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ABSTRACT

There is enormons information in reference to evidence gathering,
recording, and preservation. But little has beea written pertaining the
crime scene reconstmction which is the deciving job of the recognition
and the locating of physical evidence[KLS91,KL.592,LCKS2]. In our
CD Model, there are two categories 1o check the valve of any item as
evidence. The first one is represented and applied in Linkage
Triangle of figure one --"whenever two objects corne in contact with
one another, there will be an exchange of material from one to the
other”. The second one is by the use of a hypothetical walk through
the scene which is really an exercise in deductive thinking that fits the
properties of the modern technology of Expert System. It states in
using CB[CD] Modet that any item found includes the basic inference
of Mark and Non-Mark theory evidence. There are three stages to
Criminal Behavior[CB] :(1) Pre-CB (2) In-CB (3) Post-CB. Figure
voe gives you an cAplanation of tramsition state of oceureing a
crime. The criminal tries to hide his behavier during the stages of
committing crime, but, still unveiling the signs of crime. We call it
Non-Mark Theory evidence of erime investigation. We may inference
it via using 5Ws[who,which,when,where, and what] to understand the
level of suspect. This research does a contribute to the investigator at
the last stage which is based on Mark Theory's evidence to reconstruct
crime scene.

Because the firearms smuggling has been getting serions in the last
decade, homicide, suicide, or accidental death cocurring frequently in
our city. In this paper, we mainly focus on the evidence of bloodstain
with gunshots in the inference of CD Model to reconsitruct crirne
scene via using the technology of Arnificial Intelligence. We try to
incorporate the domain knowledge of Mark Theory and the
experiencés of investigators to our Expert System, which helps both
the- investigatoss-aned -qualified- practitioners- gain-enough evidence of
the crime scene. It is the most important that it offers the Mark
Theory evidence to reconstruct the crime scene which is even possibly
used to exculpate an innocent suspect of defendant.

Keywords: BloodStain, Crime Scene Reconstruetion, Expert
System, Mark Theory, gunshots

L Introduction

There are two main tyends in Crime Investigation: (1). Mark theory
towards the gathering, analyzing, and ioferencing of Physical
Evidence; (2). Non-Mark theory focuses on the Crime Sign. It is
possibie either Mark or Non-Mark theory to increase the clues of crime
detection and to high up the cleaed rate of crimes. Both of them ae
insufficient research in the system of crime detection in our conntry.
Crime Scene Reconstruction is the major concern within the crime
detection[B91,K921]. We may get rid of unnecessary items in the
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scene. Physical Evidénce only provides a direction of vtime detection.
Both Mark and Non-Mark theofy in CD model explain the modern
technology of crime detéction. Figure 1 gives us detail explanation that
_both Mark and Non-Mark theory’s evidence include the linkage
triangle of scene, victim, and suspect. This paper presents a pew
solution to reconstruct crime scene via using the modern technology
which is based on Mark theory a8 our approach.

The existence of blood circulation of human body, which causes the
existence of bloodstain evidence.  While the suicide or mirder
commits, it always spatters or spits on the clothes, weapons, and
human body. It has two categories to consider bloodstain evidence: (i)
examination of physical characteristics of bloodstain (i) properties of
bloodstains. There are seven items which are derived from the above
two calegories as follows:(a) distance between target surface and
origin at the time blood was shed, (b) point(s) or origin(s) of blood, ()
type and direction of impact that produced bloodstains, (d) movement
and directionality of pecsons and/or objects while they were shedding
bloed, (&) the number of blows, shots, ete. (f) position of victim and/or
objects during bloodshed, (g) movement of victim and/or objects
following bloodshed[D70].

GENERAL CONSIDERATIONS OF GUNSHOTS WOUNDS

According to the scene, the investigators may be confused 25
to what was the mechanism cansing death. If it sesms likely that
gunshot wounds were the cause, he should try to delermine four
things[S77]:

1. Was death due to a gunshot wound or to an injury inflicted by some
other instrument

2. If by a gunshot wouxd, from what distance was the firearm
discharged

3. From what direction were the shots fired and what was the position
of the body when hit

4, Was it an accideht, suicide or murder

Let us see semantic network of the dead body in the crirne scene as

figure two.

