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Abbreviations

Combination vehicle including a 3-axle tractor and a 2-axle

trailer

Code of Federal Regulations

Commercial Motor Vehicle

Commercial Vehicle Safety Alliance
Department of Transportation

Federal Highway Administration

Federal Motor Carrier Safety Administration
Federal Motor Carrier Safety Regulation
Federal Motor Vehicle Safety Standard
InfraRed Inspection System

Level 1

Motor Carrier Safety Assistance Program
National Highway Traffic Safety Administration
Office of Motor Carrier Safety

Out Of Service

Performance-Based Brake Tester



Blind vehicle

Defective brake

Defective vehicle

False positive

False negative

Normal brake

OOQOS vehicle

Problematic brake

Problematic vehicle

Definitions

A vehicle selected for aLevel 1 inspection even though the
IRISystem did NOT identified potential problems.

A brake found to have a FMCSR defect by the Level 1 inspection
or,
A brake that can not meet a minimum torgue outpui.

A vehicle for which the Level 1 inspection reported one or more
violations to safety regulations.

Wheel-by-wheel: one or more defect(s) (FMCSR violation(s))
were found on awheel previously judged normal by the
IRISystem operator,

Vehicle-by-vehicle: avehicle judged as blind, non-problematic by
the IRISystem operator was placed OOS during the level 1
inspection.

Wheel -by-wheel: no defect (or FMCSR violation) was found on a
wheel previously judged problematic by the IRl System operator,
Vehicle-by-vehicle: avehicle judged as problematic by the
IRISystem operator was NOT placed OOS during the level 1
inspection.

A brake, which according to the IRISystem operator, does not
appear hotter or colder than the other brakes on the vehicle.

A vehicle for which FMCSR defect(s) meet one or more

CV SA-defined out-of-service criteria, (i.e. the vehicle presents
an imminent hazard).

A brake, which according to the IRISystem operator, appears
significantly colder or hotter than the other brakes on the vehicle.
A vehicle selected for aLevel 1 inspection and for which the
IRISystem identified one or more potential problems.
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Executive Summary

I ntroduction

The InfraRed Inspection System (IRISystem) was evaluated in afield study to
determine the effectiveness of this new technology for enhancing the screening of
commercia motor vehicles (CMVs) for subsequent inspection.

The IRISystem is housed in a mobile van and can be positioned in aroadside
inspection facility where commercial motor vehicles are applying their brakes to enter the
facility. The IRISystem camera creates an infrared image of the CMV showing the
relative temperature of wheels on the vehicle as the operator tracks the vehicle with the
camera controls. After the CMV’s brakes have been applied, afunctional brake appears
bright white, indicating that it is“hot.” A non-functioning brake appears dark, or “cold.”

Scope and Objectives

The objective of the evaluation was to determine the effectiveness of the
IRISystem in enhancing the screening of CMVsin real-time at the roadside. The

IRISystem was evaluated as a means to:

. Detect problematic CMV conditions--mainly brake-related defects. The
| RI System results were compared directly with roadside inspection results (on a
wheel-by-wheel and vehicle-by-vehicle basis) and,

. Improve the existing screening methods. The roadside inspection results obtained
after IRISystem screening were compared with roadside inspection results

obtained after current screening (SafetyNet data).
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Description of the program

Four states participated in the evaluation over the course of one year: Kentucky,
Georgia, North Carolinaand Tennessee. In this project, CMVs were screened by the
| RI System operator, and subsequently subjected to aCVSA Level 1 (L1) inspection. The
IRISystem was set up at selected locations where CMV's could be readily screened and

inspected, primarily while at scale sites on highways.

Results

Summary of data collected

Nearly 400 CMV s were inspected following IRISystem screening by the four
statesin one year. To improve the objectivity of the study, 62 vehicles with no apparent
problems (“blind” vehicles) according to the IRI System operator were selected also for a
Level 1 inspection. These blind, non-problematic vehicles (per IRISystem screening
results) represented 16% of the total population of CMV s tested in the evaluation.

Approximately 10% of the wheels screened by the IRISystem (399 out of 3769)
were identified as problematic and cold, and about 1% of the wheels screened by the
IRISystem (44 out of 3769) were identified as problematic and hot.

Most of the problemsidentified during the IRISystem screening were located on
the trailer wheels located on the far side of the CMV (with respect to the IRISystem van).
Wheel covers on the near-side wheel s tended to obscure the infrared image, whereas the
far-side wheels were easier to evaluate because of a better line of sight to the back of the
wheel and dlightly more viewing time as the CMV passed in front of the IRISystem van.
The presence of brake defects or deficiencies was a good indicator that other repairs were
needed on the CMV.
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| dentification of Out-Of-Service CMVs (Vehicle-by-vehicle Analysis)

For al participating states, fifty-nine percent (194 out of 330) of vehicles screened
by IRISystem as problematic were subsequently placed OOS in the Level 1 inspection.
Seventy-nine percent (153 out of 194) of the screened OOS vehicles were placed OOS as
aresult of brake violations, among which 22% (42 out of 194) had brake and other OOS
violations (for example, driver related violations). The percentage of blind, non-
problematic vehicles placed OOS (false negatives) was 19% (12 out of 62).

The effectiveness criterion defined by Kentucky was 50% for the vehicle-by-
vehicle analysis (meaning 50% of the vehicles screened as problematic should be
confirmed as defective by the Level 1 inspections). The effectiveness criterion defined by

Kentucky was met in al four states.

IRISystem as a screening device:
Does the IRI System improve the current screening method?

The results of the evaluation were compared to SafetyNet data for the four
participating states from 1997 to 1999. The percentage of vehicles placed OOS after
IRISystem screening (59%) was significantly greater than the percentage of vehicles
placed OOS after the current screening methods (27%), or more than twice as effective.
The percentage of vehicles with brake violations also increased by afactor of 2.5, from

34% with current screening to 84% with IRl System screening.

IRISystem as a screening device:
Other considerations
Training - One-half to one day of training was necessary. Officers who had
previous experience with the |RISystem were valuable to the training sessions as they
were able to share their experience directly with new trainees.

Skill level requirements - The IRISystem is an operator-friendly device and

relatively easy to learn and to use. Prior experience with infrared imaging or the joystick

control configuration of the camera hel ped some operators collect data more quickly and



more accurately than less experienced operators. Effectivenessin screening increased
with practice.

Owner’ s manual/supportive documentation - The owner’s manual was detailed

and included all documentation needed to operate the IRI System. However, the manual
would benefit from the inclusion of photographs of typical problems detected with the
|RISystem.

Set up locations - The IRISystem van should be set up with the center of the

camera range roughly perpendicular to the direction of the traffic flow so the operator can
track vehicles easily with an unobstructed view of the wheels. The IRISystem was
typically set up at scale sites. The CMV s screened were traveling at speeds less than 10
mph (16 km/hr), although experienced operators were able to screen vehicles at speeds up
to about 35-40 mph (56-64 km/hr).
Set up and shut down times - The IRISystem can be set up or shut down rapidly.
Mainline screening (speeds greater than 55 mph (88.5 km/hr)) - Although

mainline screening was attempted with the IRISystem, no useful results were obtai ned.
Officersindicated that mainline screening was not practical because of the difficulty in
identifying the target vehicle, the inability to observe all wheelsonaCMYV traveling at
highway speeds, the difficulty of intercepting the target CMV downstream, and overall
safety concerns.

|dentification of problems other than brake-related - In the field evaluation, flat

tires were frequently identified with the IRISystem. Although possible with the system,
no hot brakes (indicative of dragging brakes), exhaust leaks, or frame cracks were
identified during the program.



Conclusions

The IRISystem can be used effectively to screen commercial vehiclesfor
inspection of brake-related problems. This study found that:

» Sixty-eight to seventy-six percent (68% to 76%) of the wheelsidentified as
problematic by the IRISystem, whether for brakes, flat tires, under-inflated
tires, hot bearings, or other problems, were confirmed as defective by the

Level 1 inspections. Most of these were brake-related defects.

