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SUMMARY

This reportis concerned with the development of an electronic system
to weighand dimensiontrucks moving at near highway speeds. The system
is installed in an areaused for the normal mechanical weighing and manual
dimensioning of highway truck traffic.

The benefits from the electronic system are: a reduction in the time
required for legal trucks to pass through the checkpoint and the ready ac-~
cumulation of data for further analyses.

Also described is a classification system installed ona bridge on west-
bound 1 94 to categorize vehicles in different speed bands as trucks (high
vehicles) or cars (low vehicles) using ultrasonic transducers.

The Department's interest inelectronic weighingbegan in1952 with the
construction of "electronicloadometer plates'm and was continued in 1958-59
by the construction and experimentation with a strain gage load cell type
scale at the Department's Fowlerville weigh station.

As a result of the Fowlerville project, the Department decided to pro-
ceed with the construction of a more extensive weighing system.

In 1960, a proposal was completed and approved by the Federal High-
way Administration as a cooperative project under the Highway Planning
and Research Program. This project was completed in several phases.

The first phase was a feasibility study to determine the probability of
success of a complete system., A contractwas awardedto Epsco Inc., then
of Cambridge, Massachusetts, Their conclusion was that the project was
feasible.

The next phase, also performed by Epsco Inc., was the construction of
a '"breadboard installationon I 94 near Jackson, Michigan. Data were col-
lected on magnetic tape and processed by an off-site computer.

The following phase, performed by Department personnel, was to re-
furbish the installation and reduce vibrations in the scale platforms, which
resulted inimproved accuracies. As a result of this phase, a decision was
madeto goahead witha fully automated system with realtime computations.

In December 1964, a contract for this system was awarded to Philco,
a subsidiary of Ford Motor Co. The workwas completed in February 1966.




The final phase was done by Department personnel as a testing and
operational program. Final one standard error precisions were as follows:
axle weight, 682 lb; height, 5.0 in.; width, 2.8 in,; and axle spacing, 1.5
in, Both vehicle speed and classification and vehicle survey subsystems
were foundto operate satisfactorily and with adequate reliability. A 16-mm
movie of the completed system has been prepared and is available from the
Federal Highway Administration.

Two serious deficiencies inthe systemdesign were noted in the testing
and operational phase. Mechanical tapeswitches used to determine when
axles were on the scale platforms failed to perform satisfactorily at all
times. As a stop-gap measure, these were finally replaced by photo-elec-
tric switches. This allowed the completion of the testing, but is not the
final answer. The other problem was protection against lightning damage.
Again, an interim procedure was followed. Although the report does not
explicitly mention alternatives to prevent these problems from occurring,
they are surmountable by proper system design. '

The reader is reminded that this system was designed approximately
one decade ago. Since that time there have been rapid advances in tech-
nology, particularly in electronics. For example, in many cases large
scale integrationhas replaced discrete solid-state components resulting in
more computer power per dollar. The computer used in this system is no
longer manufactured, but other mini-computers are available that are fas-
terand smaller. Even smaller computers, called micro-computers, might
be useful in electronic weighing and dimensioning systems, Also, the de-
velopment of portable electronic scales merits consideration, compared to
the large permanent scale pits used in the reported project.
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The highway transportation problem in the United States becomes more

‘difficult and critical each day. The last few years have seen an annual ad-

dition of 4,500, 000 vehicles to the Nation's strects and highways—~-an aver-
age net gain of over 12,000 vehicles each day. Lending further urgency to
the problem is the fact that this already tremendous growth rate is on the
increase.

If the highways are to continueto provide a safe and economical surface
transportation system, under a condition of continuously increasing traffic
pressure, every effort must be made to insure that the present system and
future additions are utilized as efficiently as possible. Control procedures
aimed at achieving optimum trafficflow require continuously current, quan-
titative description of the elements making up the traffic stream, and the
flow characteristics of the composite stream. Obtaining the necessary
quantitative description requires the ability to automatically sense and re-
cord the physical characteristics (weight, dimension, type, etc.) of the in
dividual vehicles in the traffic stream, plus their in-stream performance
characteristics.

The systemdescribed here ig the result of a research and development
program carried out by the Research Laboratory of the Michigan Depart-
ment of State Highways and Transportation in cooperation with the Federal
Highway Administration. The contents of this report reflect the views of
the authors who are responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily reflect the official views
or policies of the Federal Highway Administration. This report does not
constitute a standard, specification, or regulation.

When the project was initiated in 1952, its goal was to determine the

‘accomplishments of others to that date, to keep abreast of subsequent pro-

gress primarily through the literature, and to begin low-key experimenta-
tion,

Subsequently, the aim became the realization of the fully defined and
operating system to automatically sense and record all pertinent informa-
tion from in-motion vehicles.

The original objectives of the project as stated in the initial proposal,
dated July 1960 (Table 1), were as follows:

1) Develop a complete electronicsystem for the automatic weighing of
vehicles in motion, and collectionof certain traffic information, the trans-
mission ofthe information to a central location, and at that location, auto-




TABLE 1
OUTLINE OF PROJECT OBJECTIVES

PROPOSAL
I Teasibility Study
II Final Design, Engineering, Specifications,

and Cost : July 1960
IIT Complete System Installation

FEASIBILITY STUDY ' Dec. 1960
by Epsco, Inc. to Mar., 1960

The results of the feasibility study indicated that an improvement
in program efficiency would result from combination of Parts II
and III, and a supplemental proposal was written reorganizing the
problem approach:

SUPPLEMENTAL PROPOSAL
Part A - Experimental Field Test Program
Part B - Automatic Recording and Data Processing July 1961

Installation
PART A Sept. 1961 -
by Epsco Inc. to Mar. 1964

The desired measurement accuracies were not attained in Part A,
and thus an extension of the project was proposed, designated '"Post
Part A, " to attempt accuracy and durability improve ments:

POST PART A Sept. 1963
by Michigan Department of State Highways to Feb. 1965
and Trangportation

1 Accuracy Improvement

II Durability Improvement

SPECIFICATIONS FOR PART B
by Michigan Department of State Highways

and Transportation : Sept. 1964
PART B ‘ Mar. 1965
Completion of System by Philco-Ford Corp. to Feb. 1966
PART C

I One year of experimental operation of system
by Michigan Department of State Highways and

Transportation 1966-67
II Two year extension to measure 1,000 vehicles
and evaluate results 1967-69
G
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matically condition the measured data into proper formats for subsequent
analysis. '

2} Developa complete design with appropriatedrawings, charts, speci-
fications, instructions, etc., for all equipment, its installation, and pro-
cess involved, together with items of cost, and ready to submit to prospec-
tive bidders for the construction of other such systems.

3) Have a completd automatic system in full operation for a period of
not less than 30 days to insure the Department that the system is operating
in accordance with the system requirements,

- 4) Operate the system as a research installationfor a period of at least
one year inorder to develop optimum operating and data acquisition proce-
dures and in order to realize design improvements in future systems.

. The Michigan system is a prototype and subject to certain limitations,
and although it does sense all of the needed information from moving vehi-
cles, it is still necessaryto disturb the traffic stream somewhat. Vehicles
(tracks) which are to be weighed and measured dynamically are diverted
from the traffic stream to a special one-half mile long evaluation path,
which parallels the maintraffic stream. Ideal future systems will be those
which sense all physical and flow characteristics from vehicles moving in
their normal manner in a traffic stream environment. Such systems are
still- in the future, but off-stream systems such as the one reported here
play a significant part in their evolution.

‘As a final introductory note, the reader is cautioned not to be misled
by the many problems encountered in assembling and operating this system.
Such problems are characteristicof first, or prototype, systems. It is be-
cause of their characteristic troublesomeness that prototypes are built--to
discover, isolate, and eliminate bugs, quirks, and weaknesses; rarely is a
designerable toforesee all of the problems that might occurin alarge com-
plex system, '

HISTORICAL BACKGROUND

Michigan firstbecame interested in the possibilities of dynamic vehicle
weighing in 1952, and at that time a research project was initiated.

In 1952-53, experiments were conducted with "electronic loadometer
plates.” These were curved steel or aluminum plates with a strain gage




network on their concave underside. As a vehicle axle passed slowly over
the convex surface of the plates, the downward deflection caused tensile
strain in the undersurface. This strain was sensed and averaged by the
strain gage network, then converted to weight by means of strain-load cali-
bration curves., These plates were used in one field study and performed
quite well for very slowly moving axles. However, as this approach to the
in-motion weighing problem was obviously not feasible forfast-moving vehi-
cles, it was abandoned. Little additional dynamic weighing work was done
until 1958,

In early 1958, plans and specifications were completed for a proposed
experimental strain gage, load-cell type scale. The resulting scale was
installed inan approach ramp tothe Department's Fowlerville weigh station
during the winter of 1958-59. During 1959 and early 1960, experiments
were performed with this installation to investigate the effects on accuracy
of axle type, vehicle speed, load cell placement, platform restraints, plat-
form hold-down configurations, magnitude of hold-down forces, platform
configurations, stiffness, ete.

As a result of this work, the Department decided to proceed with a
more extensive system,

In July 1960, a proposal was completed and submitted to the Federal
Highway Administration for consideration, under the Highway Planning and
Research Program, as a cooperative projectfor development of a complete,
operational, dynamic vehicle weighing system. At their suggestion, this
proposal was expanded to include measuring moving vehicles, as well as
weighing them.

After obtaining FHWA approval, the proposal was circulated to a num-
ber of companies engaged in electronic system work, inviting them to sub-
mit performance proposals. In the fall of 1960, the proposal submitted by
Epsco, Inc., of Cambridge, Massachusetts, was accepted and they were
awarded a contract for a feasibility study to determine the probability of
success of a complete weighing and dimensioning system. In March 1961,
Epsco reported the results of their study (1). Their conclusion, supported
by experimental data, was thatthe proposed system was fully feasible., Con-
sequently, a second contract was awarded to Epsco in July 1961 for fabri-
cationand installation of a measuring and weighing system at the Grass Lake
weigh station on T 94 in Southern Michigan (Figs. 1 and 2).
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As the FHWA had reservations concerning the degree of success aftain-
able, they limited the scope of this second contract to a '"breadboard"” sy-
stem., They reasoned that full operation and accuracy should be demon-
strated before installing a finished system that would include an on-site
computer, printout equipment, clogsed circuittelevision, control and operat-
ing consoles, ete, This limited contract was completed and reported by
Epsco inMarch 1964 (2). The results were disappointing in that target ac-
curacies werenot achieved and physical plant condition and much of its de-
gign were marginal at best.

To rectify the physical plant deficiencies and attainwhat were considered
reasonable goals, 'Post Part A" was proposed by the Department--to be
performed by the Department. This proposal was approved by the FHWA
in September 1963. Its purpose was to improve the accuracy, reliability,
durability and safety of analready existing measurement gystem., Post Part

. A was completed in February 1965 with a greatly improved, much more ac-

curate system. On thebasis of the Post Part A results, the FHWA approved
continued progress on the project (3).

The Department prepared complete specifications for a Part B phase,
and invited proposals from a number of concerns engaged in electronic sy-
stems work. Part B requirements included replacement or configuration
modification of most of the breadboard system components necessary to the
fully automatic systems.

In December 1964, the Part B contract was awarded to Philco-Ford
Corp. They began their work on the system in March 1965 and completed
it in February 1966 (4). '

At the completion of Part B, the Department initiated the final phase
of the program, Part C. This consisted of an extensive period of research
in the operationof the system to study and improve its functioning by mak-
ing any necessary modifications, developing operational procedures, and
obtaining a comprehensive quantitative definitionof all system measurement
capabilities. This report describes the present state of the system with
recommendationsg for future research and development.

ACHIEVEMENTS OF OTHER AGENCIES

A vastamount of work hasbeen performed on in-motion weighing since
the pioneerShirley Highway installation by Normann and Hopking (5) in 1951.

-11-




A score of states have worked on various aspects of the problem, An equal
or greater number of commercial concerns have reported on their activities
in the area orhave equipment commercially available., Many foreign coun-
tries have experimented with dynamic weighing and a few have actual in-
service installations.

A project of the University of Kentucky involved the construction, in-
stallation, testing, and performance analysis of three types of dynamic
electronic scales; the Taller-Cooper, the Broken Bridge, and the Beam
Type scale (6).

The Center for Highway Research, University of Texas, has reported
on a portable electronic scale for weighing vehicles in motion (7).

European weighing systems have been installed; in particular, in Great
Britain (8), Germany (9), and Sweden (10).

A portable weight transduce r was developed by the Texas Highway De-
partment in cooperation with the University of Texas. In 1968, after im-
provements and modifications, a satisfactory product emerged (11).

Most of this workhas concernedinstallations of the load-cell-supported
platform type of scale. There have also been studies with strain gage in-
strumented platforms, and broken-bridge type load cell supported plat-
forms, plus a number of analytical studies which have attempted to estab-
lish mathematical models and definitions for the dynamic scale ~ vehicle
interrelationship. The majority of these studies have considered load cell
supported platforms, involving commercial, educational, and governmental
agencies both foreign and domestic, and have all been similar in approach,
have encountered similar problems, and have produced similar conclusions.

-12-
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TECHNICAL DESCRIPTION OF THE SYSTEM
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Figure 3 should enable the reader tobetter understandthe various sub-
systems and their function in the total system operation. It is a physical
layout of the entire system showing all system components and their loca-
tions alongthe pathtaken bythe vehicle being weighed, measured, and clas-
gified. Tt also shows the site configuration of the standard Michigan weigh
station into which the system was incorporated, and thenon-standard bypass
lane that was added.

Figure 4 is a functional block diagram of the weight, dimension, and
survey subsystems, showing their functional components and the intercon-
nections between the components.

The reader is advised to pause at this point and study Figures 3 and 4
as familiarity with them will greatly enhance understanding of the technical
description that follows. Additional photographs of system components are
located in the Appendix.

SYSTEM ELEMENTS

The overall, master system consists of four functional subsystems
which are located in four separate areas as shown in Figure 3.

1) Evaluation Path - contains all sensors required to measure vehicle
parameters (Fig. 5).

2) Shoulder Enclosure - contains necessary electrical power distribu-
tion panels and electronic signal conditioning equipment, It is a terminal
for signal and power cables between the sensors and the 1,400 ft of buried

cable to the scalehouse (Fig. 6).

3) Scalehouse - an all-season building used by the weighmaster, It
contains the weigh bar for the mechanical scale adjacent to the building,
along with office space, rest rooms, and a basement. A radio communica-
tion system, telephone, and PA system are also provided for the proper
operation of the facility, It also contains the system control console, com-
puter, and other input/output devices (Fig. 7).

4} Vehicle speed and classification sensors - located on abridge 1~3/4

miles west of the weigh station, their signals are transmitted back to the
scalehouse through buried cable (Fig. 8).

-15-
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Figure 7. Scalehouse and
mechanical scale for static
axle weighing.

Figure 8. Vehicle speed and
classification transducers (1/4
mile from the scales).
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Figure 5,

Vehicle evaluation path.

Figure6. Shoulder enclosure
serving as the junction and
distribution point for all eva-
luation path power and signal
circuits, and containing power
supplies, amplifiers, and sy-
stem preprocessing equip-
ment.
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The overall, master system consists of four operational subsystems,
as well.

1) Vehicle sensing transducers -

a) Four platform scales having four load cell transducers each,
for the dynamic weighing of individual truck axles.

b) An array of infrared sources and detectors for the dynamic
measurement of vehicle width, height, and length dimensions.

¢) An array of infrared sources and detectors for determining the
number and location of axles under dynamic conditions, and to insure on-
scale weighings only.

d) An ultrasconic transceiver installation surveying freeway traf-
fic. Measurement parameters are vehicle speed and classification (car or
tI'U.:Ck).

2) S.ystem Control -

a) A control console permitting the on-site weighmasterto operate
and monitor system status.

b) Electronic logic, and equipment which transforms the trans-
ducer signals into digital codes fortransmission to computer. This system
monitors the operation of the system transducers and indicates any mal-
functions.

3) The Computer -

a) Reads data obtained from system control, upon command, and
makes decisions as to whether a vehicle is legal.

b} Informs the weighmaster of its decision and directs the driver
to return tothe highway or tothe mechanical scales for static weighing and/

or dimensional checks.

¢} Monitors all transducerand control activities, up~dates its own
internal clock, receives and transmits status commands tothe weighmaster.

—-19-




4) Input and Output Equipment -

a) Asurvey console permitting magnetictape recording of visually
sensed and manually entered vehicle data for off-site analysis.

b) The weighmaster's control console.