The above notions give us the concepts to reconstruct the crime scene
which is based on Mark Theory approach. We implement those
characteristics and properties of bloodstain with ganshots wound to
develop expert system. HARCSM not only helps attorney at law, but
those investigators to reconstruct the crime scene.  Expert System(ES)
is the moderan technology to solve fuzzy logic problems[BF82], in the
field of crime investigation, we propose a new concept and solution to
help police. It includes not only domain knowledge of .blocd and
experiences of forensic on bloodstain interpretation, but the
capabilities of gunshot wounds differentiation to jts own Knowledge
Base(KB). Because of the heavy work load of police, we make the
most nse of inference engine of ES to offer solutions to reconstruct the
crime scene,

. T ‘This tesearch was supporied in part by the fund. of National Scienca Council nnder its Grant-ID:NSC 82-0111-8-015-001
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Figure 1, Transitive State Diagram for Criminal Behavior[CB Model]

Dead body of the erime scene

Gunshot wound

Distance
Discharged

What direction Postion of bady
shots fired when hit

Woiind of other instrument

Accident, suicide or murder

Figure 2. semantic network of the dead body of the crime seene

THEORY OFBLOODSTAIN INTERPRETATION IN CRIME SCENE

There are two components for our heuristic approach on Blood Stain
Interpretation:They are used in  the Forensic  Science
Laboratory[KLS91,KLS92].
(a}. Identification
There are two major steps to test whether the evidence is blood or not
as follows:

-1. Preliminary or Presurmption Tests
Such as Benzidine, Phenophthalein, Leucomoalchite green, ortho-
tolidine, tetramethyl benzidine, ortho-dianisidine, and luminol. We
usually use Benzidine Test, and Phenolphthalein test,  If the sample is

blood, the resolution becomes light-green instantly. While it is
fiegative, the color of the resolution will be changed after periods of
time.

-2. Confirmatory or Conclusive Tests
It is possible that the bean oil, iron dust, oil, paints left on the scene,
and they look like blood. We have to test to confirm it as using
Takayarna Test, if there is any crystal, it is blood. Takayama test is the
confirmatory or conchusive test. If Benzidine west is positive and
Takayama test is negative, then it is proved that the stain is
blood.[TZ12]
(). Individualization
To test whether the sample is human blood or not(Specia test), We
propose amti-human serum precipitian method, if there exists
crystaloid, it is positive, otherwise, it is negalive, and it is not hurgan
bload, [C71]

II. Crime Scene Reconstruction

In this paper, we focus on the recomstruction of crime scene via
analyzing the blood of the crime scene, and differentiation of gunshot
wolnds. Owing to the speedily advanced computer technology, we try
1o bring in the expert system to police science. Expert System is a
computet program that emulates the behavior of a human expert within
a specific domain of knowledge. It has the ability to perform at the
level of an expert, the representation of domain-specific knowledge in
the manner in which the expert thinks, and the incorporation of
explanatory mechanisms and ways of handling imeertainty into the
repertoire of the system([TDDE9,RE5). An expert system consiste
of three parts:a dialogue, an inference engine, and a knowledge
base[JDD89]. The knowledge base is a set of facts and heuristics(rules
of thumiby) about the particular domain. It is important for the experl
system to comsist of both facts and mules of thumbr derived from an
expert's experience, It can be seen in the legal field. Bellord, N.J.
shows that apother form of relevant legal knowledge may be tactics.
Thus, the knowledge of who is going to judge a pariicular case and
what the judge's reaction usually is to a particolar kind of murder may
be of far greater importance than anything to be found in 2 book[B82].
This suggests that besides having "book knowledge"(facts in expert
system), it is just as important to have heuristics obtained from the
expert lawyer. That means, the knowledge base of the expert system
thus has both facts and heuristics. According to the above notions, we
want to make the most use of inference engine and knowledge base in
expert systemn. Owing to the complex domain knowledge and
experiences in police science, we try to implement expert system to
crime investigation. HARCSM is our new approach to solve the
reconstruction problem of crime scene via using the expert system.