» The effectiveness criterion defined by the State of Kentucky in this program for
avehicle-by-vehicle analysis was exceeded. The effectiveness criterion was
that 50% of the vehicles screened as problematic by the IRISystem should be
confirmed as defective by the Level 1 inspections. In this study, 59% of the
vehicles screened by the IRISystem were placed out of service after Level 1
inspections. Nearly 80% of those vehicles were placed out of service for brake

violations.

» The percentage of vehicles placed out of service with brake problems increased

by afactor of 2.5 after using the IRISystem to screen vehicles for inspection.

For effective use, the IRISystem should be placed at inspection sites, such as
scales, where commercial vehicles must apply their brakes to enter the facility. Vehicles
aretypically screened at speeds under 10 mph (16 km/hr), although vehicles moving at
speeds up to about 35 mph (56 km/hr) can be screened by experienced operators. The
|RISystem should be located such that the operator has an unobstructed view of the
vehicle' swheels, and provisions can be made to identify and detain the vehicle for

subsequent inspection.
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Additional benefits of the IRISystem include:

The IRISystem is a mobile device and can be used at various scale sites or
other suitable inspection locations,

The IRISystem is operator-friendly and relatively easy to learn and use,
The infrared technology enables the IRISystem to be operated at normal
roadside temperatures during both day and night, and

The IRISystem can detect other vehicle problems such asflat tires,

under-inflated tires, and hot bearings in addition to brake-related problems.
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1. Introduction

1.1 Background

From 1997 to 1999, over 450,000 roadside inspections' of commercial motor
vehicles (CMVs) were conducted in the states of Georgia, Kentucky, North Carolina and
Tennessee. On average, approximately 22% of the vehicles inspected were placed out of
service (O0S), and 19% had brake-related violations?. These inspections covered only a
small percentage of the CMVstraveling on US highways. Traditionally, the selection of
CMV s to be subjected to roadside inspections has been either random, based on the
experience of the inspectors with the maintenance history of fleets, or based on past
inspection results’.

The InfraRed Inspection System (IRISystem) was evaluated in afield study to
determine the effectiveness of this new technology for enhancing the screening of
commercia motor vehicles for subsequent inspection.

The IRISystem is housed in a mobile van, as shown in Appendix A (Figure A-1),
and can be positioned in aroadside inspection facility where CMV's are applying their
brakes to enter the facility (Figure A-3). The IRISystem camera creates alive infrared
image* of the CMV (Figure A-4, bottom) showing the relative temperature of wheels on

the vehicle as the operator tracks the vehicle with the camera controls.

North American Standard Critical Item Inspection Procedure, 1996, CVSA; also at:
http://www.cvsa.org/Inspections_Procedures/inspection_procedures.html

2 SAFETYNET for GA, KY, NC and TN, all inspection levels, 1997 to 1999.

A new system, SAFER, is under implementation, where a summary of previous inspection results assists
the inspectors in the selection of vehiclesto be inspected.

The primary source of infrared radiation is heat. Even objects that we think of as being very cold, like an
ice cube, emit infrared radiation. The warmer the object, the more infrared radiation it emits. An
infrared camera reads thermal radiation, therefore detects temperature differences. Since heat is
generated at the pad/drum interface during normal braking, infrared technology can be used to monitor
brake systems.



A color image of the CMV is aso available to the operator to identify the vehicle
more easily (Figure A-4, top). Inside the van, the IRISystem operator views and
interprets’ the image on amonitor (Figure A-2). After the CMV'’s brakes have been
applied, afunctional brake appears bright white, indicating that it is“hot.” A non-
functional brake appears dark, or “cold” (Figures A-5 and A-6). In practice, the operator

then selects the vehicle for inspection.

1.2 Scope and Objectives

The objectives of the evaluation were to determine the effectiveness of the
IRISystem in enhancing the screening of CMVsin real-time at the roadside. The

IRISystem was evaluated as a means to:

Detect problematic CMV conditions--mainly brake-related defects. The
IRISystem results were compared directly with roadside inspection results (on a
wheel-by-wheel and vehicle-by-vehicle basis) and,

. Improve the existing screening methods. The roadside inspection results obtained
after IRISystem screening were compared with roadside inspection results
obtained after current screening (SafetyNet data).

Two types of analyses were performed on the IRI System screening results: a
wheel-by-wheel analysis and a vehicle-by-vehicle analysis. In the wheel-by-wheel
analysis, the IRISystem results for each individual wheel were compared to Level 1
inspection results for the same wheel. In the vehicle-by-vehicle analysis, the results of
the IRISystem screening (CMV problematic or not) and the Level 1 inspection (CMV

° The operator compares the relative temperature images of the brake systems on the vehicle'swheels. If
al brakes are functioning identically (either normally or abnormally), the temperatures will be identical,
and the infrared image will not show differences. Typically, afunctional brake appears white or *“hot”,
and a non-functional brake appears dark or “cold.” However, a malfunctioning brake theoretically could
also be whiter than afunctional brakeif it is dragging and causing excessive heat to be generated at the
brake pad surface.



placed OOS or not) were compared. The specific location of the problematic wheels and

defects were not correlated in the vehicle-by-vehicle analysis.



2. Description of the program

2.1 Participating States

Four states participated in the evaluation over the course of one year (June 1, 1999
to May 31, 2000): Kentucky, lead State for the program, Georgia, North Carolina and

Tennessee.

2.2 Evaluation Plan

CMV s were screened by the IRISystem, and subsequently subjected to a full
Level 1 CVSA inspection® by an inspector with no prior knowledge of the results of the
|RISystem screening.

The IRISystem was set up at selected locations where CMV's could be readily
screened and inspected, primarily while at scale sites on highways where the vehicles had
to apply their brakesto enter the facility. Vehicleswere typically screened at speeds
under 10 mph (16 km/hr), although vehicles moving at speeds up to about 35-40 mph
(56-64 km/hr) could be screened by experienced operators. A limited number of
vehicles (62) with no apparent problems were also selected for Level 1 inspection to
ensure that the Level 1 inspector was not biased towards finding a problem because the
CMV had been selected by the IRISystem. The objectivity of the inspectors was a crucia
element for the evaluation. In this report, the vehicles with no apparent problems

according to the IRISystem screening are referred to as “blind, non-problematic vehicles.”

® The CVSA defines six levels of inspections: North American Standard Inspection (Level 1),
Walk-Around Driver/Vehicle Inspection (Level I1), Driver-Only Inspection (Level I11), Special
Inspections (Level V), Vehicle-Only Inspection (Level V), and Enhanced NAS Inspection for
Radioactive Shipments (Level V1).

The Level 1 inspection includes examination of driver's license, medical examiner's certificate and
waiver, if applicable, alcohol and drugs, driver's record of duty status as required, hours of service, seat
belt, vehicle inspection report, brake system, coupling devices, exhaust system, frame, fuel system, turn
signals, brake lamps, tail lamps, head lamps, lamps on projecting loads, safe loading, steering
mechanism, suspension, tires, van and open-top trailer bodies, wheels and rims, windshield wipers,
emergency exits on buses and hazardous materials requirements, as applicable.



Vehicles, for which the IRI System detected a potential problem, are referred to as
“problematic vehicles.” In contrast, vehicles for which violations to safety regulations
were found during the Level 1 inspection are referred to as “ defective vehicles.”

The effectiveness criterion defined by Kentucky was fifty percent (meaning 50%
of the vehicles screened as problematic should be confirmed as defective by the Level 1
inspections). With the current screening methods, 19% of the vehicles inspected in
Kentucky were placed OOS and 28% had brake violations’. Details of the evaluation

plan can be found in Appendix B.

