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EXECUTIVE SUMMARY

Thisreport is areport of the testing of on-board mass (OBM) monitoring systems undertaken in 2008
by Transport Certification Australia (TCA). TCA is developing specifications for an evidentiary
OBM system and the results and learnings from this testing program will inform TCA in its
development of the functional and technical requirements for such an evidentiary system.

The key questions are to establish the accuracy of OBM systems, is this sufficient for regulatory
applications and can an evidentiary standard OBM system be developed in specifications.

The testing program received the full support of the Australian OBM industry. A total of twelve OBM
systems from eight Australian suppliers were tested across five Australian states in the course of
seven months, commencing in April and finishing in October 2008. Individual test reports for each
system against reference and weighbridge have been made available to the respective OBM system
supplier. In this consolidated report, the supplier identities have been anonymised.

The phasing of the testing program was in three stages. A test plan was developed, circulated for
comment to jurisdictions and suppliers and finalised with the feedback received by April 2008. A
pilot test was commissioned and the results and |earnings from the pilot was used to refine the test
plan and develop afull scale testing program by July 2008.

The overall results were positive. Figures ES1 and ES2 detail the performance of the OBM systems
tested including the reference systems against the weighbridge at full load, in kgs and percentage. It
can be seen that al the systems tested showed accuracies within approximately + 500 kgs or + 2% of
weighbridge for an axle group.

Dynamic data was also recorded for each test. It was found that static measurements were more
accurate than dynamic data. However dynamic data was found to be an important dataset for an OBM
system asit provided additional information that could be useful as a quality indicator in an
evidentiary OBM specification. Asal OBM systems are able to generate dynamic data, thisis clearly
another source of information that can be utilised.
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Figure ES1: Error by supplier, trailer 1 axle group at full load condition
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Error by supplier, trailer 1 axle group at full load condition
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Figure ES2: Percentage error by supplier, trailer 1 axle group at full load condition

The tests and the knowledge gained from installation, calibration and operation of the systems and the
various vehicles during load testing has provided the team with much information about the
importance of having proper guidelines and procedures as part of the OBM specification. Such areas
that need to be addressed are principally in OBM system calibration and operating conditions at the
point of declaring the static load.

Tamper evidency will be addressed via specifications on accuracy, the use of both static and
additional dynamic data as well as adherence to guidelines and procedures. The tests have provided
valuable insights on the key areas that need to be considered making the system more secure.

Since the completion of the testing program, TCA has held a number of discussions with industry and
will continue to work closely with jurisdictions and industry in the development of the specifications
for an evidentiary OBM system.

In conclusion, the tests have found that the commercial OBM systems have sufficient accuracy for all
types of regulatory applications, tampering can be addressed via the use of dynamic dataand
therefore it is possible to specify an evidentiary standard OBM system. The development of such
specificationsis now underway by TCA.

Thisreport is the collected work of a number of organisations and individuals. The technical
reference group included representatives from South Australia, Western Australia, Queensland and
the National Transport Commission. The field tests were conducted for TCA by the ARRB Group.
Mr Lloyd Davis from Queensland Department of Main Roads was seconded to assist in the field
testing program and data analysis.
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1 INTRODUCTION

This report contains the results from the pilot and field testing stages of the On-Board Mass
Monitoring (OBM) project undertaken in 2008. A draft report was produced in December 2008. At
that time, the report mainly presented the results of the tests together with some preliminary
interpretation and discussion. Since that time, a considerable amount of further analyses and
discussion with jurisdictions and suppliers has been undertaken and the feedback and findings are
now presented in this final report.

Individual test reports of the performance of each supplier’s system compared against weighbridge
and reference system/s have also been produced and provided to each of the eight suppliers who
participated in the test program.

The results from the testing program will contribute to TCA devel oping procedures and
specifications in 2009 that will address four key areas that will need to be specified:

e accuracy and robustness of the OBM system

e additional data or quality parameters of the OBM system

e best practice guidelines and procedures for installation, calibration, operation and
maintenance of the OBM system

e tamper evidency and ways to address areas of potential tamper.

These four key areas of interest to TCA are shown diagrammatically in Figure 1. The field testing
resultsin this report therefore informs all the four key areas of the specifications. Subsequent stages
of the specification development program are also shown in the figure.