IIL. Expert System

(). What js Expert System
Expert systems deal with knowledge rather than data and the files they
use are ofien referred to as knowledge bases. The rules that the
program nses are IR THEN-ELSE type mles[E88,BER4]. A mile is
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made vp of a list of IF conditions(normal English sentences or
algebraic expressions) and lists of THEN and ELSE conditions(more
sentences) or slatements about the probability of a particular choice
being the appropriate solution to the problem. If possible, the program
will derive informmtion from other mles rather than asking the user
such as backward or forward chaiuing[IDDSQ]. This ability to
derive information allows the program to corbine many small pieces
of knowledge to arrive at logical conclusions about complex
problems[BE84]. The mile editor allows the rules to be easily
modified, added or deleied. The final goal of an expert system
is to select the most appropriate solution to a problem based on the
data imput by the user. If more than one solution is possible the
program will provide a list of the possible solutions arranged in order
of probability. Essentially all of the instruction pecessary to run an
expert system knowledge base is provided by the program and all
output is in normal English. Little or no training is required 6 run an
already developed knowledge base. We choose EXSYS as an
Expert System Shell to construct HARCSM.
(b). Why bnild an expert system
There are many reasons that have been given for building expert
systerms. Some of the reasons are valid, but unfortunately not all are.
Expert  systerns are not the solution to  all
problemspJDD89,E88, W84, WBG]. It is important to understand wity
you want to build an expert system, to understand what type of system
it mmst be and how it must work. The main reasons for bailding an
expert systern are: 1. It is urgent and time is not enough to get a new
expert even the experiences and time is increasing 2. Disseminate
problem solving knowledge(not just facts)with minimal training of
users 3. Free a human expert from repetitive, routine work to do work
an expert system can not do
4. Modelling a problem solving tecirnique for fubwe asers and
education 5. Provide a safe and effective training tool 6. Allow the
problem solving skill of several pecple to be combined

HARCSM is going to be used by police, investigators, and
attoraey at laws, etc, To evaluate the current sitation of Taiwan's
environment, and to ease the work load of police, to reconstruct the
criine scene, and to reconsider the above six reasons, so we develop
oL eXpert System.

(), How to select an appropriate problem-—-feasible for our system
In theory, any decision-making proeess can be converted to an expert

system[BF82,HIK85]. However, in practice many problems. can not
effectively be converted into expert systems. The most important first
step in developing an eXpert system is to pick an appropriate problem.
While not all problerns can be solved, there aré an encrmons aumber
that can. Often; even if a large problém can oot be solved, part of the
peoblem can be solved.

There are several factors to conﬂder in sc]ecung a problemn to solve

with an expert systerm:

1. Docs a human know how to solve the gob]cm 2.
If there is no human expert that can solve the problem, it will not be

possible to develop miles describing the solution to the problem[J&6].
Our investigator is able to solve those problems about -blood stain
interpretation, and gunshot wounds differentiation to reconstiict crime

scene. But, owing to the heavy work load of police, sometimes, they
can not keep them in spirit-up to solve every problem, That is why we
develop FIARCSM to he]p thent,

2, Does t.hc. problem have, a defigable solation ?

If there is rio Way to specify 4l of the possibie solutions, it will be very
difficult to write rules to solve the problem. There are some problems
that can be handled that have a very large numbers of solutons-

configuration probléms are a good example-but there is always a -
: The technology of blood stain
interpretation is mature enough, there exists possibly encugh sphitions

definable set of possible solations.

to solve those ¢rime scene problems[TZ12]. -

3. Is the level of understarding and scope appropriate 7
HARCSM is really a deep level of understanding in Expen. Systermn.