2.3 Data Collection Protocol

At least two inspectors were needed for data collection: one for the IRISystem and
onefor Level 1 inspections. Vehicles were selected for aLevel 1 inspection by the
IRISystem operator. Upon completion of the screening, the IRISystem operator filled out
the IRISystem screening report (Appendix C), and printed the IRISystem photographs of
the selected vehicle together with an indication of the suspected problem area
(Appendix A, Figures A-5 and A-6). A wheel wasjudged as being either problematic or
normal. A problematic wheel or brake appeared, according to the IRISystem operator,
significantly colder or hotter than the other wheels or brakes on the vehicle. A normal
wheel (or brake) did not, according to the IRISystem operator, appear hotter or colder
than the other wheels (or brakes) on the vehicle. The Level 1 inspection was performed
by one or more other inspectors with no prior knowledge of the IRISystem screening
results. The Level 1 inspector identified vehicle or driver defectsin the CV SA report, as
required by Level 1 inspections (Appendix D). The IRISystem screening report, the
IRISystem photograph(s), and the Level 1 inspection report were stapled together for
further analysis. The data collection protocol used throughout the evaluation is included
in Appendix E. Subsequently, the results were reviewed and entered in a spreadsheet by

the evaluation team for further analysis.

" SAFETYNET data, all inspection levels, 1997 to 1999.



False positives were defined as follows (see Table 1). For the wheel-by-wheel

analysis, no defect (or FMCSR violation) was found on awheel previously judged

problematic by the IRISystem operator. For the vehicle-by-vehicle analysis, avehicle

judged as problematic by the IRI System operator was not placed OOS during the Level 1

inspection.

False negatives were defined as follows. For the wheel-by-wheel analysis, at least

one defect (or FMCSR violation) was found on awheel previously judged normal by the

IRISystem operator. For the vehicle-by-vehicle analysis, a vehicle judged as blind, non-

problematic by the IRISystem operator was placed OOS during the Level 1 inspection.

Tablel. Falsepositive and false negative casesin the wheel-by-wheel and vehicle-
by-vehicle analyses.

Wheel-by-wheel analysis

Vehicle-by-vehicle analysis

IRISystem:
|RISystem: ; .
False | Problematic wheel or brake Prr(])ebéemanc vehicle (any
positive wheel)
Level 1: Level 1:
No defect found on the same wheel Vehicle not placed OOS
IRISystem: IRISystem:
Normal wheel or brake Blind, non-problematic vehicle
False o
negative |Levell: .
At least one defect found on the same Lev(_el L
Wheel Vehicle placed OOS




3. Results

3.1 Summary of Data Collected

Table2. Summary of data collected

All states

Number of CMV s inspected 392
Percentage of blind, non-problematic CMVs 16%
Percentage of 3-2'" CMVs 88%
Percentage of |loaded 3-S2 CMVs 70%
Number of daysin use (for evaluation purposes) 77

Percentage of problematic (cold) wheels' 11%
Percentage of problematic (hot) wheels' 1%
Average No. of IRISystem-identified problems per 3-S2 13

T Asidentified by the IRISystem operator Tt 3-axletractor, 2-axle trailer combination

Asshown in Table 2, nearly 400 CMV s were inspected following IRISystem

screening by the four statesin one year. On average, 16% of the inspected vehicles were

blind, non-problematic vehicles to serve as a control group. Eighty-eight percent of the

CMVsincluded in this study were 3-S2 tractor-trailer combinations. Other types of

CMVsinspected included bobtail tractors, straight 2 or 3-axle trucks, other tractor-trailer

combinations (e.g. mobile home trailers). Approximately 70% of the CMV s inspected

were loaded vehicles.




For the evaluation, the IRISystem was in use for atotal of 77 days. The tota
number of CMV s inspected per day was not limited by the IRI System but rather by the
number of inspectors available and by the requirement for Level 1 inspections®.

Approximately 10% of the wheels screened by the IRISystem were identified as
problematic and cold, and about 1% of the wheels screened by the IRISystem were
identified as problematic and hot. The average number of problematic wheels identified
per CMV by the IRISystem operator was 1.3, indicating that the operator typically
identified and reported 1 to 2 problematic wheels. Some wheels may not have been
visible to the operator. In this evaluation, when a wheel was not visible to the operator, it
was assumed to be problem-free or “normal.” The number of wheels that could not be
assessed visually with the IRISystem is unknown.

Set-up locations were chosen by the individual states. In general, the IRISystem
van was set up at scale sites on highways (Appendix A, Figure A-3). Other locations
included state roads near a port of entry in Georgia. Appendix F shows typical set-upsfor
the IRISystem. The maximum speed of CMV's screened was 35-40 mph (56-64 km/hr),
and the average screening speed was about 10 mph (16 km/hr). Although mainline
screening (speeds greater than 55 mph (88.5 km/hr)) was attempted with the IRISystem,
no useful results were obtained. Officersindicated that mainline screening was not
practical because of the difficulty in identifying the target vehicle, the inability to observe
al wheelson aCMYV traveling at highway speeds’, the difficulty of intercepting the target
CMV downstream, and overall safety concerns.

To view the heat output of the brakes on the near-side wheels of the vehicle
properly, the IRISystem camera was positioned nearly perpendicular to the traffic flow
(Appendix A, Figure A-5). Near-side wheels were more difficult to assess than far-side

wheels. Wheel covers on the near-side wheel's tended to obscure the infrared image of

The IRISystem screening was completed typically in several minutes while the Level 1 inspection
required up to one hour (when multiple violations of safety regulations were found). To keep the
eval uation objective, the IRISystem operator did not conduct the Level 1 inspections. In future
screening use, CV SA inspections of alevel other than Level 1 could be conducted at the inspector’s
discretion to optimize the inspectors’ time.

At highway speeds, the time that the near-side wheels are visible to the operator is too brief for the
operator to detect a problem.



the wheels, and the near-side wheel s passed through the camera range more quickly than
the far-side wheels (Appendix A, Figure A-6). On average, the majority of problems
identified during the IRISystem screening were located on the trailer wheels on the far
side of the CMV with respect to the IRISystem van (Figure 1). However, this result was
dependent on the operator, as shown in Appendix G where figures similar to Figure 1 are
included for each state.

(O Near-sidewhedls
(O Far-side wheels

e
’\ ]
« = O O
“O—00"
1 23 4 5
104 ”
1 / S ; / 12/_ = far side
MMM >9 52 near side
1 2 3 a4 s

Axle number

Figurel. Number of problematic wheelsidentified by IRl System asa function
of wheel location on a 3-S2 CMV. Thedataarefor all states. The
arrow indicatesthe direction of the vehicle. The schematicillustrates
the near-side and far-side wheel location aswell asthe axle numbers.

The presence of brake defects or deficiencies was a good indicator that other
repairs on the CMV were needed, and led to additional violations. Figure 2 illustrates the
average number of FMCSR violations reported for the CMV's screened with the
IRISystem. Violations were grouped into one of two categories. non-wheel -specific

violations and wheel-specific violations. Each of these categories of violations was



further sub-divided into brake-related and other violations. Typical examples for each of
these types of violations arelisted in Table 3. As shown on Figure 2, additional
violations were discovered for most vehicles, whether blind or problematic. Plots similar

to Figure 2 areincluded in Appendix H for each state.

O Problematic CMV O Blind CMV

N
o1
|

N
o
!

=
o1
!

Average # of violations
o =
(&3] o
| |

— [ =

©
o

brake-related other brake related (non other
(Wheel Spec.) (Wheel Spec.) Wheel Spec.)  (non Wheel Spec.)

Type of violation(s)

Figure 2. Average number of FMCSR violationsreported in Level 1 inspections
for CMVsscreened with the IRISystem.

Table 3. Examples of FMCSR violations
Types of Brake-related Other
violations (non brake-related)
Wheel- * Readjustment limit exceeded » Tireviolation, e.g. sidewall is
specific [396.3(aQ)1]* cut, worn or damaged to the
» Cracked, loose or missing lining extent that the ply cord is
[393.47]* exposed [393.75(a)]*
Non-wheel- | * Any brake hose violation, e.g. * Any driver violation
specific hose with audible air leak.

* Section in Title 49 of the Code of Federal Regulations
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3.2 Wheel-by-wheel analysis: I dentification of problematic wheels.

Comparison of the IRl System screening resultswith the CV SA inspectionsresults.

