
JOURNAL OF THE INTERNATIONAL ASSOCIATION OF ARSON INVESTIGATORS, INC.

FALL2022 • Volume 73 • Issue 2

What’s Inside:What’s Inside:

Advice for New Fire Investigators

The Identification of Lines  The Identification of Lines  

of Demarcation for Use in  of Demarcation for Use in  

Analyzing Fire Damage  Analyzing Fire Damage  

through through                                                   

Image Processing  Image Processing  

and Artificial Intelligenceand Artificial Intelligence

■

■



22 www.firearson.com Fire&Arson Investigator FALL2022

The Identification of Lines The Identification of Lines 
of Demarcation for Use in of Demarcation for Use in 
Analyzing Fire Damage through Analyzing Fire Damage through 

Image Processing and Image Processing and 
Artificial IntelligenceArtificial Intelligence

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.

1.0 Introduction

1.1 Fire Investigation

Fire investigators identify varying areas of damage 
visibly after an event by searching for differences in 
color, texture, and/or loss of material. The separation 
between one area of damage and another is often 
characterized as a line of demarcation [1]. This 
identification of varying degrees of damage has 
been the principal means of determining an area of 
origin for the fire investigation profession since the 
early 1940’s [2]. Much of this analysis is currently 
performed by investigators visually identifying varying 
degrees of damage without a defined process and 
is largely based on subjective interpretation by the 
investigator. The subjective analysis begins with 
visible identification and interpretation of the damage. 
Therefore, this analysis is subject to potential biases 
by the investigator and is exacerbated by a lack of a 
defined process. This type of analysis is difficult to 

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

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 
of the forensic disciplines, particularly those that 
are dependent on qualitative analyses and expert 
interpretation of observed patterns, including fire 
investigations [4]. For the fire investigation profession 
to move forward as a forensic science and address the 
concerns of the NAS report it is imperative that a more 
objective method be developed for identifying and 
interpreting locations of varying levels of damage.

Most walls and ceilings in the United States are lined 
with gypsum board (drywall). Depth measurements 
based on the calcination of gypsum board has been 
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The newly created Student and Mentoring Committee has some exciting things in 

the works to help move our industry forward and answer the charge of President 

Watson of raising up the next generation of fire investigators within our industry. 

We will be spotlighting a past or present student in every article to help showcase 

how our industry is moving forward and give readers a glimpse into who is moving 

the industry along. Our first in this ongoing series will be recent Eastern Kentucky 

Graduate and 2022 ITC participant Arianna Trotter. 

Q. What made you decided to go into the fire 

investigation career path? 

A. Originally, I wanted to become a fire fighter and 

save people. When I arrived at EKU and attended 

my first fire administration course I learned more 

about fire science and became very interested in 

it. I wanted to learn more and be part of the field’s 

growth. I switched my major to Fire, Arson and 

explosion investigation and was hooked. 

Q. What was your favorite course or training while 

attending EKU? 

A. Overall I would say that the Depositions for my 

capstone course! We were in a real court room 

and on the stand testifying. It provided us with 

as much as a real-world experience as possible 

during school. 

Q. What did you gain from the IAAI’s student 

mentorship quarterly calls? 

A. I learned what to expect at the ITC and ideas 

on networking while attending. Basically, how to 

maximize my experience. 

Q. So you attended the ITC in Jacksonville; what 

did you gain from that experience?

A. Honestly, the training was better than even I 

expected. My Professors at EKU encouraged me 

to attending and it was a great choice. My favorite 

topic was about fatal fire investigations and really 

enjoyed the class about the West Virginia Filicide 

case study.  

Q. What advise would you give to students who 

are on the fence about attending the next ITC? 

A. I had such a great time and learned so much 

from the experience. I would say that they should 

go, and it is worth it. They should talk to everyone 

they can. Talk to people even if your not searching 

for a job at the moment, you will learn so much 

very everyone and pick up tips and tricks that will 

help you in your career. 

Committee members recently sat down with Arianna and discussed her thoughts on her degree 

program and the IAAI’s student mentorship program.
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By David P. Cusatis, IAAI-CFI

Basic Circuits
Fire investigators are faced with numerous electrical challenges during a fire scene examination. Some 
investigators have a solid understanding of electricity and its potential to be a competent ignition source. Many 
admittedly struggle when it comes to this topic and how it relates to the cause of the fire.

Typically, the struggle begins when the investigator must determine whether the electrical devices, appliance 
or circuit was the cause of the fire or was a victim of the fire. At times, the physical evidence is overwhelming, 
and an opinion can be easily rendered as to the involvement of electricity; however, this is not always the case. 
Often, the investigator must dig deeper into the electrical system to support or refute their hypothesis with 
respect to what role electricity may or may not have had in the cause of the fire.

Once the investigator determines electricity was present, the next step is to determine if there was an 
energized electrical circuit within their area of concern. The definition of an electrical circuit is not specifically 
defined in NPFA 921, or NFPA 70 (National Electrical Code, NEC). The most simplistic and common-sense 
understanding of an electrical circuit can be found in Mike Holt’s Illustrated Guide to Basic Electrical Theory, 
2nd Edition. Holt describes an electrical circuit as having three components: 1) an electrical energy source, 2) 
a conductive pathway for the electrical energy to travel to and from the source, and 3) a load.  Without these 
three things, an electrical circuit is not present. 