Because it focuses on a specific problem about bloodstain with
ganshot wounds which needs - . more
innovation{JDD89,E8,K92,K1.592]. According to the desp level of
understanding, we have to make HARCSM more easy to use via the
well-developed user-interface; .
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IV. System Development

There ate many recorumendations to develop expert system, we
propose five sleps to develop HARCSM[IDDS9,R85,KL392,K92].
Those steps are as follows :

1.Deflnitlon

To clarify our problems, to collect and to analysis cur information to
constrnet expert syster, and to scope our probiem which is about’
general Or specific. Bloodstain Interpretation is a Kind of specific
problem. It needs not only domain knowledge, but experiences to
reconstruct the crime scene, which means we need more hewristic
approach on it. It should be noted that when Elood leaves a body by
spatter or drop, its behavior will follow laws of physical sciences,
specifically that of ballistics-the sciemnce of projectiles in motion.
Therefore, interpretation of the significance of bloodstain evidence
should be accompanied pathologist with physical scientist. Becanse
the pathologisi does the job of identification, and individualization, the
physical scientist does the job of reconstruction. It clarifies what kind
of domnain experis we need in our expert system.

2.Conceptualization

In this step, we have to describe prototype, and to take care of dormain
knowledge. Sometimes, we even need to inherit knowledge via using
sorne advanced technology such as decision-tree, ete.

FICATI ON O IN

The first job to be done with suspected dried blood evidence is to
identify it. The sample must be proved to be human's blood. A
variety of chemical tests are used for this purposs. Those kinds of
tests are nged to detect the presence of blood may be divided into two
categories:(i). preliminary, or presurptive tests and (ii). confirmatory,

or conclusive tests. Benzidine test is the preliminary or presurptive
test.[CN64]
Takayama test is the confirmatery or conclusive test. If Benzidine test
is positive and Takayama test is negative then it is proved that the
sample is not bloed. If Benzidine t¢st and Takayama test are
both positive then the stain is. blood. Once a specimen has been
identified as blood, it is necessary to find cut whether it is haman's or
‘not. To determine the species of the blood specimen is done by the
anti-human serinm precipition method. If the result of this method is
negative then it is animal origin, g0t human origin, If the anti-buman
preciption method is positive and there are not two potential problems
with the test: (i) false reactions because of incorrect dilutions and (if)
cross-reactivity of antisera, then the blood stain is human origin.

We may inchile above motions as using RULE 4 in
HARCSM: .

RULE 4:

IF Question 1: Benzidine test is positive

and Question 2: Takayama test is positive

and Question’ 3: The resuit of the anti-human serm prec:puon
method is positive

THEN The blood stain is human origin.

GUNSHOTS OR OTHER INSTRUMENT CAUSED THE
DEATH

When a-baller strikes and passes through a body, the wonads' of
entrance and exit will have centain characteristics which will vary with
the following conditions[577,K92]:

1, The type of ammmaition

2. The distance from which it was fired

3. Whether or not the builet first strike Some other objecr.(ncochet)

4. Whether or not it passed through clothing

5. Whether ot not it struck a boxe in its course through the body



WOUNDS OF ENTRANCE

When a bullet strikes the skin, it first produces simply an indentation
of the skin due to the fact that skin is both tough and elastic and the
tissues underneath are not resistant[S77]. Due Lo the fact that the skin
is stretched by the bullet in its passage through, it then returns 1o its
former position and the size of (he wound of entrance appears to be
smalier than the diameter of the bullet which made it. Typical wounds
of entrance are neat round holes with an even gray ring around them
and from which emerges comparatively small quantities of blood much
greater than in wounds of entrance.

RULE 60;

IF Question 1: the size of the wound of entrance appears to be
smaller than the diameter of the bullet

and Question 2: it is neat round holes with an even gray ring
arpund them, and small quantities of bloed

and Question 3: the wounds of exit are mmch larger than the
bullet, are ragged, torn, and generally the escaps

of blood is much greater than in wounds of entrance
THEN It is gunshot wound.