¢} Computer controlled teletype for printing vehicle data. It can
also be used to input computer commands. This device is also used for
program development when the system is not in operation.

d) Computer activated traffic control signs.

e) A digital magnetic tape unit for storing vehicle data, program
development, and program input,

f) A closed-circuit television system which allows the weigh-
master to observe the vehicle evaluation path approximately 1/4 mile away.

g) Avehicle speed and classification console which includes equip-
ment necessary to calculate, display, and record speed and vehicle type
information for each of two traffic lanes.

SYSTEM OPERATION

In order that the reader may have a functional concept of the system
objectives, a brief peneral description of normal system operation is given,
followed by some more detailed explanation of individual components.

When the final axle of a truck passing through the evaluation area, de-
lineated in Figure 3, leaves the last (fourth)scale platformthe system com-
puter makes a real-time computation todetermine the truck's status; "legal"
or "illegal.' The computeris programmed suchthat oversize or overweight
trucks are directed to the lane leading to the mechanical scales where the
vehicle is statically weighed or manually measured (such measurements
are necessary because in-motion measurements arenot yet legally enforce-
able}. If a truckleaving the evaluation path is fully legal it is directed to a
scalehouse bypass lane which routes it directly back to the freeway.

When a violation is detected, the computer controlled teletypewriter

produces a hard-copy printout for the scalehouse operator (weighmaster)
prior to the arrival of the violating truck at the scalehouse. In addition,
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the weighmaster may obtain a hard-copy printout for any of the legal vehi-
cles by depressing the HARD COPY swiich on his conirol console. '

The system is designed for the operation of the weighing and dimen-
sioning subsystems separately or together, A truck is measured for maxi-
mum length, height, and width on the bhasis of the interruption pattern it
presents toa vertical and horizontal infrared light beam array placed in its
path. Thirteen horizontalbeams areused todetermine the maximum height
of the truck. Similarly, 72 verticalbeams areused to determine the maxi-
mum width of the truck. In addition, the center 10 vertical beams (five
from the left, five from the right) are used in measuring truck lengths.

The weighing function ofthe system is accomplished by four electronic
scales whichare situated at center-to-centerintervals of 10, 20, and 40 ft.
All scales are 12 ft wide. The firstscale encountered by a vehicle ente ring
the system is 9 ft long in the direciion of vehicle travel. This scale can
determine weights of vehicle undercarriages incorporating up tothree axles
(singles, tandems, and tridems). The three remaining scales are each 3
ft long and determine single axle weights only.

A pair of tii‘e—actuated, photoelectric switches are located on the sur-
face of each scale platform to provide a basis for determining the location
of axles in the system, the number of axles, the axle spacings, the vehicle
speed, and the initiation of vehicle length measurements. A ninth switch
located infront of the firstscale provides for system turn-on when actuated
by a vehicle's steering axle.

A vehicle speed and classification system, entirely separate from the
weighing and dimensioning systems, was installed to classify all westbound
vehicles as to car or truck and as to speed., The sensors for this system
are located on the underside of a bridge approximately 1-3/4 miles down-
stream from the main system. Two sensors, detecting speed and height
(high-low) are located in each of the two lanes. They are unobtrusive and
were placed at this location sothat the trucks leaving the main system have
more than sufficient time to return to their normal freeway speed.

Weighing Subsystem

Size and number of scales - One 9-ft and three 3-ft platform scales,
all 12 ft wide and centered ina 16-ft lane, comprise the weight sensing ele-
ments of the system. The narrower 3-ft platforms are located after the
wider platform, respectively, on 10, 20, and 40-ft centers. The original
purpose of these spacings was to cover the range of dynamic effects to be
expected from vehicles traversing the system,
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Load Cells - Axle load forces are sensed by straingage load cells sup-
porting the scale platforms at each of the four corners. The analog output
signals from each cell are series-connected and the resultant signal is
transmitted tothe data collection and computing equipment. TLoad cells are
individually excited, by floating power supplies, which provide 10 v.d. c.
excitation to each load cell. Scale No. 1 is only half as sensitive as each
of the otherthree scales, This is required due to the wider scale platform
which may bear two or three axles simultaneously; the narrow scales will
never bear more than one axle at a time. This reduction in sensitivity is
accomplished by using half the signal amplification provided for in the other
three platforms,

Weight Sampling - Whenever the scales are active, i.e., there is an
axle inthe system, the system multiplexer connects each scale output to the
analog-to-digital (A/D) converter once every 1.2 milliseconds. The A/D
output signals, with their scale identification, are then transmitted to the
computer where they are stored until the scales hecome inactive, at which
time an average weight is computed. If the number of samples from any
scale exceeds 96, those taken after 96 are discarded. When vehicles are
traveling at 5 mph or slower, the 9-ft scale (No. 1) is the only one seeing
an axle long enough to be affected by this limitation,

Surface Switches - Tire-actuated switches at or near the tire-road in-
terface are necessaryto indicate when anaxle is fully onthe scale platform.
These switch sipgnals control the manner in which weight signals are han-
dled by the rest of the system, and thus are critical. After experiencing
difficulty and lengthy delay attempting todevelop a strip-type switch embed -
ded in the scale surface, the strip concept was abandoned and eight photo-
electric switches were assembled and installed; one each at the leading and
trailing edge of each scale platform.

With only minor problems, these switches provided satisfactory ser-
vice during good weather. They were inoperative whenever the pavement

was wetbecause waterdroplets would produce falsetire oraxle indications.

Dimensioning Subsystem

Width - The width measurement of the vehicle movingthrough the elec-
tronic scalesystem is accomplished by the interruption of up to 72 infrared
light beams from sources in a pit, aimed at 72 detectors mounted on an
overhead truss. The 36 right and 36 left detector signals are converted to
a12-bit gray code using integrated circuit logic components. This informa-
tion is retained untilafter the vehicle passes through the system and is then
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input tothe computer. The computer program utilizes a gray code equiva-
lence table, where the distance from the platform center to each outermost
interrupted detectoris obtained; the sum of these two distances is the vehi-
cle width. '

Height - The height of a moving vehicle is measured by 13 vertically
mounted infrared light sources and detectors which produce a horizontal
light beam array. Light sources for this array are contained in two enclo-
sures mounted to the left vertical member of the overhead truss and the
detectors likewise are in two enclosures on the right vertical member of
the truss. The 13 detector signals are converted to a 4-bit gray code and
transferred to the computer. A height equivalence table is again used to
determine the vehicle's height; depending upon the highest beam that was
interrupted. The width and height detector systems were found to be so
sensitive that mirrors, exhaust stacks, and protruding ropes were being
included inthe measurements. To overcome this unwanted sensitivity, the
system was altered so that when a vehicle's steering axle interrupts the
first photoswitch on the surface of Scale No. 4, the height and width beams
are all reset. The spacing is such that whenever a vehicle's front axle
reaches the scale switch, any mirrors or stacks are already through the
arrays and are not included in the final measurement,

Width and height increments - The incremental distances between width
beams vary from 6 in. apartfor the first three beams from center, to 3 in.
apart for the next four beams, to 1-in. intervals for the next 24 beams, to
3 in. for the next four, and finally, 1 in. for the next two. The furthest
vertical beams are located 6 ft 2 in. from the center of the platform.

The beams for height detection are located from 6 ft to 13 £t 10 in. above
the surface of the roadway. The lower eight detectors are spaced at 1-ft
intervals and the upper five are at 2-in. intervals.

Length - The center 10 vertical width beams are also used to detect the
front and rear of the vehicle as it rolls through the light array. TFrom the
time required to pass through the array and the average speed of the vehi-
cle, determined by the computer, the length of the vehicle is calculated.

Axle Spacing - The computer program calculates the speed of each axle
of a vehicle by the formula:

D(3-4)
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where:

Si = gpeed of axle i

D(3.~4) = distance between leaving edge of Scale Nos., 3 and 4
T4i = event time of axle i leaving Scale No. 4

Tgj = event time of axle i leaving Scale No. 3

After the last axle of a vehicle crosses Scale No. 4, the computer de-
termines the average vehicle speed from the individual axle speeds. The
last axle is recognized by the computer by virtue of its counting each axle
as it enters the system and then counting the axles again as they leave the
system.

For each axle after the first, spacing is calculated between two adja-
cent axles by the formula: '

dj = Sj (Tai - T3i)

i = axle spacing between axle i and axle i +1

Si = axle speed

T4i - Tg; = event times of axle i andaxle i + 1, respectively, crossing
the leaving switch of Scale No. 4.

The computer then checks the vehicle for axle weight violation, If the
axle spacing is less than 9 ft, this axle is classed as the second axle of a
tandem pair. In this case, it addsthe weights of this and the preceding axle,
and checks for a tandem axle weight violation. The legal limits stored in
the "Limits File' are such that one tandem pair may be greater than 26,000
1b but not over 32,000 lband all other tandems must be less than 26,000 1b.
Single axles are not to exceed 18, 600 1b.

Computer Subsystem

Pre-Processor - The pre-processor transforms the data obtained from
the weight,dimension,and vehicle sensing transducers into a form that can
be input into the computer, Its elements are mounted in a 7-ft high cabinet
in the shoulder enclosure on the north side of the scale area (Fig. 4).

These binary coded digital signals are amplified and transmitted over

the 1,400-ft cable to the scalehouse where they are input to the computer
through its input-output junction box. In the reverse direction, the pre-
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processor accepts control signals from the computer to coordinate opera-
tions and clear local storage of data.

Computer Hardware - The system computer is a Scientific Data Sy~
stems (now Xerox Data Systems) SDS 92 general purpose computer with in-
put-output buffer and integral console. The machine cycle time is 1.75
micro-seconds. It hasa core memory of 4,096 12-bit words, a basic 6-bit
I/0 channel with channel interface and two I/Qinterrupts. Inaddition, there
is a junction box with a 12-bit extender providing: a) 3 groups. of 24-bit
parallel input, b) one 24-bit parallel output, c) eight single-bit sense line
inputs, and d} two priority interrupts (Fig. 93).

Computer Software - The automatic weighing and dimensioning system
software is a highly modular, self-contained programming system. The
elements of the programming system may be classified in several ways.
The system specifications are grouped logically by:

a) Input-Output Specifications - where all communications with the
outside world are defined.

b) File Specifications - where the content and format of the various
classes of dataare defined at the benchmarks of their life in the computer.

"¢} Program Writeups - defining the functions of the various program
modules of Group a; and as they manipulate the data in and out of the files
defined in Group b.

The automatic system occupies nearly all of the 4,096 words of core
memotry. About three-fourths are required for programs;and the remainder
forstorageareas. The physical groupings may also be des cribed functional-
ly as follows:

d) The System Start-Up Process prepares the programs and files for
system operation, clears the volatile files, and leads the weighmaster
through the start-up sequence. This program is in the Magnetic Tape Out-
put Buffer Locations; hence, it is cventually destroyed after having fulfilled
its start-up functions. '

e) The executive and I/0 Group handles the 'dialogue' hetween weigh-

master and computer, with the EXEC subgroup attending to the control and
sequencing of all major tasks performed by the system.
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f) Certain General Subroutines (e.g., the Binary to BCD Conversion)
are storedin the computer memory; the difference between subroutines and
processes is not distinet, so an arbitrary definition has been made.

g} The Non-Volatile Files are tables of constants or lists of texts that
are assembled with the programs, and do not change during normal opera-
tion.

h} The Volatile Files are those data storage areas that are in astate
of constant change; the format of the data is maintained, but depending upon
the file, and the level of activity, the contents of one of these files may com-
pletely change withina few millise conds or remain stable for several minutes.

i} Scratch Pad Memory is a 31-cell portion of memory with two uni-
que features: 1) instructions that accessthis area require only one memory
cell for storage of the instruction, and 2) scratch pad memory accessing
instructions require one less machine cycle for their execution than do full
memory accessing instructions. :

Functional Description - Thereare two principal computer options ne-
cessary to the operation of this system:

1) The junction box, with extender, permitting the computer to receive
data from the electronic subsystems,

2) The system priority interrupts, telling the computer when to read
data from the electronic subsystems. The system priority interrupts, in
order of priority are:

a) Valid Weight Interrupt ~ generated when there is anaxle on that
scale and the weight sample has been converted to a 12-bit BCD number.

b} Clock Interrupt - generated by the Master Clock logic every
1.2 millise conds.

When the system is inactive (i.e., no vehicles passing through the in-
strumented area) the computer cycles throughthe EXEC loop (Fig. 10) look-
ing for tasks to be performed. Once every 1.2 milliseconds the clock in-
terrupt is received by the computer, interrupting the program in progress
and causing a branch to the Clock Interrupt Routine. This routine reads
one word of status data through the junction box and stores this word in a
small file area reserved for this purpose. The routine then branches back
to the point of interrupt and continues with the normal instruction sequence.
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Later, the Clock Process (withthe Scale Process) called several times
each cycle by the EXEC, finds that the Clock Interrupt has occurred. This
process then updates the Internal Clock, a set of cells in which a count of
the number of Clock Interrupts is maintained. The formatis such that clock

 time is maintained tothe nearestunit of 1.2 milliseconds, but also includes

the year, month, day, hour, and minute. The data bits contained in the
status word read in response to the Clock Interrupt are then examined. It
is this word thattells the computer when a scale is occupied or when a vehi-

“cle is passing through the light array.

Now consider a vehicle entering the instrumented area. The first in-
dication to the computer is a Valid Weight Interrupt, generated when the

vehicle's steering axle has just rolled onto Scale No. 1, and the multiplexer

has switched the input of the A/D converter to the output of the Scale No. 1
load cells. The computer responds to this interrupt in the same manner
that it responded to the Clock Interrupt, except that the branch is made to
the: Scale Interrupt Routine. This routine reads the same status word that
was read bythe Clock Interrupt Routine, but, in addition, reads the weight
sample output of the A/D converter. The two words of data are then stored
in a pair of file areas. Then control is again returned to the program that
wag interrupted.

The Scale Process is called several times each EXEC cycle to check
for Scale Interrupt data. When it finds that such an interrupt has been re-
ceived and has "serviced''it, it: a) converts the A/D converter output from
the 3~digit, 4-bit BCD form to binary, b) extracts the scale identification
from the status word, and c) adds the binary sample to the summation for
that scale, and increments the count of that scale's samples.

This sequence is continued until the Clock Process finds that a scale
has changed from the active to the inactive state, implying that a wheel is
about toroll offthe scale. The Clock Process thenpicks upthe sample sum
and count from the Sample Sum Buffer, and moves the data to the 20-axle
storage file. Those cells reserved for that scale in the Sample Sum Buffer
are then cleared in preparation for the next axle to roll onto that scale.

When the EXEC finds that a new entry has been stored in the Scale No.
4 area ofthe 20-axle storage file, it "knows ' thatthe axle has crossed each
of the scales. Accordingly, it branches to the S4FLAG program. S4FLAG
computes the average weight of the axle, and stores it in a working truck
record (Fig. 11). The speed of the axle is also computed from the length
of time that was required for the axle to traverse the known distance from
the trailing edge switch of Scale No. 3 to the trailing edge switch of Scale

~29.




“o01yeA Jo A31reSe] pue sySrom o[Xe JUBI[NSSI SOUTWILISP HYIAFS - weidoad weysss -1 eIndid

ov4
NOILYI0IA
LHOI3M 138
A N
187 coo'ZE Z NOILISOd OL i 8100092 / LHOIEM 3V
N[ NYHL 5331v3uo g8 HOLIMS L3S A NwHL mu._.qmzo\ W3IANVL D1V
] QH0D3H QUUNHOM NI
Fwwuﬂ JHOLS ¥ ONIIVAS
N , \ 37XV O1vD
938 ONINHOM .