The IRISystem operator identified each wheel of the screened CMV as normal or
problematic. If problematic, the operator specified “cold” or “hot” (Appendix E).
Table 4 lists the percentage of agreement between the |RISystem screening results and the
Level 1 inspection results for all wheels screened by the IRISystem. Figure 3 illustrates
these results graphically. Similar results are included in Appendix | for each state. As
listed in Table 5, two types of comparisons were conducted for the IRl System-identified
cold wheels. Firgt, the percentage of agreement between IRISystem results and Level 1
Inspection results were assessed by seeking correlation between cold wheels and wheel -
specific FMCSR violations, whether brake-related or not (Table 3). Second, the
correlation between |RISystem cold wheels and brake-related FMCSR violations,
whether wheel-specific or not (Table 3), was investigated.

Table4. Percentage agreement between the IRl System screening results and the
Level 1ingpection results. State-specific resultsareincluded in

Appendix I.
IRISystem diagnostic All states
#of wheels (% total) 3326 (88%)
Normal wheels % agreement 85%
% disagreement ' 15% **
# of wheels (% total) 399 (11%)
Cold Wheels % agreement " * (% disagreement ™) 68% (32% *)
% agreement "2 (% disagreement ™) 76% (24% *)
#of wheels (% total) 44 (1%)
Hot Wheels
% agreement ' (% disagreement ) 68% (32% *)
Total # wheels 3769

T Between IRISystem screening results and Level 1 inspection results

1 Leve 1inspection identified one or more wheel-specific defect, whether brake-related or not (Table 5).
2 Level 1inspection identified one or more brake-related defect, whether wheel specific or not (Table 5).
* False positives ** False negatives
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Figure 3. Percentage of agreement between |RI System screening resultsand Level
1 inspection results.

Table5. Correlation between |RISystem and Level 1 inspection results

Types of IRISystem diagnostic FMCSR violations Legend in
correlation Figure3
1 Cold wheels Wheel -specific violations Cold 1
(brake-related or not)
2 Cold wheels Brake-related violations Cold 2
(wheel-specific or not)

Whesdls identified as normal by the IRl System operator

Eighty-five percent of the wheelsidentified as normal by the IRI System operator
were violation-free in the Level 1 inspection (the inspector did not find any FMCSR
violation at the same wheel location).

The disagreement between the IRISystem and the Level 1 inspection results was
duein part to (1) the assumption that a wheel not visible to the IRISystem operator was

normal, and (2) the preventative nature of some Level 1 inspection violations. For
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example, chafing or rubbing brake hoses could indicate a future problem that may not

affect the vehicle' s braking capability at the time of the inspection.

Whedls identified as problematic by the |RI System operator

Approximately 12% of the total number of wheels screened were identified as
problematic by the IRISystem operators in the field evaluation. Most of these (90%) were
cold problematic wheels. A cold problematic wheel was typically a wheel with no
braking action, whereas hot problematic wheels may be caused by hot bearings, flat tires
or dragging brakes.

Cold wheels

Sixty-eight percent of the cold problematic wheels al'so had one or more
wheel-specific violations, whether brake-related or not. This percentage increased
to 76% for brake-related violations, whether wheel-specific or not.

The mismatch between the IRISystem and the Level 1 inspection results
was not surprising because these techniques are based on different principles. The
IRISystem provided arelative rather than an absol ute assessment of brake system
performance on a vehicle through a visual indication of the heat generated by
braking forces. For example, the following disagreement was observed frequently
during the evaluation. A brake, which appeared cold in the IRISystem screening,
passed the inspection when its adjustment was nearly at the limit. This brake may
have had less braking action than the other brakes and appeared colder.

Disagreement between the IRl System screening and the Level 1 inspection
results may also occur for exempt vehicles. For example, the IRISystem
screening accurately detected cold wheels on mobile home trailers because the
trailers were not equipped with brakes. Another discrepancy can occur if atractor
drops atrailer, which it has been pulling all night, and picks up another trailer that
has been parked overnight. The tractor brakes may then appear hotter than the

trailer brakes.
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Hot wheels

The Level 1 inspection showed that 68% of the IRISystem-identified hot
problematic wheels had a wheel-specific violation. Only one-third of the hot
problematic wheels, for which the IRI System and the inspection results matched,
were brake related. The most common cause for an IRISystem-identified hot
problematic wheel was aflat tire, which can be identified readily by an inspector
without the use of the IRISystem technology. Theoretically, the IRISystem
identify dragging brakes, which cause excessive heat. However, no dragging
brakes were identified in this field evaluation.

In all four states, the effectiveness criterion defined by Kentucky (see
page 4) was met. Thisresult was consistent with earlier studies using adrive-over
array of infrared sensors where infrared technology was shown to be effective in

identifying inoperative and significantly misadjusted brakes™.

Effect of vehicle loading
It was anticipated that the IRI System would be more effective as the vehicle

loading increased. However, the effect of loading could not be determined conclusively
from the study data. The gross vehicle weights of the CMV s were not collected, only
whether the CMV s were loaded or empty. The percentage agreement between the
IRISystem screening and Level 1 inspection results was:

» for normal wheels: 86% loaded versus 88% empty.

» for cold wheels: 68% loaded versus 67% empty.

105 J Shaffer and P. A. Gaydos, 1998, “ Development, Evaluation and Application of Performance-
Based Brake Testing Technologies,” Final report, FHWA-MC-98-048, pp. 8-35 to 8-43.
http://www.itsdocs.fhwa.dot.gov/jpodocs/repts te/8mn01!.pdf
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3.3 Vehicle-by-vehicle analysis. | dentification of Out-Of-Service CMVs.

Comparison of the |RI System screening results with the FM CSR inspectionsresults.

In normal use of the IRISystem for screening brakes, i.e. not in the context of an

evaluation, only problematic vehicles would be subjected to inspections. Therefore, this

section presents results separately for problematic vehicles and blind, non-problematic

vehicles.

For all of the participating states, 59% of vehicles on average screened by

IRISystem as problematic were placed OOS in the subsequent Level 1 inspection (Table 6

and Figure 4b). Seventy-nine percent of the screened vehicles, which were placed OOS,
were placed OOS as aresult of brake violations, among which 22% had brake and other

OOS violations (for example, driver related violations). Twenty-one percent of the

problematic vehicles were placed OOS because of other-than-brake violations only.

Asshown in Table 6 and Figure 4(a), the percentage of blind, non-problematic
vehicles placed OOS was 19% (fal se negatives), considerably less than for the
problematic vehicles. Two-thirds (2/3) of the blind, non-problematic CMV's were placed

OOS as aresult of brake violations and one-third (1/3) as aresult of other-than-brake

violations.

Table6. Percentage of CMVsplaced OOS after IRISystem screening

Not Placed OOS
placed
00S An Brake Brake and Other-than-
o ite?li a violation(s) other brake
only ™ violation(s) ™™ violation(s) '
All CMVs 47% 53% 57% 21% 22%
(392) (186) (206)  (118/206) (43 / 206) (45 / 206)
Blind, non- 81% | 19% * 58% 8% 33%
p“’b'e”zgtz';: CMVS 1 (50 (12) (7/12) (1/12) 4/12)
Problematic CMVs | 41%** 59% 57% 22% 21%
(330) (136) (194)  (111/194) (42 194) (41/194)

T Problematic vehicles only’
* false negatives

TT Percentage of OOS vehicles only.
** false positives
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(a) Blind, non-problematic, CMVs
(as screened by IRISystem)

Not OOS
81%

[ONORS)
(Brake
vio lations)

(b) Problematic CMVs
(as screened by IRISystem)

11%

00Ss
(Brake and
other
vio lations)
2%

[ONORS)
(Other
vio lations)
6%

Not OOS
41%

00Ss

(Other than

brake viol.)
12%

[ONORS)
(Brake
viol.)
34%

00Ss

(Brake and

otherviol.)
13%

Figure4. Percentage of CMVsplaced OOSin all four states after IRl System
screening (a) blind, non-problematic vehicles and (b) problematic
vehicles. Theseplotsonly include CMVsplaced OOSintheLevel 1

ingpection. Some CM Vs screened by | RISystem wer e not subsequently

placed OOS.