FROM WHAT DISTANCE WAS THE FIR 4 EM DISCHARGED

There are three zones of the distance from classified which a firearm
was discharged[S77,K92);

1. Those in which the muzzle of the place was held directly in contact
with the sKin or practically so.

2. Those in which the muzzle was held from about 2 to 18 inches
away.

3. Those in which the muzzle was held from 18 inches or more.

RULE 61:

IF Question 1:there are flame & expanding gases produced by
the burning powder on the skin

and  Question 2:the wound is larger than the diameter of the bullet

and Question 3:the skin edges are ragged & torn

and Question 4:there is actual charring of the tissues due to the
tremendous heat from the mnzzle blast

THEN It is contact wounds

RULE 62:
IF Question 1:the smoke & the scot from the burned powder
were deposited around the wound of

entrance,producing a'dirty, gimmy appearance
and Questicn 2:t is simply deposited on the sucface of the skin &
can be wiped off with a cloth
THEN Itis 2 to 18 inches shot

3.Knowledge Base(EB) and Knowledge of Representation(RoK)

There are many RoKs been proposed to represent knowledge such as
Sermntic Network[for the novice designer], Rule-based, Frame-based,
Object-attribute value, and hybrid representation, eic[W85,K92]. We
prefer hybrid represemtation [mle & frame-based] to develop
HARCSM, We also inclunde those related knowledge to port to onr
KB. Figure 3 is our RoK which comes from the testing results of
bloodstain interpretation[D70].

In this semantic network, we represent the relationships about d.iam:t‘cr
and its corresponding fallen distance, length to width ratios and its
corresponding angle of impact degree.
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4.Protolyping
We choose EXSYS as an expert system shell Lo develop our system.

According 1o the structure of expert
system[W86,JDD89, 186, KIL591, KLS92,K92]. Because we already
have inference engine, and man-machine imerface, so we have only to
construct KB. We usually pick small knowledge as proiotype.

Figure four is the structure of HARCSM. You will see the EXSYS is
our expert system shell, The knowledge may be ported by using
knowledge acquisition subsystem of BXSYS. The dialogue window
offers a good user-interface between rman and machine. The inference
engine does the job of thinking to derive facts & miles in KB.

5. Test and Feedback
In this step, we should consider the practical problem. Let's see detail
in figure 5 for going thm step 1 1o step 5.

To validate our system is necessary to check the KB and the ES a5 2
whole.  Validation can be achieved by running the KB on past
problems whose solutions are known or accepted. i can also be
confirmed by other expert's knowledge in the problem domain.
Testing is important, because, when the expert syslem finally runs, it
typically produces a variety of unexpected results[FPJ20]. In order to
correct "bugs”, the KB must be refined and then maintained. Toward
these goals, iterative refinements of KB thra knowledge acquisition,
Inowledge representation, knowledge programming, and knowledge
testing are conducted until user expectations are met, The
above steps from 2 to 5 are iterative. If one of them is not correct, we
have to refine it and to do the whole steps again. The following case
gives us real explication: Blood dropping to a flat surface that is not
horizontal will produce an elfiptical rather than a circular stain. The
degree of circular distortion is indirectly proportienal to the angle of
incidence. That is, as the angle decreases from 90 to O degrees, the
stain becomes more elongated. Flotting the length to width ratios of
blood spots against their respective impact angles of incidence
produces a reasonably good working curve. Let’s see the RULE
NUMBER 13 first,

RULE NUMBER 13

IF Question 1: Benzidine test is positive

and Question 2: Takayarm test is positive

and Question 3: The result of anti-human serum precipition
method is positive

and Question 4: The shape of blood is elliptical or exclairmation

and Question 5: Length to width ratios of stain is 1.00-1.02
THEN: The angle of impact is 80-90 degrees.

See ancther case as follow: When spot diameters of over 16mm are
observed it may be concluded that the bloed drops were of normal
volume since smaller drops could not possible produce so Targe a stain.

RULE NUMBER 9

IE: Question 1:Benzidine test is positive

and Question 2: Takayam test is positive

and Question 3: The result of the anti-human serum precipition
method is positive

and Question 4: The shape of Blood is round & scallops around
the edge

and Question §: Diameter of a bloodstain from a single drop is 16-
17 mm

THEN: The distance which the blood fell is 2.4-4 feet.