NI 9%14 2 NOILISCd OL
3IXVY SS3IIKI ¥ v HOLIMS L3S
321SHIA0 L3S

ads 1Xv Ni avon aHo23d
WAS Tvilyvd Ol 3IWOLS ¥ A33dS $S0OH OL ININHOM NI
Q334% adv 37XV D1vD LHOI3M aav LHOI3M 3HOLS
€3vs
_ N A
9% 14 NOILVIOA ﬁ 4 AAVAH / LM 3TIXY \ & SIAXYV / AINNOD
LHO13Mm 13S >/ 001 “._._x<\ 379NIS DY N f ANVIN QOL \ 3V dWNE

YMS VS

‘D14 WOHd

1
o
[1p]

'




I i
k K

¢
N
i
L
Lol

No. 4. (The Internal Clock time is stored in the 20-axle storage file when
the sample sum and count is stored for a Scale No. 3 or Scale No. 4 axle
passage. )

The Clock Process alsochecks forany changes in the center ten verti-
cal beams of the infrared array (referred to as length beams). The pro-
graimn stores the Internal Clock Time of array interruption and array re-
storationfrom the previously computed axle speed and the total time of array
interruption. A time estimate is nade as to when the end of the vehicle
should be just past Scale No. 4. When the Clock Process finds that the In-
ternal Clock matches the time estimated for the end of the truck to pass
Scale No. 4, the program sets a flag-bit in memory, declaring end-of-
truck. The EXEC, finding this bit set, branches to the TRKEND process
(Fig. 12), completing all of the processing required for the truck. It then
moves the working record toa file containing space for eight historical re-

~cords, checks forviolations, and outputs signals that increment serial num-

ber counters and set violation alarms if required, TRKEND also leaves
indications set if hard-copy or magnetic tape output is required, and pre-
pares the system for the next vehicle. As long as 15 ft or more of space
ig maintained between vehicles, this system has notrouble segregating data
for separate vehicles.

Operation Modes

Normal Mode - This is the mode of usual or "mormal' operation. It is
an operator-monitored, fully automatic operation for bypassing legal vehi-
cles and sorting out and stopping the illegal vehicles--anormal weigh station
operation effected as follows:

1) The gore signal switches are both in the "out' position so that all
vehicles are directed into the bypass lane, except when the computer sets
the signal to direct a violator to the scalehouse.

2) If the computerhas detected a weight or dimension violation: a) the
audible alarm sounds, b) the OVERSIZE and/or OVERWEIGHT button lights,
c) the overhead gore signal directs the violator to the scalehouse lane, and
d) the typewriter begins printing out a hard-copy record for the vehicle,
containing the width, height, length, gross load, single axle weights, and

"spacings (Fig. 13).

3) To correctly respond tothese outputs, the weighmaster should: a) turn
off the audible alarm by pushing the SIG-OFF/RESUMEbutton (Fig. 14},
b) push the lighted OVERSIZE and/or OVERWEIGHT button afterthe violator
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Form 2263

STATE OF MICHIGAN
DEPARTMENT OF STATE HIGHWAYS.
WEIGHMASTER SECTION

NUMBER DATE T TIME
WIDTH HEIGHT LENGTH GROSS LOAD
AXLE WEIGHTS:
A B: _C D E: F G
H: e el K L M: N
AXLE SPACINGS:
A: B: C D E: F G
H: | J K L: . M N
REMARKS:
TRUCK TYPE
Co. ADDRESS
DRIVER ADDRESS
WT. HT: FT. iIN. EYES HAIR SEX____ LICENSE
TRUCK UNIT NOS.
LICENSE SEMI TRAILER TRACTOR SEMI TRAILER
ORIGIN DESTINATION COMMODITY BILL NO.
SPV: YES NO WARNING SUMMONS NO.
DISPOSITION: SHIFTED TRANSFERRED EQUALIZED PROCEED ___
TIME RELEASED M, TIME HELD HRS. MIN,

REMARKS:

@0@@@@@@@@0@@@@@@@@@@

the lower portion is completed by the weighmaster.

-33-

Figure 13. Vehicle data listing sheet. The upper portion is filled-in by the system,
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is committed to the s calehouse lane, to returnthe gore signal to the control
£7 of the computer {care must be exercised not to push this button when a fol-
[ lowing vehicle is too close to the gore, thus creating confusion in the mind

of a driver as to which lane he should take), c¢) when the hard-copy form
“ has been compleied, tear off at the perforation and fill in additional infor-
£ mation as required. Thig includesthe static axle weights in the blanks be-
low the computer entered values. Driver and vehicle informationis entered
only if a ticketis tobe issued. (Some vehicles which appear to the automa-
tic system to be in violation will be legal when measured statically).

T

‘i{ 4) To check the operation of the system: a) push HARD COPY button
on the weighmaster console. This will cause a hard-copy record to be
printed out for the next vehicle passing through the instrumented area, b)
push the gore signal TO SCALEHOUSE button on the console to bring the
next vehicle into the gcalehouse lane, c) when the selected vehicle is com-
mitted tothe scalehouse lane, switch the gore signal back to computer con-
trol. This vehicle may then be weighed or measured at the scalehouse and
the results compared with the hard-copy. If desired, the hard-copy may
e be requested for more than one vehicle, but the HARD COPY button must
[ be pushed after each vehicle rolls out of the instrumented area if hard-copy
| is wanted for the next truck (or the button maybe held in for as many trucks
as desired).

5) On occasion, the computer may declare a serial number error.
This occurs when the Serial Number Counter does not agree with the serial
number maintained in the computer's memory. When a serial error has
been declared, the audible alarm sounds, and the SERIAL ERROR button is
lighted. Release the alarm by pushingthe SE RIATL ERROR button, andthen--
holding the switch depressed--set the correct number into the Serial Num-
ber Counter by pushing one or more of the small buttons to the left of the
[ counter (eachbutton controls a single digit of the counter and a single push
ti"J of a button advances the corresponding counter digit one unit), When the
_ counter is corrected, push the SIG-OFF/RESUME button and release the
Ei 5 SERIAL ERROR button.

Survey Mode - The Survey Mode is an expansion of the Normal Mode.
To the vehicle traversing the system the operation appears identical, or
"normal'; however, where the normal mode takes only vehicle measure-
‘ ments and weights, and only retains data on illegal vehicles (in the form of
A the hard-copy printout), the Survey Mode gathers more facts on the traver-
sing vehicles and all data, whether fromlegal orillegal trucks, are record-
ed on magnetic tape.

e
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During performance of this mode, the survey console is used by an
operator whovisually senses certain truckinformation, enters it inthe con-
sole keyboard, and thentransfers itto magnetictape for later merging with
the automatic measurements taken on that truck.

The system is switched tothis mode by depressing the SURVEY switch
on the control console. When thesystem is switched to this mode, the bot-
tom serial number on the survey console will be one unit greater than the
number on the control console. When the next vehicle leaves the instru-
mented area: a) the weighmaster console's serial number counter advances
so that it matches the bottom number on the survey console, b) the Trucks-
Held counter advances from zero to one, showing the number of vehicles
that have rolled throughthe instrumented area but have not had survey data
reccrded for them. As more vehicles enter the system, each of the above
actions occur. The serial number counter of the latest vehicle to leave the
ingtrumented area is lit, as is the button beside it, and all of the serial
number buttons below,

To input survey datafor a vehicle, a) push one button ineach data group
on the survey console. More thanone button may be pushed for the Spread-
Tandem group only. If none of thedata in a group apply to the vehicle being
surveyed, push the "other' button in that group (the most efficient way to
fill the board is to work from right to left), b) push the button beside the
serial number assigned to that vehicle, and c) push the DATA TRANSFER
button. If at least one switch has been pushed in each group, the DATA
TRANSFER button lights, signifying that the computer will accept the data,
dj after it accepts the data, the computer will release all the switches.
Simultaneously the serial number for that vehicle will be removed from the
survey console counters, all numbers above will drop to the next lower
position as will the corresponding lights, and the Trucks-Held counter will
drop back one unit.

It is important to note the serial number for each vehicle as it passes
out of the instrumented area. During periods of high truck volume the tele-
vision monitor will assist with this, since a vehicle will be in view at the
time its serial number appears on the counter onthe control console (direct-
ly below the monitor). It is expected that some errors may occur in this
process, but every attempt should be made to input survey data with the
correct serial number.

Serial Error conditions are much more likely in this mode than in the

Normal Mode. To clear the error condition, release the audible alarm by
pushing the SERIAL ERROR button onthe control console. The serialerror
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may be eitherin the control console counter, or in one or more of the sur-
vey console counters (or in both consoles). All of the counters, including
the Trucks-Held count, must be checked againstthe serial number printout.
Whenthe errorhas beenlocated and corrected, push the SIG-OFF/RESUME
button to clear the serial error condition.,

To collect magnetic tape records of processed trucks without the sur-
vey data: a) do not switch survey console on, b) operate gore signhal under
computer control (both switches pulled out as in Normal Mode), c¢) mount
data collection tapes as inSurvey Mode, d) switch intoSurvey Mode and type
in a New Tape message,

Survey-Standby Mode - The Survey-Standby Mode is the transition stage
between the Survey and Normal Modes. No new vehicles are added to the
survey console (either to the Trucks-Held counter or to the Serial Counter
lights), But, as long as the Trucks-Held count is not zero, survey data
may be input as in the Survey Mode. Data may be input for a vehicle only
when the button beside its serial number is lit.

When the Trucks-Held count goes to zero, the survey console shifts to
a different manner of operation. Each time that the Serial Counter on the
control console advances, all of the survey console serial counters advance
as well (but the Trucks-Held count remains zero). This feature makes the
Standby Mode a convenient transitionstate when going from Normal to Sur-
vey, since the serial number counters may be set up and the system opera-
ted in Standby until actually ready to go into survey operation.

The gore signals shouldbe under computer control except when collect-
ing survey data.

Raw Data Mode - This mode, again, is similarto the Normal Mode ex-
cept that all vehicle data including every weight sample are recorded on
magnetic tape during the passage of each vehicle through the instrumented
area, and hard-copy is not printed out during the period that raw data are
being written on tape. However, after a tape has been filled, and until the
weighmaster types in a New Tape message, a hard-copy will be printed for
violators, and the system will act in every respect like the Normal Mode.

While in Raw Data Mode, the gore signal may be operated under com-
puter control. Violations will be signalled in the normal manner and the
gore signal will be switched automatically todirect the violator tothe scale-
house lane. The weighmaster will then weigh and/or dimension the sus-
pected violator as usual, with the exception that there will be no hard-copy
printout to which to refer.
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If a serial error occurs, no serial number printout will be produced,
sothe weighmaster will have to either estimate the correct number or switch
to Normal Mode in order to get a printout. The computer checks only for
multiples of 10, so if the right-most digit of the serial number counter is
8 or 9, advance the counter digits to the next multiple of 10 and push the
SIG-OFF/RESUME button. If this does not correct the situation, switch to
the Normal Mode to get a printout.

Peripheral Equipment

1) Magnetic Tape Recorder. The tape transport operates at a speed
of 75 inches per second and has packing density options of 556, and 200
characters perinch (556 characters perinch was selected as the most suit-
able for this system). The tape is 1/2-in. Mylar-base material, 1.5 mils
thick, Tape reels contain up to 2,400 ft of tape. Characters are recorded
on tape inseven parallel tracks. Six of the tracks contain information, the
seventh track is a parity check.

2) Teletypewriter. The ASR-35 teletypewriter is the communication
link between operator and computer. Its input/outputtypewriter is used for
operator control, system start-up, error and status messages, and hhrd—
copy printout. Its paper tape input/output unit is used to input test pro-
grams. One-inch wide paper tape is used, providing space for eight data
holes and a sprocket hole in each frame of information; six hole positions
for information, one for an odd parity check, and the eighth is unused.
There are ten frames per inch of paper tape.

3) Weighmaster Console. The weighmaster console (Fig. 14) is located
in the scalehouse near the weighmaster to facilitate his control of the sy-
stem. Various control switches and indicators are located on the console
face panel. Two separate control switches turn onthe powerfor the dimen-
sion orweight subsystems. Controls are provided for operation of the tele-
vision cameras. Status indicators alert the weighmaster to system mal-
functions. An alarm buzzer with corresponding light indicator alerts the
weighmaster to overweight, oversize, or missed-scale vehicles. A push-
button switch silences the alarm, The gore signal controls permit the opera-
tor to bring vehicles to the scalehouse, or to bypass them back to the free-
way, or if placed in automaticoperation to bring only illegal vehicles to the
scalehouse, bypassing all others. The signal in the scale bypass lane oppo-
site the scalehcuse can be activated to direct trucks in the bypass lane to
return to the scalehouse. Computer-linked switches are also provided for
any one of five modes of operation. They are: TEST, NORMAL, SURVEY
STANDBY, SURVEY, and RAW DATA. A HARD COPY switch causes the
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teletypewriter to produce a hard-copy printout for any legal vehicle. The
system is programmed so that it normally only produces hard-copy print-
outs for illegal vehicles., The KEYBOARD switch allows commands to be
input into the computerthrough theuse of the keyboard. The PAPER TAPE

‘switch allows computer commands tobe input via papertape. Finally, there

is an indicator showing the serial number of the last truck electronically
processed. Four pushbuttons to the left of the counter permitdigit reset
when desired.

4) Survey Console. The survey console (Fig. 15) is utilized when the
gsystem is operated in the Survey Mode. Each truck passing through the
electronicscale system has its assigned serial number, weight, and dimen-
sional data recorded on magnetic tape. The survey console permits the
addition of other pertinent truck data to be manually entered onto magnetic
tape against the same serial number assighed by the electronic system.
The additional dataare manually entered ontothe survey console by a mem-
ber of the survey team who observes the truck serial number and truck at
the time of its first appearance on the weighmaster console and the closed-
circuit TV. The survey console has two groups of swiiches or controls.
The first group, the truck data set, provides the actual input codes to the
computer. Thesecond group arethe congole operating controls which enable
the operator to turm on, set up initial conditions, transfer data, release
without data, and adjust truck serial numbers on the counter if an error is
detected by the built-in serial test circuit.

In addition to the truck data code, the console generates a command to
the computer to read the data and a serial number test signal to check the
real-time serial number. Upon receipt of data, the computer sends the
console a data-received pulse, which restores all depressed switches to
normal, advances the serial number of the unprocessed trucks, and deducts
one countfrom the Trucks-Held counter. The computer supplies two addi-
tional signals to the survey console: the serial advance pulse, advancing the
Trucks-Held counter or advancing the serial numbers if system is in Sur-
vey-Standby Mode; and serial error signal which provides a serial error
light indication and resets the counter stepper relays to facilitate the cor-
rection of the error.

In the normal operation of the survey console, the operator sets up the
gtarting conditions. These include turning onthe power, phasing the mech-
anical registers by depressing the START button, and setting up the serial
number of the trucks to be surveyed. The numbers will appear in ascend-
ing order with the lowest number at the bottom of the serial display. This
lowest number will be for the first truck to be surveyed and will always be

-39




I9ndwod 03 PaIILJsuBL] PUB A[[ENUEBW }3S 918 POJEOIPUl BIBD A[PTYPA

*BIBP UOTSUSWIP Pur 1US1om Yjim Joylefol adel o1leudew uo a8wI0]s juanbasyns I0I AIOUISUI

*a1osuod AsaIng ‘g1 2and1g

ﬂ

g13H SHONHl

ob
St

081

HIHLO HIHLO HIMOA || Tvid3s viva
JTPOIP | Epeislon) | RS | VR | T
H3iH) -
oLy bl-¢l @] 0]
o
g-2 INNS3H Jm_wmw
— =
21
_ WY 5 -0l H3HLO
[rmmmem— s | i :
20 0i-6 _ v-¢ || R b
[y N
ILYAId 6-8 ||mmem gy q-wmm_ c-¢ || Golmlr
SSY1D gy ||mammglcose || 2-¢ || bt
H3HLO 2-9 |[eam el | z-25c || ¢z || Enllimmb
P —s F | —
3NV LNG 9-5 lhri__ 15§ _ z z | | il bemle
HINYO s G-t .:B..-PJ;__ c-is¢ |} zse By
e = ——— -
73531Q v-¢ _-L.?.,rl%_ z-15¢ ISE i
SY9 -2 _W.IBJT&_T'NmN'_ gse || =~
— ered i
13n4 W3aONYL B...Tt_ ¢-eszf| zsz || =t
av3yds |
p!:.J.TQ_ z-zsz |l Isz =ty
—
N4 rm..?_ T_m.m& ¢ e
ToI L .Jur%_ mimm__ a-z || i deple
T | S | I Y bab
INIdv O
_ NOILYN9IS3A _
JdA1l FI2IH3A :

:@ﬁ @ @

(=)
ET T
B)

EOTT]
(=)

H38ANN T7IE3S
HoNndl

—40-



b
[
b

greater thanthat displayed on the weighmaster’s console at the start of the
survey, or ohe count greater if the survey is in progress but in the Standby
Mode, with no trucks being held for processing. At the start of, or on the
return to, the Survey condition, the first truck will cause the Trucks-Held
countertoadvance one count and the green counter will be illuminated. Each
additional truck will add anotherstep to the counterand cause the counter's
corresponding green light to actuate, until the entire group is illuminated.
Unprocessed trucks in excess of six will be counted, but their serial num-

‘bers will not be displayed. The survey console operator will manually en-

ter data for eachtruck by starting with the data input switches at the lower
right of the panel and progressively selecting the data switches until the
TRUCK SERIAL NUMBER switchis depressed. Transfer of the data to the
computer is then accomplished by depressingthe TRANSFER DATA switch.
The computer will read the code on this switch and then read the truck data
switches and send out adata-received pulse releasing all switches and clear-
ing the serial number of the processed truck. Under most conditions, this
serial number is the one appearing at the window of the lower left counter.
The clearing of this numberwill cause allnumbers displayed to shift down-
ward one step, and the top counter will increase by one count. If the truck
processed is in the middle of the display, the clearing and shifting process
will occur at that level and upward only, leaving the numbers below intact,
awaiting processing.

