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Abstract 

In the last few years, much research and development has been carried out on 

Intelligent Vehicle-Highway Systems (IVHS) due to increased demand on the current 

transportation infrastructure. One aspect of IVHS is the development of automatic 

vehicle classification systems. 

The Automatic Vehicle Dimension Measurement System (AVDMS) has been de­

veloped by a team of Engineers at the University of Victoria and the British Columbia 

Ministry of Transportation and Highways. The research and development included 

in this thesis forms the main part of the AVDMS project . The developed system 

allows vehicles to be classified based on height, width, length, or overall volume. 

The AVDMS consists of two high-speed infrared laser range-finding scanners, an in­

frared laser vehicle speed sensor, a high-speed data acquisition board, and an 80486 

computer to process the data. 

In this thesis, vehicle dimension measurement methods are discussed, as well as, 

the processes which led to the selection of the range sensing solution for the AVDMS . 

Background on range sensing techniques and range data processing are provided. A 

brief overview of geometric model generation and multiple-view fusion is included to 

help the reader understand range sensing applications and the possibilities for other 

related applications of this technology. The reader is also provided with a detailed 

look at vehicle dimension measurement, including description and specifications of 

the A VD MS range-finding scanners, and technical details on the AVD MS method 

of range data acquisition and vehicle dimension measurement. The vehicle speed 

measurement problem is reviewed including an overview of the investigations, a de­

scription and comparison of the different measurement methods, and a detailed look 
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at the speed measurement solution. The layout of the AVDMS hardware configu­

ration is presented, as well as, descriptions and flowcharts of th AVDMS software. 

Results of the AVDMS prototype testing in the laboratory and on the highway with 

a number of highway travelling vehicles are provided to demonstrate the capability 

and usefulness of the system. A number of potent ial applications for the technology 

used in the AVDMS are di scussed as a possibility for future work. 

The AVDMS is to be installed on the approach causeway to the T sawwassen 

ferry terminal at Tsawwassen, Bri t ish Columbia, where it will measure the maximum 

length, width , and height of commercial and oversize vehicles travelling at speeds up 

to 120 km/hr . Vehicle height and width will be measured to within 15 cm and vehicle 

length to within 30 cm. This information will be used for determining the fare for 

each vehicle based on its volume. Volume is calculated as the product of a vehicle's 

dimension maximums, that is, the maximum height , width , and length measured by 

the AVDMS system. The measurements and calculations are made in real-time as 

each vehicle passes through the system helping reduce queue sizes at the toll booths 

and improving efficiency. 

The automatic real-time vehicle dimension measuring system ( A VD MS ) developed 

in this work is the first system capable of automatically measuring the dimensions 

of vehicles travelling at highway speeds. The AVDMS system demonstrates new 

capabilities of laser range-finding devices . The development of this technology may 

lead to many other applications . 
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Chapter 1 

Introduction 

1.1 Intelligent Highways and Traffic Management 

Systems 

In the last few years there has been much research and development in the area of 

Intelligent Vehicle-Highway Systems (IVHS) due to increased demand on the current 

transportation infrastructure. IVHS represents a group of technologies which are 

emerging in response to the congestion and safety problems on the world's highway 

systems . These technologies provide improved usage and safety of the highway sys­

tems without costly and often environmentally damaging infrastructure expansion . 

. Safety and congestion problems directly impact the efficiency of our road transporta­

tion system resulting in longer travel time and increased costs of both goods and 

people. Improved efficiency and accessibility of the road transportation system also 

have a significant social benefit . In Canada, it is estimated that by the year 2011, 

congestion will be reduced by 15 to 20 percent, the number of accidents reduced 

between 8 and 10 percent, and fuel savings around 1.3 Billion litres per year.[19] 
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Although IVHS developments are currently moving most rapidly in Europe, Japan, 

and the United States there are many IVHS developments underway in Canada. Most 

Canadian activity is clustered in Ontario, Quebec, and British Columbia. Canadian 

Industry has much to benefit by taking advantage of the great potential in the IVHS 

market . 

Due to the recent emphasis on IVHS developments and the large market potential 

within IVHS , there are many more players from various sectors becoming involved in 

road transportation development. The key players include: 

• The Federal Government through various departments. 

• The Provincial and Territorial governments. 

• Municipal Governments. 

• The transportation and technology industries. 

• Universities and other research centres. 

• Various transportation industry associations. 

IVHS is now divided into six functional areas, with each area having its application 

group of IVHS technology. The areas are designated by the following acronyms and 

their meanings: 

1. ATMS: Advanced Traffic Management Systems; 

2. ATIS: Advanced Traveller Information Systems; 

3. AVCS: Advanced Vehicle Control Systems; 
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4. CVO / AFMS: Commercial Vehicle Operations/ Advanced Fie t Management 

Systems; 

5. APTS: Advanced Public Transit Systems; 

6. ARTS: Advanced Rural Transportation Systems. 

The Automatic Vehicle Dimension Measuring System (AVDMS ) di scussed in this 

thesis has been developed specifically for more efficient management of commercial 

vehicles and is therefore considered within both the Advanced Traffic Management 

Systems (ATMS) and Commercial Vehicle Operations (CVO) functional areas . ATMS 

is generally considered the cornerstone or foundat ion of IVHS on which many other 

IVHS applications are built. Currently, most development in this functional area 

has involved the monitoring of traffic flow within a specific road section or network 

area. Traffic flow monitoring is usually done by sensors mounted in the roadway or 

by remote imaging sensors, and is able to detect vehicle presence, speed, delay times , 

traffic accidents , and other parameters that can be used to help manage the traffic 

more efficiently. Real-time data acquisition and vehicle surveillance are the primary 

characteristics of ATMS. 

The AVDMS provides real-time dimension measurement of commercial vehicles 

at highway speeds, and also reduces their delay time at the toll booth. Real-time in 

this context means that the measurements are completed on each vehicle before the 

next vehicle passes through the system without delaying or slowing down vehicles. 

This will improve efficiency for commercial vehicles at B. C. Ferries terminals where 

fares will be charged based on the volume of commercial vehicles . The AVDMS can 

also be used for vehicle counting, classification, speed measurement, and determining 

the optimal placement of commercial vehicles on the ferries. 
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1.2 Range Sensing and Geometric Model Gener­

ation 

With many processes in industry becoming automated, it is often important to make 

spatial observations of various objects, machinery and the working environment, and 

to make remote measurements in applications with rugged environments or where 

manual measurements are not efficient or permissible. These observations are nor­

mally made using range sensing devices. These devices commonly use light waves as 

the measurement medium since light waves can easily be focussed, and they travel 

quickly to and from the objects and environment. A laser is usually used as the light 

source. With recent development in the ability to focus sound waves, they too are 

being used , depending on the application. 

Most commonly-used range sensing devices can be classified into two categories. 

These are the triangulation based devices and time-of-flight (TOF) based devices. 

Triangulation devices are used at shorter ranges where high accuracy is required. 

For example, many mechanical part profile scanning devices use triangulation based 

laser range sensors for quality control and reverse engineering applications where high 

precision is required. TOF laser range-finding technology has been developed more 

recently and is typically used at ranges not less than a few meters. These TOF 

systems have range measurement accuracies from a few millimeters to a few inches 

depending mainly on the rate of measurement . It is common for both triangulation 

and TOF sensors to use rotating mirrors to facilitate high speed scanning of an object 

and its environment. Both of these optical sensing techniques can be used to acquire 

3D range data. 

After obtaining 3D information from a particular scene, it is often necessary for a 

computer to create a geometric model of the object(s) and the environment . Geomtric 
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modelli ng is genera.ting a set of information that geometr ically defi nes an object as 

required for a given applicat ion. Geometric model generation usually requires viewing 

an object from mult iple locat ions to obtain the corn.plete geometric model of the 

object . This leads the ne d to perform multiple-view fusion from separately acquired 

range imag s. Range-finding and geometric model generation will be further discussed 

in Chapter 3. 

1.3 Related Research in Range Sensing Applica­

tions 

Research and development of range sensors and range sensing technology have gained 

considerable attention in recent years. Due to its superior capabili ty to provide an 

accurate and informative 3D range profile of the scanned objects (and environment), 

range sensing becomes an emerging technology for many design and manufacturing 

applications . 

Some examples of applications where range sensors are being used include: 

• Geometric Model Generation;[26] 

• Reverse Engineering; 

• Manufacturing Accuracy Control ;[2] 

• Finishing, Inspection and Quality Control ;[S] 

• Milit ary applications for scanning enemy territ ories; 

• Robotic applicat ions ;[l8, 20] 
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• Tree scanning in orchards for efficienct pesti cide spraying; 

• Log scanning in saw mills for maximum lumber output ; 

• Surface Topography Measurements;[l 7] 

• Navigation in spaces where normal vision is insufficient; 

Other potential applications may include: 

• Basic Measuring Systems in 1-D, 2-D, or 3-D; [12] 

• Vehicle dimension measurement and classification systems; 

• Autonomous vehicles;[2] 

• Various assembly applications; 

The real-time automatic vehicle dimension measuring system (AVDMS) developed 

in this work is the first system capable of automatically measuring the dimensions 

of vehicles travelling at highway speeds. The AVDMS system demonstrates new 

capabilities of laser range-finding devices. The development of this technology may 

lead to many other applications . 

1.4 Vehicle Dimension Measurement Required by 

B.C. Ferry Corporation 

The B. C. Ferry Corporation has a number of ferry routes that connect the mainland 

to Vancouver Island. Between Tsawwassen and Schwartz Bay alone, more than 10,000 

commercial and oversize vehicles use the B.C. Ferries each month. This large number 
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of vehicles requires oganized and efficient management to maintain ferry schedules 

while transporting the maximum number of vehicles per trip. In order to increase the 

efficiency of the ferry system, an Electronic Vehicle Monitoring Station (EVMS) is 

being developed that will include an Automatic Vehicle Ident ification ( AVI) system, a 

Weigh-In-Motion (WIM) system, a static weigh scale, and the AVDMS system which 

will automatically measure the three major dimensions of vehicles; length, width and 

height. 

Currently, fares for commercial and oversize vehicles are determined based on 

vehicle length. The existing system requires toll booth staff to manually measure the 

length of each vehicle. This is an inefficient and labor-intensive method that does not 

account for the variation in height and width of different vehicles. In order to improve 

the efficiency, accuracy, and comprehensiveness of determining and collecting fares for 

commercial and oversize vehicles, it was decided that toll collection should be based 

on the volume of oversize vehicles and that a system was required to automatically 

measure vehicle dimensions. 

1.5 Automatic Vehicle Dimension Measurement 

System 

The real-time Automatic Vehicle Dimension Measuring System (AVDMS) was devel­

oped to automatically measure the maximum length, width , and height of commer­

cial and oversize vehicles. It is to be used as one component of the Electronic Vehicle 

Monitoring Station (EVMS) on the highway close to one of the B.C . Ferries terminals 

where it will measure the dimensions of commercial vehicles travelling at speeds up 

to 120 km/h . Vehicle height and width will be measured to within 15 cm and vehicle 

length to within 30 cm. This information will be used to calculate the volume of each 
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vehi cle for determining the fare for the vehicle. The measurements and calculations 

wi l I be ma.de in real-time as each vehicle passes through the sys tem h lping reduce 

queue sizes at th toll booths and improving efficiency. 

The AVDMS was developed by a team of Engineers at the University of Victori a 

and the Bri t ish Columbi a Ministry of Transportation and Highways . The system 

consists of two high-speed infrared laser range-finding scanners and an infrared laser 

vehicle speed sensor , connected to a 66 MHz/80486 personal computer. A drawing of 

the prototype sys tem layout is shown in Figure 1.1. The AVDMS system operation 

flowchart , indicating the method in which vehicles are processed, is shown in Figure 

1.2. Specifications for the laser scanners and speed sensor were developed based 

upon the targeted function of the AVDMS . These specifications were provided to 

Schwartz Electro-Optics (SEO), the manufacturer of the range-finding scanners and 

speed sensor. SEO is located in Orlando, Florida, and has been developing leading 

edge laser range-finding scanners and sensors for many years including a number of 

developments for the US Department of Defense. 

There were many steps involved in the development of the real-time vehicle dimen­

sion measurement system which are discussed in Chapter 4. A detailed description 

of the AVDMS and its components is also provided in Chapter 4. 

1.6 Thesis Outline 

• Chapter 2: An overview of the vehicle dimension measurement methods in­

vestigated and the processes which lead to the selection of the range sensing 

system. 

• Chapter 3: Background on range sensing techniques and range data processing 
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is provided. Informat ion on geometri c model generat ion is a l o provided to help 

t he reader understand range sesning applications. 

• Chapter 4 : A detai led look at vehicle dimension measurement , including de­

scrip t ion and specifications of SEO 's sensors and scanners, and technical details 

on the AVDMS method of dimension measurement. 

• Chapter 5: The vehicle speed measurement problem is reviewed including an 

overview of the investigations , a description and comparison of the different 

measurement methods, and a detai led look at the speed measurement solution. 

• Chaper 6 : The AVDMS hardware configuration is presented. 

• Chapter 7: Descriptions and flowcharts of the AVDMS software is provided. 

• Chapter 8 : Result s of the AVDMS prototype test ing in the laboratory and 

on t he highway with a number of highway travelling vehicles are provided to 

demonstrate the capability and usefulness of the system. 

