene analysis is based on the information obtained from onsite reconnaissance. However, it is highly dependent on the
personal experiences of policemen, which is substantially fragmented and lacking in systematic and scientific considerations.
Therefore, it is urgent to introduce new theory and method into
crime scene analysis [3].
From the perspective of complex system theory, the crime
scene is essentially a complex social system that possesses
a variety of complex system characteristics such as huge
spatial–temporal uncertainty, criminals behavioral complexity,
and criminal motivation diversity [4]. These problems lead
to a huge “modeling gap” between the crime scene model
and the real physical crime scene. In order to solve this
problem, we propose the parallel crime scene based on the
artificial societies, computational experiments and parallel
execution (ACP) approach using artificial crime scene construction method [5]. The ACP approach is the combination
of artificial societies (A), computational experiments (C), and
parallel execution (P) [6]. It works efficiently to deal with
the uncertainty, diversity, and complexity (UDC) of complex
crime scene analysis. Artificial crime scene and its agent
system carry a variety of information in digital form, which are
corresponding to crime scene traces, evidence states, criminal
subjects behavior interaction records, and the related material
evidence inspection results. Those can be used to describe the
variety and connection of functions and states of the criminal,
crime scene, and crime process, to predict the different forms
of crime scene that may occur in various scenarios and to
guide or control the evolution of the crime process in different
states through computational experiments.
In this paper, we propose the framework of parallel
crime scene systematically. The construction method and the
“trilogy” of its implementation schemes are presented. On this
basis, we construct the blackboard-based multiagent artificial
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crime scene. Then, the temporal and spatial behavioral
interaction model of the criminal subjects are designed and
verified. The study in this paper is innovative in the field of
public security and will have broad application prospects.
The remainder of this paper is organized as follows.
Section II re-examines the crime scene analysis process from
the perspective of complex system. Aiming at the modeling
problem of crime scene complex system, we proposed the
parallel crime scene based on the ACP approach and give
an overview of its architecture. Section III presents the construction of artificial crime scene. First, the basic framework
and main components of it are shown. Then, the prototype
of blackboard-based multiagent artificial crime scene analysis
system is proposed, the communication and interaction mechanism of the multiagents are designed, and two interaction
processes of the agents, namely, forward inference and reverse
investigation are introduced. In Section IV, temporal and
spatial behavioral interaction model of the criminal subjects
are proposed. The real intentional homicide data are used
to calibrate the model parameters. Results of computational
experiments indicate that the proposed interaction model can
simulate the criminal frequencies very well. Section V gives
the details of the software-defined crime scene analyzing
model, which lays a solid foundation for the future crime
scene investigation. Section VI summarizes our contributions
and presents an outlook for this emerging field.
II. PARALLEL C RIME S CENE BASED O N
THE ACP A PPROACH
In this section, inspired by the complex system theory,
the objective elements of the crime scene and the law of
its evolution are discovered and the viewpoint from which
the crime scene can be seen as a cyber-physical-social system (CPSS) is proposed. This provides the theoretical foundation for the construction of the parallel crime scene. Then,
the basic idea and the system architecture of the parallel crime
scene based on the ACP approach is presented.
A. Crime Scene Analysis From the Perspective
of Complex System
In terms of complex system theory, every object or phenomenon can be considered as a system [7]. Although the
crime scene is different from other things, it is a special
system. We argue that the crime scene is a dynamic complex
system containing multiple elements, such as the criminals,
victims, the process of victimization, and the spatial–temporal
interaction relationship between criminal subjects, and so on.
Thus, crime scene analysis is a complex process that comprises
expert experiences, material evidences, and forensic inspection
results. The three major elements of the crime scene complex
system are shown in Fig. 1. Specifically, as the psychological,
behavior, and decision-making patterns of criminal subjects
have the properties of diversity and burstiness and the internal
and external environment have many influencing factors, crime
scene has three characteristics, e.g., the system composition is
complex, the system behavior is complex, and the interaction
relation between criminal subjects is complex [8].
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Fig. 1.