5) Closed-Circuit TelevisionSubsystem. A weatherproof housing with
heaters, blowers, and windshield wipers, located atop a 26-ft pole, con-
tains two Packard-Belltransistorized television cameras and the synchro-
nizing circuitry that enables a split-field display of the scale area scene on
a monitor mounted on the weighmaster's console. Although the split-field
display requires only one video cable, an altérnate cable is provided for
independent operation of the cameras on separate monitors within the scale-
house. Independent power and iris controls are provided on the weighmas -
ter's console, ‘

6) Lighting. Toprovide for nighttime operation, five luminaire towers
were installed. Two 400-watt mercury vapor lights were provided along
the approach lane to the scales and three 1,500-watt quartz iodide floods
illuminate the actual evaluation path. The poles for floodlighting, originally
50 to 60 ft high to conform to terrain, were reduced to 50 ft to facilitate
servicing. Also, platforms for use during light adjustment periods were
fabricated and mounted on the poles.

-41-
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Speed and Classification Subsystem

Reference to Figures 4 and 9 will showthat while many components are
shared between the weighing, dimensioning, and survey subsystems, the
Speed and Classification Subsystem is entirely independent. Neither its
sensors, transceiver, cables, nor console are in any way integrated with
other subsystems. The equipment is made by General Railway Signal Co.
and is the type used by traffic engineers for many years. It has known and
proven capabilities and limitations (Fig. 16).

Both speed and classificationare sensed by transducers mounted on the
underside of the Mt. Hope Rd bridge which overpasses the 1 94 traffic stream
being studied. Two classification (height) transducers are mounted on the
bottom flange of the fascia beam, one over each westbound lane, on the
freeway approach side of the bridge. The speedtransducers arealso moun-
ted over each westbound lane in a manner identicalto the height transducers,
but about 30 ft away on the leaving side of the bridge.

The reasons for locating the sensors 1.75 miles downstream from the
scalehouse were twofold: to locate where in the traffic stream the trucks
exiting from the scalehouse will regain normal highway speeds; and to use
a bridge mounting, so that the sensors and transceivers would be incon-
spicuous and, therefore, not disturbingto drivers. The Mt. Hope Rd over-
pass, being the nearest downstream, was selected.

_ The purpose of this subsystem is to supplement the data taken at the

weigh station; adding a total count of traffic by car, truck, and freeway
speed. Thereby, when coupled with the detailed information from the other
subsystems, providing the engineer with a complete pchure of the traffic
stream at the location in question.

Data recording is automatic, and counters can be read and reset at any
time interval desired. Originally, it was intended to automatically record
these data on magnetic tape along with weighing and dimensioning data for
off-site processing. This plan was abandoned because of the high cost and
because the principal interest in the experiment lay in the dynamic weigh-
ing and dimensioning of trucks. ‘

Vehicle Classification - Vehicle classification (car or truck) as deter-
mined hereis a functionof vehicle height. It is sensed by pulse echo rang-
ing transducers operating in conjunction with transceivers mounted nearby
on thebridge abutment. The system is field adjusted to categorize vehicles
as "high' or "low" with a 6.5 ft height as the separation point; i.e., any
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vehicle less than 6,5 ft high is defined as a car, and any over 6.5 ft as a
truck. The validity of this separation height was confirmed by experimen-
tation, '

Vehicle Speed ~ Vehicle speed is measured by the bridge mounted trans-
ducers whose associated transceivers are also mounted on the bridge abut-
ment. The system measures the Doppler shift of frequency of the reflected
energy when a vehicle moves throughthe cone of ulirasonic energy radiating
from the transducer. This unit, and alsothe classification unit, operate in
the high sonic or low ultrasonic frequency range; about 18 KHz.

Console - Informationfrom the detection giteis transmitted 1. 75 miles
back through buried cables to the computing and recording console in the
scalehouse., This vehicle speed and classification console contains analog
computers whichderive vehicle speed from the Doppler frequencies trans-
mitted over the cables; and in conjunction with the height classifiers and
level monitor, records speed information in two banks of electromechanical
display counters (Fig. 16), One bank of counters records data from low
vehicles, the other records data received from high vehicles. One of the
ten counters in each hank records the total numhber of vehicles in that cate-
gory. The remaining nine counters record vehicle speeds in ranges from
below 40 mph to above 75 mph, ih 5 mph increments. The eight classifiers
receive data for their operation from the transmission cable driven by the
height sensing units.

- Timing circuits in the height classifier connect the speed output volt-
age to the level monitorfor speed category classification., Suitable time is
allowed for the level monitor to assume the correct classification before
the count pulse is delivered through the level monitor relays to the display
counter. The height classifier also (on the basis of the position of the high
vehicle relay) routes the count pulse to the correct counter panel display.

Since two, height classifier-speed computer systems must share the
same level monitor and counter display facility, circuits in the height clas-
sifier are provided to cause one system to wait until the other system has
finished delivering its count. '
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This project was originally pfogrammed for completion in July 1966,
but because of the many unanticipated problems that occurred it was not
totally completed and tested until February 1970. All system components
and hardware were in place and ready for use, with one exception, at the
end ofthe Philco-Ford contract inmid-1966. That one exception, the scale
surface switches, was not a part of Philco-Ford's contract, so they bear
no responsibility forthe delays and problems caused by those units. In fact,
it is appropriate to mention here that the part of the project performed by
Philco-Ford was very excellently completed and none of the remarks made
here or elsewhere in the report concerning problems are meant to reflect
on the quality of their work.

The problem dis cussions that follow are presented so that those work-
ing on dynamic weighing and dimensioning systems for highway vehicles in
the future will be forewarned and thereby able to avoid them,

Structural Problems

At the time Part A was programmed, it was intended that the bread-
board aspect of the system would be confined to the electronic instrumen-
tation, and the physical system of scale pits and platforms would be finali-
zed for use in subsequent parts of the experiment. However, at the com-
pletion of Part A, Laboratory personnel concluded that Epsco, Inc., had
done an excellent job with the breadboard electronics but that the physical
system was very poor. It was thought that much of the poor system pre-
cision obtained could be attributed to physical system deficiencies; both
weighing and dimensioning.

In the first installation of the four scales into the previously prepared
pits, each platform consisted of two large I-beams with smaller I-beam
stringers placed between and welded to the webs and upper flanges of the
larger beams, Tor the large (9 by 12 ft) platform, the main beams were
21WF55 and eleven 12WF31 beams were used for stringers. The three
small platforms (3 by 12 ft) each had five 18WF45 beams welded between
two 21WF112 beams., Each of these assemblies was then covered with a
3/4-in. steel plate secured to the beams by intermittent welds along all
joints,

Load cells were bolted to the underside of the outer flange of the large
trangsverse beams at each end of the platform's four corners. The cells
were mounted with their load buttons down and bearing on flat hardened
plates secured tothe top of eafch steel-capped conerete support pillar. These
plates were secured after leveling the platform by placing shims between
them and the support pillar cap plates.
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An attempt to restrain the platforms in the longitudinal direction was .
made by inserting threaded anchors intoboth sides of the pit walls, drilling
holes through the webs of the large transverse beams, and then inserting
1-in, diameter rods--threaded at both endg--through the web openings and
into the anchors. These were then secured by tightening nuts on the rod
ends opposite the anchors against the inner surface of the beam webs.

Obviously, tightbning these bolts would place the platform and bolts in
a tension condition u}hich should prevent any appreciable movement in the
longitudinal direction. This technique, however, produced side loading in
the load cells due to foreces resulting from vehicles accelerating or decele-~
rating on the platform surface. The forcesbeing resisted ranged from very
low magnitudes for most vehicle axles to the order of 6,000 b for a locked~
wheel sliding tandem axle (assuming a maximum sliding friction coefficient
of 0.20 between tires and steel platform surface, and a 32,000-1b tandem
axle).

The platform assemblies received shop coats of paint at the time of
theirfabrication and the load cells were covered with a bituminous type seal
coat, Wiring was run through grease filled conduit and the platform-to-pit
joint was filled with a polysulphide sealant. This was the extent of anti-
environment treatment, ‘

These installations failed. Welds separated, tension rods loosened,
platforms rocked onthe cells, cells loosened and moved out of position, the
steel concrete pillar caps were pounded loose, platform-to-pit joints failed
and allowed salt water to stream in and the platforms became masses of
red rust, Under dynamic loadsthe platforms exhibited large amplitude vi-
brations, and the weighing accuracies obtained withthe system were erratic
and, in general, very poor.

To confirm that adverse system precision was at least partially a re-
sult of the inferior physical system, a series of tests were performed at
the site to determine exactly how the platforms were reacting when impac-
ted by a dynamic load, and after load application. Platform motions were
sensed bythe load cells and bylinear variable differential transformer type
motion transducers. Signals were recorded on a high speed oscillograph
with galvanometers whose response is essentially flatto 1,000Hz (Fig. 17).

As a result of these tests it was found that platforms were moving in
the horizontal plane as a unit and simultaneously vibrating at their struc-
tural resonant frequency in the vertical plane. These motions were com-
bining in sucha manner thatthe load cells under the platform corners were
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seeing anoscillatory applied load of approximately 60 Hz frequency, and of
an amplitude often exceeding 50 percent of the applied axle load. Conse-
quently, the load cell output signal that the electronic instrumentation was
attempting to sample and convert to weight intelligence, consisted of this
excessively oscillatory component super-imposed over the vehicle dynamic
weight signal.

‘At the completion of these tests alldata, together with system structural
plans, were turned over to the Laboratory's Structures Group for analysis
and recommendations on structural modifications to resolve the platform
vibration problem.

Acting upon the resulting recomméndations‘, a number of physical al-
terations were performed: |

1) Diaphragm stiffeners were positioned and welded between the webs
of the platform I-beam stringers.

2} Flange-to-flange stiffeners pe rpendicular to the web were added to
the I-beams that bear on the load cells, in the area of bearing, to prevent
molion of the flange with respect to the web, since the load cells are not
pogitioned directly under the web.

3) High capacity springs {4,000 1b per in.) were procured, and spring
mounts and anchors fabricated, for application of platform corner pre-loads
(including platform dead loads) from 5,000 to 7,500 1b.

4) A systemof transverse and longitudinal anchor rods was fabricated
and installed so as to restrict platform movement in the horizontal plane.

53 The platforms were subsequently hot-dipped galvanized and coated
with a petroleum base wax (Kencote-60). The concrete walls of the pits
were painted with several coats of epoxy paint, After platform installation,
a preformed polyurethane joint seal was inserted and a polysulfide surface
seal was poured in place around the edges.

6) The loadbearing columns under each platform corner, incorporat-
ing the load cells, were modified so as toprovide vertical adjustment capa-
bility and to preclude the possibility of side loadings being applied to the
cells (Fig. 18).

These modifications resulted in a significant reduction of the signal-~
distorting platform oscillations. Results of the accuracy tests are given in
Part IV, '"Data Analysis and Results. "
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Figurev 18. Interior of Scale No. 1 pit showing 4,000-1b/in. hold-
down springs, transverse anchor rods, and load columns.,

In the initial breadboard installation, electronic equipment was located
inside the scale pits. Although careful precautions were observed during
equipment installation, several component failures were directly attribut-
able tothe environment. Equipment was contaminated by moisture, chemi-
cals, and dirt. Thus, during the rehabilitation of the platforms all elec-
tronic equipment was moved to the shoulder enclosure.

Dimensioning System Problems

The dimensional accuracy obtained by the infrared curtains of Part A
was initially limited by the factthat the sensors were spaced at 3-in. inter-
vals. In addition, height and width measurement were adversely affected
by the fact that vehicle bounce, flapping tarps, etc., tend to bias height
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readings to the high side, and vehicle '"crab, ' a common vehicle charac-
teristic, tends to bias width readings to the high side. These tendencies
are predictable, and for height and width were substantiated by the results
of Part A. However, length measurements as determined in Part A were
disappointing in that the methodused intheir determination would have been
predictedto produce very good results. It consisted simply of summing the
spacing betweenthe extreme axles of a given vehicle and the front and rear
overhangs of that vehicle. And, considering that axle spacing was the sy-
stem's most accurate measurement, averaging about 75 percent of the total
length measurement, the large errors that occurred suggested either an
error in the computer program or length transducer problems. A study of
these two possible error sources indicated that the computer program was
correct, and thus, the trouble involved the transducers of the infrared sy-
stem., ‘

The detectors were cadmium selenide photo-resistors which have a
worse-case response of 10 to 100 millisecond recovery time. As a result,
data obtained from 104 vehicles showed an accurate length measurement
was obtained only 4 percent of the time.

Infrared light source housings failed due towater penetration. Attempts
to protect housings with gaskets, silicone grease, and plastic-filled cable
entrance fittings were fruitless.

Physical mountings for the infrared components of the height measure-
ment system were modified and re-installed in an attempt to determine the
feagibility of establishing an operative curtain with beams on 1-in. centers
as showninthe Appendix. Uponattemptingtoalignthe light sources and sen-
sors, it was found that the light sources focused poorly and gave a very
large, irregular shaped spot which impinged upon a number of sensors at
one time, and was thus completely unsatisfactory. This dictated either
modifying existing light sources or obtaining new ones. Before anything
could be accomplished in this area, the proposals for Part B had been re-
ceived and in each case the prospective contractor proposed complete re-
engineering of the infrared system. Therefore, any intervening work_ by
the Laboratory would probably have been of little or no value. As a result
of this proposed re-engineering, FHWA personnel recommended that this
portion of Post Part A be abandoned. That recommendation was accepted.

In Part B, theentire infrared dimensioning system was replaced. Light
sources and detectors were mounted within sealed, steel enclosures with a
glass front panel, and impinging sunlight onthe detectors was minimized by
the use of baffles protruding beyond the glass front (Fig. 19).
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The photo-resistive detectors were replaced with photo-voltaic mate~
rial having a response time of 10 micro-seconds. Heaters were used to
keep the glass clear of snow and rain and to keep the interior dry. Source
detector mountings were designed to facilitate their alignment. The per-
formance of this improved system is discussed in Section V.

Figurel9. Height measurementinfrared array.
Note baffles.,

Platform Surface Switch Problems

The two most serious problems encountered during this project, and
those that were primarily responsible for the lengthy delay in its comple-
tionwere: 1) the switches mounted on the surface of the scale platforms and,
2) numerous lightning strikes sustained and their resulting damage to the
system electronics.
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During the Part A phase of the project, a 5-ft long strip-type road
switch was installed in each of eight milled slots on the platform surfaces.
These switches were vital to system operation in that their openings and
closures were used for starting the system, calculating vehicle velocity,
measuring axle spacing, measuring vehicle length, and providing pulses to
inform the computer that axle weight samples were valid, i.e., that an axle
was fully onthe scale. Unfortunately, this system component was a failure
and despite a considerable amount of experimentation by Epsco a reliable
switch, of reasonable life expectancy, was never provided. To perform the
system operationand accuracy tests, it was necessary to use a short-lived
type of switchtaped toplatform surfaces, not installed in the slots provided.

The reader should understand that the function of these switches re-
quires atotal performance device. Each of the eight switches must actuate
and restore under each vehicle axle or the entire measurement chain for
that vehicle is voided.

On an average day, the system will handle 1,200to1,500trucks, each
having from two to eleven axles. This means that a total of about 120, 000
valid actuations and restorations are needed each day, or about 2,500,000
each month, Those familiar with electrical switches know that a mechani-
cally actuated switch of this capability is not readily available.