Results for the individual states can be found in Appendix J.

On average for all four of the states, IRISystem identified the OOS violations on
74% of the CMV's placed OOS. This means that, for 74% of the CMVs placed OOS, the

IRISystem-identified defects led to OOS in the subsequent Level 1 inspection. The

vehicles missed by IRISystem were placed OOS due to other causes (for example, driver

violations).
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3.4 IRISystem as A Brake Screening Device

3.4.1 Doesthe|RISystem improve the current screening method?

SAFETYNET isastate level information management system for motor carrier
safety, which operatesin every state. It captures interstate and intrastate driver/vehicle
inspection data, accident data, carrier compliance reviews, enforcement data, and carrier
identification data

The results of the evaluation were compared to SafetyNet data for the four
participating states from 1997 to 1999, as shown in Figure 5.

All States
100% +5
—Current 97-99 o
c
0 [_1IRISystem =
80% - 14
8 ° —e— Ratio §
3.4
@ 60% - / 13 9
< 25 S
S g
L 40% - 129
g 2
e 20% - +1 _(_3
<
o
0% | | 0
0o0s BV O0S&BV

Figure5. Comparison of IRISystem Results (no blind vehicles) with SAFETYNET
data (current screening methods) for out-of-service (OOS) vehiclesand
brake violations (BV).

Figure 5 shows, the percentage of vehiclesfor all four states subjected to aLevel 1
inspection that:
» were placed OOS (*O0S"),
» had brakeviolations (“BV”), and
» were placed OOS and had brake violations (“OOS & BV”).
The brake violations reported are not necessarily OOS violations. For the

IRISystem screening, the data are for the total number of vehicles for which the
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IRISystem identified problematic wheels. The results for current screening methods
(1997 through 1999 SAFETY NET data) and after |RISystem screening are compared.
Theratio of the percentage of CMV s placed OOS after |RISystem screening divided by
the percentage of CMV's placed OOS after current screening is also plotted on Figure 5.
Results for each state are included in Appendix K.

Asseen in Figure 5, the percentage of vehicles placed OOS after IRISystem
screening (59%) was significantly greater than the percentage of vehicles placed OOS
using current screening methods (27%), or more than twice as effective. The percentage
of vehicles with brake violations aso increased by afactor of 2.5, from 34% with current
screening to 84% with IRISystem screening. Finally, the percentage of CMV's placed
OOS with BV was much greater after using |RISystem screening (by afactor of 3.4).

3.4.2 Logistics considerations

Training requirements

One-half day to one day of training was necessary. During the field evaluation, an
experienced operator presented to an audience who had aready received and presumably
reviewed the owner’s manual, the basic principles of infrared imaging, the components of
the IRISystem and its basic principles of operation. In particular, the set up, operation,
shut down, and maintenance operations were explained. Following the formal training,
trainees practiced operating the IRISystem. Level 1 inspections were not conducted
during the IRISystem training.

. Officers who had previous experience with the IRISystem were valuable to the
training sessions, as they were able to share their experience directly with the new
trainees.

. More emphasis during training should be placed on the possibility of hot
problematic brakes (e.g. dragging overheating brakes or dry wheel bearings).
Only asmall percentage of hot wheels were detected in this evaluation, perhaps as
aresult of lack of training of the inspectors, rather than alow occurrence of the
defect.
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Skill level requirements

Differences were observed in the performance of the system as a function of
operator. Prior experience with infrared imaging or with the joystick control
configuration of the camera helped some operators collect data more quickly and more

accurately.

Owner’ s manual/supportive documentation

The owner’s manual includes all documentation needed to operate the IRI System.
However, photographs of typical problems detected with the IRl System should be added
to the manual to help new operators identify problematic wheels. Also, information
should be included to guide operators when visibility islimited (for example, by certain

wheel designs or dust covers).

Set up locations

The IRISystem van should be set up such that the center of the camerarangeis
perpendicular to the direction of the traffic flow. The IRISystem wastypically set up at
scale sites on US highways. The CMV s screened were traveling at maximum speeds of
35-40 mph (56-64 km/hr), though usually less than 10 mph (16 km/hr). The scale sites
were chosen for several reasons:

» The CMVswere applying their brakesin order to enter the facility,

» TheCMVsweretraveling at low speed making observation easier,

* Inspections could be conducted near the IRISystem van, facilitating the

interception of the CMV s with identified problems, and

* ThelRISystem van could be set up in a safe environment for the inspectors

and the CMV operators.

Set up and shut down times

The IRISystem can be set up or shut down rapidly.

M ai ntenance costs and effort reguirements

Maintenance costs and effort requirements were not available for this study.
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3.4.3 Performance considerations

Mainline screening

Mainline screening tests (speeds greater than 55 mph (88.5 km/hr)) were

attempted as part of the evaluation. However, al of the IRI System operators indicated
that it wastoo difficult to identify the target vehicle and to observe all wheelson aCMV
traveling at highway speeds. Also, intercepting the vehicle downstream would require
significant efforts of coordination and present safety concerns for the |RI System operator,
the Level 1 inspector, and the CMV operator. The IRISystem van should be set up far
enough away from moving traffic to ensure the safety of the operators and to permit
sufficient time for observation of the vehicle being screened. The distance required
between the CMV and the IRISystem van increases with the speed of the vehicle being

screened.

Identification of problems other than brake-related
The IRISystem is capable of identifying problems other than brake-related defects,

such as under-inflated tires, wheel bearings, cracks in the frame, or exhaust leaks. Inthe
field evaluation, flat tires were frequently identified with the IRISystem. This can be
valuable for inspection of inner tires, which may not always be seen using current
screening methods. Some cases of tires with high tread wear were seen aswell asa
couple of hot wheel bearings. No hot brakes (indicative of adragging brake) were
identified. The majority of the problematic wheels reported by the IRI System operator
were cold brakes (90%).
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4. Conclusions

The IRISystem can be used effectively to screen commercial vehiclesfor
inspection of brake-related problems. This study found that:

» Sixty-eight to seventy-six percent (68% to 76%) of the wheelsidentified as
problematic by the IRISystem, whether for brakes, flat tires, under-inflated
tires, hot bearings, or other problems, were confirmed as defective by the
Level 1 inspections. Most of these were brake-related defects.

» The effectiveness criterion defined by the State of Kentucky in this program for
avehicle-by-vehicle analysis was exceeded. The effectiveness criterion was
that 50% of the vehicles screened as problematic by the IRISystem should be
confirmed as defective by the Level 1 inspections. In this study, 59% of the
vehicles screened by the IRI System were placed out of service after Level 1
inspections. Nearly 80% of those vehicles were placed out of service for brake

violations.

» The percentage of vehicles placed out of service with brake problems increased

by afactor of 2.5 after using the IRISystem to screen vehicles for inspection.

For effective use, the IRISystem should be placed at inspection sites, such as
scales, where commercial vehicles must apply their brakes to enter the facility. Vehicles
aretypically screened at speeds under 10 mph (16 km/hr), although vehicles moving at
speeds up to about 35-40 mph (56-64 km/hr) can be screened by experienced operators.
The IRISystem should be located such that the operator has an unobstructed view of the
vehicle' swheels, and provisions can be made to identify and detain the vehicle for

subsequent inspection.
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Additional benefits of the IRISystem include:

The IRISystem is a mobile device and can be used at various scale sites or
other suitable inspection locations,

The IRISystem is operator-friendly and relatively easy to learn and use,
The infrared technology enables the IRISystem to be operated at normal
roadside temperatures during both day and night, and

The IRISystem can detect other vehicle problems such asflat tires,

under-inflated tires, and hot bearings in addition to brake-related problems.
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| RI System Photographs



FigureA-1.  ThelRISystem, showing the housing minivan, and the camera mount
on theroof (Photo courtesy of J. Bibb).