Three major elements of crime scene complex system.

In the past, the crime scene analysis is mainly oriented to
the cyber-physical systems (CPS). However, we propose that
the analysis of the crime scene should continue to expand
the CPS to make it combine the social and human factors,
namely, CPSS. This is because, in the course of a crime,
there is a complex, spiritual, social factors induced interaction,
mutual attraction, and exclusion between the criminals and
victims [9]. From an interactive point of view, it is believed
that both criminals and victims play an indispensable role in
the course of a crime, and even assume joint responsibility.
Therefore, it should not only depend on the criminals and victims’ role and their own characteristics, but also the objective
elements and social factors when analyzing crime scene [10].
On the other hand, in recent years, the rapid development and
extensive application of social network and social media make
real-time parallel interaction between the physical society and
virtual network society possible, which makes CPSS play a
more prominent role in the crime scene analysis.
B. ACP Approach
The ACP approach was proposed in [11] for the purpose
of modeling, analysis, Management, and control of complex
systems. Basically, this approach consists of three steps:
modeling and representation with artificial societies; analysis
and evaluation by computational experiments; and control and
management through parallel execution of real and artificial
systems [12].
The core idea of the ACP approach is to realize parallel
intelligence through the interactions and executions between
physical and artificial systems. Parallel intelligence is characterized by data-driven, software-defined systems (SDS)based modeling, and computational experiments-based system
behavior analytics and evaluation [13].
C. Architecture of Parallel Crime Scene Based
on the ACP Approach
The modeling and analyzing of parallel crime scene is
mainly composed of three parts (also called “Trilogy”). First,
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Fig. 2. Computational experiments design, system behavior analysis, and
decision evaluation based on artificial crime scene.

Fig. 4.

Basic framework of artificial crime scene.

their interaction processes are introduced. The artificial crime
scene is an integrated system that combines expert wisdom,
computer intelligence, various databases, and related forensic
theory, and can be used to fill up the modeling gap.
Fig. 3.

Architecture of parallel crime scene based on the ACP approach.

A. Basic Framework of Artificial Crime Scene
we model the complex crime procedures using artificial crime
scene or artificial systems. To a certain extent, we can regard
the artificial crime scene as an SDS or a kind of “scientific
games,” thus the design of computer games could be adopted
to model the physical crime scene. Second, we use computational experiments to analyze and evaluate the complex
crime process. Once a specific artificial crime scene is built,
we can integrate the objective elements such as the behavioral,
psychological, and social network of the criminals and victims
into the virtual cyberspace to construct the “laboratory which
evolving the crime process,” which makes the complex crime
scene computable, quantizable, and repeatable, as Fig. 2
shows. Through designing different types of experiments,
introducing a variety of factors that are uncertain and even
traditionally difficult to quantify, and then analyzing the results
repeatedly and statistically, various possibilities and hypotheses can be obtained. Third, by setting the physical crime scene
to interact with the virtual artificial system, effective parallel
control and management over the complex crime scene could
be realized, so as to provide new clues and directions for
subsequent cases investigation [14]. The whole architecture
is shown in Fig. 3.
In short, the main purpose of the parallel crime scene is
to convert the UDC challenges of crime scene analysis to
agility, focus, and convergence for specific objectives [15],
thus to facilitate the decision-making process of criminal cases
investigation.
III. C ONSTRUCTION OF A RTIFICIAL C RIME S CENE
In this section, first, we present the basic framework of
artificial crime scene and present the main components of it.
Then the prototype of blackboard-based multiagent artificial
crime scene analysis system is proposed. The communication
and interaction mechanism of the multiagents are designed and