In an attempt to resolve this problem, Laboratory personnel contacted
the Tapeswitch Corp. (the only known manufacturer of long stirip type
switches) to obtain hermetically sealed switches, and the Laboratory's
Materials Research Unit was requested to obtain the best embedding mate-
rial available, Tapeswitches obtained were sealed in a supposedly moisture-
proof neoprene tube. They were placed in the slots in each platform sur-
face and a quantity of a polyurethane-rubber type joint sealant (designated
PRC 3000)was poured around each switch; fillingthe slotuntil aslight posi-
tive meniscus above the surface was formed. In spite of these measures,
moisture penetrated intothe switch mechanism. Thus, some ofthe switches
would not operate some of the time. Other designs and procedures were
also tried but proved unsatisfactory. The slots in the platform were deep-
ened in the hope of improving switch operation. An attempt was made to
obtain a solid-state switch from a manufacturer of such devices, but deli-
very was not achieved dueto failure to meet specifications., Other types of
polyurethane materials were experimentally tested. FElevated temperature
and vacuum curing of the various encapsulating materials were also unsuc-
cessfully tried, and although some techniques were more successful than
others, the switches could not be made to operate flawlessly for more than
a few days.
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Since the remainder of the system was operational, it was decided to
- replace the mechanical switches with photo~voltajcswitches similarto those
1) used in the dimensioning system.

: In 1968, Laboratory personnel designed, built, and installed a complete
= photo-cell system which operated satisfactorily. Although aware of the

limitations of this technique, due to snow and rain, it was decided to use
] this substitute system until another way could be found.

Lightning Strikes

b No damage by lightning had occurred during the Part A phase of the
project. This was probably due to the fact that no lighting towers had been
installed forthe electronic scale area, data transmission to the scalehouse
was through cables placed above the ground, and the electronic components
at the cable terminal were not susceptible to the effects of induced voltage
surges. Consequently, when specifications were being considered for Part
B, no special provisions were made for lightning protection other than the
usual grounding practices.

The electronic scale area is exposed to lightning activity because it is
slightly elevated above the surrounding countryside and barren of trees.

The first damage occurred shortly after completion of Part B, during
the period of April 22 toMay 5, 1966. A lightningbolt struck the aluminum
case of a luminaire, burning a 1/2-in. diameter hole through the case at
the impact point. From there, the charge traveled down the power line to
an open circuit breaker, arced across the open contacts and also to a nearby
control relay. TFrom the relay, the charge dispersed through the system
from the shields of the signal lines. The damage was extensive. Damaged
I components that were replaced included transistors, diodes, logic gates,
resistors, capacitors, relays, three load cells, and the luminaire. Total
o damages amounted to approximately $10,000. As a result of this damage,
‘J the ground resistances of the various structures were measured with the

’ help of the local power company. These resistances were not excessive but
o two 8-ft ground rods were added adjacent to each of the five luminaire
!f towers, the television tower, the infrared truss, and the lane sign mono-
J tube. After placement, the sixteen rods were connected to their adjacent
units with No. 1 bare copper wire. Then all units execept the truss were
I comnected to a 600-ft long buried No. 1 bare copper cable. Lighting and
" dimension relays were shielded topreventarcing. Lightningarrestors were
also added to the system.
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On July 30, 1967, the contactorfor both the quartz-iodide and mercury
vapor lights was demolished by lightning. Only one of the system's lightning
arrestors showed signs of arcing with probably the majority of the bolt surge
taking a direct path to ground through the buried ground rods and cable.

The weighmaster's console was damaged by lightning twice during May
and June of 1968. Damage also occurred many times in the parallel input-
output sections of the computer. A pictorialdescription is presented in the
Appendix, ‘

In order to alleviate damage from lightning, all cables between light
poles and television cameras were disconne cted from the electronic section,
Before leaving the site after test periods, the logic circuitry and weigh-
master's console were disconnected from the inter-connecting cables be~
tween scalehouse and shoulder enclosure. Also, if the system was in opera-
tion at the time of an approaching electrical storm, the above disconnects
were immediately made, These were temporary measures and are not a
desired solution.

Contact problems developed due to the frequent disconnects. In an at-
tempt to protect the computer input-output sections from voltages induced
by ground currents, zener diodes were installed on the circuits. These
diodes successfully prevented induced voltages of greater than 25v magni-
tude from damaging signal diodes on each data line.

Vehicle Oscillations

Vehicle axle loadings on a pavement fluctuate about the static weight
while a vehicle is in motion. In order to obtain an estimate of the static
weight underdynamic conditions, it is desirable to minimize vehicle oscil-
lations.

Specifications for construction of the concrete pavement in the scale
area were designed to provide for a smooth approach and passage of vehi-
cles overthe platforms. Subsequent to paving, relative pavement elevations
were takenat 10-ftintervals longitudinally, and at 2-ft intervals transvers-
ely. The results indicated differences in elevation of 0.6 in. and 0.96 in.,
respectively. As a result, the pavement was removed. After construction
of the new pavement, measurements were again taken; longitudinal eleva-
tions were within 0.48 in., and transverse elevations were within 0. 36 in.
Although not completely acceptable, this second attempt was a considerable
improvement.
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A continuous profile of the pavement was obtained through the use of
the MDSHT-GM Rapid Travel Profilometer. The profiles obtained from the
left and right wheel paths are shown in Figure 20,

Results from earlier studies at the Fowlerville scale site showed that
vehicle oscillations are dependent upon axle suspension types, axle loads,
and vehicle speed, with axle frequency being higher than body frequency.
The oscillations result from roll, pitch, and bouncing of the vehicle. Body
frequencies rangefrom 1 to 15 Hz with a median of 4 Hz. Axle frequencies
range from 3 to 24 Hz, with distinct bands centered at 3.5, 8.5, and 14 Hz.

As a result of these findings, and the irregularities in the pavement
surface, the need for multiple scales was established.

Vandalism

During the course of the project several cases of vandalism occurred.
Shortly afterthe system was placed in operationa forcible attempt was made
to damage the computer. The computer, magnetic tape unit, and vehicle
speed and classification system were located in an auxiliary room of the
scalehouse, This room is normally locked and is not readily accessible.
Evidence clearly indicated that a broom handle had been thrust repeatedly
intothe back panel wiring of the computer. Connector terminals were sever-
ly bent and wiring dislocated.

T'he second incident occurred a year later when the system was being
prepared forfurther evaluation., This time an attempt was made to disable
the magnetic tape drive by bending its guides out of alignment.

A third case of vandalism occurred over a weekend when no operator
was on duty. The scalehouse was forcibly broken into and, although some
money was stolen, no apparent harm to the electronic equipment was in-
curred. '

As aresult ofthese experiences, and interviews with concerned weigh-
masters and others, certain conclusions were arrived at.

In general, most of the prospective system operators believed electronic
weighing to be beneficial to their work. There were, however, one or two
people who felt that their positions were in jeopardy. They had apprehen-
sions about the possibility of being replaced by a computer. Although at-
tempts were made to acquaint operators with the function of the system,
there was still reluctance to accept this new concept on the part of a few
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people. Because of these and other problems associated with the continu-
ous operation of the system, it was never placed under the weighmaster's
control.

Legal Measurement Limitations

The dimensional and weighing subsystems were not designed to deter-
mine all infractions of Michigan's Vehicle Code. In order to provide this
capability, considerable further complications in system design would be
required. ‘

The legal length of vehicles is dependent upon vehicle type. The allow-
able length is also dependent upon the combination of truck-tractor, semi-
trailer, and trailer. These allowable combinations are also dependent upon
the time ofday and speed of vehicle. Since the system is not able to detect
vehicle types, identification of these violations is impossible without opera-
tor intervention. '

Also, under the provisions of the Michigan Vehicle Code, single axle
loads cannot exceed 18,000 Ib, Tandem axles are allowed 26,000 1b; how~
ever, one tandem axle can have 32,000 lb. If, however, the total vehicle
weight does not exceed 73,280 1b, two 32, 000-1b tandem axles are permitted.

Although these criteria could be determined, the computer program to
perform tests for the provision were not implemented. Through computer
programming, it was decided that the additional memory storage require-
ments and program complexity were not warranted.

Vehicles Stopping

During evaluation of the system, drivers would occasionally stop in the
platform scale area; especially out-of-state drivers who were unfamiliar -
with the scale site. They mistakenly thought that the shoulder enclosure in
the scale areca wasg the weighmasters building. Although signs were placed
indicating "DONOT STOP, "and "SCALE AREA AHEAD, ' they were ignored.
This condition invalidated the system operation and also produced a hazard
to closely following vehicles. On one occasion a steel hauler was forced to
stop suddenly in the scale area, causing his load to shift, anddrivingthe
steel through the right side of the cab.

If vehicles, people, or any sort of activity were present in the scale
area, there was atendency for the vehicles to slow down or stop. It is our
opinion that any unusual objects in the scale area will cause problems and
every attempt should be made to minimize such objects,
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The subsystems requiring calibration were limited to the scale plat-
form load cells and the separate Vehicle Speed and Classification system.

System maintenance, on the other hand, was required for all subsy-
stems.,

Scale Calibration

Mechanical Scale - Calibration of the mechanical scale is accomplished
by placing precise 1, 000-1b weights upon its surface and noting the differ-
ence in weighbar-indicated weight and that known to be on the scale. Each
mechanical scale calibration performed during this study was carried out
to 20,000 lbtotal load in 1, 000~1b increments. Weighbar settings were re-
corded bothduring loading and unloading. In addition, the scale was check-
ed for variation from off-center load placement by loading at the corners
and along offset longitudinal and transverse lines.

The scale was found to be linear, with an error never exceeding 0.1
percent at loads up to and including, 20,000 1b.

Electronic Scales - The mechanical condition of the electronic scales
was determined prior to each calibration. ILongitudinal and transverse
check rods were inspected for proper tension, hold-down springs for pro-
per loading, and the entire platform was ascertained to be level and flush
with the adjacent pavement. Only after all mechanical variables had been
examined was the electronic calibration begun.

Four straingage load cells support each scale platform. Each cell has
its own power supply and the four cell outputs of each scale are series—con-
nected toone amplifier; 16 powersupplies and four amplifiers for the entire
four-scale system. The 16 power supply outputs were adjusted with a digi-
tal voltmeter to an indicated accuracy of + 0,005v,

The tare voltage output (from dead load) of each cell was then adjusted
to 250,v. To insure that each cell was contributing equally, its balanced
output was measured with the other three cells disabled. After balancing
each of the four cells and then reactivating them all, the total four cell out-
put equaled 1, Omv. This voltage was then amplified by a factor of 1,000 in
the scale amplifier to give a tare voltage signal of 1.0v. The purpose of
this tare voltage was to preclude the possibility of the scale signal going
negative during platform vibration. Each scale was adjusted inthis manner.
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After completing all mechanical and electronicadjustments, the scales
were each physically loaded inl, 000-1b increments to a maximum of 20,000
b for each of the small scales and to 40,000 1b for the large scale. Scale
amplifier outputs were taken with a recording digital voltmeter and later
converted to 1b/v for entry, as scale constants , into the computer.

No detectable non-linearity was found and the reliability of electronic
scale operationis demonstrated by the scale calibrations listed in Table 2,
representing a six-vear period.

TABLE 2 .
ELECTRONIC SCALE CALIBRATIONS

Scale Calibration Factors, 1b/v
No. Dec. '64 Apr. '65 Feb. '66 Feb. '68% June '"70*

1 5,170 5,155 5,160 5,160 5,160
2 2,610 2,565 2,620 2,620 2,620
3 2,580 2,580 2, 585 2,585 2,585
4 2,640 2,580 2,640 2,640 2,640

*Because of the demonstrated reliability of scale outputs, abridged
tests were performed at these times with a series of known axle
weight vehicles.

To complete calibration, the relationshipbetween applied load and scale
voltage output was determined by stopping axles on the electronicscale plat-
forms, making precise recordings of the resulting scale output voltages,
then statically weighing these axles on the mechanical scales. The result-
ing relationships are shown in Figure 21,

The test procedure consisted of selecting a vehicle as it approached the
gystem, recording its normal-speed passage overthe scales, and then stop-
ping itat the mechanical scale for avery careful static weighing., Utilizing
this procedure, some 140 single axles and a similar number of tandems
were measured.

In addition tothe tests just described, it was felt that the system’s re-
petition ability should be evaluated. To this end, two Department trucks,
one witha nearlegal limit single axle (16,25 kips) and the other with a near
legal limit tandem axle (31, 85 kips)each made 20 recorded runs across the
scales at a controlled speed of approximately 35 mph. These repetitive
passover tests showed zero percent error, with a 100 percent confidence
level,
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Electronic Scale Maintenance

Because of the extremely humid conditions experienced in below-ground
pits of the type used here, it is necessary to clean and repaint them each
year. Platform sealsusing polysulfide material be came unbonded and were
replaced with a two-component polyurethane material having a low duro-
meter hardness. :

The underside of the platforms were inspected monthly for physical
deterioration, The conditionof load cells, power supplies, amplifiers, and
signal conditioning equipment were inspected daily. After energizing the
system, the contents of certain computer memory locations were inspected
to determine what tare voltage was present for each of thescales. If a mal-
function existed in any of the platform electronics, these values would be
ahnormal. '

Tire Switches

During the initial phases of the project, pressure-sensitive tire-actu-
ated switches were used. Severaltimesa daythey required testing for pro-
per operation. An indicator on the control console informed the operator
when a switch was shorted. It was then necessary to determine which of
the eight tape switches required replacement.

Vehicle data having large errors inthe weight or axle spacing informa-
tion were usually a sign of an open or shorted switch.

After the swit ches were replaced with photo-celltire-actuated sensors,
it was necessary todaily clean, and frequently adjust, the lenses (Fig. 22).
This maintenance work was anticipated and usually required 30 minutes to
complete, '

After rainstorms, when the pavement had dried, they had to be again
cleaned before the system could be made operational. This is obviously not
a desirable condition, but it was the only alternative available without a
major redesign of the system including additional computer memory.

Dimensioning System

The dimension truss, although inspected periodically, has never re-
quired any maintenance. The pit containing the width array light sources
contains an automatic dehumidifier and, since resolving the pit cover seal
problem, the pit has required only occasional cleaning.
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Photo-~voltaic sensor.

Figure 22,

Mechanical tapeswitches on
scale platform.

Light sources with focused
lenses.

Photo-cell tire switches used to replace mechanical tape switches.
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Each of the truss-mounted light enclogsures, which contain the above-
ground light sources and detectors, has a glass panel between the unit and
the outdoor environment. Dirt on these panels can affect light array func-
tioning; therefore, they mustbe cleaned every three months, Other system
elements requiring periodic cleaningare: thelight port windows on the sur-
face of the platform, pit-mounted light source bulbs and focusing lenses,
detector assembly lenses in top and side~mounted enclosures, and light
source bulbs and lenses in side-mounted enclosure.

Components of the light beam system will occasionally have to be re-
placed and their alignment should be checked periodically., Upon replace-
ment of asensor it is necessary to rebalance the light amplitier associated
with the replaced sensor. Optimum adjustment from the infrared source
through the lens in the pit cover window may be accomplished at night by
placing atranslucent piece of white paper over the window on the surface of
the platform. The position and parts of the source assembly are adjusted
to bring the lamp filament image into focus on the paper. When the com-
bination of the sources and sensors are mechanically aligned and secured,
the sensor output signal will be at an optimum level of 26 micro-amps or
greater. '

Computer and Peripheral Equipment

Maintenance of the computer subsystem has consisted mainly of replac-
ing solid state devices damaged by lightning, aging, vandalism, or other
causes, Cleaning and adjusting is routinely performed on the peripheral
equipment; principally the teletypewriter and the magnetic tape recorder in
accordance with the manufacturer's recommendaticens.

Site Maintenance

Pavement lane markings, plastic roadway delineators, and lamps in
luminaires and computer controlled signs all require periodic maintenance
or replacement.

Site snow removal was somewhat of a problem. When tape switches
were used, they were occasionally torn or sheared by the blade of the snow
plow. When the photo-cell system was used, only the approach was plowed.
Snow in the scale area was removed by hand because of the obvious danger
of damaging the exposed light sources and detectors.

In general, maintenance isnot aserious problem. Physical site main-
tenance can be handled by on-site scalehouse personnel but an electronic
technician familiarwith the system shouldbe available by phone for consul-
tation or call to the site for repairs.
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Calibration of Vehicle Speed and Classification System

The three basic types of data gathered by this subsystem are vehicle
speed, vehicle classification, and vehicle count, the latter being divided
into two categories~-totalvehicle lane count, and categorized vehicle count
as a function of speed level and vehicle classification,

The components of the subsystem which require calibration are the
spted measuring circuits and the classification circuits.