In rule number 9, and rule number 13, about the distance and angle of
impact, we have to contact with experts while we are doing validation
thru testing. Because they are kinds of domain knowledge about blood
stain. It is possible that we did not do the right thing about semantic
network  becanse of misunderstanding of  analysis  and
conceptualization.
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Bloodstain of crime scene

Blood Not blood

Not human origin Human origin and its shape

Round and scallops around the ed?e . Elliptical or exclaimation
{Diameter and its corresponding fell distance) (Length to width ratios and

- - . 5 -~ _ its corresponding angle of
6|-11 11-13 13-15 15-16 16-17 17-18 18-18 >r115r)n impact degree)

0-0.4 0.4-0.8
0.8-1.6 24-4 48 8178 ‘
1.8-2.4 Bigger than 17.6 feet

1.00-1.02 1.02-1.09 1.08-1.19 1.16-1.39 1.39-1.61 1.61-1.95 1.95-2.83 2.83-6.28 >6.28
80-90  70-80 80-70 50-60  40-50 3040  20-30 . 1020 <10
degree

Figure 3. Semantic network for Initial RoK of Bloodstain Interpretation

EXSYS

(ARACSM
Knowledge - Interactive window
Acquisition | User Interface

Suhqu”fpm ) '

oy
av
2

Inference
Engine [Facts & Rules ]

Figure 4. System Structure of HARCSM
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6. Finish

While step 1 thm step 5 are completed, the whole expert system is
finished. We offer rule 1 thru rule 5, and rule 70,75 to illustrate our
expert systemm. .

RULENUMBER 1
IF Questicn 1: Benzidine test is negative
THEN: The stain is dye or something.

RULE NUMEBER 2

IF Question 1: Benzidine test is positive
and Question 2: Takayama test is negative
THEN: The stain is dye of something,

‘RULE NUMBER 3

IF Question 1: Benzidine test is positive

and Question 2: Takayama test is positive

and Question 3: The result of the anti-human serum preciption
method is negative

THEN The bloodstain is animal origin.

RULE NUMBER 4 [The inference of human origin starts here]
IF Question I: Benzidine test is positiveand
Question 2: Takayama test ie
positiveand
Question 3: The result of the anti-hnman serum precipition
method is positive
THEN The bloodstain is human origin.

RULE NUMBER 5

IF Question 1: Benzidine test is positive

and Question 2: Takayama test is positive

and Question 3: The result of the anti-human serum precipition
1iethed is positive

and Question 4: The shape of blood is round & scallops around
the edge

and Question 5: Diaméter of a bloodstain from a single drop is 11-
13mm
THEN:

The distance which the blood fell is 0.4-0.8 feet.

RULE NUMBER 70 .

IF Question 1:around the entrance of wound s the scorching fur
andCh Question 2:the wound of entrasice is out of the range of hand
ton

THEN Purely Commit Suicide - Probability=0/10 &

Parely murder -Probability= 7/10

RULE NUMBER 75

IF Question 1:around the ballet wound there is the soceching fur,
or the smolder, or the powder article

and Question 2:the number of deadly shot is not less than two

THEN FPurely commit suicide - Probability = 1/10
and Purely murder - Probability = 10/10
and be shet accidentally - Probability = 1/10

V. Discussion and Conclusion

(a). Discussion
HARCSM uses many teckniques to test its premises and justify its
conclusions. Expert system that “reason 2bout their reagoning” employ
metaknowledge. The metaknowledge is defined by Waterman[W86]
as “Knowledge about the nse & control of domain knowledge in the
expert system”.  Hayes-Roth[HLW83] stated the fanctions of
metaknowledge as follows:(i). Selects rules after checking their
legality,(ii). Records the necessary facts about the objects,(iii).
Tustifies rules by explaining "how" and "why" the conclusion is rnade.,
In HARCSM program, expert system checks the legatity of
each premise through identification and individualization tests, The
blending function of the program ensires that as more information
about the object becomes known, the knowledge becornes less "fuzzy”.
The more new confidence comes in, the higher the confidence factor
because the objest is evolving 1o a less uncertain state. The
expert program explicates "how" and "why" through its consultation
facility. It explains how it reaches its conclusion by printing the
object-value couplet that lead to conclusion. It shows solutions why
the user has been asked a question by stating that no conclusion could
be reached about the selected goal. :

.._3?_5_
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(b). Summary

The objectives of this research were Lo show the capabilities of an
expert system. The advantages of using an expert system techrology
instead of using traditional programming techniques are as follows:(i).