The design of artificial crime scene mainly consists of three
infrastructures: expert experiences, intelligent forensic technologies, and knowledge learning. On the one hand, artificial
crime scene should integrate the experiences and wisdom of
forensic experts who play a leading role in the analysis of
crime scene; on the other hand, it should take full advantage
of the intelligent technologies (including data mining, machine
learning, and virtual reality), which can be a supplementary
to the expert experiences. The knowledge learning system
combines the expert experiences and the inspection processes
of various types of criminal cases, which can refine or produce
new forensic-related knowledge. On the basis of the above
three infrastructures, the artificial crime scene can give full
play to the complementary advantages of human and machine
so as to accomplish the comprehensive analysis and judgment
of the crime scene, as shown in Fig. 4.
The general designing idea of artificial crime scene can
be summarized as follows: aiming at the characteristics of
crime scene, based on the results of forward inference and
reverse investigation and the deduction results of subjects
behavior models, then combined with multisource information
fusion technology to conduct a comprehensive, accurate, and
effective criminal profiling. In short, the artificial crime scene
can achieve the leap from qualitative analysis to quantitative
research. Fig. 5 shows the main components of artificial crime
scene analysis system. It contains nine subsystems as listed
below [16], [17].
1) Criminal Subsystem: The rules of energy conversion,
material transfer and information exchange of the criminals, victims, and the medium-environment.
2) Crime Scene Inquisition Subsystem: The site traces
of material evidences, biological evidences, electronic
evidences, and all other elements left in the environment
and medium.
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Fig. 6. Interaction process of blackboard-based multiagent artificial crime
scene analysis system.

Fig. 5.

Main components of artificial crime scene.

3) Laws (Statutes) Subsystem: The administrative regulations, industrial standards, and on-site reconnaissance
rules.
4) Intelligence Information Subsystem: The national criminal and high-risk personnel information databases,
deoxyribonucleic acid (DNA) databases, iris databases,
and other professional databases related to public security.
5) Social (Open Source Information) Subsystem: The population, economics, business activities, large social group
activities, and cyber movement organizations on the
Internet.
6) Climate and Environmental Subsystem: The physioclimate and local environmental conditions, and so on.
7) Large-Scale Computational and Test Subsystems: The
parallel, distributed, or gridiron experimental design
systems.
8) Meta Synthesis and Decision Evaluation Subsystem:
Data mining, multifactors-synthesis, and decision evaluation systems.
9) Goals and Tasks Planning Subsystem: The goals setting,
tasks allocating, and scheduling.
B. Blackboard-Based Multiagent Artificial Crime Scene
Analysis System
Agent is a kind of entities with autonomy, irritability, and
initiative. Agent-based modeling is one of the main methods to
construct artificial societies or artificial systems [18]. As mentioned earlier, the crime scene is a typical open complex
system. Therefore, it is feasible and effective to analyze
the crime scene using agent-based modeling and simulation
technology. This technology treats the agent entity as the basic
object of study and the independent analysis unit. The behavior
characteristics and interaction rules are first used to establish
the corresponding functional agents, then those agents can be
used to simulate the real system in accordance with certain
mechanisms and regulations, and finally, the macro criminal
behaviors and phenomena of agents will emerge for analysis,
judgment, and forecast [19].

