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Enhancement of Newton Law of Cooling Method based
on Asante’s Algorithm with Henssge Nomogram Method
In Estimating the Time of Death
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Abstract—Time of death is referred as the time of elapse
since a person died. It acts as a significant factor in crime
investigation which functions to address the fact and later
identify the truth. The data collected from the time of death
must be interpreted profoundly and the report produced
afterwards must be easily understood by non-scientist. A
variety of methods had been used in estimating the time of
death and it is different according to the variables used.
However, the result produces still imprecise and undependable.
Enhancement is an improvement in making something become
more agreeable. Asante’s algorithm through Newton Law of
Cooling method has brought a great impact in estimating the
time of death in crime investigation, Although the algorithm
needs further improvisation, it had positively assist in proving
that the shorter the post mortem interval, more accurate and
reliable the time of death estimation. Therefore, enhancement
of Newton Law of Cooling method with Henssge nomogram
method through its corrective factor could assist in making the
result to become more precise and dependable as Henssge
nomogram method itself devote a big influence in estimating
the time of death.

Index Terms—Algorithm, method, time of death.

l. INTRODUCTION

Technology is a branch of knowledge dealing with
engineering or applied sciences. It acts as a medium to help
people with communication, doing works, publish an
interesting advertisement or even promote product
worldwide. Technology can be applied in many fields either
to the education field, finance field, engineering field or any
other field which concern. Technology had been attached to
peoples as a proof that human civilization had become better
than before. It also shows that human evolve along with the
changes of time.

Behind a great technology comes a great development.
Development is the systematic use of scientific and
technical knowledge to meet specific objectives or
requirements. As the aim is to meet specific objectives or
requirements, development provides the technology with a
direction or a limit on how far it can evolve but still meeting
the requirement. To ensure a progressive development, a
clear and reliable method is needed. Method is a core or
main component in development. It is the main things which
control the development of a system to be on the right track
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or meet the requirement. In regards with forensic science
fields, method plays an important role in investigation. An
investigation is an examination, a study, a survey and a
research of facts or circumstances, situations, incidents
and scenarios, either related or not, for the purpose of
rendering a conclusion of the proof [1]. When one
investigates, he or she makes a systematic inquiry, closely
analyzes and inspects while dissect and scrutinize
information. An investigation, therefore, is based upon a
complete and whole evaluation and not conjecture,
speculation or supposition.

The method leads the investigation to its solution.
Without a proper method, an investigation could end in
failure or even cannot be accomplished. A method called
Newton Law of Cooling has been used in forensic science in
estimating the time of death [2]. This method takes
temperature as its main factor in determining the time of
death. Time of death is the time elapsed since a person died
[3]. Usually estimating the time of death is used in criminal
investigation. Criminal investigations are conducted
primarily for the prevention of crimes. When crimes occur,
Law Enforcement is responsible to the community it
serves and must discharge it’s duty by immediately
investigating such incidents. Ideally the investigation
will cause the violator to appear before a court soas to
answer for his or her behavior. Ultimately and probably
most important, is that the investigation, detection and
apprehension of the criminal, effectually serves to curtail
recidivism thereby reducing overall crime.

Related to method for estimating the time of death, an
algorithm had been proposed by Asante for time of death
estimation. Asante’s algorithm is a step by step process
which had been developed for estimating the time of death
[2]. The Asante’s algorithm was based on Newton Law of
Cooling method. It is an application which can estimate the
time of death. Another method which plays the same role is
Henssge nomogram method. Henssge nomogram method is
a method which using nomogram scale as its main function
in estimating the time of death. The approach which had
been used to estimate the time of death is through drawing
on the scale and the time of death will be shown as a result.
[4] in his paper had test method which is related to estimate
the time of death and found Henssge nomogram is the best
and accurate method in estimating the time of death.
Therefore, this study focus on combining between these two
methods to assist in making the time of death estimation
becomes more accurate and reliable.

The remainder of this paper is organized as follows.
Section |l discusses on related works in estimating the time
of death, Section Il explained the algorithm that had been
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proposed. The process in estimating the time of death for
this study is describe in Section IV, the results from the
improvement of algorithm is shown in Section V and finally
concluded with the conclusion and discussion in Section VI.

The approach symbolizes as an idea which intends to deal
with a problem or a situation. As for the approach of
algorithm in estimating the time of death, it is symbolize as
an action which intend to deal with time of death estimation.
Table I describes the approach which had been used to solve
crime cases through the field covered and the approach
which concern on estimating the time of death.