---------------------------------------------------------------------------

1. Accuracy &
robustness

2. Additional data

3. Human machine

4. Tamper evidence

interface : " .
- = Initial technical
= 1 Technical feasibility & |, and functional
[~ interoperability with IAP OBM specifications

Fit with 1AP
*impact on specs, C&A, deeds
«impact on jurisdictions

Figure 1: Overall OBM feasibility project (Karl, 2007)

Thereport isin six sections. Section 2 and 3 provide a brief background and an overview of the test
method used in the tests. Section 4 and 5 detail the pilot and full test programs. The main part of this
report, the results, is detailed in Section 6. Section 6 contains a key selection of the main results. The
full set of tables and plots are contained in a separate internal document.
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2 BACKGROUND

2.1 Project brief

The purpose of this project is to undertake and report on the technical feasibility of an evidentiary on-
board mass monitoring application. The project is phased over 18 months until June 2009. It was
preceded by an industry capability review (Karl & Han 2007).

The project also encompasses technical feasibility and assessment of fit with the Intelligent Access

specifications for an evidentiary on-board mass monitoring system.

The project plan was approved by the CEO on 22 November 2007 (Karl 2007). A reference group
meeting and industry briefing was held at TCA on December 12, 2007. An Auslink funding
agreement was signed on 15 January, 2008.

Approval was given for the secondment (part-time) of Mr Lloyd Davis (QDMR) to the project. Mr
John Jarrad (DTEI SA) and Mr John Marcolina/ Mr Doug Morgan (MRWA) have aso been involved
as members of the technical reference group for this project. The Nationa Transport Commission
(NTC) was represented by Mr Julian del Beato.

As part of this project, Mr Lloyd Davis undertook a field study tour of key suppliersin the UK and
the USin April-May 2008 (Davis 2008). The companies visited on the study were Vishay/PM
Onboard in the United Kingdom and Air-Weigh and Loadman in the USA.

Some of the key observations were:

o Current OBM systems are used for commercia applications.

o Accuracy claimed iswithin 1% for all sensors.

o All OBM systems measure both individual axle group load and gross vehicle load.

o OBM systems can be provided with interfaces compatible with other in-vehicle units which

provide fleet management services utilising GPS location sensing and mabile phone
connectivity with the service provider’s back office.

o Most of the systems have the function to set up a programmable mass limit and warn the
operator when this limit is being approached.

o The suppliers are able to provide dynamic OBM data although thisis not required by any
current application.

Based on the observations, Davis (2008) concluded that an equivalent regulatory OBM application
for heavy vehicles could be feasibly developed from an accuracy, tamper and dynamic data recording
viewpoint. However, Davis (2008) noted that issues regarding the vulnerability of mechanical and
pneumatic systems to degradation, drift and tampering would need to be further investigated in order
to achieve OBM implementation in the |AP environment.

2.2 Project phasing

The field testing was phased into three stages. A test plan was developed, circulated to jurisdictions
and suppliers for comments and finalised with the feedback received by April 2008 (Daviset. a.
20084). A pilot test was commissioned and the results and learnings from the pilot were used to
refine the test plan and develop a full scale testing program by July 2008 (Germanchev 2008, Davis
2008).

Full scale testing commenced in July 2008 and was completed in |ate October 2008.
A tota of twelve OBM systems from eight suppliers were tested.
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3 TEST METHOD

The testing program was conducted in line with Davis et a. (20083, b). The tests conducted for each
test vehicle are outlined below.

Static (stationary) tests:
e Six runsat four loading conditions— fully laden, 2/3™ laden, 1/3" laden and unladen (at tare).

¢ During the pilot test, each of the six runs had six different tests where data was recorded from
each of the OBM systems: on a weighbridge with the brakes on, on a weighbridge with the
brakes off, on a positive gradient, on a negative gradient, with a positive crossfall and with a
negative crossfall.

o During the full field test, each of the six runs had one measurement — on a weighbridge with the
brakes off.

Dynamic (moving) tests:
e For each vehicle, anumber of recordings were performed while the vehicle was moving. These
recordings were only able to be made with systems capable of measuring dynamic data. A range

of situations were recorded during the tests, including the test vehicle travelling over speed
bumps, braking suddenly as well as travelling around corners.