The artificial crime scene analysis system adopts a simple
and efficient interaction mechanism based on the blackboardbased architecture [20]. The blackboard is also a special kind
of agent, which is similar to a global database for storing
data as well as s shared pool for information. All functional
agents (in artificial crime scene, we have five kinds of functional agents, namely, medium environment agent, criminal
agent, victim agent, material evidence reconnaissance agent,
and crime scene reconstruction agent) post messages on the
blackboard and read the required messages in accordance
with their respective privilege. The blackboard serves as the
information distributing and judging center, and it can process
and analyze the data and provide functional agents with
the corresponding information. Blackboard-based interaction
mechanism has the advantages of centralized control and
high efficiency. Every task or function can be done by a
functional agent who achieves the goals or targets through its
own knowledge base as well as the corresponding interaction
mechanisms, rules, models, or standards. Each functional
agent needs to communicate only with the blackboard; there
is no direct interaction between themselves. As a result,
the system can add or remove a functional agent at any time,
and its flexibility can be fully guaranteed. As shown in Fig. 6,
the system consists of three parts: functional agents, I/O, and
blackboard. I/O is the medium for interactive communication
between the functional agents and blackboard; the data will
transfer to the blackboard through the WEB transport network
or TCP/IP protocol.
The interaction process of blackboard-based multiagent
artificial crime scene analysis system consists of two parts:
forward inference and reverse investigation.
Forward inference is the adoption of behavioral dynamics
model or other logical calculation model for analysis and
visual reconstruction of crime process. The blackboard-based
multiagent forward inference process is listed below.
1) The criminal and victim agents read the multisource
information published on the blackboard and the corresponding data about energy conversion, material transfer,
and information exchange, then regard the crime scene
as a whole according to the calculation model of the
behavior dynamics, thus various elements of interaction
process between the criminal subjects is analyzed to
obtain behavioral simulation data. These data are then
sent to the blackboard.
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2) The blackboard conduct the forward inference of the
crime process using the physiological and behavioral
characteristics information sent by the criminal agents
and victim agents, such as subjects height, gender, age,
and psychological conditions. This step will clarify the
cases property, criminal motives, and other essential
factors in the course of the crime.
3) Theblackboard carries on the preliminary graphical
processing based on the above forward inference
information, and then sends it to the crime scene
reconstruction agent who utilizes the 4-D scene
reconstruction technology to realize the criminal
process visualization [21].
Similarly, the reverse investigation process is as follows.
First, a task is generated by the blackboard according to the
instruction and the criminal cases library, such as an indoor
homicide case, then it is placed into the task warehouse.
Second, medium environment agent reads the task, retrieves
information about the scene of the indoor homicide case,
thus creating a simulation scenario that contains the number
of people who were involved in the homicide, the scene
environment, and the state of mutilation. These data are sent to
the blackboard [22]. Third, material evidence reconnaissance
agent reads the medium environment information that was
posted on the blackboard so as to realize the discovery, extraction, fixation, and collection of relevant material evidences,
and other useful information related to criminal behavior.
Fourth, based on the knowledge bases, expert systems, and
knowledge learning models, the blackboard carries out information synthesizing, matching analysis to dig and exploit
crime scene in depth. Then, this round of interaction between
multiple agents ends. Finally, start the next round interaction
depending on the stack of the task warehouse.
As we can see, the blackboard is at the core of the
entire interaction process, where each functional agent can
publish any information, such as behavior calculation results
and state parameters, on it through the heterogeneous data
socket interface. At the same time, the functional agents
can read information posted on the blackboard such as the
simulation results and the environment medium information,
suspects profiling, etc. Besides that, functional agents can
also send particular task to the blackboard for processing and
analysis. These processes together constitute the interaction
mechanisms between the multiple modules of the artificial
crime scene.
IV. I NTERACTION M ODELING OF C RIME S UBJECTS
B EHAVIOR BASED ON H UMAN B EHAVIORAL DYNAMICS
As mentioned earlier, as a part of parallel crime scene,
the artificial crime scene is an important basis for analyzing
the behavior of criminal subjects. In criminal activities, there is
a complex interaction between the criminals and the victims.
Therefore, the key of artificial crime scene modeling is to
build a criminal subject behavior model based on the interaction relationship. Traditional methods of criminal behavioral
analysis mainly adopt the approach of evidence-behavior inference. However, those methods ignore the complex interactions

Fig. 7. Temporal interaction relationship of the criminal subjects before the
crime.

