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Executive Summary

Ice on an aircraft’s wing poses a significant safety threat to flight operations. Currently, after
deicing operations, the presence of residual ice on an aircraft’s wing is determined by a human
deicer from a deicing ground crew. The presence of ice on awing is determined visually under
most circumstances. Tactile inspections may be required following deicing of certain types of
“hard wing” aircraft. Tactile inspections expose extremities to cold surfaces, require close
proximity to an aircraft (at times with engines on), are slow, and can be limited by the deicer’s
reach.

One method being proposed to eliminate post-deicing visual and tactile inspections is to use
infrared camera based Ground Ice Detection Systems (GIDS). As GIDS are new technologies,
many regulatory approval issues need to be addressed before these systems can be put into
service. A GIDs Regulatory Approval Working Group (RAWG), under auspices of the SAE
G-12 Ice Detection Sub-Committee, was formed to define the data and testing needed to provide
regulatory authorities with the information they need to approve GIDS. To further this effort, in
August 2005, Human Factor Specidlists from the Federal Aviation Administration (FAA)
William J. Hughes Technical Center’'s (WJHTC) Simulation and Analysis Group conducted a
study sponsored by the FAA Office of Aviation Research, Flight Safety Branch (WJHTC), and
Transport Canada’'s Transportation Development Centre. The objective of the study was to
compare human ice detection performance using current visual and tactile techniques with GIDS
performance under post deicing inspection scenarios. Two different GIDS were used for
comparison; they were referred to as GIDS1 and GIDS2 throughout the study.

Nine male deicers from Globe Ground at Toronto Pearson Airport or Aero Mag 2000 Montreal
performed post deicing inspections using three methods: the current method (visual inspections
and tactile inspections), the GIDS1 method, and the GIDS2 method. All participants performed
evaluations across each condition. Three separate post-deicing scenarios were presented each
day for three days. a wing with 12 ice patches (High Contamination), three ice patches (Low
Contamination), and a clean wing (No Contamination). Accuracy data (number of patches
correctly detected), false detection data (number of patches identified that were not present), and
time to complete an inspection were collected and analyzed for each condition.

The results from the study indicated that GIDS1 performed better than the current human
detection system. The data gathered during the study consistently indicated that overall GIDS1
was superior to human visual and tactile inspections and GIDS2 inspections in terms of
accuracy, false detections, and stability in performance. Participants using GIDS1 were able to
detect al patch sizes and thicknesses with the greatest accuracy while the other methods
accuracy improved as a function of patch size and thickness. In addition, inspections completed
by the GIDS1 manufacturer throughout the study suggest that, with time and experience,
performance could further improve.
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1. Introduction

Currently, after deicing operations, the presence of residual ice on an aircraft’ swing is
determined by a human deicer from a deicing ground crew. The presence of iceonawing is
determined visually under most circumstances. Tactile inspections may be required following
deicing of certain typesof “hard wing” aircraft, or for aircraft where cold soaked fuel may be a
problem. Some problems have been identified with tactile inspections. Tactile inspections
expose extremities to cold surfaces, require close proximity to an aircraft (at times with engines
running), are slow, and can be limited by the deicer’ s reach.

To eliminate the safety and physical concerns of tactile inspections, the Federal Aviation
Administration (FAA) and Transport Canada (TC) are exploring the potential to supplement or
replace human visual and tactile inspections with remote Ground I ce Detection Systems (GIDS).
Currently available, remote GIDS scan the wing surfaces of an aircraft and send pictures of
potential ice contamination to aremote display that allows ground crews to evaluate whether or
not iceis present. In thisstudy, two different GIDS were used for evaluation: the Ice Camera by
MacDonald Dettwiler and Associates (MDA) and the Goodrich IceHawk® by Goodrich
Aerospace.

If visual and tactile inspections for the presence of ice on awing are to be replaced with GIDS,
these systems must be as good as, if not better, at detecting the presence of residual ice than
human visual or tactile capabilities. A GIDS Regulatory Approval Working Group (RAWG),
under the auspices of the SAE Committee G-12 | ce Detection Sub-committee, was formed to
explore this possibility.

The GIDS RAWG is composed of representatives from the FAA, TC, end users, aircraft
manufacturers, and GIDS manufacturers. The GIDS RAWG met at the William J. Hughes
Technical Center (WJHTC) in Atlantic City, New Jersey in September 2004 to determine the
most meaningful variables necessary to include in a study comparing current human visual and
tactile inspections to a GIDS inspection. This report provides the details of the test designed to
compare human performance with GIDS.

