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Abstract
Visual interpretation of varying levels of damage and lines of demarcation is subjective in fire
investigations. Processing images with edge detection algorithms using mathematical identification
of gradients between areas of different intensities has been demonstrated here to be an objective
means to identify varying lines of demarcation of fire damage. In this study, five standard
algorithms were used including: Canny, Laplacian of Gaussian (LoG), Prewitt, Roberts, and
Sobel. The edge detection algorithms struggled to properly distinguish between edges that were
considered lines of demarcation and noise. Finally, an artificial intelligence edge detection model
was used as well. The artificial intelligence model built to evaluate edge detection was shown to be
highly accurate for simple fire damaged walls and even for images with synthetic noise added.
ittee
entoring Comm
M
d
1.0
Introduction
n
a
t
n
e
d
tu
S

gs in
e exciting thin
ittee has som
m
m
Co
g
ent
id
rin
es
to
1.1 Fire St
Investigation
Pr
d Men
the charge of
ted udent an
d and answer
ry.
ar
st
rw
du
fo
The newly crea
in
ry
r
st
du
in ou
withdamage
tigators of
lp move our in identify
Fire investigators
varying
fire invesareas
n of
tio
the works to he
ra
ne
ge
ca
xt
ne
ow se
up thean
ticle to help shin
event by searching
differences
of raisingafter
ery ar
Watsonvisibly
t in evfor
en
ud
st
t
moving
en
is
es
o
st or pr loss of material.
glimpse into wh
color,ottexture,
and/or
lighting a pa
ve readers a The separation
gi
ntucky
d
We will be sp
Ke
an
n
d
er
ar
st
rw
g fo
movinarea
be recent Ea
ry isone
willanother
st
between
of
damage
and
is
often
s
du
rie
in
r
se
g
ou
in
w
go
ho
first in this on
stry along. Our as a line
characterized
of
demarcation
[1]. This
a Trotter.
iann
the indu
participant Ar
C
IT
22
20
d
an
e
at
du
Gra identification of varying degrees of damage has

been the principal means of determining an area of
origin for the firenainvestigation
profession since the
an Trotter
ht: Ari[2].
potlig1940’s
Much of thisityanalysis
is currently
Student Searly
rs (EKU)
Kentucky Unive visually identifying
erninvestigators
performed
varying
Eastby
gy
lo
no
ch
g Te
College:
ty Engineerin
osion
in Fire Safewithout
& Explprocess
Sdamage
degrees
of
a
defined
and
n
B.
so
Ar
,
re
Fi
phasis on
Degree:
ith an em
is largelyWbased
on
subjective
interpretation
by
the
n
Investigatio
investigator. The
subjective
analysis
begins
with
ky
uc
nt
Ke
University of
ployer: identification
and
interpretation of the damage.
Current Emvisible
t
Code Specialis
is
biases
spections,to potential
Insubject
Job title: Therefore, this analysis
ty
fe
Sa
estigations
Plan Review,
s:
re & Safety inv by a lack of a
ie
Fi
lit
ns
bi
tiois exacerbated
and
ec
sp
In
s
Responsi by the investigator
em
Syst
, FL of analysis is difficult to
defined process.
Thisille
type
2022 Jacksonv
IAAI ATC:

Arianna
sat down with
bers recently
p program.
hi
rs
to
mmittee mem
en
m
Co
t
uden
22 ram an
www.firearson.com
d the IAAI’s st
prog
fire
to go into the
e you decided
Q. What mad

d her thoughts

and discusse

replicate between investigators, difficult to quantify,
and is often prone to error [3].

NEW!

The National Academy of Sciences (NAS) released
a cautionary report regarding forensic sciences in
the United States and the basic lack of fundamental
science and standardized approaches for subjective
analyses [4]. In the NAS document, the authors
outlined the need to improve the scientific foundations
By David
of the forensic disciplines, particularly those that
are dependent on qualitativeDavid
analyses
expert
P. Cusatis,and
IAAI-CFI
is employed by Bureau of Al
Enforcement Training Specialist and a member of the A
interpretation of observed patterns,
including fire
in Emmitsburg, MD He is a licensed Journeyman Electr
by ATF and theprofession
National Fire Academy.
investigations [4]. For the fireoffered
investigation
to move forward as a forensic science and address the
Circuits
concerns of the NAS report it is Basic
imperative
that a more
objective method be developed for
and
Fire identifying
investigators are
faced with numerous e
have a solid understanding of e
interpreting locations of varying investigators
levels of damage.

admittedly struggle when it comes to this top

Most walls and ceilings in the United
States
are begins
linedwhen the inves
Typically,
the struggle
or circuit
was the cause of the fire or was a v
with gypsum board (drywall). Depth
measurements
and an opinion can be easily rendered as to
based on the calcination of gypsum
has been
Often,board
the investigator
must dig deeper into t

on her degree

respect to what role electricity may or may no

Fire&Arson Investigator
ded the ITC in

Jacksonville;

what

Once the investigator determines electricity w
energized electrical circuit within their area o
FALL2022
defined in NPFA 921,
or NFPA 70 (National E
understanding of an electrical circuit can be
2nd Edition. Holt describes an electrical circu

Authors: Steven J. Avato, M.S., B.A., B.S.
Joshua W. Hottle, B.S.