Fig. 8. Temporal interaction relationship of the criminal subjects in the
course of the crime.

between the criminals and victims. In the framework of ACPbased parallel system, this section takes advantage of the latest
theory of human behavior dynamics to propose the temporal
and spatial interaction models of criminal subjects. The model
parameters are calibrated by real intentional homicide data,
then the effectiveness of the model is verified by computational experiments. Thus, it lays a solid foundation for the
establishment of artificial crime scene.
A. Human Behavior Dynamics and Human Behavior
Characteristics
Human behavior dynamics refers to by means of quantitative analysis of human behavior to dig out the statistical
regularities of human behavior and explore the mechanisms
underlying these regularities and possible kinetic effects [23].
In the past, people often abstract human behavior into a steadystate stochastic process described by Poisson process (i.e.,
human behavior is evenly distributed in time and space).
However, Barabási [24] fundamentally denied this hypothesis,
and conducted an empirical study to analyze the behavior of
receiving and dispatching letters of Einstein and other celebrities; statistical results show that their behavior is highly heterogeneous and obviously inconsistent with Poisson process.
Subsequently, more and more evidence indicate that human
behaviors actually deviated from the Poisson process and
present power-law distribution [25]–[27].
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Human behavioral dynamics indicates that human behavior
has the following characteristics.
1) The communication, work, recreation, and even microphysiological behavior of human all follow the heavytailed distribution in the temporal distribution. The
power exponent is in the range of 1–3. The number
of particular human behavior has long-term relevance,
which indicates that human behavior is not completely
random [28]. Miritello et al. [29] find the paroxysmal
features of human communication behavior by analyzing
the records of mobile phone calls in a city. Vázquez
et al. [30] indicate that both the interval time between
two consecutive requests on the Netflix website and
books borrowing behavior in the library of the University of Notre Dame are consistent with the power-law
distribution.
2) In the spatial distribution, people move short distances
in most cases and their mobility has a memory effect.
Besides that, people tend to return to the initial position
after a series of movements. Gonzalez et al. [31] find
the scale-free characteristics of human travel behavior
by analyzing the roaming process of mobile phone
users in different base stations. Statistical studies on
biological behaviors such as planktonic microorganisms
and the royal spider monkeys also show the power-law
characteristics of the travel distribution [32].
Human behavior dynamics research shows that people
usually deal with things according to a particular behavior
pattern and present some universal features in time and space
distribution. Similarly, as a special kind of human behaviors,
criminal behavior also exhibits some stable distribution features. In addition, modern forensic theory indicates that the
criminals and victims interact with each other and jointly lead
to the occurrence, development, and evolution of the crime
process [33]. Time and space dimensions are two prominent
aspects of it, so we model the subjects behavior based on these
two aspects.
B. Temporal Interaction Model of Criminal Subjects
According to the study of human behavior characteristics [34], individual behavior patterns conform to power law
distribution in time dimension. Take intentional homicide as an
example, we use the following formula to show the occurrence
frequency of intentional homicide cases:
β

y = αt · x t t .

(1)

In formula (1), y is the number of intentional homicide cases
occurred in a certain period, x t is the interactive time of the
criminals and victims, and βt is the power exponent. In order
to get the value of interaction time, the simplified treatment is
conducted in three stages of the crime process.
1) Before the Crime: The relationship between the criminals and victims can be simplified as strangers, acquaintances, friends or partners, family members, or close
relatives. According to the common sense, with the
increase of the degree of closeness, the contact time
will increase exponentially. We simplify it as 10 times
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Fig. 9.

Spatial sketch map of crime scene and its simplification.