• Chapter 9: A number of potential applications for t he technology used in 

t he AVDMS are discussed, as well as , future development possiblilities for the 

AVDMS. 
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Speed Sensor ( centered) 

Autosense Ill (left side) Autosense Ill (right side) 

I ... 7 .0 m ... , T Commercial 
Vehicle 

B 
6.0 m 

AVDMS 
Hardware 

Figure 1.1 : AVDMS Prototype System Layout 
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Start 

Initia li ze AVDMS Hardware 

Initialize AVDMS Software Porcmelers 

Set-up High Resolut ion Timer 
and lnlerrupl - Com1 Driver 

Top of Continuous Processing Loop 

Coiculole Height Values for Current Profile 

No 

Use Min. and Max. Thresholds 
lo remove bod data 

Filler Height Va lues with 3-pl. Median Filler 

Determine Maximum Height for Currant Profile 

Determine Veh icle Side Location for Current Profile 

Calculate Distance to Vehicle Side Location 

Store Height and Width Information for Current Profile 

No 

Determine Maximum Height and Width of Present Vehicle 

Determine Speed and Timing information for Present Vehicle 

Calculate Length of Present Vehicle 

Output Length , Width, and Height of Present Veh icle 

Figure 1.2: AVDMS System Operation Flowchart 
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Chapter 2 

System Design and Embedded 

Technology 

2.1 Specification for the Vehicle Dimension Mea­

surement System 

When the research to develop the AVDMS began, the technique and sensor systems to 

be used were unknown and therefore the specification was limited to brief operational 

requirements. The system had to be able to automatically measure length, width, and 

height dimensions of vehicles. Measurement accuracies were expected to be within 15 

cm for vehicle width and height , and within 30 cm for vehicle length. The AVDMS 

will operate 24 hours per day, exposed to outdoor weather conditions, and therefore 

must be robust and reliable. It is necessary that the system operate in real-time so 

that vehicle dimension information for a given vehicle is available to the toll booth 

before that vehicle arrives at the toll booth. Real-time in this sense means that the 

measurements are completed on each vehicle before the next vehicle passes through 
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the system without delaying or slowing down all v hides. 

2.2 Evaluation of System Design Alternatives 

Considering the problem of measuring the dimensions of vehicles travelling along the 

highway, a system is required that can make size measurements in quick succession 

from a distance. The technologies considered most promising for the real-time vehicle 

dimensioning task were image processing with both lD and 2D gray image cameras, 

light curtain techniques with photo-electric sensors, and 2D rang imaging with laser 

range-finding scanners . The next sections discuss these range sensing techniques 

related to the automatic vehicle dimension measuring application. In this work, many 

different lD range sensors were also investigated but most of the lD range sensors 

were made for shorter ranges with high accuracy or longer ranges with poor accuracy 

and slower measurement rates. They cannot serve our need. 

2 .2.1 Dimension Interpretation from Two Dimensional Gray 

Image 

Two-dimensional (2D) gray images can be acquired using a CCD camera and an image 

grabbing board. Image acquisition and processing methods were investigated in co­

operation with a local company specializing in image acquistion equiment. Attempts 

were made to process recorded video images of vehicles travelling on the highway to 

determine the feasibility of vehicle dimension measurement from the acquired images. 

This investigation showed difficulties with the image processing methods for a number 

of reasons. The main difficulty is that gray images do not directly contain geometric 

information and require complex processing algorithms to determine 3D geometric 
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information. Currently, there are no known appl icat ions of image proc ss ing which 

accurately proc ss the g ometric information of fast -moving, complex-shaped objects 

in real-tim e. Investigating image processing thorough ly would be cost ly and require 

much development time. The most difficult task would be developing the algorithms 

required to process the acquired gray images and determine vehicle dimensions in 

real-time. This would require much expertise in image processing. 

A combination of both image processing and laser range-finding devic s was also 

considered. However, such a system would contain the same difficulties of a pure 

image processing system and would require complex software and significant develop­

ment time to integrate the systems . It would also be more costly and more difficult 

to install and maintain than a system involving purely laser range-finding scanners 

as will be discussed in section 2.2.4. 

2.2.2 Dimension Interpretation from One Dimensional Gray 

Image 

A linescan camera uses an array of photoelements for linear imaging. The number of 

photoelements varies from 256 to 6000 depending on the application and the resolution 

required. Line scan cameras are commonly used in document scanning systems, for 

measurement and inspection of industrial components and products, and for many 

other non-contact measurement applications . A number of configurations of linescan 

cameras were considered for the measurement of vehicle dimensions. Arrangement 

were made with EG&G Reticon to try their LC1912 linescan camera. The LC1912 

was tested in the laboratory to determine how well it could detect color variation and 

object features. The camera performed quite well and appeared to be quite sensitive 

in detecting slight color variation. Due to the extraordinary high speed at which the 
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linescan cameras would be operating for measuring vehicle dimensions , it wo uld b 

necessary to have quite bright illuminate lighting. The two configurations of linescan 

cameras that were considered most feas ible are the linescan camera curtain and stereo 

pair li nescan cameras. 

Linescan Camera Curtain 

For vehicle width m asurement, an array of linescan cameras could be mounted on 

an overhead bridge and look directly down at the vehicles as they pass, detecting 

the widest points. This same concept with the cameras aligned down the side of the 

bridge could be used for height measurement. However, linescan cameras acquire 

gray images which do not contain depth information. Therefore, a large number of 

closely spaced linescan cameras, as shown in Figure 2.1 , would be required to meet 

the accuracy specification, and to avoid the dead angle of observation. Each camera 

would have a narrow field of view and would be used to determine whether the vehicle 

extends into their view. Image processing would involve determining, for each camera, 

which parts of the image are road and which are the vehicle. One would not have 

to do any complex geometrical calculations or coordinate the information from the 

adjacent cameras. However, the costs associated with purchasing, interfacing and 

maintaining the linescan camera curtain were considered too high. 

Stereo Pair Linescan Cameras 

As mentioned in the above section, linescan cameras do not have depth perception 

which makes it difficult to profile the object that it is imaging. However, the possibility 

of using two linescan cameras as stereo pairs and combining the information from both 

of them to calculate depth at each feature point was investigated as shown in Figure 

2.2. This method would require the widest or highest point of the vehicle to have 
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Figure 2.1: Array of Linescan Cameras for Width Measurement 
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a st rongly identifiable feat ure such as a change in color or a sharp corner. Edge 

detect ion met hods may be used, assuming that both cameras will be seeing t he same 

set of edges. A point-to-point correspondence for a number of feature points can thus 

be created with moderate confidence. For each pair of points a "stereo" calculation 

can be done as shown below to determine the hori zontal and vertical position of the 

point. T he relations between x1 and y1 can be obtained as 

Y1 tan 01 a + ao 

Y1 tan 01 b + bo 

(2.1) 

(2.2) 

where, 01a and 01b are determined directly by the locations of pixel a 1 and b1 in the 

image. Solving for Y1, 
bo - ao 

Yi = tan 01a - tan 01b (
2-3) 

and to determine x1 , substitute the value for y1 back into Eq. (2.1). Now, with 

Eqns. (2.1) and (2.3), we can solve for the two unknowns , x1 and y1 , which define 

t he location of the first feature point . Similarly, the method can be applied to other 

feature points, such as x2 and Y2, 

The stereo pair linescan camera technique could provide a good profile of the sides 

or top of a vehicle assuming there are a number of identifiable feature points on the 

surfaces. It would be necessary that the feature points define the highest and widest 

points on a vehicle. It would also be necessary to maintain quite bright illuminate 

lighting in order for the linescan cameras to capture the feature points at the high 

measurement rates. In order to thoroughly determine the feasibility of this method, 

a large amount of development time would have been required , and instead the laser 

range-finding method discussed in Section 2.2.4 and Chapter 4 appeared to be a more 

promising solut ion for vehicle dimension measurement. 
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Figure 2.2: Stereo Pair Linescan Cameras 
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2.2.3 Dimension Measuring Using a Photo-Electric Light 

Curtain 

A well developed technique for rough dimension measurement is the light-curtain 

approach. The t chnique has been used quite extensively in the logging and steel 

industries in harsh environments. A light curtain is an array of infrared photo-electric 

sensors ( or sensor pairs) which detect the presence and position of an object. 

For vehicle dimension measurement, the photo-electri c sensors can be mounted 

on an overhead bridge above the vehicles and possibly on the road surface or in 

a specially designed trench flush with the road surface. They cannot however, be 

mounted on both sides of the vehicles due to the impracticality of a mounting structure 

between lanes of traffic. Photo-electric sensors were thus considered for vehicle width 

measurement only, and also for helping make length measurements . The width of 

vehicles would be measured by determining which of the sensors have their signals 

interrupted as the vehicle travels through the light curtain as shown in Figure 2.3. The 

exact position of each of the sensors is known which allows the program to determine 

where each side of the vehicle is. The sensors are cycled at high frequencies so that 

the widest point along the vehicle is measured. The use of photo-electric sensors for 

helping make vehicle length measurements is discussed in section 5.2.2. 

Three different types of photo-electric sensors were investigated: 

1. Transmitted Beam (or Thru Beam) Sensors consist of two separate units; 

an infrared transmitter and a receiver. When the object to be sensed passes 

between the transmitter and receiver , it interrupts the transmission of the in­

frared beam which is detected by the receiver. Transmitted beam sensors have 

the longest operating range among all photo-electric sensors that we have tested. 

The transmitter and receiver can be separated by up to 100 metres. These sen-
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Figure 2.3 : Photoelectric Light Curtain Technique for Vehicle Width Measurement 
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·o rs are common ly used in indust ry for protecting workers from dangerous areas 

and equipment. 

2. Retro-reflective Sensors contain an infrared transmitter and receiver in a 

single uni t. They operate by sending an infrared beam to a specially designed 

reflector or reflective surface and then sensing the ret urned signal. When an 

object passes between the sensor and the reflector , the signal is interrupted 

indicating presence of the object . Retro-reflective sensors can be separated 

from the reflector by up to 30 metres depending on the quality of the reflector. 

An example of the retro-reflective sensors is the common customer entrance 

detectors used at many retail stores. 

3. Proximity ( or Diffuse Reflection) Sensors also contain an infrared t rans­

mitter and receiver in a single unit. However, they use the target object rather 

than a reflector to reflect the sensors infrared beam back to the receiver. When 

an object passes by the sensor, some of t he transmitted signal will be reflected 

to the receiver and the object is detected. The reflection from the object to be 

sensed is usually much more diffuse than reflection from a specially designed 

reflector and thus proximity sensors can detect an object's presence at ranges 

up to about 6 m . These sensors are commonly used in industry to control the 

level of liquids in containers . 

Initially, the retro-reflective type sensor was investigated. This sensor was con­

sidered most suitable for the application as less-costly reflectors rather than sensors 

would be mounted at the road surface with the sensor being installed on an overhead 

bridge. However, after some testing of these sensors it was discovered that slight 

degradation in the quality of the reflective surface disabled the sensor. With the 

reflectors placed on the road surface, it is quite likely that the reflectors would be 
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d graded due to dirt , oi l, and breakage on a regular basis. The maintenance of such 

a system would be too cos tly. 

Transmitted beam sensors which do not depend on signal refl ect ion were then 

considered. An easy-maintenance trench cabinet to house the receivers would have 

to be constructed and placed in the road, flush with the road surface. The same 

problem of eliminating signal obstruction due to dirt and oil still exists. The costs 

and complexity involved in the construction and maintenance of such a system were 

considered too high by the Ministry of Transportation and Highways. 

At first, the idea of using proximity sensors seemed quite good since the sensors are 

placed on only one side of the vehicle. However, these sensors cannot be focussed well 

enough (measurement envelope is too large) and do not have the required operating 

range for vehicle dimension measurement. 

Another major problem with using any of the photo-electric sensors is their re­

sponse time. These sensors are not able to make measurements quickly enough on 

fast-moving vehicles to obtain the measurement resolution required. 

After investigating and testing the various photo-electric sensors, it was evident 

that the light curtain technique was not feasible for vehicle dimension measurement. 

2.2.4 Dimension Interpretation Using Two Dimensional Range 

Images 

Laser range sensors determine the range from the sensor to an object by sending 

out continuous pulses of infrared light and measuring the time for the light to travel 

to the object and back. This is known as time-of-flight laser range-finding which 

is based on the constant travel speed of light. The location of the scanner and the 

direction of measurement are known, and the distance to the object is measured. The 
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coordinates of the projected point on the object can be calculated. It is also possible 

to incorporate a fast rotating mirror which directs the laser light to cover a given 

angle and to form a scanning plane. A 2D range image of objects is formed as the 

ob ject moves thro ugh the scanning plane in an orthogonal direction. The pulses of 

infrared light are reflected off of the mirror as it rotates and measurements are made 

at regular angular intervals in the scanning plane. Most often an object must be 

scanned from more than one view point to obtain the complete profile as shown in 

Figure 2.4. The profile of the vehicle is now defined by each point at which the laser 

reflected off of the vehicle and back to the scanner. 