Many reference materials, including Chapter 9 in NFPA 921, compare a closed water system to an electrical 
circuit. In theory, the mechanics of these systems are very similar. In a hydraulic system there is a source, 
typically a pump, that forces the fluid through a closed loop piping system, achieving some desired mechanical 
work as the fluid moves. The pump in an electrical system can be a utility service to the building, an alternative 
power supply, or an energy storage system.

The closed piping system as described is analogous to the network of electrical conductors installed 
throughout a structure. This network of conductors is a designed pathway for current to flow out to the load 
and return to the source. In a vehicle, the frame or chassis may serve as part of the circuit path. A person’s 
body may become part of a circuit path, potentially having lethal consequences. Under abnormal conditions, 
conductive building components such as metal lathe or studs, metallic conduit, metal siding, and water piping 
can be part of the circuit. The investigator may have to think outside of the box when determining where 
current could possibly flow.  

The load on the circuit is meant to serve some useful purpose and is often an appliance or other utilization 
device. However, conditions such as carbon development or other contaminants can create an unintended 
load, allowing current to flow and produce heat that could be an ignition source.  

In a previous Electrical Shorts article, several electrical terms were discussed and how they apply to electrical 
systems. In summary, four things will be present in an electrical circuit:

1) Voltage (Volts): Voltage is the electrical pressure that makes electrons move. In the United States, 
residential voltages are 120 and 240 VAC (these are rms, or root mean square values). Commercial 
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Advice for New  
Fire Investigators

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. 

Being in fire investigation for a long time provides one 
the opportunity to learn, unlearn and re-learn a lot of 
information about fire science and fire investigation 
methodology.  Over time, the astute investigator 
comes to realize that no matter how good they are, 
they will never know all there is to know as “all there 
is to know” isn’t known yet. The fire investigation 
community continues to conduct research which 
challenges previous beliefs and “common practices”.  
The professional knows that it is paramount to stay 
current with literature and research and is reminded 
of this every three years (or so) when a new edition of 
NFPA 921 Guide for Fire and Explosion Investigations 
is published and they must learn anew. This, however, 
does not put all investigators on equal footing as 
experience does matter. Much of the information that 
new fire investigators receive comes from the ash-
covered fire investigation mentor and, despite some 
inaccurate “myths and legends” passed down from time 
to time, there is value in the past to guide the future. 

Toward the goal of bridging the gap between the 
experiences of a long career in fire investigation and 
those new fire investigators (regardless of age) just 
beginning to hone their craft, this article proposes 
to offer advice that may speed their journey.  These 
suggestions are given in no order of importance and 

may be followed (or ignored) at any time during the 
reader’s career. 

Think! While this piece of advice may seem obvious, 
it is the most important skill that an investigator can 
apply to an incident.  There are so many things to think 
about during an investigation that they cannot all be 
listed.  A good start is to consider the “5 W’s” and think 
about them. Think about “Who” you are talking to at a 
fire scene.  Think about “What” you are seeing at a fire 
scene.  Think about “Where” the fire came from and 
where it went. Think about “When” the fire ignited versus 
when it was discovered. Think about “Why” you formed 
the conclusions you did.  Each of these questions 
should take your thoughts in many other directions and 
generate many other questions.  Likewise, forming new 
hypotheses should force you to think about how that 
new hypothesis is supported or refuted by observations 
made at the scene. The more you think critically; the 
more thorough your investigation will be.  

Good Experience is Critical.  As a fire investigator 
moves through their career they will process fire 
scenes, conduct interviews, collect evidence, attend 
training and, sometimes, make mistakes.  All these 
experiences accumulate through the course of time 
and provide the investigator the foundation on which to 
make sound decisions about their investigations. But 
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I would like to welcome and congratulate ATF’s Director  Steven Dettelbach 
President Biden appointed and swore in  Steven M. Dettelbach as the Bureau of Alcohol, 
Tobacco, Firearms and Explosives (ATF) Director 
on July 13, 2022. Mr. Dettelbach is responsible for leading 
an agency of men and women charged with protecting the 
public by enforcing laws and regulations related to firearms, 
explosives, arson, and alcohol and tobacco trafficking.*

ATF and the IAAI
Did you know?
Special agents interested in becoming a CFI must 
have a minimum of three years of service with ATF, 
reach at least the GS-12 level, and have a current 
performance appraisal of fully successful or higher. 
Candidates must also submit a curriculum vitae/
resume that lists previous training and experience 
investigating arson, explosives, and other  complex cases.
Candidates must successfully complete nine weeks of 
in-person training, five graduate-level college courses, 
and numerous reading assignments, then demonstrate 
that knowledge in real-world applications. They also have 
to complete a research project and thesis paper on fire 
science topics to have it published in a scientific journal.After the two-year program, all candidates must pass the 
CFI exam administered by the International Association of 
Arson Investigators (IAAI), thus gaining an internationally 
recognized certification from an independent certification 
body. Once certified, CFIs must attend ATF’s annual 
refresher training and participate in at least 15 fire scene 
examinations annually. CFIs are required to recertify their 
credentials annually.
*Source:  www.atf.gov

Best,