Tamper tests:

¢ A range of tests were performed in order to determine the potential for tampering and the ease
with which to detect it. Not all tamper tests were performed on each vehicle.

The various tamper tests performed were;

1. Ride height adjustment: The test vehicles were placed on aweighbridge and a standard static
measurement (without ride height adjustment) was taken. A dynamic run was also performed on
some vehicles. Additional static and dynamic (if applicable) measurements were also taken with
the ride height valves manually adjusted by altering the position of the ride height control rod
from itsinitial position.

2. Ball valves: The air supply hoses to the OBM systems were closed using a ball valve inserted in
the air line leading to the air pressure transducer (APT). It should be noted that only the airline
connected to the sensor was blocked, thus allowing normal air flow and operation of the airbag.
Both static and dynamic tests were performed with the ball valves closed and compared to the
base case.

3. Load cell tampering: The aim of thistamper test was to insert an object between the load cell and
the chassis to observe the effect this would have on the readings. This test was performed by
inserting a chock underneath the load cells.

4. Load distribution: Some OBM systems assumed a load distribution to calculate the load on the
steer axle and subsequently the Gross Vehicle Mass (GVM). The effect of changing the load
distribution in the vehicle was examined by placing the same mass of weightsin different
locations around the vehicle and observing the change in total mass reported by the OBM system.

5. Fuel tank draining: The effect of lowering the total vehicle mass to beneath the tare calibration
value was examined in this test. OBM systems are generally calibrated using atare mass value
that includes afuel tank with some amount of fuel in it. The effect of decreasing the vehicle mass
to be lower than this calibrated mass (the effective lower limit of calibrated vales for the OBM
system) was examined in this test.

6. ‘Increased fuel’trial: Similar to the fuel tank draining test, this test examined the effect of
increasing the total mass above the calibration limit. Thiswas accomplished by having the test
vehicle at full load and then increasing the mass again by having two or three persons stand on
each side of the truck while recording values from the OBM systems.

A total of twelve OBM systems from eight suppliers were tested. System 13 was a system devel oped
by the ARRB Group for test purposes and was deployed in the pilot test only. All systems have been
anonymised for this report and will be referred to hereafter by the System number listed in Table 1.
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Table 1: Summary of test systems

System Measurement type Measurement device
number
1 Static Air pressure transducer
2 Static Air pressure transducer
3 Static Air pressure transducer
4 Static Load cell & APT
5 Static Air pressure transducer
6 Static Air pressure transducer
7 Static Deflection sensor & APT
8 Static Air pressure transducer
9 Static Load cell & APT
10 Static Deflection sensor & APT
11* Static Air pressure transducer
12* Static & dynamic Air pressure transducer
13 Static & dynamic Air pressure transducer

* Used as the reference systems in all tests
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4  PILOT TEST

Prior to commencement of the full test program, a pilot test was conducted in order to ensure that al
issues associated with the means of conducting the testing were resolved. The pilot stage was
therefore of great value in ensuring that the full scale test would be conducted in the most efficient
and effective fashion, and that appropriate data would be collected.

Pilot testing was performed between April and June 2008 and consisted of testing six OBM systems
installed across two vehicles, a B-double in Queensland and a semi-trailer in Victoria.

Following the pilot program testing, an analysis of the data was performed and a testing procedure
developed for the full scale testing.

A number of systems were installed on the two vehicles, which can be seen in Table 2. The vehicles
tested are shown in Figure 2 and Figure 3.

Table 2: Summary of vehicles tested

Vehicle Vehicle Location of test Date Payload OBM system(s)
Number type installed
28/4/08 — 2/5/08 .
1 B-double Queensland Grain 6,11, 12
12/5/08 — 14/5/08
2 Semi-trailer Victoria 3/6/08 — 6/6/08 Test weights | 4,5, 6, 11, 12, 13

Figure 3: Vehicle 2 - Semi-trailer 1

The full report of the pilot test is given in Germanchev and Eady (2008). During the pilot, three main
readings were taken, static data, dynamic data and tamper testing. Static data was found to be
relatively easy to obtain for the six tests. It was noted that suitable test sites would be required,
preferably close to each other and with alow amount of traffic.