Heuristics of expert on the optimization of search methodology,(ii).
Selutions to fuzzy logic,(iif). Machine Learning[Automatic Self-
Modification], (iv). To do self-evaluation duriag critical points of the
process[HEMS0]. HARCSM is capable of offering the above
advantages, The KB of HARCSM was heuristically derived from
knowledge about bloodstain interpretation, and wounds of gunshot
differentiation. We bring in the techniques of heuristics in setting up
the IF/THEN statements, the problem is solved efficiently instead of
doing blind search and uncertain investigation. A victim on the scene
which is cansed by the gunshot, and usually bothers the investigators
to differentiate them from commiting suicide, murdering, or being shot
accidentally. This system really give investigators a good guide to dig
itup.  The goal of this paper has been to represent the concept and
irgplementation of fuzzy subset theory to aid in the problem of mainly
reconstructuring the crime scene via using bloodstain interpretation,
and guoshots differentiation. This prototype meets our initial
Tequirements, but we still have to do some roodifications and
immprovements as follows: (i}. To port the capability of chinese text to
HARCSM, (ii). To get more domain and metaknowledge from
investigators and police, then port those knowledge to our system, (iii).
To inlegrate our system to police imvestigaiive system.

vidence Approach €nowledge Type
Mark Expert System static Knowledg%
Theory

Non-Mark| Neural Net

or Fuzzy Set Dynamic¢ Knowleddq

Theory

Figure 5. Comparison of Merk Theory & Non-Mark Theory Evidence

(iV). Figure five will show us clear view about the further study of
crie investigation tool. According to our CB Model, we want to
expand our systern to include net only Mark theory evidence, but Non-
Mark theory evidence also. The former one can be constmcted by the
technology of expert eystern, the latter one can be solved by the theory
of fuzzy and neural network[KLS91,K1.892,LCK92,1.1.C92,K92].

References

[B82] Bellor, N.J.,"Infermation and Artificial Inielligence in the
Lawyer's Qffice", In Artificial Intelligence and
Legal Information Systems, Amsterdam;:Noerh-Holland,
1982

Bo1] Tom Bevel, "Crime Scene Reconstruction”, Journal of
Forensic Identification, Vol41, No.4, July/August, 1991,

Pp-24

Bruce G. Buchanan and Bdward I1. Shortliffe, "Rule-
Based Expert Systems:The MYCIN  Experiments of
the Standford Heuristic Programming Project”, Reading
Mass.:, Addison-Wesley Publishing Company, 1984

[BER4]

[BF22] Avron Barr and Bdward A. Feigenbaum Ed., The
Handbook of Artificial Intelligence, Vol.2,3,

Kaufman, Inc.,Los Altos, California, 1982

William

[C71] Culliford, B.J, "The Examination and Typing of Blood
Stain inthe Crime ~ Laboratory*,1).8.Government
Printing Office, Washingtor D.C,, 1971

B.J.Culliford and L.C. Nickols,"The Benzidine test: A
critical review", Journal of Forensic Science, o(1964),
175 pp.