Aninitial experiment, hereafter referred to as the threshold study, was completed in March of
2005 (Sierra, Bender, Marcil, D’ Avirro, Pugacz, & Eyre, in press). The threshold study
attempted to quantify human visual and tactile ice detection capabilities to serve as a measure
against which GIDS can be evaluated. Results from the threshold study were used to help
determine the test parameters for this study. The research team attempted to address the
limitations inherent in the threshold study, including the lack of movement in the visual study,
reach limitations for tactile inspections, and the real-life stressors that exist in the field for
current human methods (visual and tactile). The methodology of the current study was also
consistent with the design of the threshold experiment where applicable. For example,
environmental conditions in the chamber, instruments used to screen participants, and ice
samples were determined in part by successful outcomes of the initial work.



2. Objective

The objective of the study was to compare human ice detection performance using current visual
and tactile techniques with GIDS performance under post deicing inspection scenarios. The
objective was accomplished by collecting ice detection data for both human deicers and GIDS
inspections of wings similarly contaminated and comparing their detection performance.

3. Methodology

This study was comprised of three separate inspection scenarios. High Contamination, Low
Contamination, and No Contamination performance tests. The High Contamination performance
test was less realistic compared to real-world conditionsin terms of the large number of ice
patches on the wing, but was used to help alleviate the potential for ceiling effects (i.e. everyone
performing flawlessly). The Low Contamination inspection scenario reflected a more typical
post-deicing scenario to attempt to get arealistic measure of performancein thefield. The No
Contamination performance test was conducted to collect data on false positive identifications
and to control learning effects. The only difference between the tests was the number of patches
placed on the aircraft wing during trials.

The tests were conducted over three days, and therefore employed the same participants, study
environment, ice sample characteristics, safety precautions, and operational procedures. The
design and results of each test are discussed separately.

3.1 Participants

3.1.1 Deicers

This study employed nine participants from deicing ground crews. Participants, hereafter called
deicers, were provided by Globe Ground at Toronto Pearson Airport and Aero Mag 2000 at
Montreal Trudeau Airport. Participation in this study was strictly voluntary and no individual
names or identities were recorded or released in any reports. We assigned each deicer a code
(e.g., P1, P2, P3, etc.) that remained the same throughout the experiment; they will be referred to
as such throughout this document. All parties maintained strict adherence to all federal and
ethical guidelines throughout the study.

The deicers, ages 25 to 53, conducted inspections using current procedures and with GIDS
during the three days of participation. All deicers were male because that represents the large
majority of the deicer population in Montreal and Toronto. We classified deicersinto three
different experience levels. P1, P4, and P9 were inexperienced deicers (1 year- 2 years), P3, P5,
P7, and P8 were mid-experience deicers (7-8 years), and P2 was an experienced deicer (24
years). The experience level of one of the deicers (P6) was not documented. The different
experience levels of the participants has no impact on the results.

We assigned the nine deicers to one of three groups, which rotated through the three conditions
(human deicer, GIDS 1, and GIDS 2) throughout the study. All deicerswere current on the
procedures and techniques employed during visual and tactile post deicing inspections. GIDS
manufacturers conducted training sessions with all deicers one day prior to the start of the test.



Delicers provided demographic information to the research team using the questionnairein
Appendix A. All deicers aso received and filled out a consent form (see Appendix B) upon
arrival. Bilingual administrative personnel translated most forms from English to French to
assist comprehension by the three deicers whose primary language was French (a French version
of the trand ated documents immediately follows the English versions in the appendix).

Far visual acuity, color blindness, and tactile discrimination ability were determined for the
inspections. Far visua acuity was determined using a 20 foot Snellen Eye Chart. Deicers 1, 3,
and 8 corrected vision was worse than 20/20 (measured at 20/25, 20/40, and 20/25 respectively).
All had normal color vision as determined by the Quick Six Color Vision Test.

Tactile discrimination ability was determined with the Grit Ordering Test (GOT), which was
developed specifically for this series of experiments. For the GOT, deicers were asked to
indicate the order of roughness of three sandpaper strips (400, 600, and 1500 grit), from least to
most rough. Thestripswere1inx 2.5in (see Figure 1). P2 failed the task. The datafrom this
participant was within the range of the other participants and did not affect the data.

1500 grit

400 grit

600 grit

Figure 1. Grit Ordering Testona3inx 5in card showing 1inx 2.5in strips of different grits.
The colored dots were used by the deicer to identify the strip (e.g., red isfirst, yellow is second,
etc.)

Deicersthat had experienced cold related illnesses or injuries, or had health conditions that may
have predisposed them to cold related illnesses, were excluded from participation. Exclusion
was determined through the information obtained from the Background Questionnaire (see
Appendix A). Intheinterest of safety, we suggested a minimum clothing requirement for all
deicers [see Appendix C (table adapted from FM 31-70)] designed to protect deicers down to
-60° C (Castellani, O’ Brien, Baker-Fulko, Sawka, Young, 2001). Thislist of clothing was sent
to deicers before the experiment. Clothing that provides similar protection was al so accepted.
Extra clothing was available at the test site in case deicers failed to wear enough protection.