relation: if the criminals and victims are stranger, their
contact time is set to 0.1; if they only meet one or several
times, contact time is set to 1; if they are acquaintances
that contact occasionally, the contact time is set to 10;
if they are friends, classmates, or partners that contact
frequently, contact time is set to 100; if they are family
members and close relatives, contact time is set to 1000.
2) In the Course of the Crime: The interaction time
between the criminals and victims depends on the situation of crime scene and may be very complicated. For
example, in the course of homicide cases, the victims
generally have three different reactions, e.g., fierce resistance, obedience, or skillful response that are difficult to
quantify and analyze. Thus, we use the fighting intensity
degree to carry out the quantification: if the victim is
passively murdered in sleep or other natural conditions,
the interactive time is set to 0.1; if the victim is killed by
poisoning or inveigle that the crime is in a placid state,
the interactive time is set to 1; if the criminal is initiative,
the victim is passive and unable to parry, the interactive
time is set to 10; if they quarrel fiercely, the interactive
time will be 100; and if they use knives, axes and other
tools to fight deadly, the interactive time is set to 1000.
3) After the Crime: As the victim is died in intentional
homicide cases, their interactive relation disappears, so it
is unnecessary to analyze.
We use 118 real intentional homicide cases to model the
temporal behavior models of the criminal subjects (the cases
are gathered from Hebei and Zhejiang Province of China
in 2015).1 These cases are divided into two parts on average,
respectively, used for model parameter calibration and the
computational experiments evaluation.
Through functional simulation, the power function y =
7.7652x 0.1232 best fits the real data before the crime, as Fig. 7
shows. Fig. 8 presents the fit curve in the course of the crime,
through analyzing the fighting intensity degree in crime scenes,
we see power function y = 5.948x 0.1871 fits best.
1 http://www.court.gov.cn/zgcpwsw/
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Spacial interaction relationship of the criminal subjects before the

Fig. 11. Spacial interaction relationship of the criminal subjects in the course
of the crime.

Fig. 12. Criminal escape trajectory after the crime: distance from the crime
scene.

Fig. 13.
Criminal escape trajectory after the crime: distance from the
criminal’s residence.

C. Spatial Interaction Model of Criminal Subjects
Although the human behavior shows a stable power-law distribution in space, it is different from the temporal dimension.
This is because the farther the distance between the subjects,
the lower the probability of the behavior occurs. Therefore,
we model the spatial behavior of intentional homicide cases
as a power-law form with negative power exponent
y = αs · x sβs .

(2)

In formula (2), y is the number of intentional homicide cases
occurred in a certain period, x s is the spatial distance between
the criminals and victims, and βs is the power exponent.
In addition, the escaping behavior of the criminals after the
crime can also be modeled by the above model, where x s is
the escaping distance in this case. In order to define the value
of x s , we simplify the spatial relation between the criminals
and the victims as follows: the same family (spouse or other
family members), very close distance (neighbors, same village or community), close distance (same county), long distance (same city), and very long distance (other cities in one
province or other provinces). Generally, different spatial distances increase exponentially, we simplify them to a 10 times
relationship and assign (0.1, 1, 10, 100, 1000) to each of
them. In addition, in order to simplify the three stages of
the crime, we mark A as the criminal’s residence, B as the
victim’s residence, C as the location where the crime occurs,

and D as the escape destination of the criminal after the crime,
as shown in Fig. 9.
The simplification procedures are listed below.
1) Before the Crime: As mentioned earlier, the spatial
relationship between the criminals and victims can be
simplified to the same family, very close distance, close
distance, long distance, and very long distance.
2) In the Course of the Crime: The spatial interaction
between the criminals and victims depends on the location of the crime scene. We assume that the distance
between the crime scene C and the criminal’s residence
A is y, the distance between the crime scene C and
the victim’s residence B is z, and the spatial interaction between the criminal and victim is expressed
as (y + z)/2.
3) After the Crime: The criminals may run away, stay
where he is, or live and work as usual. We assume
that the criminal escaped to location D after the crime.
We only consider the distance between the criminals
and the crime scene (the distance between D and C)
and the distance between the criminal and his/her own
residence (the distance between D and A).
We also divide 118 intentional homicide cases into two parts
on average, respectively, used for model parameter calibration
and the computational experiments evaluation.
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Fig. 14.
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Computational experiments results of the temporal interaction models. (a) Before the crime. (b) In the course of the crime.