[CN64]



[070]

[E88]
[FK25]

[FIKME0]

[HKS5]

[HLW83]
[LACF75]

[8s]

[DD39]

[K921]

[KL.S92]

[KL$91]

[LCK92)

[LLC92]

[R&5]

. National

Herbert Leon MacDonnell “Blood Stain Interpretation”,
Laberatory of Forensic Science, Corning,
New York, 1970

EXSYS PROFESSIONAL, Exsys Inc., 1588

Richard Fikes and Tom Kehler, "The Role of Frame-
Based Representation

Reasoning”, Commnnications of the ACM, Sep.1985,
Vol.28, pp.904-920

“Hayes-Roth, F., Klah, P., and Mostow, D.J. Knowledge

Acquisition, Knowledge Programming,
and Knowledge Refinement. Washington, DC:Rand
Report R-2540-NSF, May 1980 -

Harmon, P., and King, D., Expert Systers: Artificial
Intelligence in Business, New York, Wiley, 1985

Hayes-Roth, F. Lenat, D.B., and Waterman, DBEB.(Eds),
"Building Expert Systerns”, Reading Mass.,  Addison-
Wesley, Inc., 1983

International Association of Chiefs of Police, Criminal
Investigation:Specific Offenses, the = International
Association of Chiefs on Police, Inc,Vol.2, 1975

Peter Tackson, "Tntroduction to Expert Systems”,
Addison-Wesley, 1986

Jay Liebowitz, Daniel A, De Salvo, "Structuring Expert
Systems, Domain, Design, & Development ", . Yourdon
Press 1989

Chenyuvan Kou, Chi-ho Lin, and Frederick Springsteel,
"An Adaptive Expert System for Bloodstain
Interpretation”, Journal of Police Science,

Central Police University, Jan. 1992, pp. 87-99

Chenyuan Kou, Chi-ho Lin, and Frederick Springsteel, "
HABSL:An Expert Systém to Réconstruct ~ Crime
Scene based on Bloodstain Intérpretations”, IEEE
Carnahan Conférence 1992, Oct.14-16, 1992,
Atlanta, Georgia, U.S.A.

Chenyuan Kou, Chi-ho Lin, and Frederick Springstesi,
"A Heuristic Approach on Bloodstain Interpretations—-
HABSI", National Computer Symposiem, Dec.18-19,
1991, National Central University, Chung-li,
Taoyuan, R.0.C. .

Chi-ho Lin, Li-hsin Chen, and Chenyuan Kou, "A Stody
on the Category of Criminal Signs®,JEFE

Carnahan Conference 1992, Oct.14-16, 1992, Atlanta,
Georgia, US.A :

Chi-he Lin, Zen-chen Lin, and Chenyaan Xou, "An
Intelligent Bxpert System to Provide Suitable
Comurent for the Judge-—PSCT®, The 3rd National MIS
conference May 29--May 31, 1992,

Chiap-Tung Univeristy

TPearl, "Heuristics:Intelligence Search Strategies for

_ Computer Problem Solving®, Reading MA:Addison-

Wesley, 1984 '

Frederick Hayes-Roth, "Rule-Based -
Systems”,Communications of the ACM, Sep.1985,
Vol.28, pp.921-932.

1993 Pan Pacific Conference on. Information Systems

— 346 —

8771

[SCT84]

[TZ12]

[Wed]

[W36]

[Ks2]

LeMoyne Snyder, Homicide Investigation, Charles C.
Thomas Publisher, 3rd ed. May, 1977

Charles R. Swanson, Jr, Neil C. Charmelin, and Leoaard
Territo, Criminal Investigation, Random House,
New York, 1984

M.Takayama, Kokka Igakkai Zasshi, no.306(1912), 15.

PH.Winston, "Artificial Inteltigence, 2nd ed.”, Addison-
Wesley Publishing Company, 1984

Donald A. Waterman, A Guide to Expert Syster,
Reading MA:Addison-Wesley, 1986

Chenyuan Kou, "A Heuristic Approach to Reconstruct
Crime Scene based on Mark Theory", The
Procsedings of Symposinm on Optical Disk and
Micrographic Systems, pp.93-110,Dec.21-22, 1992,
National Taiwan University Alumni Center




	Association for Information Systems
	AIS Electronic Library (AISeL)
	December 1993

	An Expert System of Crime Investigation Based on Mark-Theory to Reconstrcut Crime Scene
	Chenyuan Kuo
	Chi-ho Lin
	Frederick Springsteel
	Recommended Citation


	tmp.1219244626.pdf.f4rD7