The Doppler circuits which measure speed consist of the ultrasonic
sending and receiving transducers, the field transceiver, and the analog
speed computer. It is possible to perform a fairly accurate calibration of
the Doppler equipment by feeding a fixed audio calibrating signal from the
simulator unit into the computer and adjusting a calibrating potentiometer
for a nominally correct speed value on the speed indicating meter.

This approximate calibration method is based upon accurately preset-
ting the transducer heads to a known radiation cone angle using a special
angle measuring device provided by the General Railway Signal Co.

Variations in vehicle shape, and deviation from the center line of the
lane, are uncontrollable factors that contribute statistical errors in speed
measurement. However, better overall results were obtained by a further
refinement of the calibration which consisted of comparing a sample of a
few hundred Doppler measurements with independently measured vehicle
speeds, and then modifying the calibration for best-fit with statistical sam-
ple.

The independent speed measurements were obtained by installing pres-
sure sensitive switches 25 ft apart on the lane pavement in the area scanned
by the Doppler transducer. The first switch was used to start a digital in-
strumentation counter, and the second switch to stop the same counter,
the reby measuringthe time elapsed while the steering axle of the actuating
vehicle passedbetween the switches, Dividing the known switch separation
of 25 ft by the elapsed time in seconds provided the vehicle speed in ft/sec.

Vehicle classification as either caror truckis performed by measuring
vehicle height. Trucks were found to be above 6,5 ft in height, and cars to
be belowthat height, if pickuptrucks maybe classified as cars, and passen-
ger buses as trucks, '
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To calibrate the height detecting equipment, a knob with an adjustable
scale skirt is mounted on the height transceiver chassis. This knob was
initially setwith its 6.5-ft scale mark opposite the index pointer, while re-
flecting ultrasonic pulses from a sheet of masonite supported 6.5 ft above
the road surface on a car top. Although this equipment is provided with a
thermistor compensator to minimize temperature sensitivity, it was found
necessary to recalibrate the height transceiver during cold weather.

The resolution of the height measuring equipment, atthe selected height,
was found to be less than + 0.1 ft about the selected value, using a special
jig~mounted reflector constructed by Laboratory personnel. This jig made
it possible to vary the height of the reflector very accurately and was used
to recalibrate the height measuring equipment whenever desired.

Since the car and truck counts are stored in electro-mechanical wheel
type counters according to speed level and car/truck classification, it was
also necessary to calibrate the equipment in the scalehouse for the proper
speed level discrimination. No further calibration is necessary for height
classification, since the counts are routed to a high vehicle or low vehicle
counter groupthrough a single relay which is controlled in the height clas-
sifier by the classification detector for proper operation. The latter unit
was previously calibrated withthe adjustable height reflector, as described
in the previous paragraph.

The routing of a vehicle count tothe properspeed level counterin either
the high vehicle or the low vehicle group is controlled by the level monitor,
which is calibrated by properly setting ten front panel controls for the de-
sired speed level limits, as indicated by the previously calibrated speed
meter on the speed computer. This calibration is facilitaied by the provi-
gion of a speed reference control which provides a continuously variable
voltage to simulate the output voltage of the speed computer.

Operation and Maintenance - Results of data gathered are always im-
mediately available and up-to-date, since the built~in analog computer func-
tions continuously to convert data into recorded results whenever a vehicle
passes under the transducers.

Information recording is permanent, even if power failure should oc-
cur, since the electro-mechanical display counters must be reset manually

to clear accumulated counts.

Continuous, unattended coperation of the equipment is practical, with
manual intervention required only to transfer accumulated information to
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data sheets and to reset counters to zeroat the end of each desired data ac-
cumulation period. Data may be accumulated for periods as long as a full
week (168 hours of continuous operation) if desired. In a completely auto-
matic system, data could be periodically transferred to magnetic tape at
predetermined time intervals or upon demand by an operator's control.

Personnel requirements could be minimized by transmitting the raw
data over a telephone line from the scalehouse, since the weighmaster on
duty may be instructed to periodically transfer data from counters to data
sheets. This eliminates the necessity for special trips to the transducer
equipment location to reset counters, which would be necessary if record-
ing were done at the transducer site.

No physical contact with vehicles in the traffic stream is required by
the ultrasonic sensors used. Moreover, the transducers and their associated
trans ceivers are unobtrusive, which contributes to realism in the data col-
lected. Where speed measuring equipment is too obvious, drivers have a
tendency to slow down, creating an unrealistic traffic flow situation.

Maintenance and upkeep of this type of equipment have been minimized

through several years. of operational experience, during which time relia-
bility has been enhanced by frequent design improvements.,
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SYSTEM TESTS, ANALYSES, AND RESULTS
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During the many years and phases of this project, scores of subsystem .
operation and accuracy evaluations have been performed. These studies !
had various purposes but generally were performed to direct activity to-
wards system improvements or to detect and locate system faults or defi-
ciencies. In some cases weight tests were performed statically with cali-
brated 1, 000-1b weights or with special load-adjusted highway vehicles, but
in most instances with selected vehicles from the traffic stream.

Subsequent to the repairs or'changes necessitated by the many lightning
strikes to the system, by system modifications, and by the many other prob-
lems encountered, recalibrations and accuracy determinations were per-
formed. Checks onthe accuracy of the vehicle dimensioning subsystem and
the speed and classification subsystem were likewise frequently conducted
during the course of the project. However, because these many recalibra-
tions and checks were performed at widely varying times, on various sy-
stem elements and subsystems andfor varied reasons, their results are not
included here. Instead, to bringthe projectto a logical and final conclusion
a full-scale all-systems test was performed, and it is the results of these
tests that are reported here, along with an analysis of these resulis.

The tests and analyses performed were not simply accuracy tests but
were also aimed at determining those methods of processing the dynamic
measurement signals that would provide superior static weight and dimen-
sion predictions. Further, they were to determine the effects on accuracy
of vehicle speed, type, axle configuration, suspension, etc.; plus the opti-
mum number and spacing of electronic scales.

Final System Evaluation

The final evaluationof the system was performed intwo segments. The
first, in July and August of 1968, consisted of a 1,000 vehicle sample.
Hard-copy printouts, including all weights and dimensions were produced
for each vehicle. Then static, mechanical scale weights were taken on each
axle and all dimensions were manually measured.

Subsequent to the tests, it was learned that the leaving surface switch
on Scale No. 4 was intermittently delaying closure after an axle had cleared
the platform. Because of the intermittentnature of the problemand the im-
possibility of determining exactly when the malfunctions had occurred the
accuracy of the entire weight sample was questionable. The dimensiondata,
however, were deemed satisfactory and it is those data which are used here
to evaluate the dimensioning system.
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To fill the need forfinal weighing data, a second experiment was plan-
ned. It was determined prior to this second test that a 500 vehicle sample
would provide statistically significant results. At this particular Michigan
site, the meannumber of axles pertruck has been found to be approximately
four. Therefore, the proposed sample would consist of approximately 2, 000
dynamic axle weighings and a like number of static weighings. In order to
obtain the electronic axle weights for each scale, the computer program
was modified for these tests so that the average axle weight on each scale
and vehicle speed were printed, rather than the usual four-scale average
for each axle,

These tests were performed during February and March of 1970 and
provided more meaningful datafor the weighing precision analysis that fol-
lows shortly.

The survey mode equipment and the speed and classification subsystem
were not evaluated during these final system tests. Both systems were
evaluated many times during the life of the project and their operation is
sufficiently straightforward that nothing further would be learned about them
by additional tests. Therefore, only summary results are given here.

Weighing Precision

It is important that the reader be fully aware of the limitations of the
in-motion weighing data analyses that follow. Use of the word accuracy has
been avoided hereafter as this term suggests comparison with a primary or
secondary standard and such isnot the case inthese tests. While it is true
that the weight comparison standard (the mechanical scale) was very care-
fully calibrated many times during the project with weights which would
qualify as secondary standards, this is not identicaltoweighing a truck axle.

It is true that the mechanical scale will very accurately report the
weight it "sees, ' but that weight, when from a truck axle, can be varied by
a number of factors. For example, consider the difficulty in weighing the
second axle (normally the heaviest)of a simple two-axle truck., The weight
reported from this simplest of weighings will be found different, and often
gignificantly so, depending upon: whetherthe vehicle operator is holding his
brake on, the friction in the vehicle suspension :system coupled with the
mode of entry onto the scale, the elevation of the scale platform with res-
pect to the adjacent pavement sections, the elevation change (slope) of the
adjacent pavement sections on which the axle not being weighed is situated,
the length of spacing between the vehicle axles when the platform and adja-
cent pavements are not flush and dead flat, the engine speed of vehicles with
air-bag suspensions and, quite certainly, other unrecognizedfactors as well.
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Considering the above with respect to a simple two-axle vehicle aids
one tounderstand the difficulties of static vehicle weighing. Now, however,
extend that consideration to include large multi-axle vehicles of varying
axle spacing and axle type, incorporating various sus pension systems within
one vehicle, with variably operating brakes on different axles, of sufficient
load as to cause varying magnitude deflections of the scale approaches and
of the scale itself.

The reader should now have a clearer idea of the problems of static
weighing and recognize the even greater difficulties in evaluating an in-
motion weighing system. Further complicating the evaluation is the fact
that all of those static weighing difficulties apply equally well to dynamic
weighing, plus the fact that a variably oscillating (roll, pitch, bounce) vehi-
cle will seldom present its static weight to the underlying pavement, or to
electronic scales set into that pavement even when running on a relatively
flat surface.

To compound the problem, the pavement surface in the evaluation path
of this particular project is exceptionally rough as can be seen in the wheel
path profiles of Figure 20. Such roughness amplifies the already present
vehicle oscillations and creates further problems in weighing precision.

To summarize all ofthe above, evaluating the performance of a system
which weighs in-motion vehicles is a complex and difficult undertaking,
Nevertheless, the reader should recognize that modern statistical techni-
dques are of great value in establishing quantitative, defined relationships
between variables such as are of concern here; and those are the processes
that have been used.

Factors Influencing Precision

The work reported in this section is aimed at identifying and quantify-
ing thosefactors degrading overall weighing precision. Then, knowing these
relationships, and determining optimum correction coefficients, provisions
could be included in the computer program to optimize precision.

Those factors suspected of influencing weighing results and consequent-
ly examined are:

1y axle weight magnitudes

2) individual scale accuracies

3) vehicle speed

4) vehicle class (axle configuration)
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5) vehicle type (liquid, bulk, flat bed}

6) axle configuration (single, tandem, tridera)
7) axle suspension (leaf, coil, air, torque)

8) axle order and spacing.

Each of these factors are examined in the following text in order to deter-
mine their significance in optimizing weighing accuracies.

Weight Information

All weighi information is contained in the four analog weight signals
from each of the four platforms. Therefore, every attempt was made to
insure that these signals were true representations of the axle weights.

In Part A, displacement transducers were used to record platform
movement as vehicles passed over the platforms. These traces, together
with analog load cell outputs and static weighings, showed an excessive a-
mount of platform movement. The platforms were oscillating at their re-
sonant frequencies. The amplitude of vibration was such that load cells
were lifting from theirbearing surfaces. Figure 23 shows typical platform
load cell output signals (four cells combined) for a partially loaded vehicle.
The resonant frequency of Scale No. 1is about50 Hz and 80 Hz for the other
scales. But more important, the amplitudes of these oscillations are pro-
portioned to the axle weight. Infact, they are almost equal to it. Thus,
weight samples obtained from these signals would introduce even greater
errors. As a result of these findings, obtained from a sample of 200 vehi-
cles, a decision was made and approved to redesign the platforms as de-
tailed in Section III.

Upon completion of this work, further testing was performed. Figure
24 shows the improved platform response to aloaded vehicle. The resonant
frequency of Scale No. 1was changedto 65 Hz and the other three scales to
100 Hz. There was also a considerable reduction in the amplitude of plat-
form oscillation. Signal-to-platform noise ratios were now of the order of
15 to 1. This value does change, however, due to vehicle speed, and load-
ing platform damping time increased slightly, but as can be seen from Fig-
ure 24 it is not significant. '

One-Thousand Vehicle Weight Sample

During the final evaluation ofthe system 1,000 vehicles were electroni-
cally weighed. Trucks were randomly diverted from the traffic stream and
passed throughthe electronic weighing and dimensioning systems. Vehicle
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speeds ranged from 5 to50 mph dependi’ng uponthe driverand his familiarity
with the scale site. Each vehicle was then directed to the mechanical scale
platform where each single, tandem, or tridem axle was weighed and the
data recorded.

This study resulted in the measurement of over 3,000 axles from all
vehicle categories. The scatter plot in Figure 25 shows the precision ob-
tained for the four scale average of each axle. Although a complete analy-
sis of the data was performed, it is not included in this report for the fol-
lowing reason.
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- switches malfunctioning.
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During the latter part of the 1,000 vehicle sample, the system was
placed in the Raw Data Mode. In this mode, every weight sample is re-
corded on magnetic tape for off-line analysis. When these data were ex-
amined, it revealed that occasionally one of the trailing photocell switches
was not responding properly. As a result, weight samples were being taken
while an axle was leaving the platform. Therefore, average axle weights
for that platform tended to be lower than the mechanical weights.

Five-Hundred Vehicle Sample

Because of the aforementioned probiem, a subsequent 500 vehicle sam-
ple was taken. The following analysis is given from these data. Figure 26
shows the error histogram for each of the four scales. '

Tigure 27 is a scatter plot of the four scale average for each of the
1,435 axles. One standard error of 1,052 1b was reduced to 682 1b for in-
dividual axle weights. Again it is emphasized that this error is based upon
the assumption that the mechanical scales are absolute; while in fact we
know they are not.

To improve system precision, individual scale weighting coefficients
were computed on the basis of this large number of axles. Using the coef-
ficients so determined, individual axle weights maybe predicted onthe basis
of the electronic scale outputs., This constitutes a "multiple regression"
and requires solution of an equation of the form:

y=aX] +bXg + X3 +dXgq te

where, '"X1...Xy" represent electronic weights for an axle on Scale Nos. 1
through 4, respectively. Coefficients "a'"through 'd" control the contribu-
tion or weighting of each platform tothe final reported weight. The constant
"e' corrects for any bias in the combined scale readings. The computed
coefficients are as follows:

a=0.243
b = 0.299
¢c=0.234
d=0.226
e~=347 1b

resulting in the multiple regression equation:

¥ = 0.243X; + 0.299Xq + 0.234Xq + 0.226X, + 347
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The coefficients indicate that the scale outputs are contributing almost
equally to the resultant weight. Because of the equal contribution, little
emphasis should be placed uponthe relative magnitudes of these coefficients.
Such outputs are highly intercorrelated, the existence of s cale hias and scal-
ing factors will account for slight variations.

Todetermine system precision as a function of the number of platforms,
a stepwise regression of each platform against mechanical weight was per-
formed. This technique determined which of the four seales is the best
predictor of mechanical weight and performs a regression analysis using
that scale's data. The second best scale is then determined and a regres-
sion is performed using data for both scales against mechanical weight.
This process continues for all four scales. The result of this analysis is
shown in Table 3.

TABLE 3
EFFECT OF WEIGHING PRE CISION AS THE NUMBER OF
SCALE PLATFORMS ARE INCREASED

Standard
Scale No. L.
: Deviation, 1b
3 1,252
3+4 944
3+4+2 772
3+4+2+1 G682

Results indicate that little benefit would be realized by the addition of more
scales. Since the error distributions of each of the platforms are similar,
the addition of more platform sampling will provide little additional infor-
mafion for prediction of mcchanical weight.

Because scatter plots showed that electronic weight precision tended
to decrease with increasing static weight, any attempt to evaluate the effect
of speed or vehicle class on dynamic weight accuracy would be difficult.
This is because it was not self cvident what, if any, relationship existed
between typical static axle weight and vehicle speed or class, ete. There-
fore, it was considered worthwhile to compare thesc vehicle groups inde-
pendently of static weight. To this end, the following analysis was used.

As previously stated, dynamic precision was not uniform over the full
static range of axle weights., From a regression analysis point of view,
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this state of affairs is known as '"hetcroskedasticity. "' Moreover, as static
axle weight increased, dynamic precision decreased, thus suggesting a
monotonic functional relationship between the two. Further, it would be
desirable ifthis relationship could be formed in such a way as to provide a
convenient parameter measuring the rate of decrease inprecision with static
weight., Applied to disparate groups of trucks, this parameter could then
be used to assess differences in the scales precision attributable to truck
class, type, speed, etc. In order to enable convenient precision compari-

sons of truck groups the following formulation was used:
2 _
Oy = kMia

where "M;" is the "true' or mechanical weight. & is a parameter which
measures the degree of heteroskedasticity. For no-homoskedasticity,
& = 0; if measurement errorincreases indirect proportionto weight mag-
nitude, & =1.0.