TABLE I
PARAMETER VALUES OF I NTERACTION M ODEL OF C RIMINAL S UBJECTS

The spatial behavior interaction calibration results are as
follows. Fig. 10 shows the fitting results before the crime,
and it is found that the fitting degree of power function
y = 14.942x −0.215 is the best through the function fitting.
In the course of the crime, as shown in Fig. 11, power function
y = 13.307x −0.13 best fits the real data. As mentioned above,
the criminal escape trajectory can be analyzed from two perspectives after the crime. The first is the distance between the
criminals and the crime scene; we found that power function
y = 11.729x −0.136 has the highest fitting degree, as Fig. 12
shows. The second is the distance between the criminal and
his/her own residence, power function y = 13.197x −0.217 fits
best on this occasion, as Fig. 13 shows. Obviously, all of the
above conditions satisfy the power law distribution.
Model parameters are listed in Table I.
D. Computational Experiments
In order to verify the effectiveness of the behavioral interaction model, we conduct the computational experiments using
the remaining half of the real intentional homicide data.
Figs. 14 and 15 show the computational experiment results
of the temporal and spatial interaction models. Obviously,

the results obtained by the computational experiments are
in great agreement with the actual situation, which indicates
that the proposed interaction models can simulate the criminal
frequencies very well. Besides that, the following conclusions
can be drawn from the experimental results.
1) In terms of temporal relations, crime occurs more frequently among acquaintances and relatives who have
long contact time. In terms of spatial relations, as the
distance increases, the number of crimes decline, which
indicates that crime occurs more frequently among people who live close to each other.
2) In the course of the crime, the criminal motives of
intentional homicide cases are intense, criminal subjects
fight fiercely, and their interaction time is long. From
the spatial perspective, the crime scene is close to the
criminal and victim’s residence in vast majority of cases.
3) Most criminals are arrested near the crime scene that
is not far from where they live. Moreover, as the
escaping distance increases, the occurrence frequency
of the intentional homicide cases declines sharply. This
is in line with the real data.
V. S OFTWARE -D EFINED C RIME S CENE
A NALYZING M ODEL
For crime scene analysis, we construct the model framework
from the perspective of complex system theory and the ACP
approach. Then, based on the crime scene trace analysis and
human behavioral dynamics, integrated with social network
analysis of victims and tracing analysis of field evidence [35],
it can realize the crime scene information synthesis analysis
and criminal profiling, and finally establish a new analytical
model of crime scene, which is defined by software [15]. The
basic framework of this model is shown in Fig. 16.
The details are as follows.
1) Crime Scene System Architecture: It mainly defines the
connotation and extension, complexity and dynamics,
as well as the relationship between the key elements
of the crime scene complex system.
2) Objective Elements Analysis: Classifying the objective
elements based on all kinds of evidence found, extracted,
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Fig. 15. Computational experiments results of the spatial interaction model. (a) Before the crime. (b) In the course of the crime. (c) Escape trajectory: from
the crime scene. (d) Escape trajectory: from the criminal’s residence.

Fig. 16.

Software-defined crime scene analysis process.

fixed, and tested in the process of on-the-spot investigation, such as criminal tools, fingerprint, footprint,
DNA, handwriting, and bloodstain pattern [33]. Then,
the theory and methods of physical evidence analysis is
applied to optimize the hierarchical structure of material
evidence identification. The above-mentioned lays the
foundation for the subsequent behavior simulation and
interactive analysis of criminal behavior.
3) Subjects Behavior Analysis: According to the “tracebehavior-psychology” cognitive model, then combined
with behavioral science theory, we can mine the mapping relation between crime scene traces evidence and

criminal’s (or victim) single behavior, and identify the
characteristic parameters of subjects behavior. These
characteristic parameters can be used for behavior analysis and modeling of criminal subjects. Meanwhile,
through incorporating forensic expert experiences and
subject behavior knowledge bases, system platform can
be built to enhance the systematic, reusability, and
intelligence of subject behavior analysis.
4) Interaction Analysis of Subject Behavior: At the stage
of computational experiments, aiming at the interaction
between the criminal and victim in the crime process,
it is necessary to analyze the interaction’s reflection
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Fig. 17.