There has been much development in the area of laser range-finding in the last 

few years, but the technology is still relatively new. Currently, range measurement 

accuracies for a high speed t ime-of-flight based range-finding scanner are approxi­

mately 8 cm at best. This is considered acceptable for the AVDMS. The advantages 

of the scanning laser rangefinder are that the scanners are completely overhead, spe­

cial lighting is not required, little maintenance is involved, and the complete vehicle is 

imaged, providing more information than the other systems considered. Three differ­

ent laser range sensors were tested and the results indicated that this technique would 

be a good solution for the AVDMS. More details on the testing of the range-finding 

devices and their application in the AVDMS solution is discussed in Chapter 4. 

2.3 Selection of Dimension Measurement Tech-

. 
n1que 

After investigating the most promising range sensing techniques for the dimension 

measurement of vehicles, the most suitable method and the only proven technology 

considered suitable for the AVDMS was laser range-finding scanners. Table 2.1 out-
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Figure 2.4: Multiple Viewpoint Laser Scanning for Complete Profile 
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Table 2.1: Summary of Dimension Measurement Techniques 

Technique Problems Features 
2D Gray Image High cost and development time Only 2 cameras req 'd 

Real-Time Processing not feas ible Low maintenance 
Requires bright lighting 

1D Gray Image High cost and development time Low maintenance 
Too much processing time req'd 
At least 4 cameras req 'd 
Requires bright lighting 

Light Curtain Response time not quick enough Well proven technology 
High maintenance costs 
Many sensors req 'd 

2D Range Image High initial cost Meets design accuracy req'mts 
Speed measurement system req'd Well proven technology 

Only 3 sensors required 
Not affected by light variation 

lines the various problems and features of each of the measurement techniques . 

2.4 Methods for Sensor Evaluation 

The stated measurement techniques were evaluated by testing the various sensmg 

devices in the laboratory at the University and in some cases on the road. The road 

testing took place at the University of Victoria and on the Royal Oak-Highway 17 

overpass. 

2.4.1 Laboratory Testing and Development Highlights 

The laboratory testing setup used for testing the Autosense III scanners is shown in 

Figure 2.5. The laboratory was also used for testing many other sensing systems as 
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UVic LHut Rm. 40 LEGEND 
1. ASIII Scanner # 1 
2. ASIII Scanner #2 
3. 486D/66 Computer 
4 . ASIII Motor Power Supply 
5 . ASIII Circuitry Power Supply 
6. Vehicle Surface Simulation 

Figure 2.5: UVic Laboratory Setup for Testing the ASIII Scanners 
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Table 2.2: In-Lab S nsor Evaluation Summary 

Supplier Equipment Tests /Development Description Date 
EG&G Linescan camera presentation Feb. 10/ 93 
Argo Ind . STI Retro-reflective sensors demo Feb. 18/93 
Infrascan Image Processing Equipment demo March/ 93 
Electro! Dist. GL45-P250 Retro-reflective sensor Feb 93. 
SEO ASI unit arrived / lab tested Feb. 24/ 93 
Argo Ind. Retro-reflective sensor STI-205 demo Mar . 11/ 93 
Argo Ind. STI-705 sensor pairs tested Mar./ 93 
Chartwell Elec. WS12/WE12 sensor pairs tested Mar. /93 
SEO HOPSS Scanner arrived and tested in lab April 28 / 93 
EG&G Linescan cameras tested in lab August / 93 
SEO ASIII scanners testing and development April/94 - June/95 

outlined in Table 2.2. 

2.4.2 Field Tests 

The field tests were performed on the roadways at the University of Victoria or at 

the Royal Oak overpass as outlined in Table 2.3. 
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Table 2.3: Field Testing Summary 

Supplier Equipment / Test Description Date 
SEO ASI unit tested at UVic roadway March/ 93 
SEO ASI unit road tested at Royal Oak March/ 93 
SEO HOPSS Scanner road tested April 30 / 93 
Aromat Retro-reflective sensors road tested November 18 / 93 
MD Charlton K-55 Radar gun tested at UVic roadway Jan. / 94 
Kustom Signals Falcon Radar system tested at Royal Oak April / 94 
SEO ASIII scanners testing at Royal Oak April 21/94 - June /95 



Chapter 3 

Range Sensing and Range Data 

Processing 

3.1 Introduction 

29 

With many processes in industry becoming automated, it is often important to make 

real-time spatial observations of various objects, machinery, and the working environ­

ment . These observations can be made using CCD cameras and image processing, 

or various range-finding methods. Although CCD cameras are able to capture the 

image of a particular scene faster than range-finding devices, the gray image acquired 

does not directly contain geometric information and requires complex processing al­

gorithms to determine 3D geometric information. Range-finding devices require more 

time for observing a given object or environment. However, in a range image, the 

geometric location of each point defining the image is known and complex processing 

is not required. Therefore, range images are often more suitable for automated and 

real-time operations in which geometric information is required. Range-finding de-
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vices most commonly use light waves (laser) as their measurement medium. However , 

with recent development in the ability to focus sound wa.ves, they too a.re being used, 

depending on the application. In t his thesis, only optical range sensing techniques 

will be discussed as they were considered most suitable for the AVDMS. 

After obtaining range data from a particular scene, it may be used for a number 

of purposes. For the AVDMS , the range data is used to determine the dimensions of 

vehicles without having to generate a complete 3D model of the vehicle. However, 

it is often necessary for a computer to create a 3D model of the object(s) and the 

environment from the range data. For example, the Autosense III scanners could be 

used for a vehicle recognition system in which 3D models of the vehicles would be 

created from the range data. Geometric model generation usually requires viewing 

an object from multiple locations to obtain the complete model of the object and 

its environment. This creates the need to perform multiple-view fusion which com­

bines the data from each viewpoint to build the complete model. Geometric model 

generat ion and multiple-view fusion will be discussed in section 3.3. 

3.2 Range Sensing Techniques 

There are two optical methods which are most commonly used for range sensmg. 

These are triangulation based devices and time-of-flight (TOF) based rangefinders. 

Triangulation is more commonly used at shorter ranges where high accuracy is re­

quired. Triangulation based devices consist of a laser light source, a scanning mech­

anism which projects the light spot onto the object , and a position sensor such as a 

CCD camera which detects the location of the light spot on the object . The range 

measurements are made using trigonometric algebra applied to the paths of projection 

and detection of the light spot . Different geometrical arrangements of the components 
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can be used for various appli cat ions to provide better ra.nge measurements. An ex­

ample of a triangulation configuration which uses one-dimensional scanning is shown 

in Figure 3.1. 

The TOF range-finding method also uses a laser source whi ch transmits pulses of 

light that are reflected back from the target. The time delay between the transmission 

of the pulse and its return determines the distance to the target. TOF range-finding 

is only suitable for measuring distances of at least a few meters due to the high travel 

speed of light and the limitat ions of timing electronics. Triangulation methods have 

much better accuracies than TOF methods at short ranges . However, the method 

requires that the projected spot on the obj ect be quite "visible. " This imposes a strict 

reflective property on the object surface and illumination lighting. The light intensity 

of the reflected spot also diminishes squarely with distance. Due to these limitations, 

no triangulations devices were found which operate at the ranges required for the 

AVDMS. One sensor supplier that was contacted has done some experimentation 

with a "proof of concept" triangulation system that operates at longer ranges, but 

did not consider it suitable for the AVDMS. Triangulation devices would most likely 

experience difficulty scanning complex shapes such as commercial vehicles due to 

shadow effects. The shadow effects occur since the path of incidence and reflection 

are not the same as shown in Figure 3.1. The advantage of the TOF rangefinder is 

that incident and reflected light travel the same path as indicated in Figure 3.2 and 

shadow effects are not a problem. 

For TOF rangefinders , scanning about one axis or two axes can be accomplished 

yielding either 2D or 3D range data. It is also possible to scan about one axis to 

obtain three-dimensional range information if either the target or the scanning head 

are moving in a known or controlled manner. 
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Figure 3.1: Geometry of Triangulation Range-Finder 
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Figure 3.2: Internal Structure of Time-of-Flight Rangefinder 
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3 .2.1 Time-of-Flight Range Se nsing 

Wben imaging stat ionary target objects , TOF Ran gefinders can be rotated a.bout 

two axes to obtain 3D range data in spherical coordinates . Most often the data is 

not usable in the device 's spheri cal coordinate frame and must be tranformed into 

the global Cartesian frame. Considering the range-finding device as a single point, 

spherical coordinates are transformed into the Cartesian coordinate system based on 

the model in Figure 3.3 by: 

x(B, ¢, R) 

y( <P, R) 

z(B ,¢, R) 

R cos ¢ cos 0 

R sin¢ 

R cos¢ sin 0 

(3.1) 

(3 .2) 

(3.3) 

In applications where the target object is moving perpendicular to the scan plane 

formed by one rotating mirror, the mirror is used to reflect the laser onto the object 

at regular angular intervals capturing profiles of the target object. In this case the 

measurements are made in the cylindrical coordinate system and must be transformed 

to the Cartesian coordinate system based on the model in Figure 3.3 as follows: 

x(B,R) 

y(B,R) 

Rcos0 

Rsin0 

(3.4) 

(3 .5) 

In this case, either the rangefinder or the object will have known or controlled 

motion to determine the third dimension. Both of these models assume that the 

rangefinder can be represented by a point in space, however, they are incomplete 

as they do not model the interior of the range-finding device. An alternative model 
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has been developed using homogeneous transformations, which is a.ppli d to model 

both the exterior a.nd interior light paths of the rangefinder. The magnitude of the 

errors resulting from neglecting the interior light-paths a.re dependant on the internal 

geometry of the ra.ngefinder. Essentially, if the total length of the internal light 

path, which changes with rotation of the internal mirrors, has significant magnitude 

when compared to the external light path, this length should be included using the 

alternative model. The details of the alternative model can be found in [23, 24]. 

Considering the Autosense III sensor, the interior light path is adjusted for with 

a constant offset adjustment to the range measurement . Although the internal light 

path is always changing slightly due to the rotation of the sensor 's mirror , the variation 

is much less than the resolution of the sensor and can be ignored . 

3.2.2 Triangulation Based Range-Finding 

With triangulation based systems, the internal geometry of the rangefinder is essential 

information for determining the ranges to the points on an object . Referring to Figure 

3.1, the laser source, point on the object, and the CCD camera form a triangle. By 

applying the law of sines, the distance between a point on the object and the camera 

is determined as follows : 

or 

sin0 sin</> sin(180 - 0 - </>) 

S T B + b + Xplane 

S = (B + b + Xp /ane ) sin0 
sin(180 - 0 - </>) 

Once S is determined the Cartesian coordinates are determined as 

X 

z 

Xp /ane - S COS <P 

S sin0 

(3.6) 

(3.7) 

(3 .8) 

(3.9) 
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and the third dimension can be obtained by moving the range sensor or the object in 

the Y direct ion. 

The arrangement of the internal components such as the angles of the focussing 

lens and the CCD camera are important in obtaining more accurate range mea­

surements ov r a larger depth of view. The Scheimpflug geometry is one particular 

arrangement that improves the depth of view and is discussed in [18]. Synchronized 

scanning is another geometrical arrangement which improves the performance of the 

triangulation based rangefi.nder and is discussed in [17]. 

3.3 Geometric Model Generation from Acquired 

Range Data 

Although, geometric models are not generated in the AVDMS, the range data acquired 

by the Autosense III scanners could be used to generate geometric models if required 

for a vehicle recognition system. A number of 3D images were created using the 

Autosense III at a single view point and scanning about one axis. These images 

are shown in Chapter 8. In order to generate a complete geometric model, range 

data must be acquired from at least one other view point. The type of geometric 

representation must also be determined and then the range data acquired from each 

view point must be fused to create one model. 

Traditionally, 3D model generation has required the user to know the geometric 

information of an object and enter it into a solid modelling program. This is often 

not suitable for automated processes which require real-time decision-making or for 

modelling objects with 'uncertain' .geometries. With range-finding systems, it is now 

possible to have continuous data-acquisition which can be used for real-time geometric 
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modelling of objects. In order to completely observe an object and its env ironment, 

views are required from multiple sensor locations and must be integrated to create 

the complete model. The integration process is known as multiple-view fusion and 

this process will be di scussed in section 3.3.3. Before di scussing fusion of t he mult ip le 

views, the alternatives for representing the model must be compared to determine 

which is most appropriate for data acquired by range-finding devices at multiple view 

points . These representation alternatives will be discussed in section 3.3.1. The 

amount of data required to model an object and its environment is quite large and 

it is usually important to process the information in the most efficient manner. In 

section 3.3.2, modelling an object in the device frame of the range sensor is discussed 

as an option for improving the efficiency of the modelling process. 

3.3.1 Se lection of Representation 

There are a number of ways in which objects can be geometrically represented. It is 

important that the representation chosen to model the obj ect is compatible with the 

method of data-acquisition and that it meets the intended purpose. There are some 

important factors to consider when data is acquired by range-finding devices such as 

the Autosense III. 

1. Objects are defined by discrete range-data, 

2. Range-data is evenly spaced in the device frame, in the cylindrical or global 

coordinate form, but not in the local or global Cartesian frames, 

3. Multiple-views require fusion to complete the model. 

Keeping these factors in mind, the various methods of model representation can be 

compared to determine which is most suitable. Referring to [23 , 25, 26], the represen-
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tat ion alternatives are point , line, surface, volume, boundary, or ob ject based . Among 

t hese representation types, surface based representations are most compat ible with 

the range data obtained from the surfaces of vehicles using the A utosense III scan­

ners. Of the surface based representations discussed in [23, 25 , 26], the cross-section 

bas d r presentat ion is effici ent for range data in general, and i especially effective 

for an application such as vehicle recognition where cross-sections are inherent with 

the method of scanning. 