3.1.2 Research Personndl

The Test Administrators (TAs) were Human Factors (HF) researchers from the Simulation and
Analysis Group of the FAA WJHTC and a French-speaking researcher from APS Aviation Inc.
The TAs presented briefings, administered questionnaires, proctored the sessions, and conducted
debriefings. The TAs adhered to the same clothing requirements listed for deicers.

3.2 Laboratory Environment, Equipment, and | nstruments

3.2.1 Study Environment

We conducted this study in the large PMG Test and Research Centre climatic chamber in
Blainville, Quebec, Canada. The climatic chamber dimensions were 54 feet long x 21.5 feet
wide x 13 feet high. Environmental conditions from the threshold study were repeated because
they proved to be safe and because performance comparisons could be made. The temperaturein
the chamber was -5° C (£.5°), humidity was 90% (£ 5%). No precipitation was used. We
attempted to replicate dusk/nighttime conditions. In order to accomplish this, two Subject Matter
Experts (SMES) viewed a number of different lighting scenarios and advised that the
combination of two diffused, 150-watt high pressure sodium bulbs with approximately 14,000
mean lumens were appropriate to light the chamber. A Lockheed JetStar wing was mounted 4
feet from the floor in order to approximate the wing height of aregional jet aircraft. A diagram
of the room setup along with specific dimensionsis located in Appendix D.

Typically during an open deicing basket visual inspection, the deicer would move down the
length of the wing in order to see it from severa locations immediately following the application
of deicing fluid. In abest case scenario the deicer would be about 5 feet from thewing. The
basket would allow for vertical movement but limit the deicer’ s lateral range of motion. The
GIDS, typically mounted above the deicer’ s head on the deicing boom, would move along the
length of the wing with the deicer to examine the wing from different locations. However, due
to limited space in the chamber, the GIDS cameras were mounted in a fixed location throughout
the test, limiting the systems to one distance and angle. In order to be fair, we required that the
human deicers perform their visual inspections from afixed point collocated with the GIDS.
Visual inspections were performed from a scissor lift five feet from the wing allowing the deicer
limited lateral movement. Deicers were free to move the scissor lift vertically if they chose. In
addition, the deicer was free to do their inspections from the angles they normally use during
post deicing inspections (i.e. they could crouch or swivel). The distance and angle of the tactile
inspections varied as the deicers walked around the wing to perform thisinspection. Deicers
were allowed to visually scan the wing as they conducted their tactile trialsif they chose to do
so. No tools were supplied to assist the operatorsin the inspections (e.g. ladders, stools,
flashlights, or tactile wands).

The GIDS sensors were mounted in the same general location as the human deicer for each
inspection. Camera height simulated an operational scenario in which the GIDS would be
installed on top of an enclosed bucket or on the open deicing boom, approximately 3 feet above
the average operator’ s head. Output for each GIDS manufacturer was transmitted to their own
remote station. GIDS stations were arranged so that inspections were performed independently



and deicers could not see each other’s output. Figure 2 shows the placement of both GIDS and
the scissor lift overlooking the wing in the chamber.

GIDS

v,

Figure 2. Placement of the GIDS systems, scissor lift, and wing in the chamber. Image was
taken during preparation for the experiment.

3.2.2 GIDS Systems
3.2.2.1 MDA Ice Camera

MDA developed The Ice Camera, a system utilizing a multi-spectral infrared camerathat detects
both ice and water. The Ice Camera employs a reflectance spectroscopy technique to detect ice
0.5 mm or thicker (Gregoris, Yu, & Teti, 2004). Figure 3 isan example of an Ice Cameraimage
that shows awing that is contaminated with ice. The Ice Camerais able to remotely detect ice
and display the images, like the one in Figure 3, to enable the deicer to determineif thewingis
still contaminated.



Image of aircraft win
J J Ice is displayed as red overlay

on a greyscale image
Figure 3. MDA image of an aircraft wing with ice.

3.2.2.2 Goodrich lceHawk®

Goodrich Aerospace devel oped the Goodrich IceHawk®, a GIDS that uses a collimated | aser
light source to illuminate a small spot on the surface to be scanned with linearly polarized light.
If light is reflected from this spot and is still linearly polarized the surface is categorized as clean.
However, if the reflected light is de-polarized in a certain way, the surface is considered
contaminated with ice, frost, or snow. A series of these spot images are taken with araster
mirror to provide acamerafield of view of 30° X 20° using 60,000 spots or pixelsfor a 300 X
200 pixel image. Figure 4 depicts the output of a contaminated wing using the |ceHawk®.