Software-defined crime scene analysis.

form and interpreting methods, then establish the utility
function of criminal behavior, and consider the impact
of individual risk preferences on behavior decisions in
stressful situations.
5) Behavior Simulation: At the stage of parallel execution,
based on the phenomena of emerging in computational
experiments, and combined with the actual cases library,
we can find out the behavior rules of the criminal
and victim, thus to create the behavioral parameter
extraction and data processing methods and construct
a criminal behavior submodel that takes personality
factors into account. After that, the criminal process
could be reproduced by means of behavioral simulation
and visualization.
6) Social Network Analysis: For crime scene investigation,
by utilizing internal and external data, especially the
open source data in the cyberspace, the background
information of criminal subjects, including his/her social
attributes and characteristics of network activities can be
deeply investigated and analyzed for criminal profiling.
7) Integrated Information Output: By means of the
approach of meta-synthesis from qualitative to quantitative [36], combined with crime scene analysis business
process reconfiguration and computational experiments
results analysis, to build a comprehensive and integrated
analysis platform so as to provide scientific and powerful
support for crime investigation.
The key point of software-defined crime scene analyzing
model can be summed up as follows: using artificial society
to model complex crime processes to realize descriptive intelligence; using computational experiments to analyze and evaluate complex crime scenario to realize predictive intelligence;
using parallel execution which directly or indirectly affect the
free will, and the parallel interaction of virtual-real system to
lead the actual system to run under the desired goals, thus to
realize prescriptive intelligence [37], as shown in Fig. 17.
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the construction of artificial crime scene and the prototype
of blackboard-based multiagent artificial crime scene analysis
system. On this basis, temporal and spatial interaction model
of criminal subjects are proposed, the model parameters are
calibrated, and its effectiveness is verified by computational
experiments. Finally, we describe the software-defined crime
scene analyzing model in detail.
The parallel crime scene is expected to play a significant
role in the field of criminal investigation in the following
aspects.
1) In crime scene analysis, more attention should be paid
to human and social factors. Human is the core subject
in criminal activities and also a complex organism full
of contradictions, who possesses the characteristics of
initiative, individuation, and differentiation. We have
reached the point where the social and human dynamics
must be considered as an integral part of criminal
investigation. The ACP approach adopts the method of
agent modeling to set up the artificial crime scene, which
is equivalent to the real one and through the continuous
interaction between the virtual-real system to predict,
evaluate, and guide the direction and scope of criminal
investigation activity [38].
2) At present, the tendency of criminal to use mobile Internet and virtual community to commit criminal activities
corresponds to the virtual network space or cyberspace,
which the ACP approach intends to exploit. By making
full use of social network analysis and open source
intelligence analysis, the generalized “Big forensic, big
physicochemical, big traces, and big intelligence” can
become true in the near future.
3) In the past, policemen only paid attention to visible
traces and material evidence in the crime scene; the
ACP approach not only takes advantage of a variety of
techniques to find out potential evidence and traces, but
also through the introduction of psychological models,
the mental traces that are hidden behind the physical
traces are expected to be uncovered. Besides that, previously specific analysis was conducted in particular
cases, but now with the help of pre-established databases
and crime scene analysis and judgment platform, more
valuable information can be accessible.
The framework this paper proposed is pioneering in the
field of public security, especially in the field of criminal
investigation. Although the framework is only a preliminary
research idea and there is still a long way toward the systematic, scientific, and practical application, we believe that this
is a promising method for intelligent crime scene analysis.
In the future, we will build a prototype system and improve
it through actual criminal cases in order to better serve the
public security.

VI. C ONCLUSION
The ACP approach provides us an opportunity to look into
new methods in addressing crime scene analysis problems.
In this paper, we propose the concept of parallel crime scene
based on the ACP approach from the perspective of complex
system theory and give its architecture. Then, we present
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