A cross-section based representation uses an array of 2D cross-section curves to 

represent objects. A cross-section curve can be thought of as the intersection of 

the 3D obj ect 's boundary surface with a cross-section plane, which cuts through the 

object . The cross-section planes are arranged perpendicular to a guide curve and if 

the guide curve is a line, the cross-section planes will be parallel to each other. In the 

case of a vehicle recognition system using the Autosense III scanners, the road could 

be considered the quide curve and the cross-section planes would be evenly spaced 

along the road. The distance between the cross-section planes can be chosen based 

on the scan rate of the Autosense III and the vehicle speed, to allign the acquired 

data planes with the model cross-sections. 

If the object to be modelled is bounded within the view of the range-finding device, 

the cross-section lines will be closed once the model is complete. In the case of the 

vehicle recognition application, two Autosense III scanners would be required to scan 

each side and top of the vehicles. Partial modelling and multiple-view fusion can now 

be handled in the two-dimensional space of each cross-section plane. A simple object 

is represented using the cross-section based representation in Figure 3.4. The number 

of planes used can be adjusted depending on the definition accuracy required . 

ow that a suitable representation has be n selected , the modelling process must 

be implemented. This is the process of using the range data from the range-finding 
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device and the imaginary cross-sect ion planes to create th e cross-sect ion cun·es. 

3.3.2 Geometric Model Generation 

There are three frames with different coordinate systems that have to be considered 

when modelling an object with a range-finding device. Th se are the devi ce frame of 

the sensor, the local Cartesian frame, and the global Cartesian frame. When scanning 

about one axis, the device frame has a cylindrical coordinate syst m defined by the 

scanning angle of the sensor. The range data is acquired at regular angular intervals 

in the scanning directions and is therefore evenly spaced in the device frame. On the 

other hand, the data is not evenly spaced in the local or global Cartesian frames . It is 

computationally intensive to t ransfer all of the range data from the device frame to the 

Cartesian frame and then generate the cross-section curves using indirect addressing. 

A more efficient method is discussed in [23, 25 , 26]. This method transfers the cross­

section planes to the device frame and takes advantage of the evenly spaced range 

data. The same indices ( scanning angles of sensor) used to measure the range data 

are used to calculate distances to the cross-section planes. The cross-section curves 

are generated by comparing the values of the range data with the distances to the 

cross-section planes at all of the indices. When the two values are within a threshold 

value of each other, interpolation is used to determine the location at which the plane 

intersects the object's surface. 

For the vehicle recognition system, the task of generating the cross-section curves 

1s greatly simplified by using the scanning plane of the Autosense III scanners as 

the cross-section plane. By doing this , the range data acquired by the scanners 

automatically creates the cross-section curves which are easily transformed to the 

local Cartesian frame. 
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After cross-section curves are generated for each cross-section plane, the pa rtial 

model for a given sensor location is complete. These curves, as well as the curves 

from the other partial models, are then transformed to the global Cartesian frame 

where multiple-view fusion is required to form the complete model. 

3.3.3 Multiple-View Fusion 

After the partial models are generated from each viewpoint , the curves forming the 

partial models must be combined to form the complete model. This requires trans­

forming all of the curves from the device frames to the global Cartesian frame. It is 

important that the same cross-section planes are used for constructing each partial 

model so that the cross-sections are completed during the fusion process . 

In a vehicle recognition system, the cross-section planes for each Autosense III 

scanner would be the same assuming the scanners are alligned and scanning at the 

same rate. Therefore the cross-section curves from each scanner are inherently in the 

same cross-section plane and the fusion process is simply a matter of handling the 

redundant data. 

Redundant data occurring when the cross-section curves overlap is used to es­

t imate the best cross-section curve. Surface discontinuity may exist on the model 

due to object occlusions or an insufficient number of views. More details regarding 

estimation and integration of overlapped curve regions , and the multiple-view fusion 

process can be found in [23, 25, 26]. 
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3.4 Conclus ion 

Range-finding dev ic have improved and add d flexibi lity to th geometric mod­

elling proces . It is now possible to use continuous modelling in automat d processes 

to monitor activit i s and make real-time d cisions . Complex shap s which are not 

easily defined can now be modelled. Using the cross-section representation and gener­

ating part ial models in the device frame has improved the e:ffici ncy of the modelling 

process . The multiple-view fus ion problem is now reduced to two-dimensional curv 

integration which is much more efficient than three-dimensional surface integration. 



Chapter 4 

Development of the Range 

Sensing Solution 

4.1 Introduction 

42 

The real-time Automatic Vehicle Dimension Measuring System (AVDMS) required 

a sensing system that could be used to automatically measure the maximum length, 

width, and height of commercial and oversize vehicles travelling at speeds up to 120 

km/h . Vehicle height and width were to be measured to within 15 cm and vehicle 

length to within 30 cm. The task was not an easy one due to the high travel speeds 

and complex shapes of the vehicles . 

There were a number of steps involved in the research and development of the 

range sensing system: 

1. D etermining D evelopment Methodology: Due to time constraints for de­

velopment of the vehicle dimension measurement system, it was considered nec­

essary to search for currently available sensor system rather than developing a 
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completely new sensor system. An extensive li terature search on current and 

past IVHS developments was carri ed out. No publication was found to di scuss 

systems directly useful for the vehicle dimension measurement system. Over 

fifty companies in North America and five in Europe specializing in m asure­

ment technology and traffic management systems were contacted. Although 

a response was not received from all of these companies, it became apparent 

that there was no system available for achieving the objectives of the project. 

A number of companies did express interest in the project and suggest ideas 

which were useful for directing the project's development . 

2. · Technology Investigation: Considering the problem of measuring the di­

mensions of vehicles travelling along the highway, a system is required that can 

make measurements at a distance. Initially, a study of optical , ultrasonic, and 

microwave mediums was completed to determine the features and drawbacks of 

each. After this study was completed, it was apparent that optical measuring 

techniques were most suitable for the vehicle dimension measurement applica­

tion. The main reasons being that optical signals are easily focussed, are not 

affected by air turbulence, and can be used at the ranges of concern for the 

vehicle dimension measurement application. 

The Library Resource Center at the Ministry of Transportation and Highways 

was used to search a number of transportation and science databases for research 

projects and papers that would provide direction for the vehicle sizing project. 

A number of research papers were discovered that discussed various Intelli­

gent Vehicle-Highway Systems projects, range-finding techniques , and vehicle 

detection and classificat ion systems, but none of the information was directly 

applicable to vehicle dimension measurem nt . 

After the initial technology investigation, the following sensing systems were 
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considered mo t promising for the real-t im e vehicle dimensioning task : 

• 2D Gray Image Cameras 

• lD Gray Image Cameras 

• Photoelectric Sensors 

• 2D Range Scanning Devices 

3. Test ing and Optimizing: Much time and effort was put into exploring image 

processing for vehicle dimension measurement. Vehicle images acquired using a 

video camera were analysed by professionals with much experience in the field. 

Due to the speed of the vehicles, the complexity of their shapes, and the pro­

cessing time required, it was recommended that a different sensing system be 

used. Various companies supplied photoelectric sensors and systems which were 

tested by the research team. After many tests the vehicle dimension measure­

ment task seemed to be near impossible due to the high travel speeds, complex 

vehicle shapes, and the adverse environment in which the system must oper­

ate. Finally, a company, Schwartz Electro- Optics (SEO) was discovered which 

develops infrared laser range-finding sensors that appeared promising for the 

AVDMS . SEO provided the UVic research team with a number of their sensors 

which were tested in the UVic lab and on the highway. Design specifications 

for the Autosense III (ASIII) scanners were generated based upon the targeted 

function of the system. SEO carried out the hardware and software design and 

the production of the ASIII scanners. After a number of tests, repairs, modifi­

cations and improvements were made to the ASIII scanners, they are ready to 

be used in implementing the AVDMS prototype. 

4. Software Development: Software development was required for signal acqui­

sition, range data processing, and integration of the Autosense III scanners with 
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the speed sensor to determine vehicle dimensions. This was not an easy task 

due to the large amounts of information that must be acquired and processed 

in real-time. 

4.2 Schwartz Electro Optics' Sensors 

Schwartz Electro-Optics (SEO) specializes in the design and development of lasers 

and electro-optical systems. The company was founded in 1984 and its main facility 

is located in Orlando, Florida. The primary focus of SEO's Sensor Systems Division 

is the design, development and manufacture of active infrared sensor technology. 

These systems range from hand held battery operated units with accuracies of one 

inch to multi-channel three-dimensional imaging systems complete with real time 

target recognition capability. SEO offers all the resources necessary to design , develop 

and manufacture any commercial or military electro-optic system. In the past the 

company has demonstrated the capability for high volume production of both military 

and commercial electro-optics systems. SEO's diverse capabilities and product line 

are reflected in a healthy proportion of government versus commercial sales . SEO has 

experienced steady growth and established itself as a leader in laser technology and 

its applications. 

Schwartz Electro-Optics expressed high interest in the AVDMS project from when 

they were first informed of it and proceeded to work with the UVic research team, 

loaning a number of their laser range-finding sensors for test purposes. After testing 

the available sensors and finding them unsuitable, the UVic research team worked 

with SEO providing them with specifications for a new range-finding scanner, the 

Autosense III. 

Information on the various sensors loaned from SEO, is provided below. The tests 
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performed with these sensors were an important part of the AVDMS development . 

4 .2.1 HOPSS Laser Scanne r 

The company first loaned their Helicopter Obstacle Proximity Sensor System (HO PSS) 

to the UVic research team as an example of their technology. The HOPSS provides 

continuous distance and azimuth measurements in the horizontal plane of a helicopter 

to alert pilots of the presence and location of obstacles. 

The HOPSS laser scanner was evaluated at the Royal Oak overpass, over High­

way #17 in Victoria, and also in the UVic laboratory. Although it was clear from 

the start that the HOPSS was not suitable for vehicle dimension measurement , the 

basic measurement technique of time-of-flight laser range-finding was to be evalu­

ated to determine whether another scanner could be developed for vehicle dimension 

measurement. 

The HOPSS laser scanner was mounted on the Royal Oak overpass and used to 

scan vehicles passing below on Highway #17. Although this sensor was not designed 

for scanning high speed vehicles, it was possible to capture some profiles of the vehicles 

and the road surface was clearly defined. A number of vehicles were scanned and their 

images saved on file for further processing at the university lab. After examining the 

vehicle and road surface profiles , it appeared that the laser range-finding scanner 

would be suitable for vehicle dimension measurement if it could operate at much 

higher scan rates . 

Some initial testing of the prototype was done outdoors to determine its range. 

Bright sunlight and light rainfall that occurred during the outdoor testing did not 

appear to cause interference. The HOPSS unit was able to scan a small flat board 

at distances beyond 20 metres. Although the sensor could not be mounted directly 
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above the road at the university, it was used to scan the sides of passing vehicles at 

ranges similar to those at which the ASIII would operate. 

4.2.2 Autosense I 

SEO's Autosense I (ASI) employs a pulsed time-of-flight laser rangefinder to detect 

vehicle (moving or stationary) presence, determine type of vehicle and measure ve­

hicle speed. Vehicle presence is indicated by a reduction in the range reading from 

the roadway. Vehicle speed is computed from the measured time interval between 

the interceptions of two laser beams. An on-board microprocessor is used for the 

determination of vehicle presence, speed count and classification. A real-time clock 

is used to time-tag the data to provide vehicle count and average speed for each hour 

of the day. Autosense I is completely eyesafe. 

SEO 's test results demonstrated that the sensor reliably (99.4 %) detects vehicles 

including cars, trucks, buses, and motorcycles and measures their speeds to within 

+/- 1.6 km/h at speeds up to 80 km/h. 

ASI System Features 

• RS232 / RS422 serial interface for downloading vehicle data, uploading config­

uration data and initializing real-time clock. 

• Relay and logic output for vehicle presence detection. 

• LEDs to facilitate system installation. 

• Anti-fog window. 

• Automatic calibration and self test. 
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• Automatic compensation for changing env ironmental condit ions 

ASI Specifications 

• General 

- Range: 1.2 to 15.2 m ( 4 to 50 feet) 

- Accuracy: 10.2 cm (4 inches) 

- Laser: InGaAs diode-laser array, eyesafe 

- Power: 115 Vac, 60 Hz, 4 W (20 W with heated window) 

- Size: 13.37"x7.95"x4.37" 

- Weight: 11 lb 

• Presence Detection 

- Relay Response Time: 10 ms 

- Logic Output Response Time: 1 ms 

- Presence Hold Time: As long as vehicle is in FOY 

- Detection Range: 0 to 15.2 m (0 to 50 feet) 

- Resolution: 10 inch separation between vehicles (for sensor mounting angle 

0 = 0 and vehicle speed less than 25 mph. 