FigureA-2.  ThelRISystem minivan interior with video screens, VCRs and the
joystick which operatesthe camera.
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Figure A-3. ThelRISystem, set-up at a scale sitein Kentucky.
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Figure A-4. Color and corresponding thermal images of a screened CMV.
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Figure A-5 |RISystem infrared photograph showing theright side of axles4 and
5for atractor-trailer traveling to the right of the photograph. In
comparison with wheel 4R, wheel 5R (circled) does not show white
though the holes and indicates a potential defective braking system at

that whesl.
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Figure A-6 |IRISystem infrared photograph showing theleft side of axles4 and 5
for atractor-trailer traveling to theright of the photograph. In
comparison with wheel 5L, the drum for wheel 4L does not show
white and indicates a potential defective braking system at that wheel.
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Evaluation Plan for |RISystem Infrared Brake Screening Project
DTFH61-96-C-00044, Task Order Battelle 7704, Subtask 19
December 1999

Objective: To evauate the effectiveness of the IRISystem (infrared imaging and video)
for use as a screening tool on commercial vehicles for detecting bad brakes and unsafe
vehicles due to braking.

Definitions: There are three definitions given in each group below, each based on a
specific method of rating brake performance.

Definitions of a problematic brake:
1) A brake that cannot meet a minimum force or torque level™.
2) A brake that is found to have a Federal Motor Carrier Safety Regulations (FMCSR)
defect when inspected by a CV SA-certified inspector or a qualified mechanic.
3) For the IRISystem, a problematic brake is one which, in the judgement of the
inspector or operator, is significantly colder or hotter than the other brakes on the
vehicle.

Definitions of an unsafe vehicle:
1) A vehicle with insufficient stopping capability in its current loading condition?.
2) A vehicle which is placed out-of-service (OOS) by a CSV A-certified inspector as a
result of aLevel 1 inspection. For thisstudy, the OOS must be due to brake-related
defects found during the inspection.
3) The IRISystem does not currently have an unsafe vehicle definition. A proposed
definition would parallel the CV SA definition: avehicle is unsafe if 20 percent or
more problematic brakes are identified.

Effectiveness of the IRl System for use as a screening tool®: Asshownin Figure B1,
all brakes for which both an IRISystem screening and a CV SA inspection report are
available will be divided into two primary groups, based on whether or not the IRISystem
screening identified a potential brake problem. Each group will in turn be sub-divided
according to whether or not the defective brake was identified duringa CVSA Level 1
inspection. The resultswill fall into one of four categories from which the evaluation of

1 A brakeis considered weak if it cannot produce a minimum brake force to wheel load ratio (BF/WL) of
0.25 for a steer-axle brake or 0.35 for a non-steer axle brake.

2 For example, the vehicle cannot perform a stop within 12 meters (40 feet) from 32 km/hr (20 mph), or

cannot produce a deceleration of 4.3 m/s* (14 ft/sec®) during the stop. Alternatively, the vehicle cannot
produce an equivalent deceleration, ratio of total brake force to gross vehicle weight (BF,,/GVW) of 0.4.
The equivalent decel eration can be measured using a performance-based brake tester (PBBT).

Note: for their own study, Kentucky will consider the system effective if 50 percent or more of the
brakes that are inspected with the IRISystem and are deemed to be problematic (hot or cold) are also
found to have a brake-related FMCSR violation.
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the effectiveness of the IRISystem can be quantified.

A\ Commerciad Vehicle
b
oMo 0, l offo

Did the IRISystem/Screener |dentify a Potential Brake Problem?

YES [NO|

Was a Defective Brake also Identified
During the CV SA Inspection?

R

Category 1 Category 2 Category 3 Category 4

Figure B1. Possible outcomes of IRI System screening and CVSA Level 1 inspection.
The categories apply both to individual brakes and to vehicles considered out-of-
service.

Categories 1 and 4 indicate the level of effectiveness of the IRISystem as an accurate
screening tool, while categories 2 and 3 indicate its limitations (inaccuracy). The results
will be presented in one or more pie-charts, representing, 1) the brakes for which the
IRISystem operator identified a potential brake problem, or 2) the brakes for which the
|RI System operator did not observe any potential brake problems. An example from a
hypothetical population of brakesis shown in Figure B2.

Percent of Brakes on Which Percent of Brakes on Which
IRIS Identified a Problem IRIS Did Not Identify a Problem
O CVSA Also
- Found the
@ CVSA Also Brake to be
33.3 N Found a Defect N OK
o 429 0 .CVSA Found
Agreement @ CVSA did Not Agreement a Defect
Find a Defect
57.1
Agreement Agreement
66.7 Y

Figure B2. Exampleresults of the effectiveness of the IRI System used as a screening
tool from a hypothetical population of brakes.

Vehicle Population Requirements: An objective evaluation requires that an equal
number of “good” and “bad” vehicles, as defined by the IRISystem, be selected for a
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subsequent CVSA Level 1 inspection. Since the participating States are primarily
interested in using the IRISystem for identifying inoperative brakes (for which it has
aready been shown that an infrared system can be effective’), we think that the 50/50
screening can be limited to afew days of operation, such that a minimum of 100 vehicles
are evaluated from each State.

The above data analysis will be made for 100 vehicles on which valid results of both
brake evaluation methods are available. If resources are available, more detailed studies,
such as the influence of vehicle speed, terrain, vehicle loading, climatic conditions, State
practices, and |RISystem operator subjectivity, will be included.

Comparison to Brake Performance: In keeping with FHWA'’ s goal of improved
highway safety through increased use of performance-based methods, it isimportant that
the results of an IRISystem screening also be compared with the actual braking capability
of the vehicle. SinceaCVSA Level 1 inspection only addresses visual “ defects’, and not
brake performance, the correlation between IRIS-selected problematic vehicles and
stopping capability cannot be completely assessed through the above evaluation. Such a
correlation can only be accomplished either by performing an actual vehicle stopping test,
or using a performance-based brake tester (PBBT). The IRISystem screening is based on
relative temperatures of components on a given vehicle. Asan example, if the brake
linings on a vehicle have been replaced with linings that have alower coefficient of
friction than the original linings, or if the fit between the linings and drumsiis poor, then
the stopping capability of the vehicle will be diminished. However, the brake drum
temperatures would be similar. Therefore the diminished, and possibly insufficient
stopping capability of the vehicle would not be detected by the IRISystem. These types
of vehicles, which have inadequate braking capability, are of primary interest to
improving highway safety. Assuch, it would be valuable for the evaluation to include a
few comparisons between the IRI System results and a PBBT check of the same vehicle,
or astopping distance test. If additional resources become available, relationships such as
those detailed above will also be sought between the IRISystem “inspection” and the
results of one of these performance-based methods.

Additional Considerationsfor the Evaluation: During earlier field tests of PBBTS,
additional factors were included in the evaluation in order to assist with a cost/benefit
anaysis. Some of these factors may be applicable to the overall evaluation of the
IRISystem, and are listed below. These will be included in the analysis to the extent
possible.

* Earlier studies of adrive-over array of infrared sensors showed the technique effective for identifying
inoperative and significantly misadjusted brakes. These results are contained in Section 8.4.4 of the
Final Report submitted to FHWA in January, 1998, entitled “ Development, Evaluation, and Application
of Performance-Based Brake Testing Technologies.”
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Factors Concerning Technical Operation
Can screening be done at highway speed?
What are the best locations for use as a brake screening tool ?
How effectively can other types of defects be detected using the IRIS? Examples
include tires, wheel bearings, cracks in frames and suspension, or exhaust leaks.
How would the number of vehicles selected through screening with IRISystem
change if agreater number of CV SA-certified inspectors were available for
performing aLevel 1 inspection?

Factors Concerning Cost of Ownership and Operation
What are the training requirements?
What is the set-up time?
What are the maintenance costs and effort requirements?
How adequate are the owners/users manuals?
What are the skill level requirements of the IRISystem operator?

Data required for Evaluation: The relevant data from both the IRI System screening and
the CVSA Level 1 inspection will be entered into a spreadsheet by the States participating
in the evaluation. An exampleisshownin Table B1. These spreadsheet datafileswill be
forwarded to Battelle, along with hard copies of the IRISystem photo(s) and CVSA
inspection report for each vehicle.