The general case: What is desired is a maximum likelihood estimate
of parameters when,

Ej=oc+ BM; and OF =kM;d

Assuming a normal distribution of disturbances, the probability of the i-th
value is:

2
- — _ M
P(E=E)=2 0} 1/2 exp -1/2 (El - B 1)

i

For a given sample:

-n/2 1

] ,--o,E :2
P(Ei EZ n) @) i=1

And the likelihood function becomes:

‘ L oem [Bi-oc-BMp\©
L=-n/2log 27-1/2 .2 (logk +SlogM;) -5z X,

M; 8/2

The customary solution of setting the partial derivatives of "L'" to zerois
too difficult, so we use another approach:

Stepl. Set & = 0, This correspondstotheusualsolution where O"?{
k, i.e., ordinarily least squares is applicable. For this case, we calcu-
late o, B , and k and note the value of "L'' determined by these para-
mefers.
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Step 2. Set § = 0.1. Tor this case, the heteroskedasticnormal equa-
tions result from differentiation of "L':

E, ‘ 1 M.
1 A A i
z ak &L + BZ
N[i . MiO. 1 Mi{). 1
2
EjM; Mj M;
. A
)2 = &I + BX
0.1 0,1 0.1
Mi Mi Mi

Again, o, B, and k are estimated and "L'" is noted.

Step 3. Same as Step 2 except that & is stepped in 0.1 increments
wntil it reaches 5. 0.

Now the maximum likelihood estimates of x, B , and k will be the
one which corresponds to the maximum value of '"I'. The sampling vari-
ance of & is given by: '

ap 2
O_‘g " (log € Miz)

After k was determined for the full truck sample, it was set at this value,
and &'s were computed by the above procedure for the variables shown in
Table 4. It can be seen from Table 4 that the variations in & are not visi-
bly related to vehicle speed or class, ete. All §'s are statistically signi-
ficant, and differences among them are presumed due to random fluctuations
in the data'. Thus, from these data no evidence can be gathered to justify
refinements in the system’'s programdesigned totailor weight computations
to vehicle groups, classes, speeds, suspension, axle configuration, etc.

! Since & was designed as an index of electronic weight precision, and
since nosystematic orsubstantial differencesin & appeared with the vari-
ous vehicles and speed groups, one concludes that the system performs a-
bout equally well for all vehicles once the influence of static weight has been
removed. If some class of vehicles characteristically has largerthan aver-
age axle weights, then the electronic estimates will be less precise than
what the system usually delivers. This would be, of course, because of the
inverse rclationshipbetween staticweight and system precision. However,
d is a paramefer which measures the rate of decrease in precision with
increasing static weight, and consequently is not affected by weight distri-
butionideosyncracies. In addition, all classes showed about the same linear
relationship between electronic and static weights.
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TABLE 4

TABLE OF §'S BY SPEED RANGE TABL&I OF §'S BY VEHICLE CLASS ‘

Speed 5 Class )
0-10 Insufficient data 251 1.33
10-15 1,37 282 1.32
15-20 1.31 352 1.38
20-2b 1.34 25 &2D 1.28
25-30 1.38 283 &382 1.38
30-35 1.32 All but above 1.38
2(5)—:2 12; TABLE OF §'S BY VEHICLE TYPE
45-50 1.48 Type b
Over 50 Insufficient data
Vans 1.37
I'latheds 1.36
Car carriers 1.33
Liquid carriers 1.38
Bulk carriers 1.36
TABLE OF §'S BY AXLE CONFIGURATION AND SUSPENSION TYPE
Configuration Suspension )
Single Leaf 1.31
Single Air 1.41
Single Torgue Insufficient data
Tandem Leaf Equalizer 1.38
Tandem Air Equalizer Insufficient data
Tandem Torque Insufficient data
Long Tandem Leaf Equalizer 1.46
Long Tandem Torque Insufficient data
Tridem All Insufficient data
Single All 1,32
Tandem All 1,38
Long Tandem All 1.46
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Scale Spacing

The proper sampling of the rapidly varying vehicle axle loads passing -
over the scales remains a problem. The weight intelligence from any scale
consgists of a high amplitude, low frequency (1 to10 Hz) truckbody load sig~
nal, with a low amplitude, higher frequency (20 to 50 Hz) truck axle load
signal superimposed over it. The system sampling rate and technique are

" adequate for the higher frequency axle signals but the more important, high

load, low frequency body signals present difficulties.

In an attempt to get an adequate "look™ at the body signal, four scales
spread af unequal distances apart wereused. The overall center-to-center
length of 70 ft for the weighing function was thought to be sufficient at the
time of system planning and design, and the irregular 10, 20, and 40-ft
center-to-center platform spacings were considered economically optimum
for an experimental starting point.

There was consideration during project planning of the possibility that
regular spacing might prove superior, and the system was designed so that
if later tests indicated that significant improvement could be attained by
regular spacing, a fifth scale would be installed.

This fifth scale would be placed midway between Scale Nos. 3 and 4.
By deactivating the first scale a four-scale, 20-ft regularly spaced system
could be tested (the light beam pit is offset between Scale Nos. 3 and 4 to
leave a space for the fifth scale, if needed). Later in the project, further
conside ration of this possible instaliation was dropped; partly because of its
cost, partly because of project delay by other system faults, but primarily
because the system precision obtained was very satisfactory and the amount
of improvement possible did not warrant the effect.

Section VII of the report, titled "Recommendations, ' discusses this
gspacing problem in greater detail and makes recommendations for future
experimenters.

An interesting observation is that Scale No. 1 is three times the length
of the other three platforms, yet its contribution to weighing precision is
the smallest. This is dueto the area sampling of weight information, The
9-ft platform was intended for the weighing of tandem and tridem axles in
order toeliminate the effects of equalizing suspension systems. The data,
however, suggest thal this is not necessary and in fact is a detriment to
precision. Platforms should be of equal size, equal spacing, and only 2 or
3 ft long.
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Dimension System

The accuracy of the dimension system was determined by electronically
and manually measuring the width, height, length, and distance between
each axlepair while the vehicle was being statically weighed. This opera-
tion, which required approximately three months, was performed on 1,000
vehicles. The accuracy of vehicle width and height is necessarily a function
of the spacing between sensors. As explained earlier, the spacing is not
uniform, the distance between sensors decreases to 1 in. (left and right)
for width measurement approaching 8 ft, If the vehicle is near the center
of the lane, a 2-in. measurement tolerance can be anticipated. Atany other
location withinthe 16-ft lane, an even greater electronic measurement er-
ror can be expected. Height increments are 1 ft apart up to 13 ft, and in
2-in. increments to13 ft - 10 in, (the legallimit onvehicle height in Michi-
gan is 13 ft - 6 in,). Summary results are given in Table 5.

TARRLE 5
SUMMAR: HES' LIS O¥ TAINED FROM ELECTRONIC
AND MANUAL MEAS:'REMENT QF 1, 000 VEHICLES*

Number Onc .
Correlation
of Standard T
) Coefficient
7 Samples Error, in.-
Length 942 4.6 0.99
Width _ 914 2.8 0.706
Height 840 5.0 0.97
Axle spacing 3,151 1.5 0.99

*Data generated by system malfunction were removed before
.analysis.

Vehicle Width

The width error distribution is given in Figure 28. Some difficulties
were encountered in measuring static width. It was common for running
lights, bumpers, and handles to protrude beyond the vehicle chassis., Bulky
loads and liquid carriers were especially difficult. Tie-down ropes, flags,
and vehicle "erab'' also contributed to manual measurementerrors. Modi-
fications were made in the original system design to eliminate the effects
of side view mirrors as explained earlicr.

Results show a standard error of 16 in, with a positive bias of 2.5 in.
The electronicsystem was within 2 in. of the actual width 57 percent of the
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time, and within 5 in. 95 percent of the time. The system did not operate
properly 2.7 percent of the time. This error is attributed to birds flving
through systems and possgible errors in manual data transcription. If these
explainable errors are removed from the data, the standard error of esti~

~mate is reduced to 2,8 in,

Vehicle Height

The height error distribution is given in Figure 28 and a scatter plot
in Figure 29. Difficulties were encountered in the manual measurement of
this quantity. Ilapping tarps, car carriers, and bulk carriers presented
the most measurement problems. The positive bias evident in Figure 29
can be attributed to vehicle bounce and sensor spacing. The problermn ol
overhead exhaust stacks was partially eliminated by resetting the height
sengors after the tractor passed Scale No. 4. In general, vehicle heights
were correct 70 percent of the time., This subsystem failed to operate pro-
perly 3.8 percent of the time. This value is similar to the error of the
width measurement and appears to be partially due to manual data trans-
cription at the scale site. If data beyond three standard deviations are re-
moved, the standard error of estimate is reduced to 5 in.

Vehicle Length

Vehicle lengthis measured by the 10 center vertical light beams of the
infrared system. Length measurement is calculated from vehicle speed
data. Variation invehicle speed, while traversing the evaluation area, will
result in length error. TFigure 28 shows the error distribution obtained.
The standard error of estimate is 7 in, The electronic length was within
2 in. of the manual measurement 50 pereent of the time and within 10 in. of
the true length 95 percent of the time. If data beyond three standard errors-
are removed, the standard error of ¢stimate is reduced to 4.6 in.

Axle Spacing

Axle spacing was required to determine the prescnce of tandem and
tridem axles. Upon identification of the axle configuration, the computer
program added the axle weights for each axle grouping for comparison with
legal limits established for a given configuration.

The 1,000 vehicle sample resulted in the manual and electronic mea~
surement of 3,272 axle spacings. Results show that the center-to-center
axle measurement was within 3 in, of the actual distance 94 percent of the
time.
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Survey Mode

In the Survey Mode of operation, vehicle classifications can be manual-
ly entered on a eonsole as explained earlier. These data are stored on
magnetie tape together with the dimensional and weight values for the vehi-
cle for subsequent processing.

In the evaluation of this system component, data for 100 vehicles were
entered through the console and manually recorded on paper. Upon com-
pletion of the data gathering the results were compared. Of the 500 vari-
ables entered, three errors were noted. These appear to have resulted
from the faulty operation of one or more of the mechanical stepping switches
incorporated into the design of the survey console. Otherwise, the techni-
que employed provides a convenient method of quickly storing vehicle sur-
vey data.
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SYSTEM COSTS
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Giving cost guidance to those planning in-motion vehicle weighing and
measuring systems, or presenting meaningful cost figures for the project
reported here, is difficult. The project was performed during one of the
most severe inflationary periods of U.S. history, and also during a period
of tremendous advances inelectronicinstrumentation and computer science.

Where inflation has exerted pressure towards increased labor, mate-
rial, and equipment costs, advances inthe electronics industry have tended
to effect significant decreases in system component costs. These factors
coupled with the fact that this system is a first prototype and, as such, is
inherently expensive; plus the fact that the knowledge gained in this experi-
ment obviates the need for many of the expenditures made here, gives the
whole cost maiter a somewhat questionable status.

Aduplication, not necessary in future systems, was the complete bread-
board system, assembled prior to final system installation. Also, many
changes and modifications were required throughout the project as dictated
by the findings of interim experiments and the time consuming and expen-
sive troubles encountered here should be avoidable for future experimen-
ters.

Because of the integrated nature of the four subsystems making up this
overall system, it is difficult to give separate subsystem costs for those
considering an installation incorporating anything less than all of the four
subsystems., However, an attempt has been made to do this, but the re-.
sulting totals should be considered as highly speculative.

Total System Costs

The total funds expended on this project equaled approximately $675,
000, as follows:

Teasibility Study $ 30,000
Part A 220, 000
Post Part A 56,000
Part B 226, 000
Part C ' 63,000
Mis cellancous 80,000

$675, 000

The miscellaneous category covers funds expended by the Laboratory
for administration, engineering, analytical work, and many required minor
contractual items. ‘
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In the total cost tabulation which follows many amounts are estimates
in that they were originally included in the overall bid or cost of a number
of equipment and performance items. They have been broken out by esti-
mating their contribution to a total phase cost. In addition, it is important
that the reader note that the final total component item estimates do not
equal the $675, 000 total estimate for the project.

This should be understandable if the reader recalls that this project
entailed two complete duplicate experiments; a breadboard system and a
final fully operational system with many of the items of the breadboard sy-
stem being completely rebuilt or replaced in the final experiment. For
example, the $71,000 cost tabulated for the dimension system is almost
totally that for the final system as it was necessary to completely replace
the oripinal dimension hardware and to construct a pit as part of the final
system. Consequently, the cost of the breadboard dimension system is not
included in the tabulation,

Also, the Laboratory's costs overthe eight-yearduration of the project

for maintenance, replacement, refurbishing, lightning damage repair,
modifications, etc., are not included.

Present System Costs

Electronic Scales

1) Four pits $36, 000
2) Four platforms plus all mounting hardware 28,000
3) Associated electronics including load cells,
power supplies, amplifiers, A/D converter,
multiplexer, tape switches, wiring, etc. 27,000
$91, 000

Dimension System

1) Physical installation including pit, platform,
overhead truss, dehumidifier, wiring, instal-

lation, etc. $28, 000

2y Sensors, sources, mounting and enclosing :
hardware and installation ‘ 43, 700!
&71,700

' Philco-Ford estimate
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Speed and Classification System

1) Bridge-mounted {ransceivers, amplifiers,
cable drivers, and recording and display
congole

2) Cable and installation (1-1/2 miles)

" Traffic Survey System

1) Survey console

Closed-Circuit Television

1) Cameras and monitor
2) (Cable and installation (1, 300 ft)

Major Instrumentation

1) Digital computer, modified and with software

2} Digital magnetic tape recorder

3) Teletypewriter

4) Weighmaster console

5) Communication and test network

6) Preprocessor, including tape switch encoders,
driveramplifiers, valid weight detectors, pow-
er supplies, voltage status boards, generator
board, length indicator and enclosure

Site Installations

1) Scalehouse hypass lane

2) Electronic scale area bypass lane

3) Bituminous shoulder paving

4) Site power and lighting

5) Shoulder enclosure (housing electronics

adjacent to scales)

6) Site signing

7) Cables fromscales to scalehouse and in
scale area

[ Philco-Ford estimate.

2 philco-Ford estimate plus $500 for enclosure.
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$13, 600
4,400
$18, 000

$21, 000

$13,100
1,000
$14,100

$ 66,3001
40,2001
10,400
12,800
13, 000

20,6002

$163, 300

$ 5,000
8,400
2,200
9,000

2, 000
3,100

4,700
$34,400




Debugging, Calibration and Testing $83, 300°

Summary and Total

Electronic scales : $ 91,000
Dimension system 71,700
Speed and classification system 18,000
Traffic survey system 21,000
Closed~-circuit television system 14,100
Major instrumentation 163, 300
Site installations 34,400
Debugging, calibration and testing 83, 300

Total - 3496, 800

3 pPhilco~Ford estimate plus $25,000 for Laboratory costs.
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If all of the costs of engineering, administration, the feasibility study, du-
plications as in Post Part A and with respect to the dimension system are
added to the above $496,800, the figure would exceed the $675,000 total
project cost. This results from the Philco-Ford Corporation 's claim {(and
included intheir estimate)that their costs were some $70, 000 in excess of
the amount of their contract. Also, many items in the contract would not
require repeatingin another system such as, training programmers, basic
programming, etc.

- Future System Costs

The future system costs which follow are based on a combination of
Research Laboratory and Philco-Ford Corp. estimates of the cost reduc-
tions which can be effected in future systems. They envision a gimpler,
low-profile electronic scale embedded in the pavement surface rather than
the complex and expensive pit-platform installations of this study.

Costs
Ttem

One System Ten Systems
Electronic scales $ 40,000 $ 360,000
Dimension system 40,000 360,000
Speed and classification system 16, 000 145, 000
Traffic survey system 15, 000 120,000
Closed-circuit television . 6,000 54,000
Major instrumentation 100,000 850,000
Site installations 26,000 230,000
Debugging, calibration and testing 20,000 - 100, 000

Totals - $263, 000 $2,219, 000

Such estimates must be considered as guides at best. The U.S8. eco-
nomic situation of recent years is so highly variable and this, in conjunc-
tion with the variability of users needs; the increases in labor and material
costs; the significant decreases in sold-state instrumentation and computer
costs, coupled at the same time with significant cost increases for other
types of instrumentation testifies to the difficulty of arriving at any mean-
ingful future system cost estimates.
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Throughout this project many improvements were made in system de-
sign, mechanical and electrical components, and structural integrity. How-
ever, many were not made hecause of other considerations. Solutions to
most of the problems were apparent. Rectification of these deficiencies
did, in general, necessitate the expenditure of large sums of money and
time. Also, during the evaluation of the system, new products became
available; thus, exisfing components, integrated circuit technology, and
computer developments became obsolete. Future systems should incorpo-
rate the latest fechniques in components and instrumentation.