RELATED WORKS IN ESTIMATING TIME OF DEATH

TABLE I: THE ALGORITHM APPROACH IN DECISION MAKING AND CRIME
INVESTIGATION

Types of Field Covered Remarks

Algorithm

Used

Shortest Criminal Efficient for small, kidnapped

path Networks network and large, sparse narcotic

algorithm network [5].

Rule-Based | Crime Data | An appropriate methodology to

Algorithm Mining uncover previous unknown structural
pattern [6].

Bayesian Crime Provide evidence collection strategies

Network Investigation that are effective at answering

algorithm multiple queries [7].

Rule Crime Support police manager is assessing

extraction Prevention more appropriate law enforcement

algorithm strategies and improve the use of
police duty deployment for crime
prevention [8].

MV  and | Future Crime in | For knowledge discovery from crime

Apriori Crime Data | record and help increase the predictive

algorithm Mining accuracy [9].

Rule-Based | Estimating the | More accurate time of death

Algorithm time of death estimation in shorter postmortem
period [10].

Note: Comparison from various paper regarding algorithm approach.

Table | indicates that an algorithm had been used in a
variety of areas such as in criminal networks, crime data
mining, crime investigation, crime prevention, future crime
in crime data mining and estimating the time of death. It
represented as a process which helps in unriddling many
crimes cases. Thus, it resolves that one of the ways for
finding the better solution is through algorithm. This study
is focuses on constructing an algorithm for the time of death
determination. It seems that conceptualization of algorithm
by [10] is the only methodology that focuses on time of
death estimation. Thus, this study will apply an algorithm
introduced by [10]. However, the algorithm still could not
provide a good result since many factors were not
considered in the time of death calculation. In addition, there
was a prototype of the system which only performed the
calculating of algorithm without producing the report or
anything related documents that could be a proof in helping
the crime investigation. Furthermore, [10] highlighted that
the automation of the algorithm could truly assist crime
investigator in estimating the time of death.

According to [11] the longer the postmortem interval, the
less precise the estimate of the interval. Thus, it can be
concludes that the shorter the postmortem interval or the
time elapse to estimate the time of death, the time estimation
will become more accurate.
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A. Asante’s Algorithm in Time of Death Estimation

The automation of the algorithm could truly assist crime
investigator in estimating time of death [10]. From the
analysis, the algorithm were observe to show that the shorter
the postmortem interval, the more accurate the time of death
estimation [10]. However, since many factors were not
considered in the time of death calculation the algorithm
could not provide a good result and reach its inaccuracy at
low temperature difference between the rectal and ambient
temperature. Accordingly, the present study attempts to
develop a fully computerized algorithm of the time death
estimation. Reliability played the most important principle
which can only be provided empirically by statistical
analyses of field studies. By increasing the reliability of
Asante’s algorithm, it could truly help increase the
effectiveness in crime investigation. Thus, the crime
investigator will not waste time in searching for clues or an
evidences and could slightly made an early conclusion from
the crime cases.

B. Pekka’s Observation in Time of Death Estimation

Pekka has published five methods that have been used in
estimating the time of death which is Henssge nomogram
method, James and Knight method, triple-exponential
method, Marshall method and rule of thumb methods [4].
These methods were recent methods that had been used in
solving the time of death in crime investigation. Based on
five methods tested by [4] for estimating the time of death, it
had been found that Henssge nomogram method with its
correction factor was the most versatile and gave the most
precise results in homicide and accidental drowning cases
[4]. Since the case had been tested on both land and water, it
is suitable for Henssge nomogram method to be combined
with the Asante’s algorithm as its approach similar to
Henssge nomogram method in term of variables used. Thus,
an enhance algorithm could be developed. The architecture
of the enhance algorithm is as follows:

From Fig. 1, it can be seen that the enhance algorithm is
based on criteria provided from the crime scene which are
time of cadaver or corpse found, rectum temperature, room
temperature, mass of cadaver or corpses, condition of corpse
or cadaver body, condition of clothes of the corpse or
cadaver, layer of the clothes, condition of air and condition
of water. Next, all of the criteria provided will insert into a
Graphical User Interface (GUI) System based on the time of
death algorithm that been developed. Then, the data that had
been input into the algorithm will be analyzed to predict the
time of death. Finally, the estimation of time of death will be
stored in the database and the reports are produced.