For avehicle “selected” using the IRISystem for screening, each brake on the vehicle will
be sorted into one of four categories, and entered into the spreadsheet. The possible
outcomes for each brake as aresult of the IRISystem screening will be:

a) OK

b) cold (as defined above)

¢) hot (as defined above)

d) not visible

The CVSA Leve 1 inspection results will be used by the participating states to enter the
data into the spreadsheet using the following categories:
a) The wheel was OK
b) A brake had an FMCSR defect
¢) There was some other (wheel-specific) FMCSR defect (such asrim or tire)
d) There were non-wheel-specific FMCSR violations found (such as driver,
frame, or cargo).
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TableB1l. Example of data entry into spreadsheet required for evaluation.

Date: L ocation: Terrain CVSA #
Vehicle Speed Vehicle Weight IRISystem time
IRISystem CVSA
Wheel | Posi- | |Risystem | IRISystem | RISystem Not Brake Other OK Non-
# tion | shows | Shows | Shows [ visble | Defect | Defect wheel-
Hot Cold OK (wheel- specific
specific) defects
1 1L 1 1
2 1R 1 1
3 2L 1 1
4 2R 1 1
5 3L 1 1
6 3R 1 1
7 4L 1 1
8 4R 1 1
9 SL 1 1
10 5R 1 1
Non-Wheel-Specific Defects 3
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IRISystem Screening Report

IRISystem Report # Operator:

CVSA Inspection # Date/ Time:

Location:

Weather: Terrain:

Terrain Types.  Grade > 6%

Grade 2% to 5%
Grade < 2%
Metro Area

IRISystem Detectable Faults

w — 1 —[ Fault Types:
a[ 1] 2 —[IJ=*k 1. Cold Brake
s3L[J]— 3 —[[]sR 2. Hot Brake
3. Hot Tire
4. Hot Bearings
all]— 4 —[1I4 5. Other

st[ ] 5 —[]]5R

Comments/ Remarks (IRl System Only) | RI System
Checked OK

Name/Date:

Comments/ Remarks (Other than IRIS)
Name/Date:

Appendix C-1



Drawing of thelocation set-up (Back of IRI System report)

Show the following on the drawing:

Roadway

Arrow for direction of travel of screened vehicles
Approx. speed of vehicles

Estimated distance from IRISystem to screened vehicles
Location for Level 1 Inspection

Estimated distance from IRISystem to Level 1 Inspection
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Appendix D

Level 1 Inspection Report
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Appendix E

Data Collection Protocol



IRISystem DATA COLLECTION PROTOCOL

Each completed inspection/screening packets must have:

1. IRISystem screening report,
2. IRISystem photographs of defects, and
3. CV SA inspection report.

1. Instructions of completion of the |RISystem Screening Report

1. IRISystem Report # Thisisastate specific report number with each state
beginning with #1 and sequencing with completed vehicles. This sequence will continue
for the life of the project. Each day the numbers will continue from the previous day.
Example:  TNOOL1 for first inspection and continuing to increase with each inspection
conducted. Include this number on the top of completed Level 1 CV SA inspection report.

2. Operator  Show name of IRISystem operator.
3. CVSA Inspection # Thisisthe number shown on the CV SA inspection form.

4. Date/Time Date of inspection and local time [as printed on the IRISystem photo],
show EST or CST time.

5. Location  Show roadway, mile marker location, and direction of travel of screened
vehicles. If at fixed site, include name of site location.
Example: 1-75 mile marker 182, southbound, SoandSo Scales

6. Weather Include weather conditions (Clear, cloudy, raining, foggy, snow) and
average Temperature (20's, 30's, 40's...).

7. Terrain  Show terrain type aslisted in block. Example: Grade 2% to 5%.

8. IRISystem Detectable Faults Check box to correspond with IRISystem fault.
Example Axle #1Right and Axle #4L eft. See attached completed example report.

9. Fault Types On thelineto theright of check blocks, show fault type detected. Use
faults listed in block.

10. Comments/Remarks Only show remarks related to the IRISystem. Example:
IRISystem picture not clear, foggy. Officer/originator, if different than IRISystem
operator, must initial and date entries.

11. IRISystem Checked OK Thissectionisfor the Blind Sample Vehicles (or

“Good” vehicles), vehicles showing no defects on IRISystem screening. When thisbox is
checked, no box for the IRISystem detectabl e faults should be checked. (Item 8)
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Select everyday, at aminimum, 1 vehicle with NO defects showing for two vehicles with
defects (1 out of 3 total number of vehiclesinspected, 2 out of 6, 3 out of 9, etc...). The
inspector must not be told this is a non-defect vehicle.

12. On the back on the IRISystem screening report, show the inspection location with
reference to |RISystem setup, roadway, direction of travel of screened vehicles(use
arrow), estimated speed at time of screening, estimated distance from IRISystem to
screened vehicles, and Level 1 inspection location.. See completed screening report.
Thisis completed for each set-up and is entered on the first inspection for that location.
Multi-inspection at the same location should show Date and Inspection TNOO1-TNO12 at
this setup location. When changing location, complete a new diagram.

2. Instructions for the | RI System Photographs
A photo isincluded in the example report

1. Photographs must be attached to all inspection packets.

2. The Photograph must show the correct date and time of inspection (same as on
|RISystem screening report).

3. CIRCLE all defects detected by the IRISystem (Use Sharpy-type pen).
Make sure that the defects circled match IRISystem detectabl e faults shown on the
|RISystem report.
If several defects are detected (see example report), then all defects must be
documented by a photo. If necessary, include more than one photo.

4, Indicate the vehicle direction with an arrow (use Sharpy-pen)

5. On the back of the photograph, show the CV SA inspection number and the state
specific inspection number. Example:  TN0002345, TNOO1.

3. Instructions for the CVSA Level 1 inspections
Complete CVSA Level 1 inspection as usual.

1. On the CVSA Level 1 Inspection Report, Circle the following (see example):
a CV SA ingpection number

b. Cargo
C. Misadjusted brakes
d. OOS: Yesor No
2. Include the IRISystem report number (TN0O1) on the top of completed Level 1

CV SA inspection report.
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Appendix F

| RISystem Setup Drawings



L ocation of IRl System Screening:
At weigh station facilities
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L ocation of IRl System Screening:
At weigh station facilities (Continued)
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L ocation of IRl System Screening:
Near a port of entry in Georgia
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L ocation of IRl System Screening:
On Georgia Stateroads

IRIS

Road closed
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Appendix G

Results

L ocation of Problematic Wheels | dentified
by the IRl System operator
Out Of Service Vehicles



All States

Number of problematic wheelsidentified by IRl System as a function of wheel
location on a3-S2 CMV. Thedataarefor all states. Thearrow indicatesthe
direction of thevehicle. The schematic illustratesthe near-side and far-side wheel

location aswell asthe axle numbers.
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Georgia
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Appendix H

Results

Number of CVSA-ldentified FM CSR
Violations as a Function of IRl S-Identified
Problematic Whedls



TableH-1. Summary of data collected.

All GA KY NC TN
Number of CMV s inspected 392 39 104 130 119
Percentage of blind, non-problematic, CMVs 16% | 15% 8% 15% 24%
Percentage of 3-&2 CMVs 88% [ 82% 79% 87% 97%
Percentage of loaded 3-S2 CMVs 70% | 59% 81% 68% 66%
Number of daysin use (for evaluation 77 10 12 23 32
Percentage of problematic (cold) wheels™ 1% [ 17% 9% 11% 9%
Percentage of problematic (hot) wheels™ 1% -- 2% 1% <1%
Average # of IRIS-identified problemsper 3-S2 | 1.3 19 11 14 12

T These numbers only reflect the usable data reports.

Tt Asidentified by the IRISystem operator.
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FigureH-1.