It was found that the static test on the weighbridge with brakes on produced a much larger variation
in the OBM systems due to the problem derived from brake wind-up than the variations measured for
the same test with the brakes released.
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It was also found that the load cell used in one of the OBM systems under test produced a less
variable dataset than the air pressure transducers in the other OBM systems provided the brakes were
off. The weighbridge (brakes on) readings for the load cell system exhibited alarge amount of
variation in the readings, in proportion to its standard deviation. Thisislikely due to the moment
being transferred to (or off) the 5" wheel load cells caused by trailer brake wind-up.

It was found during one of the pilot tests that a sudden braking manoeuvre had a considerable impact
on the load distribution of the B-double vehicle, aerting the team to consider that future tests should
utilise asimilar loading to that seen during the semi-trailer testing where the loads would not easily
shift.

Dynamic data was found to require alonger period of time to process and was more difficult to
compare against similar runs as there were more variables in the testing than that experienced during
the static runs. Such variablesincluded the speed of the vehicle and its position on the road.
However, it was considered that dynamic data could successfully identify the vehicle’s response to
events such as corners or bumps.

The tamper trials performed in the pilot test indicated that some tampering events were relatively
easy to detect because readings were altered markedly whilst other tampering events had little to no
impact on the readings.

Blocking the air flow to the air pressure transducers disabled the ability of the OBM systems to
measure load due to the isolation of air pressure transducers from the air bag suspension.

Ride height adjustment tamper tests did not show conclusively that adjusting the ride height on the
vehicle increases or decreases the load measured by the test systems. Further trials may be required
in order to determine the effect that the ride height adjustment has on measured |oads.

The analysis of the frequency response to identify tamper events was sufficient to give support to the
hypothesis that continuous data may form a reliable means of identifying tampering.

The key lessons learnt from the pilot tests were:

e Measuring with brakes on altered the OBM reading

e Vehicle stance on a slope varied the OBM reading

e The cdlibration points are affected by the amount of fuel carried in the fuel tanks

e Ride height adjustments did alter the OBM readings but were not found to be significant
e Closing or blocking the air lines to the APTs altered the OBM readings.

As aresult of these lessons, the tests in the full test program were refined as follows:

e Testswith brakes on and on slopes were removed

¢ Ride height adjustments tests were also removed

e Fuel tank draining test was replaced by atest with the fuel tank at full and increasing the load by
two to three extra persons in the vehicle to simulate additional load above full

e Blocking air lines was continued for the full test program.
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5 FULL TEST

The full field testing examined 11 systems across seven more vehicles around Australia. During the
full scale testing, onerigid truck, two truck and dogs, two semi-trailers and one double road train

were tested between July and October 2008, in accordance with the testing plan developed from the
findings of the pilot test.

The timing of the tests as well asthe OBM systems installed upon each vehicle is detailed in Table 3.
Photographs of the test vehicles are shown in Figure 4 through to Figure 10.

Table 3: Summary of vehicles tested

Vehicle Vehicle Location of test Date Payload type | OBM system(s)
number installed

3 Rigid truck Victoria 14/7/08 — 16/7/08 Test weights 4,6,11, 12

4 Truck and dog New South Wales 1/9/08 — 2/9/08 Crushed rock 2,7,11,12

5 Semi-trailer New South Wales 3/9/08 — 5/9/08 Crushed rock 2,7,11,12

6 B-double Tasmania 15/9/08 — 16/9/08 Timber 9,11, 12

7 Semi-trailer Tasmania 17/9/08 — 18/9/08 Timber 9,11, 12

8 Truck and dog Queensland 22/9/08 — 23/9/08 Crushed rock 3,8, 10,11, 12

9 Double road train | Western Australia | 20/10/08 — 22/10/08 Test weights 1,11,12

Figure 4: Vehicle 3 - Rigid truck 1
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Figure 5: Vehicle 4 - Truck and dog 1

Figure 6: Vehicle 5 - Semi-trailer 2
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Figure 7: Vehicle 6 - B-double 2

Figure 8: Vehicle 7 - Semi-trailer 3
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