ABSTRACT: Throughout the history of fire investigation, mentoring
has been a method for training new fire investigators. While this
process has garnered some criticisms for perpetuating “myths and
legends”, the passing of knowledge is still a valid and trusted method
for training neophytes in almost every field of endeavor, including the
sciences, provided that the information passed is validated and received
properly. This article aims to advance the field by providing the new fire
investigator some general, philosophical heuristics on how to prepare
their minds for the cognitive challenges they will face and to provide their
mentors with a framework for presenting and sharing knowledge.

Advice for New
Fire Investigators

Being in fire investigation for a long time provides one
may be followed (or ignored) at any time during the
the opportunity to learn, unlearn and re-learn a lot of
reader’s career.
information about fire science and fire investigation
Think! While this piece of advice may seem obvious,
methodology. Over time, the astute investigator
it is the most important skill that an investigator can
comes to realize that no matter how good they are,
apply to an incident. There are so many things to think
e
xe
direduring
they will never know all there is to know as “all there cutive
ctor’san
vie
about
investigation
that they cannot all be
w
is to know” isn’t known yet. The fire investigation
listed. A good start is to consider the “5 W’s” and think
community continues to conduct research which
about them. Think about “Who” you are talking to at a
challenges previous beliefs and “common practices”.
fire scene. Think about “What” you are seeing at a fire
The professional knows that it is paramount to stay
I wouabout
scene. Think
the fire came from and
ld like“Where”
to welco
me an
current with literature and research and is reminded
congra
where it went.
Think
about
“When”
thed fire ignited versus
tulate
ATF’s Directo
of this every three years (or so) when a new edition of
S
te
when it was ve
discovered.
Think
about r“Why” you formed
n Dettelbac
h
NFPA 921 Guide for Fire and Explosion Investigations
Pr
esidentyou
the conclusions
did.
Each of these questions
Biden
appointed an
is published and they must learn anew. This, however,
d sw
Steven
ore in directions and
M. De
should
take
your
thoughts
in th
many
other
ttelbach as
e Bureau of Al
d P. Cusatis, IAAI-CFI
Tobacco, Fire
does not put all investigators on equal footing as
Scott Stephen
coforming
hol,
ar
m
s and Explosive
generateonmany
other questions.
Likewise,
new
s (ATF) Direct
July 13, 2022
experience does matter. Much of the information that
or
.
M
r.
De
tte
lbac
hypotheses
you to
think
that
h is reabout
an agshould
ency of mforce
sponsibhow
lcohol, Tobacco, Firearms and Explosives (ATF) as a Program Manager/Law
le for leading
en and women
new fire investigators receive comes from the ashcharged by
public by en
ATF National Response Team, stationed at the National Fire Academy (NFA),
new hypothesis
isfosupported
withobservations
protecting the
rcing laws anor refuted
d regulations
rician and developed the Electrical
Aspects
Fire Investigation course
covered
fire ofinvestigation
mentor and, despite some
plosive
s, arsoThe
related to fir
made atexthe
scene.
you
think critically;
the
n, anmore
d alcoho
earms,
l and tobacco
inaccurate “myths and legends” passed down from time
more thorough your investigation will be. trafficking.*
to time, there is value in the past to guide the future.
Good Experience is Critical. As a fire investigator
Toward the goal of bridging the gap between the
electrical challenges during a fire scene examination. Some
moves through their career they will process fire
ATand
F and the IAscenes,
experiences
of aignition
longsource.
career
in fire investigation
electricity and its potential
to be a competent
Many
AI
conduct interviews, collect evidence, attend
pic and how it relates tothose
the cause
of the
fire.investigators (regardless of age)
Did
new
fire
just
you know? training and, sometimes, make mistakes. All these
stigator must determinebeginning
whether the electrical
devices,
to hone
theirappliance
craft, this article proposes
Special agen
ts inteexperiences
victim of the fire. At times, the physical evidence is overwhelming,
rested in beco accumulate through the course of time
have a minim
ming a CFI m
to offer
advice
the involvement of electricity;
however,
this that
is not may
alwaysspeed
the case.their journey. These
um ofand
ust
threeprovide
the
investigator
the foundation on which to
years of se
reach at least
rvice with ATF,
the electrical system to suggestions
support or refute are
their given
hypothesis
with
in no order of importance and
the GS-12 leve
make
sound
about
their investigations. But
l, and decisions
performance
ha
ot have had in the cause of the fire.
ve
a curre
ap

was present, the next step is to determine if there was an
of concern. The definition of an electrical circuit is not specifically
Electrical Code,
most simplistic and common-sense
38 NEC). The
www.firearson.com
found in Mike Holt’s Illustrated Guide to Basic Electrical Theory,
uit as having three components: 1) an electrical energy source, 2)

praisal of fully
nt
successful or
Candidates m
higher.
ust also subm
it
a curriculum
resume that lis
vitae/
ts previous tra
ining and expe
investigFire&Arson
ating arson, ex
Investigator
rience
plosives, and
complex case
other
s.
Candidates

FALL2022