• Speed Measurement 

- Range: 0 to >120 km/h (80 mph) 

- Accuracy (1~): ± 1.6 km/h (1 mph) up to 112 km/h (70 mph) 

• Vehicle Classification 
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- Vehicle Classes: Car/Truck (other classes are programmable) 

• Time-Tagged Measurements 

- Vehicle Count, Average Speed of Vehicles 

The Autosense I was tested in the laboratory and on the road at the University 

of Victoria and also tested on highway travelling vehicles at the Royal Oak overpass . 

The Autosense I measures the height profile of vehicles within the sensor's field of 

view quite well. However, it has a narrow field of view which covers only the middle 

top surface of vehicles and does not scan across the entire surface which is required 

for determining maximum vehicle height and width. Also, the speed measurements 

made by the Autosense I were not accurate enough for making accurate vehicle length 

measurements. 

4.2.3 Autosense II 

SEO has developed the Autosense II (ASII) for a number of different private and 

public organizations mainly within the United States. The ASII sensor provides 

overhead imaging of vehicles to allow classification and size measurements. Appli­

cations include toll collections, bridge or tunnel clearance verification, traffic flow, 

routing studies and traffic monitoring. A vehicle profile is developed using a dual 

line-scanned laser rangefinder that measures the profile of a vehicle. Using vehicle 

motion in the direction of travel allows a range image of the vehicle to be formed. The 

sensor can be used to provide absolute vehicle dimensions and vehicle speed. ASII 

has continuous self testing and is completely eyesafe. 
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ASII Specifications 

• General 

- Range: 0.6 to 15.2 m (2 to 50 feet) 

- Accuracy: 7.6 cm (3 inches) 

- Laser: InGaAs diode- laser array, eyesafe 

- Power Requirements: 115 Vac, 75 W 

- Size: 17.6" x 9" x 5.75" 

- Weight: 25 lb 

- Interface: RS-422, RS-232 

• Scanner 

- Scan Rate: 720 scans per second per scan line 

- Field of View: 30 degrees 

- Range Measurements per scan: 30 

- Separation Between Scanlines: 10 degrees 

• Vehicle Classification 

- Detection Accuracy: > 99 % 

- Classification Accuracy: > 95 % 

- Vehicle Classes: 13 
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4.3 The New Sensor for Real-Time Dimension 

Measurement 

Based on the the evaluation of SEO's range-finding sensors and many conversations 

with SEO's representatives, it seemed that the TOF laser range-finding scanners were 

quite capable of making the range measurements required for vehicle dimension mea­

surement. Although the Autosense II was not quite suitable, it was a good scanning 

system on which to base the specifications for the new sensor. The modifications 

of the Autosense II and the specifications of the new scanning system are discussed 

below. 

4.3.1 From the Autosense II to the Autosense III 

After thoroughly evaluating the Autosense II sensor system concept from Schwartz 

Electro-Optics, the research team concluded that these sensors , with a few modifica­

tions, were the best available solution to the Real-Time Automatic Vehicle Dimen­

sioning task. The first modification required was improving the angular resolution 

from 1 pulse/degree to 2 pulses / degree to provide more accuracy for the height and 

width measurements and to capture more detail in each scan. Secondly, the field of 

view needed to be increased from 30 degrees to 60 degrees so that a complete vehicle 

can be scanned using two of the scanners. With these modifications , the new sensor , 

would theoretically perform adequately for the AVDMS. SEO confirmed the modifi­

cations would be completed and the new scanner would be called the Autosense III. 

The system specifications of the Autosense III are listed below. 
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4 .3.2 Autosense III System Specifications 

• General 

- Range: 2.4 to 15.2 m (8 to 50 feet) 

- Accuracy: 7.6 cm (3 inches) 

- Range System Power: 24 VDC at 0.4 Amps 

- Scanner Motor Power: 24 VDC at 0.5 Amps 

- Size: 11" x 9" x 4.6" 

- Weight: 10 lb 

- Interface: 1 MBit/s, RS-422 DMA 

• Scanner 

- Scan Rate: 240 (or 320 scans/s) 

- Field of Regard: 59 degrees 

- Range Measurements per scan: 118 

- Angular Resolution: 1/2° 

• Rangefinder 

- Laser Type: GaAs Laser Diode, 904 nm 

- Detector Type: Silicon Avalanche Photodiode 

- Laser Power: 5 Watts 

- Laser Pulsewidth: 6 ns 

- Laser Burst Rate: 72 KHz 

- Laser Beam Geometry: In- lane axis - 0.5 mrad Cross- lane axis - 5 mrad 
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For the AVDMS, the Autosense III scanners wi ll operate in the first mode at 240 

scans per second and 1/2 degree angular resolution. 

4.3.3 Improvement of A utosense III 

After the initial road test of the Autosense III scanners, there were a number of 

problems which required improvement: 

1. Wiring error on EEPROM which corrupted the sensor's lookup table. 

2. Reflection problem inside sensor limited the sensitivity of the receiver. 

3. Erroneous maximum range measurements needed to be converted to minimum 

range values. 

4. The time-walk look-up table required corrections to improve range measurement 

accuracy on low reflectivity targets . 

After the above improvements were made, three incidents occurred while testing 

the ASIII scanners which required the scanners to be returned to SEO for repairs: 

1. The capacitor in the laser transmitter failed due to an insufficient voltage rating 

which disabled the transmitter. The wrong capacitor was accidently selected by 

SEO . SEO replaced the capacitor with the correct one which is currently used 

successfully in over 100 systems in the field . 

2. The analog range counter failed due to a degraded transistor. The transistor lost 

about 50 percent of its current gain . The transistor was replaced and tested for 

a two week period before the ASIII scanners were returned to the UVic research 

team. 
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3. The analog range counter failed again due to degradation of the transistor again. 

SEO looked into the problem further and determined that the aging of the 

transistor was caused by the high level of reverse bias voltage on the base­

emitter junction. The biasing circuit was modified which reduced the reverse 

bias voltage to less than half of its rat d value. The scanners were theri tested 

for one week and returned to the UVic research team. 

Table A.l in Appendix A lists the testing and development history for the Au­

tosense III scanners. 

4.4 Autosense III and Real-Time Vehicle Dimen-
. . 

s1on1ng 

The Autosense III infrared laser scanners will be mounted on each side of the vehicle 

lane and will generate many profiles of the vehicles as they pass though the scanning 

plane. The scanners utilize a six-faced polyhedron rotating at 4800 rpm. Each face 

of the polyhedron is polished metal which acts as a mirror for reflecting the laser to 

and from the vehicle. Photographs of the Autosense III are provided in Figure 4. 1 for 

reference. Although there are six mirror faces, the scanners operate on a half-duty 

cycle providing three scans for every rotation. The half-duty cycle is used to create a 

time gap between scans to transfer and store the data from each scan separately. This 

translates to 240 scans per second and 118 range measurements per scan for a total 

of 28320 measurements every second. The scans cover a 59 degree field of view with 

an angular resolution of 0.5 degree. A scaled conceptual drawing is shown in Figure 

4.2. In the next section, the method by which vehicle height and width dimensions 

are determined based on the scans is discussed. 
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(a) Enclosed ASIII 

(b) Internal View of AS III Scanner 

Figure 4.1: Photographs of the Autosense III Range-fingfinding Device 
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AutoSense Ill Rotated 40' Clockwise -:; 

~ AutoSense Ill Rotated 40' Counter- Clockwise 

\ [------------ 7 .00 ----------
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4.25 

Commercial Vehicle 

2.30 

Figure 4.2: Automatic Vehicle Dimension Measuring System 



CHAPTER 4. DEVELOPMENT OF THE RANGE SENSfNG SOLUTlON 57 

Table 4.1: Arrays for Transforming to the Cartesian Coordinate System 

Angle Height Array W idth Array 
a1 cos(ai) sin( a 1 ) 

a1 + 0.5 cos( a 1 + 0.5) sin(a1 + 0.5) 
a1 + 1 cos(a1 + 1) sin(a1 + 1) 

... ... ... 

... . .. . .. 
a1 + 58.5 cos(a1 + 58.5) sin(a1 + 58.5) 
a1 + 59 cos( a 1 + 59) sin( a 1 + 59) 

4.4 .1 Determining Vehicle Height and W idth 

Referring to Figure 4.2, the vehicles will be scanned from both sides. This is necessary 

since one scanner cannot scan the entire vehicle. The location of each scanner is 

known and the range measurements, relative to the scanners, define the perimeter of 

the vehicles as they pass through the scan gate. Each scan is processed immediately 

recording the highest and widest point on the vehicle for that scan. After the entire 

vehicle has passed through the scan gate, the maximum height and width of the 

vehicle are known. 

Each scan produces an array of 118 range values which correspond to polar co­

ordinate measurements made at equal angular intervals. These range values can be 

transformed to height and width values using a simple transformation of the values 

from the polar coordinate system to the cartesian coordinate system. Since the mea­

surement angles are known and constant for each scan, an array of fixed constants 

can be used to translate the array of range values to height and width values. The 

array of constants are simply sine and cosine values calculated at 0.5 degree intervals 

over a 59 degree field of view as shown in Table 4.1. 

Arrays of height and width values are quickly generated by multiplying the range 
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values array with the height and width constant arrays. The value of a 1 is measured 

when the scanners are installed and then entered as one of the system 's software 

initialization parameters. 

The Autosense scanners have an accuracy of 7.6 cm or better at the ranges of 

concern for the AVDMS . Therefore, the actual vertical and horizontal location of 

each point scanned will be determined to even better than 7.6 cm of accuracy as 

demonstrated in Figure 4.3. The range measurement error (Er) is the hypotenuse of 

the error triangle. The horizontal (Eh) and vertical (Ev) error components will be 

less than the range error component according to the following relationships . 

Eh 

Ev 

Er cos0 

Er sin 0 

where 0 is the angle between the laser beam and horizontal. 

( 4.1) 

( 4.2) 

The spacing of the scans along the length of the vehicle will be directly propor­

tional to the speed of the vehicle. A vehicle travelling at 100 km/h will be scanned 

every 11.6 cm, whereas, a vehicle travelling at 60 km/h will be scanned every 6.9 cm 

along the vehicle. 

The spacing between range measurements across the vehicle will depend on the 

size and shape of the vehicle. The Autosense III scanners make range measurements 

at regular angular intervals as the scanner rotates and thus the distance between 

measurements is greater at surface locations furthest from the scanner. Across the 

top of a truck's flat trai ler the distances between measurements will vary between 4 

and 10 cm as shown in Figure 4.4. Down the side of this same trailer, the maximum 

spread between the laser measurements will vary between 3 and 13 cm. Only small 

bumps or thin objects such as mirrors and antennas may not be seen by the scanner. 
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AutoSense Ill Rotated 40' Clockwise 

~ AutoSense Ill Rotated 40' Counter-Clockwise 

\ r------------ 7.00 ------------
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2.60 Er = Range Error 
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Figure 4.3: Range Error vs. Measurement Error 
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Figure 4.4: Scanning Resolution 
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4.4.2 Removal of Bad Data with Thresholds and Median 

Filtering 

Fortunately, there are only modest noise and wild da.ta. in the range measurements 

from the Autosense III scanners, and the maximum dimensions of the vehicles can be 

determined without having to perform large amounts of post-processing or filt ering. 

In order to deal with the bad range values in the scanned data.. it is important 

to know the reasons why the bad data occurs. Because of the high scan rate, only 

one measurement is made at each angle per scan. This means that a large number 

of range values are not averaged to give a mean range at any target point. Based on 

experimental observation and light reflection theory, bad range values are due to two 

main factors: 1) the colour of the target surface, and 2) the material and texture of 

the target surface. In the first case, a very dark coloured vehicle surface or partial 

surface will absorb the light from the scanner and significantly reduce the intensity 

of the return signal. The range measurements are based on the travel time of the 

laser light to and from the target . The exact return time of a low intensity signal 

cannot be detected easily which distorts the measured travel time. This problem does 

not occur very often, but has been observed in a couple cases in which a vehicle is 

painted black. In the second case, glass surfaces or high gloss surfaces such as shiny 

chome or aluminum also cause errors in the range measurements. These surfaces will 

either reflect the laser light almost completely away from the scanner or directly at 

the scanner, distorting the intensity of the return signal in both cases. The Autosense 

III scanners have a built-in filtering system which eliminates almost all of the range 

measurement distortions that occur due to the high-intensity return signals. Low 

intensity return signals caused by dark coloured surfaces or surfaces which reflect 

the signal away from the scanner are not as important to eliminate since they will 

essentially eliminate themselves when it comes to determining the dimensions of a 
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[l owever, occa.s io 11 a ll y wi ld data. points do ex ist, a.ncl Lli esc poi1 11. :, need Lo be 

filtered. [ 11 order to remove Lhis Lype or erroneous data., Lwo steps are usf'd. F'irsL of 

a. II , maximum a.nd minimum Lh eshold values are seL to eliminate an~· extreme values 

or ' wild ' data. Secondly, a. three- point median-type filte ring process is used on each 

sca.n . T hi s filter uses a window with a size of three data values to look t hrough the 

linear array of range values starting from t he second value and ending with the second 

to last value. The first and last data points do not require fi ltering as they are not 

needed for determining a vehicle 's dimensions. At each data location in the array, 

the three-point window looks at the range value and its two neighboring range values 

on either side and ensures that the current data location holds the median value 

of the three values . The three-point median filter works effectively on the vehicle 

data by replacing the odd ' bad ' range value with a neighboring range value without 

significantly altering t he 'good' range values . Appendix B lists the C-code for the 

three-point median filter algorithm. 