Goodrich ) S/N119

344/9 06 FEB 2002 CST 08:12:03

Figure 4. Goodrich IceHawk® image of aDC9 horizontal stabilizer with ice.

When there is no ice present, the scan will show a green scale image of the area examined.
When ice, frost, or snow is present, the image will display red in those areas where the frozen
contamination is present.



3.2.3 lce Sample Characteristics

APS Aviation Inc. formed ice patches of different location, sizes, and thickness on an aluminum
JetStar wing (as depicted in Figure 5). We applied alayer of diluted Type | deicing fluid* over
the entire wing, including the ice patches, in order to simulate post deicing ice conditions. Ice
patches were smooth with little to no edge. Asin thefield, ice smoothness and waviness were
random. The ice patches varied with respect to size and thickness. We chose patch sizes and
thicknesses that had low and moderate chances of being detected by the deicers. SMEs
estimated that 8 inch and 16 inch diameter ice patches were adequate for the low range and
moderate range, respectively. Furthermore, the 8-inch diameter ice patch was used because it
correlated to the area frozen contamination must cover to constitute a deicing failure during
deicing fluid holdover timetesting. Ice thickness varied among two ranges, 0.3 - 0.5 mm and 0.6
- 0.8mm. (For details about ice sample preparation, see Narlis, 2005.)

Figure 5. APSforming a 16 inch patch on the JetStar aluminum wing.

3.3 Safety Precautions

Deicers were scheduled for experimental sessions of no more than eight hours, including a one-
hour lunch break. Deicerswere not in the cold chamber for more than five minutes per trial.
They then rested in awarm room for a minimum of two hours while the wing was prepared for
the next trial. Resting between trials provided a consistent warm-up period for the deicers and

! Type | deicing fluid is used by the participants everyday while performing their job. A 50-50 solution of water and
deicing fluid istypically used. For this study, UCAR Ethylene Glycol (EG) ADF was used, diluted to aBrix of 11°
(freezing point of approximately -7°C). See Appendix E for material safety information.



limited their time in the cold chamber?. This rest period iswell within the U.S. Department of
Labor, Occupational Safety and Health Administration (OSHA; 1998) recommendations for the
environmental conditions. With the breaks scheduled, and the temperatures to which the deicers
and administrators were exposed, there was little danger of cold related injuries or illnesses
according to OSHA's Cold Stress Equation (Appendix F). Furthermore, our exposure limit of
five minutes or less is supported by guidelines from the U.S. Army Research Institute of
Environmental Medicine (n.d.). They combine wind chill risk with work intensity and
recommend rest periods every 15 to 20 minutes, for sedentary work, under much colder
conditions (-34° C) than our deicers experienced.

Hypothermia prevention measures were taken. We described the environmental conditions,
potential cold-induced illnesses and injuries (e.g., frost bite and hypothermia), and emergency
procedures® to the deicers. We then reviewed the signs and symptoms of cold-induced illnesses
with the deicers during the initial briefing and looked for symptoms throughout the sessions (see
Appendix F). Safe practices, such as wearing adequate protection and rest, were enforced by all
TAsS.

3.4 Post Deicing Operational Procedures

The following describes the procedures used in the test for post deicing visual, tactile, and GIDS
tests. Aero Mag and Globe Ground employ somewhat different procedures for completing visual
and tactile inspections. However, the basic standards are similar. For clarity and standardization,
the procedures used during the test were outlined.

3.4.1 Operational Proceduresfor Ground Crew Deicers

Visual inspections were conducted from a scissor lift located at a fixed location in the chamber.
Deicers were alowed to vary their viewing angle by raising and lowering the lift aswell as
swiveling and crouching. They could not leave the confines of the viewing platform. Deicers
were supplied with alaser pointer and were instructed to find as many ice patches as possible
visualy. When located, they pointed to specific areas of contamination with the laser pointer
only after they made a decision that ice was present. They were not allowed to search with the
laser. They were asked to conduct the inspection as quickly and accurately as possible, but were
allowed to take as much time as they needed.

Tactile inspections were performed as deicers would in the field. They were instructed to use
open hand only, without scratching, to preserve the test samples. Deicers were allowed to begin
the inspections at whatever part on the wing they begin with in the field. All tactile inspections
were performed with gloves on. Deicers were allowed to visually inspect the wing as they
performed the inspection because they are able to do so in thefield. They could reach asfar into

2 Test Administrators relieved each other from the chamber every twenty minutes. This amount of time was still
within the margin for safe exposure described in this paragraph.

3 The test administrators were planned to be the first to respond to medical emergencies, since they werein the
immediate vicinity. If an emergency arose from poisoning, frostbite, or hypothermia, first aid procedures detailed 