Scale Platforms

Because of their below ground location, scale pits invariably exhibit a
highly humid, corrosive atmosphere. Therefore, the use of such pits should
be minimized. Wheel load transducers are now commercially available.
These units being only 3 to 4 in. in depth are easily installed. Weighing
less than 1,000 lb, their resonantfrequency is above 200 Hz and out of range
of vehicle frequencies. The transducers, two for each axle weight, are
linear within one percent and usually have temperature compensation.

If pits are requiréd, such as for determination of vehicle width, they
should be carefully constructed. The use of drains, epoxy coated walls,
and a vaporbarrier ceiling are highly recommended. A dehumidifier should
be considered for removal of corrosive salts and other chemicals that are
held in atmospheric suspension. All wiring in the pits should be shielded
and encased in RHWor PVCjackets. Signal cables should be placed in con-
duit with provisions for drainage. And, finally, no electronic equipment
should be placed inside the pit.

Concrete - Biftuminous Pavement

Smooth approach and passage through the scale area is highly desirable.
Such pavement surfaces permit the vchiecle to run flat with a minimum of
axle and body oscillation; thus, resulting in increased weighing precision.
Since most vehicles are critically damped, the length of this smooth ap-
proach should be at least 120 ft for vehicles traveling 50 mph, If the de-
sired smoothness is not attainable, reduction of vehicle speed will be re-
quired to achieve the same precision.

Dimensioning System

The measuremcnt of vehicle size in this study had two purposes. De-
termination of width, length, and height for enforcement; and vehicle sur-
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vey information, These dataare valuablefor determination of capacity re-
quirements for future highways.

If only enforcement is required, a much simpler system using fewer
numbers of light arrays can be used.

Although the infrared subsystem has performed satisfactorily, improve-
ment is still possible. Pulsed lasers with beam splitters and corner cube

reflector prisms offer interesting possibilities and should be investigated.

Scale Switches

The most serious problem, resulting from system design, was the
operation of the tire-actuated switches., Their properoperation was funda-
mental to the entire system. Elimination of the switches would have re-
quired a complete redesign of systemlogic and computer program, There-
fore, this alternative was not feasible.

In the design of future systems, all mechanical devices, such as the
scale platform surface switches, exposed tothe environment orthe vehicles
themselves should be eliminated. Their functional requirements should be
replaced by solid state devices. TFor example, the tire-actuated switches
canbe replaced by computer programming. The program would incorporate
a scale active process; asubroutine which would store10 to 15 weight sam-
ples. These samples would be input to an exponential delay process and the
derivative computed. When the derivative was found to be zero, the axle
would be fully on the platform. Then, depending upon the scale buffer size,
the mean weight sample could be computed. The order of the exponential
delay would depend upon platform response time and pavement roughness,
and the optimum order would be determined by examination of the analog
waveform produced by each platform under dynamic conditions.

Computer

Mini~computers can be easily adapted for use in vehicle weighing sy-
stems. They are smaller, faster, and less expensive than the 1960 vintage
models. They can be easily interfaced with analog-to-digital converters,
multiplexers, and system logic. Computers for dynamic weighing should
have the following minimum requirements:

1) Machine c¢ycle time of 2 micro-seconds or less

2} minimum of 12-bit word length
3) minimum of 8,000 words of read/write core memory
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minimum of two levels of true priority interrupt

I/O chamel interface or data break (high speed)

separate 6-bit 1/0 channel (slow speed)

-protection from power line voltage surges and over-voltage protec—
tion on data lines, '

-1 O UT
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Peripheral equipment such as a high-speed teletype, digital m:ignetic tape
unit, and paper tape input-output device are also recommended.

Vehicle Simulation

The electronic system required for weighing and dimensioning of vehi-
cles in motion is generally complex. In order to be assured of its proper
operation, a vehicle simulator should be included in the system design.
This device would be used to simulate a vehicle with known characteristics
’dlravers ing the system. Simulation outputs should be electrically inserted
in place of normal transducer signals, thereby testing all system compo-
I}lents except the transducers themselves., This capability will be extremely

Qseful for system check-out, diagnostic testing, and operator training.

C01npute r Interface

Design of future systems should provide some form of isolation of the
computer from cables transmitting datato and from transducers and vehicle
control signs, as voltage surges from induced line currents can destroy
computer components.

Since data entering and leavingthe computerare indigital format, light
isolating modules producinga 1 or zerooutput canbe effectivelyused. This
technique would completely isolate the computer I/Q components from da-
mage due to indirect lightning strikes. If it is desired to isolate the inter-
connecting cable, this technique might be used at both cable ends.

Lightning Protection

In planning a future installation, careful consideration should be given
tolightning protectiondue tothe low voltages used inthe electronic circuitry.
Electric power for lighting and other auxiliary uses should be isolated as
much as possiblefrom both electronic circuitry and data transmission lines.
If buried cableis used, select high-dielectric cables such as double-sheat-
hed, Alpeth or Stalpeth cables forhigh-lightning areas., Placement of spaced
shield-wires above the cable lowersthe instance of lightning damage in cri-

‘tical areas. Using agrounded metal conduit might also be considered. Ar-
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restors and zener diodes in critical locations should be used; although a
completely lighining damageproof ingtallation cannot be obtained at a rea-
sonable cost, judicious measures should reduce cost of replacement and
down time.

Another measure to reduce the possibility of lightning damage is to
place the evaluation system close to the scalehouse, thereby reducing the
length of cable required, and precluding the generation of induced voltage.
Appropriate signing located beyond the evaluation lane would direct the
driver to returnover alternate scales for static measurements if violations
are detected.

Electronic Equipment

Experience with power supplies, sighal conditioning units, and readout,
printout, or control equipment has indicated the necessity for maximum re-~
liability. Many highway scale installations operate on a 24-hr day basis.
This type of duty dictates the use of solid-state instrumentation and a mini-
mum of devices incorporating mechanical movements (relays, stepping
switches, etc. ). Such equipment often involves higher initial cost, but lower
operating cost and greatly reduced maintenance requirements with greater
reliability are attained.

Design of Weighing System

Designers of future weighing systems may find the following method-
ology useful.,

This exposition is concerncd with the problem of the "best'' sampling
plan forthe electronicweighing of vehicles in motion. Briefly, the physical
layout consists of one or more axle platforms spaced sequentially in the
weigh station roadway. Each platform produces an electrical voliage pro-
portional to the axle weight.

The problem of dynamicweighing is complicated by the unavoidable fact
that trucks vary in both their primary frequency, body resonance, and the
frequency produced by their pass-by speeds. The problem can be viewed
from the standpoint of systematic sampling if it is assumed that the scales
are placed equal distances apart.

Weigh stations are required toweigh all commercial vehicles, encom-

passing a wide range of truck types, loads, and speeds. Thus, the scale
system will experience a broad distribution of primary frequencies. The
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distance between the first and last scale can be thought of as a "sampiing
window. "' Loaded and unloaded vehicles will present a varying amount of
primary frequencies to this window.

Having knowledge of the highest frequency present and a design speed
for the system, the optimum number of scales, scale spacing, and length
of platforms can be determined.

1)} Use the dynamic force measuring techniques of the Michigan De-
partment of State Highways and Transportation (13) or the General Motors
Corporation (14) to record the force datafrom awidelydivergent set of load-
ed trucks passing over the proposed site (or a similarly constructed site)
at design speed,

2) Compute the power spectral density and autocovariances for each
test and pick the worst case condition. That is, the highest frequency for

which dynamic loads are a significant portion of the static load.

3) Use the autocovariance from Step 2 in the formula:

T G2
B= X
T
2T -T) / c (7T
X
=T
where:
B = effective data band width
T = length of test run in seconds
Ox = variance of the force signal
T = the lag value used in computing the autocovariance
Cx( T) = autocovariance estimates

4} Use B from Step 3 in the formula:

2BE? \ Ky

where:
L = length of the scale measuring area
Spd = scale system design speed

0 y = standard error of the force data
Hy = average force for the test run
normalized standard error desired for the weight estimates.

3]
i
il
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5) Determine the distance covered at design speed by one cycle of the
highest effective frequency and place two platforms in this distance. Repeat
the process until the distance L from Step 4 is covered.

To reduce qliantization error (12) the platforms should be just large
enough to accomodate the largestexpected tire footprint. Only the peak load
value should be retained during passage of an axle.
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APPENDIX

Because an excessive number of photographs in a report can be dis-
tracting to the reader/student, and because of the large number of photos
necessary to show the many subsystems and components of this study, it
was decided to bring all of these pictures together in this pictorial section,
Photos have been placed elsewhere in the report where it was felt they would
contribute to understanding and clarity of the text.
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ORIGINAL "BREADBOARD" SYSTEM BY EPSCO INC.

(Part A - July 1961-March 1964)
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View B

View E : View C ' View F

o View D

View A gives avehicle operator's view of the ori- ;
ginal dimension system. View B shows the width 5
and length measurement light sources and View C
shows the detector light ports set into the surface
of the fourth electronic scale (View D is a close- !
up of a row of the ports). Views E and F show
respectively, the height, light sources and de-

tectors.
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View of load cell before and after water-
proofing - covered cell secured to mounting
plate.

View of scale pit corner showing pre-load
spring.

Large scale sealed in place - pit vent stacks visible be-
hind scale.

N

Load cell in position under corner of large scale platform.

Rack mounted electronics of 'breadboard' system. Cabi-
net contains tape recorder, multiplexer, analog-to-digital
converter, scale amplifiers, logic circuits, registers and
so on, for both weighing and dimensioning functions.
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Small scale platform (upside down' ready for instal-

lation.

View of non-access end of small pit showing load cells

on pillars; and in upper pit frame, anchors for both
transverse and longitudinal check rods.

View of large scale pit (left) and one of small scale pits (right), ready for platform installation (white epoxy
paint tends to camouflage cells and pillars in large pit).
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[ ' FINAL DYNAMIC WEIGHING AND DIMENSIONING SYSTEM
BY PHILCO-FORD CORP.

(Part B - December 1964-February 1966)

The reader is first taken, pictorially, for a trip through the entire in~
stallation—geeing selected system views as a using truck driver would see
them. Next there are a series of pictorials of the various subsystems and
their component parts. '
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' 4 On westbound I 94 approaching off-ramp.

¢
|
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|
{-

Evaluation area coming into view.

150 ft from system entry.

40 ft from system entry.

Having been weighed and measured and found to be in
violation overhead signs block bypass lane and direct
vehicle to scalehouse lane.

¢
H
)

£
i
=
by

Approaching gore between bypass (left) and scalehouse

(right) lanes.

Approaching scalehouse.

1
B
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Speed reduction area for entry onto mechanical scale.

About to roll onto mechanical scale in accordance with
weighmaster's directions - public address system and
Stop-Go signal. :

TURN RIGHT
AND PASS
OVER SCALE

Now backing up to the point of exit from the evaluation
path, and assumingthe computer found the vehicle legal
the overhead sign would direct it to the bypass lane.

N
Should a vehicle found to be illegal take the bypass lane
in violation of the overhead sign directions it would be
presented with this flashing message to take the turn-
off, circle around behind the scalehouse and then enter
the scalehouse lane and stop on the mechanical scale
(no message is visible whenthe sign is not illuminated).

Returning to I 94 via the bypass lane.
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Television camera housing in
place atop 26 ft tower. Housing
contains two cameras; each fo-
cused on a different part of the
evaluation path. Controls for the
wiper, the individual camera ir-
ises and the night lighting are all
on the weighmaster's console.

Here the monitor is shown mounted atop the weighmaster's con-~
sole, providing the operator asplit image (upper and lower screen)
view of the site. Theupper image shows the entire evaluation path.
The lower image has been positioned so that a vehicle in violation
(weight or dimension) will be displayed just after the computer
sounds the audible alarm in the console telling the operator that
a violator is approaching.

=
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Two views of weighstation operator showing his normal operating position with respect to system instruments,
teleprinter, weighmaster's console and TV monitor to his left, and survey console to his right. Computer,
tape recorder and speed and classification console are in separate room at rear of scalehouse.

Tape Recorder

Television monitor atop weighmaster's
console.

Shoulder enclosure building used
as a terminus for all signal and
power cables; as asystem test and
" calibration center; and for stor-
age of the myriad materials, tools,
etc. necessary to a project such
as this (future systems-non-pro-
totypes would not require this
component . Speed and classification console o - 1

Pre-processor located in
shoulder enclosure adjacent
toevaluation path 1300 ft from
weigh station,
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Embedded strip switch (mechanically actuated) which signals com-
puter thata vehicle is not fully on-scale and-therefore weights are
invalid. Computer responds by routing such vehicle to mechanical
scale for static weighing. One such switch is installed ahead of
each scale.

Photoswitch signalling entry and exit of
axles tolarge scale platform and to one of
small scale platforms.

Closeup of two light source components of the photo-

switches. G

A,
Two photo-detectors and a closeup of one, all under
ramp-shaped, steel protective covers.
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Rod at left is an- Looking up intobottom of large scale platform - longi-

Closeup of check rod mounting.

chored to wall and its opposite end is fastened to op- tudinal check rods can be seen upwithin platform while
posite side of platform in the same manner as the rod transverse rods are below - turnbuckles are used to
at right - the right rods opposite end is anchored to position platform and then tightened (30001bs. tension)

wall on opposite side of pit.

to secure it.

Inside large scale pit after installation of platform- Closeup of load cell installation at one corner of 'large
preload springs, load cells and transverse check rods scale - frombottom up, the cell bearing plate, the load

are vigible.

cell, dripshield, leveling screw jack, and bottom flange
of platform beam.

View of load cell on
bearing plate atop con-
crete pillar in large
scale pit --somewhat
obscured by white ep-
oxy paint.

View into end of one
small scale pit - all
preload, transverse
and longitudinal checks
and load cell mounts are
identical as in large
scale except that all an-
chor rods are up within
platform.
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View A (center) shows the dimension truss as a vehicle operator sees it. View Bshows the enclosures housing
the 72 width and length detectors. Views C and Dshows the height source and detector enclosures, while Views
E and F show both enclosures with their protecting hinged covers open to show the source and detector units.
View G shows the width and length light source parts in the cover of the pit containing the 72 light sources (in-
set closeup of port window).
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LIGHT BEAM

B
T

1

Closeup view of height
beam light source (left)
.and detector (right).

}
A

Closeup of one of the pit light 72 light sources for width and length beams as mounted in pit under

sources shown in array at right. concrete cover. Bottoms of steel tube light ports are visible in un-
derside of pit cover. Ports contain frost preventative heaters -
wiring is visible.

Dimension beam electronics, flip-flops, threshold ad-

View of dimension system truss as seen by westbound justments and encoders (all contained in the Pre-pro-
P 1 94 traffic. cessor located in the shoulder enclosure building).

i
¥
:
i
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L VEHICLE SPEED AND CTLASSIFICATION SYSTEM
BY GENERAL RAILWAY SIGNAL CO.,

(Installed at Grass Lake weigh station during Part A)

r—
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View of transceivers mounted on approach
underside of bridge over both traffic and pas-
sing lanes measuring vehicle height and there-
: by "ear'" or "truck.'" An identical pair mea-
suring speed are mounted on leaving under-
side.

i

cation transceivers mounted over westbound I 94 lanes.

LR
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Electronic enclosures mounted on bridge abutment -
containing signal generators, timing circuits, ampli-
fiers, cable drivers, etc.

Recording and display console in weigh station 1-1/2
miles east of transceiver bridge installation.
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LIGHTNING DAMAGE
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The following is a best estimate recon-
struction of the sequence of events during
the first and most damaging of the many
lightning strikes sustained by the system:

' (a) lightning bolt strikes the poorly ground-

ed luminaire case, (b) lens fractures,
charge enters luminaire power wiring, (c)
jumps open contactor and enters power sup-
ply wiring of pre-processor, (d) surging
through this unit it enters signal wiring,
travels the 1300 ft tothe weigh station where
(e) it enters the computer junction box and
spreads throughout computer, to tape, re-
corder, to teleprinter and weighmaster's
console.