All States

Average number of FMCSR violationsreported in L 1 inspections for
CMVs screened with the IRI System.
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Georgia

FigureH-2. Average number of FMCSR violationsreported in L1 inspectionsfor
CMVs screened with the IRI System.
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FigureH-3. Average number of FMCSR violationsreported in L1 inspectionsfor
CMVs screened with the IRI System.
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North Carolina

FigureH-4. Average number of FMCSR violationsreported in L1 inspectionsfor
CMVs screened with the IRI System.
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FigureH-5. Average number of FMCSR violationsreported in L1 inspectionsfor
CMVs screened with the IRI System.
O Problematic CMV O Blind CMV

2.0
n
c
2
T 15 -
2
>
S 1.0
HH
(&)
g 05 -
[}
> ,_l
< 0.0 \ \

brake-related other brake related (non other
(Wheel Spec.) (Wheel Spec.) Wheel Spec.)  (non Wheel Spec.)
Type of violation(s)

Appendix H-4



Appendix |

Results

Wheel-by-Wheel Analysis



Tablel-1. Percentage agreement between the I RI System screening results and the
Level 1ingpection results per state and per type of IRIS-identified

wheel.
IRISystem diagnostic All States GA KY NC TN
# of wheels 3326 301 884 1076 1065
Normal (% total) (88%) (83%) (88%) (88%) (90%)
wheels
% agreement " 85% 92% 79% 86% 88%
# of wheels 399 61 9 134 110
(% total) (11%) (17%) (9%) (11%) (9%)
Cold
Wheels % agreement "? 68% 59% 68% 84% 55%
% agreement 2 76% 81% 73% 85% 65%
# of wheels 44 0 24 15 5
Hot (% total) (1%) (2%) (1%) (<1%)
Wheels
% agreement 68% n/a 71% 67% 60%
Total # wheels 3769 362 1002 1225 1180

T Between |RISystem screening results and Level 1 inspection results
1 Level 1 inspection identified one or more wheel-specific defect, whether brake-related or not (Table 4).
2 Leve 1inspection identified one or more brake-related defect, whether wheel-specific or not (Table 4).
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All States

Figurel-1. Percentage of agreement between the | RI System screening results and
the Level 1 inspection resultsasa function of IRI System wheel
diagnostic. “Cold 1" and “Cold 2" refer to two different comparisons,
with wheel-specific violations and brake-related violations,

respectively.
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Georgia

Figurel-2. Percentage of agreement between the | RI System screening results and
the Level 1inspection resultsasa function of IRI System wheel
diagnostic. “Cold 1" and “Cold 2" refer to two different comparisons,
with wheel-specific violations and brake-related violations,

respectively.
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Kentucky

Figurel-3. Percentage of agreement between the | RI System screening results and
the Level 1inspection resultsasa function of IRI System wheel
diagnostic. “Cold 1" and “Cold 2" refer to two different comparisons,
with wheel-specific violations and brake-related violations,

respectively.
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North Carolina

Figurel-4. Percentage of agreement between the IRI System screening results and
the Level 1 inspection resultsasa function of IRI System wheel
diagnostic. “Cold 1" and “Cold 2" refer to two different comparisons,
with wheel-specific violations and brake-related violations,

respectively.
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Tennessee

Figurel-5. Percentage of agreement between the | RI System screening results and
the Level 1 inspection resultsasa function of IRI System wheel
diagnostic. “Cold 1" and “Cold 2" refer to two different comparisons,
with wheel-specific violations and brake-related violations,

respectively.
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Appendix J

Results

Out Of Service (O0OS) Vehicles



TableJ-1.  Percentage of CM Vs placed OOS after | RI System screening

Not Placed OOS
placed
00S An Brake Brake and Other-than-
o te?li a violation(s) other brake
only ™ violation(s) ™™ violation(s) '
All CMVs (392) 47% 53% 57% 21% 22%
Blind, non-problematic, o o o 0 0
CMVs (62) 81% 19% 58% 8% 33%
Problem. CMV's (330) 41% 59% 57% 22% 21%
GA (33) 1 45% 55% 67% 17% 17%
KY (96)" 47% 53% 55% 20% 25%
NC (111)* 33% 67% 54% 27% 19%
TN (90) " 43% 57% 61% 18% 22%

T Problematic vehiclesonly” 11 Percentage of OOS vehicles only.
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Figure J-1.

Figure J-2.

All States

Per centage of CMV placed out of servicein all four states after
| RI System screening detected problematic wheels.
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with IRIS-detected faults

Not OOS
41%

00Ss
(Other-than
brake
violations)
12%

00Ss
(Brake
violations)
34%

00s
(Brake and

other
violations)

13%

Per centage of CMV placed out of servicein all four states after
|RI System screening DID NOT detect problematic wheels (blind

vehicles).

Blind Vehicles Inspected

OOS (Brake
violations)
11%

OOS (Brake
and other
violations)

2%

0OO0S (Other
Not OOS \violations)
81% 6%

Appendix J-2



Figure J-3.

Figure J-4.

Georgia

Per centage of CMV placed out of servicein Georgia after IRI System
screening detected problematic wheels.
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Figure J-5.

Figure J-6.

Kentucky

Per centage of CMV placed out of servicein Kentucky after IRl System

screening detected problematic wheels.
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North Carolina

Figure J-7.

Figure J-8.

Per centage of CMV placed out of servicein North Carolina after

| RI System screening detected problematic wheels.
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Tennessee

FigureJ-9. Percentage of CMV placed out of servicein Tennessee after
| RI System screening detected problematic wheels.
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Figure J-11. Percentage of OOS CMVsfor which the IRl System found or did not
find the OOS violation(s).
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Appendix K

Results

Comparison with SAFETYNET data



TableK-1. Percentage of OOS, BV and OOSwith BV after |RISystem Screening
(for problematic CMVsonly) and after current screening
(SAFETYNET Leve 1inspectionsdata for 1997-1999). The numbers
indicated in parenthesisindicate theratio of |RI System over current
screening results.

Screening Number of + +
method CMV 00Ss BV 0O0S& BV
Current 216865 27% 34% 15%
All States
IRISystem'" 330 59% (2.2) 84% (2.5) 52% (3.4)
Current 23317 41% 37% 23%
GA
IRI System'™ 33 55% (1.3) 82% (2.2) 48% (2.1)
Current 104256 19% 37% 11%
KY
IRI System'™ 9% 53% (2.9) 85% (2.3) 45% (4.0)
Current 32645 30% 32% 19%
NC
IRISystem'" 111 67% (2.2) 88% (2.8) 60% (3.2)
Current 56647 35% 28% 18%
TN
IRISystem'" 90 57% (1.6) 79% (2.8) 52% (2.9)

T BV: Brakeviolation(s), not necessarily resulting in OOS.

Tt Problematic vehicles only.
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Top plot

Bottom plot

FigureK-1. All States

Per centage of CMV placed OOSfor all four states after |RISystem
screening (no blind vehicles) and after current screening
(SAFETYNET data, for 1997-1999 and L evel 1 inspections).

Same astop plot, but showing SAFETYNET data per year.
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FigureK-2. Georgia

Top plot Per centage of CMV placed OOSfor Georgia after |RISystem
screening (no blind vehicles) and after current screening
(SAFETYNET data, for 1997-1999 and L evel 1 inspections).

Bottom plot Same astop plot, but showing SAFETYNET data per year.
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FigureK-3. Kentucky

Top plot Per centage of CMV placed OOSfor Kentucky after IRISystem
screening (no blind vehicles) and after current screening
(SAFETYNET data, for 1997-1999 and L evel 1 inspections).

Bottom plot Same astop plot, but showing SAFETYNET data per year.
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Figure K-4. North Carolina

Top plot Per centage of CMV placed OOSfor North Caroline after IRl System
screening (no blind vehicles) and after current screening
(SAFETYNET data, for 1997-1999 and L evel 1 inspections).

Bottom plot Same astop plot, but showing SAFETYNET data per year.
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Figure K-5. Tennessee

Top plot Per centage of CMV placed OOSfor Tennessee after |RISystem

screening (no blind vehicles) and after current screening

(SAFETYNET data, for 1997-1999 and L evel 1 inspections).
Bottom plot Same astop plot, but showing SAFETYNET data per year.
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