After processing the data as indicated, the maximum vehicle dimensions can be de­

termined quite accurately. Once the system is installed and calibrated, measurement 

accuracies are expected to be 15 cm for vehicle width and height , and approximately 

30 cm for vehicle length. The system has not been tested in heavy fog, rain or snow 

conditions which m ay cause additional noise to the system. 
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Vehicle Speed Measurement 

5.1 The Need for Speed Measurement 

The AVDMS requires a high-accuracy speed sensor in order to determine the length of 

vehicles. The Autosense III laser scanners are used for measuring the height and width 

of vehicles, as well as, measuring the time for vehicles to pass through the scanning 

system. A speed sensor is required so that the vehicle's length can be calculated as 

t he product of the vehicle speed and the time for the vehicle to pass through the 

scanning system. Based on the accuracy requirement of the measured vehicle length , 

the speed measurement system must be able to measure vehicle speeds with accuracy 

better than 0.8 km/h. 

5.2 Speed Measurement Investigations 

Many companies were contacted about the need for a high accuracy sp d measure­

ment system for the AVDMS. The task of selecting an adequate speed sensor was 
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various speed measurement methods suggested and in vestigated we re: 

• Microwave Doppler and Laser Radar system s; 

• Photo-electri c sensors; 

• Linescan camera methods; and 

• Laser range-finding devices . 

Each of these methods was investigated and will be discussed below. 

5.2.1 Microwave Doppler and Laser Radar Systems 

Microwave radar speed sensors are th most common type of vehicle speed measuring 

device. The sensors transmit a radio frequency around 24 GHz which strikes the 

moving vehicle and returns at a different frequency due to the relative motion between 

the sensor and the vehicle. The frequency difference (Doppler frequency) is measured 

and is directly related to the vehicle's speed. These sensors have been developed 

mainly for law enforcem nt, providing an LED digital display of the target vehicle's 

speed. However, when considering these sensors for the AVDMS th r ar a number of 

problem s. The radar sensors are accurate to only 0.8 km/ h under the best conditions, 

significant development time would be required to improve the current sensor interfac 

and develop softwar to work with th current interface, and extra construction costs 

would be incurred to mount the sensors as th y could not be mount don the overhead 
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st. rudmf'. Tlw ma.nufa.cl,urers of th ese sensors st.a.tee! that. it wo uld not. he suit.;.1h!C' t.o 

11H'asurC' veli ic!C' sp<'ecls with th se sensors mounted on Lhf' ovcrlteacl structure' clue Lo 

t. lt c large' angles l)('t,,·C'en the v hicle trave l direct ion and t. hC' sensor 's clci.C'ction pa.th. 

Test ing wa.s done with two of these sensors, the FALCO hand held Lra.fnc radar 

system manufactured by Kustom Signals, and the VHl Vindi cator radar system sup­

plied by MD Charl ton. Both of these sensors wer t sted on the Royal Oak overpass 

measuring the speeds of vehicles that passed below. It was observed that speed mea­

surements vari d largely with the detection path angles at which the vehicles were 

measured. At short ranges it was difficult to make speed measurem nts du to the 

large angle between vehicle travel direction and the sensor's detection path as stat d 

by the manufacturers . These speed sensors work well for vehicles at reasonable dis­

tances but in this case, would not necessarily be able to determine the speed for the 

correct vehicle or determine the speed of the vehicle at the right location. Bas d on 

the information provided by the manufacturers and testing , it was determined that 

the Doppler radar sensors were not suitable for the AVDMS. 

Laser radar sensors were also investigated. These sensors emit short pulses of laser 

light which reflect off the target vehicle and return to the sensor. Speed measurments 

are made by measuring the 'time-of-flight' of the laser pulses. These sensors can be 

aimed more accurately at the vehicles than the microwave radar sensors, allowing the 

angles at which the speeds are measured to be known more accurately. However, the 

laser radar speed sensors are accurate to only 1 mil /hour, which is also inadequate 

for the AVDMS. 
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5.2.2 Photo-Electric Se nsors 

Two types of photo-elect ri c sensors have also bcc 11 tested for sp<'<'cl nw;-1s urc11w11t.: 

t.l1rough-bca.in senso r-receive r pairs and retro-rcn<'ct.ivc (or diffuse rcflcct.io 11 ) sc 11 so rs. 

The principle of speed measurement using Lbe photo-e lectric sensors is as follows. 

Tbe sensors are mounted along the road, apart from each other by a known distanc . 

Vehicle pr sence is detected at each locat ion a.nd the time required for a vehicle to 

pass the known di stance is measured . Vehicle speed is simply calculat cl a the known 

distance divided by the measured time. 

The through-beam arrangement requires a signal sender on one side of the roadway 

and a signal receiver on the other side. This method is not suitable since there are two 

lanes of traffic and vehicles in the second lane would interfere with vehicle presence 

detection in the first lane. Also, the sensors cannot be mounted between the vehicle 

lanes. 

Retro-reflective sensors transmit a focussed infrared signal that reflects off a vehicle 

and back to the same sensor. Thus, the two lane problem is eliminated. In order to 

make speed measurement possible using the retro-reflective sensors , many sensors, 

placed strategically, would be required to ensure the full length of the vehicle was 

measured. However , it was discovered while testing these sensors that various parts 

of vehicles do not reflect the signal adequately for detection. It was also observed 

that the sensor was close to it 's maximum operating range at 2 to 3 metres from the 

vehicles. Any dust or dirt build-up, or bad weath r conditions would hamper the 

success of vehicle detection. 

There is another concern with using th retro-reflect ive sensors. In order to mea­

sure vehicle speed the sensors would need to be separated by a known di stance (not 

greater than 10 - 20 m to eliminate changes in vehicle speed while tirn.ing) and the ve-
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!ti clc trave l Li Ille between t he sensors pairs wo uld be 111ca.s ured. For a. vc lti clc (.r;-n·c lli11 g 

a.L t he 111 ax irn urn des ign speed of l20 km / h (33.3 m/s), t he Lime Lo pa.ss through a 10 

rn i11Lcr va. l is O.J s<:>co 11d s. Tu order to measure the vehi cle speed t.o withi n 0.8 /-, m/ h 

(0.:22 m/ s ), the sensors would have to measure the vehicle's time between th e se 11 so rs 

to within a.pproxirn a.tely 2 milliseconds whi ch is faster t han the detect ion speed of 

th two sensors. Although most vehicles will be travelli ng slower than 120 bn / h, it 

would not be ea.sy to measure vehicle speed with accuracies much better than 1 /mi / h 

using this sensor configuration. 

Moreover, the development, construction, and maintenance costs for this mul t i­

sensor system were considered higher than those for a single sensor speed detection 

system. 

5.2.3 Linescan Cameras 

Image processing using line-scan cameras was considered early in AVDMS investi­

gations for the purpose of vehicle dimension measurement. After performing some 

in-lab testing with a high-speed , high-resolution line-scan camera and speaking with 

experts in the field , the costs and development time required to develop an adequate 

system were considered too large. When the speed measuring problem persisted , a 

much simpler line-scan camera system was considered for speed measurement but 

again rejected for the same reasons . 

5.2.4 Laser Rangefinding Sensors 

Schwartz Electro-Optics , the designer and manufacturer of t he Autosense III laser 

scanners for the AVDMS , was approached about the speed sensor di lemma. They 

proposed further development of their Autosense I unit to achieve speed measurement 



Tab le 0. I : Summary of Speed Mea.sureme11L Syst.c 111 s 

Type 
Microwave Ha.dar 
Laser Racla.r 
Photo-Elect ri c Sensors 
Linescan ,am ra 
Laser Rangefin din g 

Problems 
ot acc urate enough 
ot acc urate nough 
nreliab le / High Cost 

High Cost 

Benefits 
lnexpensi vc 
Can be accu ra.Lc ly a.illlccl 

Most accurate/Ea.. y to interface 

accuracies of 0.34 mile/hour (0.55 km/h). The revised Autosense I would be mounted 

on the same overhead structure as the Auto nse III scanners and ,vould measure 

speed at both th front and rear of the v hide to obtain a mor accurate vehicle speed 

and also ensur that vehicle acceleration and deceleration ar a ount d for. This 

system uses advanced 'time-of-flight ' techniqu s and simple geometry to determine 

the vehicle speeds. More discussion on the laser range-finding speed measurement 

system is discussed in section 5.3. 

5.2.5 Summary of Speed Measurement Alternatives 

Table 5.1 shows a tabular summary indicating the main problems and benefits of 

the various speed measurement systems investigated. The modifi d Auto ense I sys­

tem which uses las r range-finding is t he only speed measurement system considered 

suitable for use in the AVDMS. There are many benefits to this solution as itemized 

below. 

• Speeds can b measured to 0.55 km/h. 

• Only on s nsor is required. 

• Interface allows for simple integration with th existing yst m. 



• 11raso 11 a.blc i11iti a. l cost. 

• Mini lll a l deve lop ment, co11 st ruct ion and rnaint nancc co1->ts . 

• The 111 a.11ufacturer a.nd supplier is Schwartz Electro-Opt ics (SEO) , a company 

on the leading edge of thi s technology which has proven itself to deli ve r a quali ty 

product, providing the support required to test and integrate t heir products. 

Having SEO develop the speed sensor component would also mean that all of 

the sensor components would be from one source providing easier overall system 

maintenance. 

5.3 High-Accuracy Speed Sensor System for the 

AVDMS 

The AVDMS has been designed such that the height and width of vehicles are mea­

sured directly by the Autosense III laser scanners . However , to determine vehicle 

length , vehicle speed information is required. The vehicle length is the product of 

t he time required for the vehicle to pass under the scanning structure and its speed. 

Due to the high scan rate (240 scans/ s) the time required for a vehicle to pass under 

t he scanning structure can be measured to within 1/240 of a second. To measure the 

length of a vehicle to within approximately 20 cm (initial design requirement) , the 

speed of the vehicle must be measured to within 0. 5 km/h. 

5.3.1 System Description 

The revised Autosense I developed by Schwartz Electro-Optics will be mounted on 

t he same overhead structure as the Autosense III scanners and will measure speed 
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at bot h t.lw l'ro11t. ;-1.11d rea. r of Lil e ve l1i clc Lo obLa.in a 111 or<' a.crnratc- ,·c, Ji iclc sp<'<'cl 

;-111e l t.o f' 11 s11rc' L!lC' ,·c, lii cl<' a.cc<' le raLion a.nd df'c<'l e ra.t. ion a rc a.ccount.cd for. Figur<' 5. 1 

shows a. conc<'pt. ua.l d raw ing of t he speed meas urement system. T he t.wo laser bf'a.ms 

a.re used Lo deLf'cL VC' hi cle presence and thus vehi cle peed is measured when vehicle 

presence is first detected by both lasers and again wh en vehicle presence is no longer 

detected . The RS422 interface will provide direct ASCII sp cl data to the computer 

which allows for simple integration with existing software. 

5.3.2 Error Discussion 

As shown below , the error in the length measurement depends on two factors, the error 

in measuring the vehicle passing time( dLl) and the error in the speed measurement( dL2). 

L 

dL 

V*t 

v * dt + t * dv 

(5 .1 ) 

(5.2) 

where, dL = length measurement error , dv = speed measurement error, dt = timing 

error. To determine the maximum length error introduced by the error in the t iming 

measurement , we use a maximum design speed of 120 km/h. The Autosense III scans 

at a rate of 240 scans/s meaning that the timing resolution will be 1/240 s or 4.17 

ms. Theoretically, the accuracy of the vehicle timing at each end of the vehicle will 

be 1/2 the timing resolution, resulting in total timing error of 4.17 ms. Therefore, 

the vehicle length error introduced by a timing error of 4.17 ms is 14.2 cm as shown 

below. Length error due to the t iming error: 

dLl V * dt 

34m/s * 4.17E - 3s 

0.142m 

(5 .3) 

(5.4) 

(5.5) 
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Figure 5.1: Speed Meas uring System 



To dC'lcr111i11<' t. lt<' rnaxirnu m l<' ngtlt C' tTor i11troducecl by tlH' C' rro r in t lt c ,·clociLy 

111 easmcrn cnt. , W<' t1 sC' a rn ax imum des ign pass ing Linw. Using a des ign velti clP length 

of 20 111 and a cl C's ig; 11 SJ)C'C'cl of J. I m /s, the pa.s· ing Lime is 0.!'">88 s. lf we ass ume t haL 

t he speed can be measured to within 0. 55 km / h (0.1 53 ni /s), Lh e error in trod uced 

due to t hi s speed rn ea.s urernent error will b 9. 0 cni a.s shown below. Length error 

due to the peed meas urement error : 

dL2 

0. 588s * 0.153m/ s 

0.090m 

(5.6) 

(5.7) 

(5 .8) 

Therefore, assuming that the speed will be measured to within 0.55 km/h , the 

maximum error in the length measurement will be the sum of the two errors (dLl + 
dL2) calculated above which is 23.2 cm . This error is considered reasonable and will 

likely be reduced due to vehicles travelling at speeds lower than 120 km/h and with 

most vehicles being shorter than 20 m . 