An algorithm is a step by step process for solving a
problem. The algorithm for estimating the time of death
presents the step by step process for estimating the time of
death. The algorithm is as shown in Figure Il below:

Input: rectum temperature, room temperature, mass of
cadaver, condition of body, condition of cloth, layer of cloth,
condition of air, and condition of water

Output: time of death

Before estimate the time of death, all the input needed

ALGORITHM TO ESTIMATE TIME OF DEATH
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must be inserted into the algorithm. The input intends to be | Read rectal temperanime room temperanire, mass of cadaver
the Varlable needed In calculatlng the tlme of death The condition of body, condition of cloth, layer ofdoth= :onditionofai.r;

and condition of water

algorithm will calculate the time of death based on the data 2. £ (condition of body = clothed)
attain from the input. Tt (layer of cloth = 1-2 thin layer)

weightl = weight * 0.9:

Procedure of improved algorithm:

Body Surface Area = 0.1173 * weight1* 10 " 0.6466;

Size Factor = 0.8 * Body Surface Area * (10000/weight1);

k. constant= (0.0006125 * Size Factor) — 0.05375:
Calculate the time of death by using Asante’s algorithm method
4. End

™

Fig. 2. Time of death algorithm.

Criteria considered:

. S System Interface
o Time of cadawver or ¥

corpse
» Flectimm tengperahire
» F.oom temperature -
o Mass ofcadaver -
» Condition ofbody
» Condition ofcloth
» Layerofcloth

» Condition of air

Daatabase

o Condition of water

Time of Death
Algorihthm,

b e as T

Analysis Process of Time of Death
Fig. 1. Architecture for time of death algorithm.

TABLE Il: CORRECTIVE FACTOR OF HENSSGE NOMOGRAM METHOD

Dry In air Corrective | Wet through | Inair In water
clothing / Factors clothing/ covering
Covering wet body surface
nla nla 0.35 naked nla flowing
n/a n/a 0.50 naked nla still
n/a n/a 0.70 nla moving n/a
nla nla 0.70 n/a moving n/a
naked moving | 0.75 n/a moving n/a
1-2 thin moving | 0.90 nla still n/a
layer
naked still 1.00 n/a still n/a
1-2 thin still 1.10 n/a n/a n/a
layer
2-3 thin moving | 1.20 n/a nla n/a
layer or still
1-2 thick moving | 1.20 n/a n/a n/a
layer or still
3-4 thin moving | 1.30 n/a n/a n/a
layer or still
more moving | 1.40 n/a nla n/a
thin/thick or still
layer
thick moving | 1.80 n/a nla n/a
bedspread or still
thick moving | 2.40 nla n/a n/a
bedspread or still
&clothing
combine

Source: Asante, S. (2013), Application Of Newton's Law Of Cooling Case Study : Estimation Of Time Of Death In Murder. Kwame Nkrumah University of Science and Technology.
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IV. PROCESS IN ESTIMATING THE TIME OF DEATH

Estimating the time of death become inaccurate at low
temperature difference between the rectal and ambient
temperatures [10], this study focuses to improve the
Asante’s algorithm to become more reliable in estimating
the time of death. Asante’s algorithm will be combining
with Henssge nomogram corrective factors [12] to increase
its sensitivity towards estimating the time of death. The
corrective factors can be seen as in Table II:

V. RESULT AND DISCUSSION

Asante’s algorithm had provided some result regarding
the analysis of time of death. It takes ambient temperature,
weight of the body, rectal temperature and initial
temperature into consideration in estimating the time of
death. From the analysis, it was observed that the shorter the
time of death, the more accurate the estimate the time of
death (Table I11).

As shown in Table III, Asante’s algorithm only been

tested through temperature and condition of body either
naked or clothed. A new analysis from this study had been
made where it had been tested with a corrective factor from
Henssge nomogram. The purpose of this study is to improve
Asante’s algorithm by combining the algorithm with more
variables from Henssge nomogram such as condition of the
cloth either wet or dry, layer of cloth and condition of air or
water rather than focusing only on clothed or naked body of
corpse in crime cases. It will also increase the compatibility
of Asante’s algorithm to be used not only on land but also in
water instead. Therefore, the functionality of Asante’s
algorithm will boost to be used in solving both land and
water crime cases. A few result from Asante’s algorithm
with Henssge nomogram’s corrective factor are shown in
Table IV.