5.3.3 Software Development for High Resolution Timing 

In order to accurately measure the time for a vehicle to pass through the scanning 

system , some software development was required to access the 16 bit timer in the 

PC that ticks at 1.19 MHz. This allows one to get around the lack of resolution in 

the usual timer for the PC , which runs at only 18.2 Hz. In combination with the 

contents of the P C's 18.2 Hz clock-tick value, a timer was constructed that runs from 

0 to 103090749439 each day. With the high resolution timer , activities can be timed 

to within approximately l microsecond as opposed to worse t han millis cond t iming 



with t.he 11orma.l P(' in ternal ti m<'r. Precise freque ncy va.lu C's for Lh<' Limns ,H<' a.s 

follows: 

• PC inLC'rna. l t. i11 wr interrupt, freq uency: L8.206cl8 Hz 

• 1/ 216 Overflow t im r frequency : 1.19318 MHz 

5.3.4 Field Testing the Speed Sensor 

The speed sensor ha.s been interfaced with the rest of the AVDl\1S system and was 

tested on highway travelling vehicles. This was the first road test for the speed sensor 

and unfortunately it did not detect the vehicles properly and was unable to make 

speed measurements . The problem is most likely due to the over-sensitivity of the 

sensor's receiver. The manufacturer is in the process of testing and adjusting the 

speed sensor as required. This speed measurement technique has been used by the 

manufacturer in other functioning products and it will just be a matter of t ime befor 

the speed sensor is functioning properly. 

5.4 Conclusion 

The main problem in finding a speed measurement system for the AVDMS was finding 

a system that could meet the accuracy specification of 0. km/h. The only system 

close to this specification is the modified Autosense I which can m asure vehicl 

speeds to 0.55 km/h. The modified Autosense I was therefore chosen as the solut ion 

for speed measurement . 
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Chapter 6 

AVDMS Hardware Configuration 

One of the major benefits of the Automatic Vehicle Dimension Measuring System is 

the relatively simple hardware configuration. Currently, one 66 MHz/80486 personal 

computer , a high-speed communications board and 4 Megabytes of RAM are all the 

hardware requirements for operating th AVDMS. The acquired range data from the 

Autosense III scanners is transferred through a programmable ACB-530 Advanced 

Communications Board. The ACB-530 is manufactured by S ealevel Systems Incorpo­

rated located in Liberty, South Carolina, U.S.A .. This board provides the PC/XT / AT 

with two high-speed sync/ async ports and can be used for a number of sophisticated 

communications applications . The ACB-530 has a number of features [l ]: 

• Two chann ls of sync/ async communications using the Zilog 530 SCC, 

• DMA supporting data rates greater than 1 million bit per second , 

• Selectable Port Address, IRQ 1 vel (2 ,3,4,5,7,10,12,15) , 

• Selectable DMA channel (0,1,2 or 3), 

• RS-530 / 422 / 485 Interface with full modem control , 
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• Support.s TD , 110, 11TS, CTS , DSl1 , DCD , D'l'IC TXC . HXC. LL . HL. Tl\11 aml 

TS l ◄:T signals, 

• .Jurnp<' r opt ions for clock 8ource and input / output mode, 

• Software programmable baud rate, 

• Can be installed in any of the P C expansion slots, excluding J S on the "XT" 

and portable. 

Direct Memory Access (DMA) is required in the AVDMS to access and process the 

range data at high rates allowing real-time data acquisition and dimension measure­

ment. The RS422 driver allows error free long distance (up to 5000 feet at 9600 baud) 

data transfer as opposed to RS232 [l] . The ASIII scanners operate at 4800 rpm with 

three scans per rotation and 121 byte-size values per scan. This means a data rate of 

232320 bi ts per second for each scanner. 

The AVDMS control hardware will most likely be mounted in a road-side cabinet 

not far from the ASIII scanners and speed sensor. The general AVDMS hardware 

schematic is shown in Figure 6.1. 
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Figure 6.1: AVDMS Hardware Schematic 
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Chapter 7 

AVDMS Functional Modules 

(Software) 

7.1 Overview of AVDMS Software 

The A VD 1S software package was developed to acquire and process the data from 

the two Autosense III laser scanners and the speed sensor to measure the dimen­

sions of moving vehicles. It was developed by a team of Computer and Mechanical 

Engineers from the University of Victoria. AVDMS software acquires and processes 

range data from two high-speed laser scanning range sensors and a high accuracy laser 

range-finding speed sensor. The software processes the acquired data in real-time to 

determine the maximum length, width and height of a vehicle passing through the 

system at highway speeds. 

The software development was divided into two parts . Part I included the ac­

quisition of data from the laser scanners and the speed sensor as well as preparing 

the acquired data for efficient processing. Part II included processing the range and 
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speed dat.a. t.o ckt.e rn1 inc vch iclc cl i 1nensions. Th<' g<' n<'ra I AV I) MS soft.ware sch rnat ic 

is show 11 i11 Figure 7.1. 

7.2 Data Acquisition Software 

T he data from th Autos nse III scann rs is handled by a progra.mmabl ACB-530 

Advanced Communications Board di scussed in Chapter 6. Initiali zation software was 

required to initiali ze the ACB-530 board to use two channels with DMA control on 

each. Separate channels are used for each of the two Autosense III scanners in the 

AVDMS. A set of memory buffers was set up for each DMA channel to access in a 

continuous circular fashion. While the AVDMS is in operation, the software monitors 

the data flow in the buffers and switches betwe n the buffers as required to ensure that 

data is not lost or over-written. A flowchart of the DMA circular buffer processing is 

given in Figure 7.2. Furthermore, the flowchart of the subroutines that process the 

DMA buffers is presented in Figure 7.3. These flowchart s illustrate the procedures 

for operating the DMA buffers which provide real-time data processing. 

Speed sensor data is acquired using an RS232 interface. Serial port interrupt 

software was developed to capture and store the speed information as it arrives at 

the serial port. The speed sensor sends vehicle speed information measured at the 

front and rear ends of each vehicle. The algorithm calculates the average speed of the 

vehicle and uses the average speed to calculate the vehicle length. 

7 .3 Data Processing 

The raw data acquired from the Autosense III scanners and the speed sensor is pro­

cessed in real-time by the AVDMS software. The software has the following funct ional 
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Figure 7.1: AVDMS Software Schematic 
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Figure 7.2: DMA Circular Buffer Processing Flowchart 
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Figure 7.3: Software Modules in Buffer Processing Flowchart 
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!llod u !cs: 

. 
I. Cak ul atc !·wight of th e scanned surface under the profile scnsor for ea.ch sca.n. 

2. Use Min. a.nd Max. thres holds Lo removP ·w il d ' data. 

3. Perform three-point median filtering on t he height values for each scan. 

4. Determine if a vehicle is present in each can , based upon the elevation change 

of the scanned surface. 

5. Determine the vehicle height after fi ltering each scan. 

6. Calculate the vehicle side location for each scan. 

7. Store height and width information for each scan into the vehicle array. 

8. Determine when the vehicle is no longer present under t he profile sensor. 

9. Perform three-point median filtering on the width and height arrays . 

10 . Determine height and width of the vehicle from filtered arrays . 

11. Calculate the length of the vehicle from the sensed vehicle speed and elapsed 

time during vehicle presence. 

The method determines the maximum height and width for each scan, and after 

the vehicle has completely passed through the system, determines the maximum 

height and width for the entire vehicle. The vehicle speed and its time to pass 

through the AVD 1S system are measured, and thus its length is calculated. 
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7.4 Sumrnary of Software Files and Modules 

Tlic /\ VDMS soft.ware sysL<' tll was implemented using \Ii crosofL Vi sua l C++. Tlic 

fundio11 a li t.y of vari ous Ale · involved a.re briefl y stated in Llti s sect ion. Due Lo LllC' 

propri eLa.ry nature of t he contra.ct work , the source code and detai led flowcha.rLs a.re 

not incl uded in this thesis. Reader may contact the Mini stry of Transportation and 

Highways of B.C. for t he technical details. 

7.4.1 Project Linked Files 

AVDMS.c 

• Read _Data - This is the main data acquisition module which is responsible 

for switching DMA buffers and ensuring the buffers are arranged and indexed 

properly for processing. It also checks whether processing is occurring fast 

enough to prevent data from being overwritten. 

• lnit85230 - The function that initializes the ACB-530 Advanced Communica­

tions Board. 

• SetupDMA_AB - The function that sets up DMA transfers on Ch. A and 

Ch. B and returns the transfer count from the last buffer filled. 

• FrameSyncFirst - The function that searches through the current data buff r 

to locate the first complete scan. The function is used on start up to ensure 

proper synchronization. 

• FrameSy ncL - The function that searches a given length through the current 

data buffer to locate the start of a scan. It is used only if a synchronization 

problem is identifi cl . 
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• CheckTC - The l'u11ction t hat lllo11i Lors Lhc t. ra ns l'c r co1 111 L \·;-1 ltl(' ol' t. lw cmrc11t. 

buffer Lo determ in e if iL is t imf' Lo sw itch Lo t he next bu Iler. 

• WaitTC - A busy- wait version of CheckTC whi ch is used Lo ,ncasu rc Llw scan 

speed of the AS ITl scanners. 

• Process_Vehicle - This module is used to tore the height and width data from 

ea.ch scan, identifies wh n a vehicle has passed through the system , determines 

t he maximum wid th and height of th last vehicle, calculates the l ngth of the 

vehi cle based on the timing and speed information and outputs the dimension 

information. 

ProcScan.c 

• IniLAS3 _Params - This is the main routine for handling the user input and 

calling t he other initialization routines below. 

• GeLiniLValues - This function is used to initalize the global variables by 

reading the values from the ini t ialization file. 

• Show _Init - This fun ction is used to initalize and di splay the global variables 

by reading the values from the initialization fi le or by reading from t he user 

specified file . 

• ManuaLinit - This fun ction allows the user to observe the current global 

variables and make changes to the values. The new values are written to the 

initializat ion file. 

• Auto-1nit - This function is used to automat ically set the global vari ables 

using the scanners. 
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• Ini t_Trig_Arrays - This functi on is called during init.ia.li za t io11 Lo i11 t.iali zc t he 

cosi1H' a nd La.11 a. rra.ys used for convnting the sca.11 da.ta fro 111 Llic cy li11clri ca.l 

coordi 11 a.Lc syst.c ,n Lo the Cartesian coo rdi11 a.Lc syst.e 111 . 

• Process _Scan - This function is called by the Process_ Vehi cle mo lul . to de­

te rmine vehicle presence, maximum height of ea.ch scan, and the locat ion of the 

side of the vehicle based on the location of the fixed scanner . It uses threshold. 

and three-point median filtering to eli minate undesirable data. 

• Med _Filt_3 - This function performs the three-point median fi ltering by ta.king 

in a. pointer to the h ight values array and uses two or three comparisons to 

determine the median value for ea.ch set of three points through-out the array. 

hrt2.c 

The program that uses the 8253/8354 timer chip as a microsecond-resolution timer. 

dmal.obj 

Linkable object-code for DMA commands . This file is compiled for the ' Large' mem­

ory model. 

1com.c 

The module contains the code for the interupt-ba.sed communications with the serial 

port for data acquisit ion from the speed sensor. It also contains the speed sensor 

s tup routine. 
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7.4.2 Header Files 

• ProcScan.h - Thi s fil e definf's constants and prototypes for lniLAS3 _Params , 

Process_Scan , and Med _FilL3 routines . T lwse routines a. re usC'd i11 process­

ing the data to determine vehi cle dimensions. 

• scc.h - Thi s file defines the structur for initiali zing the serial communi ations 

controller and also ini tiali zes the values of t he structure variab le. 

• dma.h - This file defines constants and prototypes for rout ines that interface 

to the 8237 DMA controller. 

• hrt2.h - This file specifies data types and function prototypes for the High 

Resolution Timer library (hrt2.c) 

• icom.h - This file specifies data types and function prototypes for icom.c 

Figure 7.4 indicates hierarchy of the stated software system, and the connections 

to various sub-modules. 
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AVDMS Software Modules 

I. Data Acquisition 

IAVDMS .c I 

II. Data Processing 

I ProcScan.c I 
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SetupDMA_AB 
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Figure 7.4: Overview of AVDMS Software Modules 
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Chapter 8 

Prototype System and Test 

Results 

The Automatic Vehicle Dimension Measurement System has been tested in its proto­

type form in the University of Victoria laboratory and on the highway. nfortunately, 

failures of the speed sensor have prevented testing of the complete AVDMS system 

until the submission of the thesis. The ASIII laser scanners have been tes ted quite 

extensively. and appear to be performing well. The test results are discussed below. 

Both the ASIII scanners and the AVDMS software have performed w 11 except for 

the speed sensor component, as illustrated by the results presented in this Chapter. 

8.1 In-Lab Test results 

The Autosense III scanners were set up in th laboratory as shown in Figure 8. 1 

and scanned a surface as shown in the Figures 8.2, 8.3 and 8.4. The solid lines 

represent the surface and the wall in the background. The dots are the actual range 



data 11wa.s urcd hy t he /\S I 11 scan ners. 'l'h c 111casurcn1c11ts arc bot h consisLf'rll, and 

ccrns iclcra.b ly acrn ratf', considering t h;-1 (, the lasf'r Lime-or-night based range-find ing 

tec hnique is being used a.t its 111inimum opNating ra.nge with ma.x i111u111 range e rrors. 

;\fte r thi s in it ia l lab tf'st, anot her test was perform ed with the scan 1wrs operat ing 

at th e typical ranges expected for the AVDMS system. This test was used to deter­

mine how accurately the Autosense III scanners would measure the height and width 

of an object of known size. In Figure 8.5, the width of the object indicated by the 

solid line is 110 cm and the height is 82 cm. The acquired range data is also shown. 

From the acquired range data, the object was measured to have a 115 cm width , and 

a 88 cm height. This indicates that the measurement errors were 5 cm for the object's 

width, and 6 cm for the vehicle's height . These measurement errors are well within 

the accuracy specification set out for the AVDMS. Although this test was performed 

indoors on a non-moving object , it gives a good indi cation of the accuracy that can 

be expected from the AVDMS. Movement and lighting will not affect the accuracy 

of the AVDMS. The physical and geometrical properties of the vehicle's surface have 

the greatest effect on the range results. However, road tests have indicated that even 

'tough' vehicle surfaces can be scanned with good results . 

8.2 Road Tests Over Pat Bay Highway 

The AVDMS prototype system has been temporarily mounted for short testing peri ­

ods over Pat Bay Highway at the Royal Oak overpass. Photographs of the test site 

are shown in Figure 8.6. The ASII I scanners and the speed sensor were mounted 

using the laboratory-bui lt wood fixtures shown in the photographs in Figure 8.6 and 

Figure 8.7. Although, the design of the permanent mounting structure is not com­

pleted yet, it will have a layout similar to that shown in Figure 4.2. The overhead 
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UVic LHut Rm. 40 LEGEND 
1. ASIII Scanner /11 
2. ASIII Scanner #2 
3. 486D/66 Computer 
4 . ASIII Motor Powe r Su pply 
5. ASIII Circuitry Power Supply 
6. Vehicle Surface Sim ulation 

Figure 8.1: UVic Laboratory Setup for Testing the ASIII Scanners 



!J I 

Scan of Laboratory Vehicle from Left Side 
16 

14 r -

Left ASIII Scanner 

12 

□ 
10 

8 
Q) 
2 

6 

4 -

2 ~ . 
0 " -

-2 I I 

-4 -2 0 2 4 6 8 10 12 14 
feet 

Figure 8.2: Results of Scanning ifock-up Vehicle from Left side ASIII Scann r 
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Figure 8.3: Results of Scanning Mock-up Vehicle from Right side AS III Scanner 
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Figure 8.4: Resul ts of Scanning Mock-up Vehicle in Laboratory 
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Figure 8.5: Testing the Accuracy of the AVDMS 



st.rudurc used t.o mount the ASJ fl laser sca.u11 ers and speed sensor vvi ll be a standard 

hridg<' st.rnct.urc com monl y used by the Briti sh Columb ia Min ist ry of T'ra.nsporta.tio n 

a.11d fl ighwa.ys . Covers for the sensors wil I be provided t.o protect t hem from the 

environrn Pnt a.nd vandali sm. 

The A utosense III scanners were tested at Royal Oak overpass many times as 

indi cated in Appendix A. Many of the tests were required during the development 

stages to determine what improvements or changes were required. Results from the 

April 19, 1995 road test a.re included in Figures 8.8-8 .14. T hese figures show a. sample 

of the data collected by the Autosense III scanners. All of the data points plotted 

in these images are range data points measured by the Autosense III scanners and 

the location of these points in three-dimensional space is known. From the quality of 

these 3D images, it is apparent that the dimensions of the vehicles can be determined 

accurately by analysing the acquired range data. The software system developed in 

this work fully utilizes the acquired range data to interpret the 3D dimensions of 

the moving vehicles in real-time. The images below were captured before the speed 

measurement system was integrated with the Autosense III scanners. Therefore the 

length scale is shown in terms of the number of scans . 
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(a) AVDMS System Layout for Road Test 

(b) View of AVDMS Setup and Pat Bay Highway 

Figure 8.6: Photographs of Road Test Site over the Pat Bay Highway 
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Figure 8.7: ASIII Sensor Mounts (units in mm) 



CHAPTER 8. PROTOTYPE SYSTEM AND TEST RESULTS 

( a) Photograph of the Vehicle 

(b) Acquired Range Data of the Vehicle 

Figure 8.8: Dump Truck with Pup Trailer Loaded 
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(a) Side View 

(b) Top View 

Figure 8.9: Side and Top Views Of Dump Truck 
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(a) Photograph of the Vehicle 

(b) Acquired Range Data of the Vehicle 

Figure 8.10: Flatbed Lumber Truck 
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(a) Side View 

(b) Top View 

Figure 8.11: Side and Top Views of Lumber Truck 
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( a) Photograph of t he Vehicle 

(b) Acqui red Range Data of the Vehicle 

Figure 8.1 2: Concrete Truck 
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(a) Side View 

(b) Top View 

Figure 8.13: Side and Top Views of Concrete Truck 
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( a) Perspective View 

(b) Side View 

(c) Top View 

Figure 8. 14: Loaded Logging Truck 



Chapter 9 

Other Potential Applications and 

Future Work 

I (Yi 

During the tenure of thi s research, many companies, organizations and individual 

have expressed interest in the Automatic Vehicle Dim nsion Measurement System 

(AVDMS) project and its application of laser range-finding devic s. The AVDMS has 

demonstrated the capability and usefulness of the technology in a high-speed scanning 

application to acquire three dimensional range data. The accuracy of the range data 

can be varied by changing the scan rate. In applications where higher accuracy is 

required , the scan rate is reduced to allow more measurements at each location. Using 

the "time-of-flight" based rangefinding technique accuracies are about 1 mm at best. 

For example, a single-shot resolut ion of 1-8 cm can typically be achieved at ranges 

up to 50 m. However, the final precision of the distance measurement can be greatly 

improv d by averaging, the improvement being proportional to the square root of the 

number of measurements averaged. By averaging 100 successive measurements th 

final resolution can be improved to the millimetre lev 1. The measurement t ime is 

only 100 microseconds for each projected point at a measurement rate of 1 MHz [2] . 



Tlwrdore, tlw .. t. i,ne-of-night" based lase r range-find ing techn ique 111 a.y he suitable 

for ra.11 gc s<'11s i11 g app li cations that do not requirE' a.crnracy bette r t.l1an I rn111. 

Currentl y, shipyards in Great Brita.in , Spain , t he USA, and Finland arc using a. 

lase r range-finding dev ice as a measurement and guidance sys tem to reduce costly 

ext ra. fitt ing an d correction work during ship hull const ruction [2]. Range-finding 

sensors are also being developed for robots and autonomous \·ehicles to provide infor­

mation on depth and surface orientation and to aid in navigation and handling tasks 

[6]. 

Due to t he superb quality of the range images acquired by the ASIII range finders, 

the technology has a great potential to serve as the data acquisition tool for the de­

velopment of an automated vehicle recognition and classification system. This would 

require geometric model generation and multiple-view fusion which are discussed in 

Section 3.3 , as ·well as, pattern recognition research. The research also contributes 

to the better understanding of range-finding devices and their capabilities . The de­

veloped technology can be applied to many of the applications where fast-moving 

objects have to be scanned under hostile outdoor environments. 
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Chapter 10 

Summary 

In the last few years , much research and development has been carried out on In­

telligent Vehicle- Highway Systems (IVHS) due to increased demand on the current 

transportation infrastructure. One aspect of IVHS is the development of automatic 

vehicle classification systems. 

The Automatic Vehicle Dimension Measurement System (AVDMS) has been de­

veloped by a team of Engineers at the University of Victoria and the Brit ish Columbia 

Ministry of Transportation and Highways. The research and development included 

in this thesis forms the main part of the AVDMS project . The developed system 

allows vehicles to be classified based on height , width, length, or overall volume. The 

AVDMS consists of two high-speed infrared laser scanners , an infrared laser vehicle 

speed sensor, a high-speed data acquisit ion board, and an 80486 computer to process 

the data. 

In t his thesis, vehicle dimension measurement methods have been di scussed , as 

well as , the processes which led to the selection of the range sensing solution for the 

AVDMS. Background on range sensing techniques and range data processing have 
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lwC' n provi ckd. A brief overview of geon1et ri c model genera.L ion and multiple-view 

fu sion was in cluded to help the reader understand range sens ing a.pp li ca,t,ions and the 

poss ibili ties for other related applicat ions of this techno logy. The reader has also been 

provided with a detailed look at vehicle dimension n1easurement, in cludi ng descrip­

t ion and specificat ions of SEO's sensors and scanners, and techn ical details on the 

AVDMS method of range data acquisit ion and vehicle dimension measurement. The 

vehicle speed measurement problem has been reviewed including an overview of the 

investigations, a description and comparison of the different measurement methods, 

and a detailed look at the speed measurement solution. The layout of the A \ID 1S 

hardware configuration was presented, as well as, descriptions and flowcharts of the 

AVDMS software. Results of the AVDMS prototype testing in the laboratory and 

on the highway with a number of highway travelling vehicles have been provided to 

demonstrate the capabili ty and usefulness of the system. A number of potential ap­

plications for the technology used in the AVDMS have been discussed, as well as, 

possible future development of the AVDMS. 

The AVDMS is to be installed on the approach causeway to the Tsawwassen 

ferry terminal at Tsawwassen, British Columbia, where it will measure the maximum 

length, width , and height of commercial and oversize vehicles travelling at speeds up 

to 120 km / hr. Vehicle height and width will be measured to within 15 cm and vehicle 

length to within 30 cm. This information will be used for determining the fare for 

each vehicle based on its volurne. Volume is calculated as the product of a vehicle's 

dimension maximums, that is, the maximum height, width, and length measured by 

the AVDMS system. The measurements and calculations are made in real-time as 

each vehicle passes through the system helping reduce queue sizes at the toll booths 

and improving efficiency. 

The automatic real-time vehicle dimension measuring system (AVDMS ) developed 
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111 t hi s work is the first system capable of automati call y measu rin g t.he dirncusions 

of vehicles travelling at highway speeds. The AVDMS system ck·1non strates new 

cap ab iliti f's of laser range- finding dev ices . The developm nt of t hi s tech nology may 

lead Lo many other appli cat ions in t he areas of intelligent t ra nsportation systems and 

advanced manufacturing. 
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Record of Autosense III Road 

Tests 
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Table A.l: Autosense III Testing and Development History 

Development D escript ion Date 
ASIII scanners arrived at UVic lab April / 94 
ASIII scanners test d in UVic lab April-August/ 94 
ASIII scanners tested at Royal Oak April 21 / 94 
ASIII scanners tested at Royal Oak June / 94 
ASIII scanners tested at Royal Oak August 9 / 94 
ASIII scanners sent to SEO for improvements August 12 / 94 
ASIII scanners returned after improvements Sept 28 / 94 
ASIII scanners tested in UVic lab Oct. / 94 
ASIII scanners returned to SEO (Failure #1) ov. 14 / 94 
ASIII scanners received at Uvic after repair Dec. 17 / 94 
ASIII scanners tested in UVic lab Dec. / 94 
ASIII scanners returned to SEO (Failure #2) Jan. 9 / 95 
ASIII scanners received at Uvic after repair Feb. 8 / 95 
ASIII scanners tested at Royal Oak Feb. 22 / 95 
ASIII scanners returned to SEO (Failure #3) Feb. 24 / 95 
AS III scanners received at U vie after repair April-June/ 95 
ASIII scanners tested at Royal Oak April 19 / 95 
AS III scanners tested at Royal Oak w / spd. sensor June / 95 



Appendix B 
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/ ' "Med_Filt_3" ' / 
I' , I 
/' This function performs the median filtering by taking in a pointer ·; 
I' to the height values array and doing comparisons rather than sorting "/ 
I' to speed up the filtering process. ·; 
I' ~ 

unsigned Med_FiIL3(double •height_ptr, double •filLPtr, unsigned array_size) 
{ 

double f_array[10] ; 
unsigned f_index,i; 
double · tilt_vector; 

f_index=O; 
'filLPtr++ = O; r set the first value in the filtered array to O ·1 

for (!_index= 1; f_ index<array_size-1 ;!_index++ /' first and last value not changed */ 
{ 

filt_vector = height_ptr++ ; /' initialize vector to be filtered*/ 
for (i=O;i<3;i++) 
{ 

f_array[i] = •fi1t_vector++ ; 

if (t_array[O] >= f_array[1]) 

else 

if (f_array[O] .= f_array[2] 
if (!_array[1] >= f_array[2]) 

·filLPtr++ = t_array[1]; /' order was 321 */ 
else 

*filLPtr++ = f_array[2]; /* order was 312 •; 
else 

filt_ptr++ = t_array[O]; /* order was 213 */ 

if (f_array[O] >= f_array[2]) 
*filLPtr++ = t_array[O] ; /* order was 231 */ 

else 
if (f_array[1] >= t_array[2]) 

*filLPtr++ = f_array[2] ; /* order was 132 */ 
else 

*filLPtr++ = f_array[1] ; /* order was 123 */ 
) I* bottom of 3-pt median filter loop ·1 

!_index= array_size-1 ; /* the last value*/ 
'filLPtr++ = O; I* set last value in filtered array to 0. */ 

return 1; 

Figure B.l: C-Code for th Three- Point Median Filter 
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