TABLE IV RESULT FROM ASANTE’S ALGORITHM WITH HENSSGE NOMOGRAM CORRECTIVE FACTOR

rezult Ag | 5S¢ | Kmow Rectal Ambient Bady
from 3 I n the Temperstur | Temperator | Weigh
asAnE’s tme of ] 2 t
alzorithm death (*C) (] (k=)
with (hours
henssge )
NOmOETA
m
Camective
factorCas
e
1 il M 4 3449 17 63
1 il M 4 349 17 63
1 il M 4 29 17 63
1 5l M 4 EERY 17 ]
1 5l M 4 349 17 +]
1 il M 4 349 17 +]
2 34 F 4 344 1 65
2 34 F 4 344 1 ]
2 34 F 4 344 1 ]
3 MM 4 35.1 183 T8
3 MM 4 351 183 T8
3 Ml M 4 351 183 T8
4 15 F 4 347 15 75
4 15 F 4 347 15 75
4 15 F 4 347 ns 75
5 15 | M 4 359 124 65
5 15 | M 4 359 124 65
5 15 | M 4 359 14 +]

Clothe | Estimat | Layerof | Conditio | Condifio | "=
d (=) & fime Cloth o of Alr o of attar
Naked | before Water et
¢ | Mours)
+ ERE) 1-2 Thin Moving Mo 380
Air Infhaence
+ ing 1-3 Thin Moving Ko 420
Air Iofhaence
+ 304 3-4 Thin Moving ] 431
Air Iofhaence
+ 304 1-2 Thick Moving Ko 420
Air Iofhience
+ ER) 21 or more Moving Mo 351
Thicker Air Iofhience
+ 304 Thick Moving o 493
Bedsprea Air Iofhience
d
+ 544 1-2 Thin Moving Ko 524
Air Iofhaence
+ 544 1-3 Thin Moving Ko 581
Air Iofhience
+ 544 3-4 Thin Moving Ko §.00
Air Iofhience
+ 410 1-2 Thin Moving jal] 412
Air Iofhience
+ 410 2-3 Thin Moving o] 459
Air Iofhaence
+ 418 34 Thin Moving o 474
Air Iofhaence
- 4383 Taked Moving o 433
Saill Air Infhaence
- 483 Waked Na Flowing 341
Influence Water
- 4323 Waked Na 5t 331
Infloence Water
- 206 Waked Maoving Ko 258
Sl Air Iofhience
- 206 Waked Ko Flowing 215
Infloence Water
- 206 Waked Ka 5t 237
Infloence W ater

Note: Result of Asante’s Algorithm after being test with Henssge nomogram corrective factor.

Table 11l and Table IV show the different between before
the corrective factor are added and after it is added are
shown. The results are change due to the changes in the
corrective factor variable. The result produced still reliable

as the result still move around the known time of death as
shown in Table IV. It producing a result which still
reasonable depending on the selection of the time of death.
Due to the observation, it shown that Asante’s algorithm
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could be improved along with the Henssge nomogram
corrective factor.

VI.

As a conclusion, many approaches of the algorithm had
been wused in crime investigation. This substantiation
demonstrates that the algorithm can be applied or
contributed in crime investigation. Table I clearly describes
the significance of algorithm which had been used to solve
crime cases in many related crime investigation fields. This
firmly recommended algorithm relatively connected in
solving crime cases such as in the criminal network field,
crime data mining field, crime investigation and prevention
field, forecasting for future crime in the crime data mining
field and in time of death estimation field. Thus, strengthen
the algorithm as a step by step process in solving a problem.

Focusing on time of death estimation, it is described as
time elapse since a person died. An algorithm approach had
been used to solve time of death estimation problem. The
longer the post mortem interval, the time of death estimation
becomes less accurate and unreliable. Algorithm approach
as being recommended by Asante seems to assist in solving
time of death estimation problem. However, some of the
result produce from the algorithm still are unreliable and
need to be improvised. [4] in their paper demonstrate the
comparison of five methods used to estimate the time of
death. Based on five methods which have been tested, it is
found that Henssge nomogram method give the most
versatile and accurate result in estimating the time of death
for homicide and accidental drowning cases in crime
investigation. Thus, this strengthens that Henssge
nomogram method could bring great influence in time of
death estimation result.

Comparing between Asante’s algorithm and Henssge
nomogram, these methods present a similar variable to be
taken into consideration such as rectal temperature, ambient
temperature, body weight and so on. Although both methods
used different ways and formula in estimating the time of
death, they still intend to achieve the same objective which
is the time of death. Due to similarity in variables, the
enhancement of Asante’s algorithm with Henssge
nomogram method is assured to improve the result in
estimating the time of death.

Last but not least, the reference of consideration in
enhancing Asante’s algorithm with Henssge nomogram
could provide a better result in estimating the time of death
coincide with its intention in making the result become more
accurate and reliable. 1t will provide the algorithm to be in a
right track, improve its performance, became more reliable
and worthy.

CONCLUSION
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