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Abstract 

 

This paper presents an historical account of the strategies developed and the challenges 

experienced by the Northern Alberta Institute of Technology (NAIT) Robotics Research Team as 

they developed a prototype unmanned ground vehicle for use by Police, Fire and Rescue 

Services. Development of performance characteristics for the vehicle, driven by operational 

experience and needs of end users in the Edmonton Police Service (EPS) and the local RCMP 

division is described. 

 

Discussion continues with consideration of performance, complexity and cost tradeoffs 

associated with various electromechanical drive systems, arriving at the selection and 

implementation of a chain-free multi-motor drive system. 

 

One of the main outcomes of the project so far has been the successful development of an 

integrated electronic communication and control system that uses proven, user friendly and 

readily available subassemblies. The paper describes these developments and outcomes in detail. 

Deployment of a wide-angle camera via an “off the shelf” 2.5 m extending mast system is 

briefly introduced. 

 

The paper concludes with discussion of near term development goals for this project. 

 

Introduction 

 

The Northern Alberta Institute of Technology (NAIT), in Edmonton, Alberta, is a large 

polytechnic institute offering over 250 programs including technical diplomas and baccalaureate 

degrees.  NAIT has been developing capacity in applied research in recent years. In 2008 faculty 

in the NAIT School of Electrical and Electronics Engineering (now the School of Information 

Communication and Engineering Technologies) were approached by the RCMP and 

independently by the Edmonton Police Service (EPS) regarding improving specific unmanned 

tactical surveillance capabilities within each service.  The RCMP and the EPS own, maintain, 

and deploy commercially available unmanned ground vehicles in tactical situations that require 

remote surveillance and for explosives inspection and disposal.   

 

The RCMP and EPS discussed shortcomings of the commercial vehicles.  The RCMP 

was looking for something faster and with greater operating range, mostly for use in rural 

situations.  The EPS wanted an unmanned vehicle that was agile in urban environments, capable 

of climbing stairs. Also of concern to the EPS was the need to use readily available off-the-shelf 

components wherever possible and to design for rugged use.  They had negative experiences 

with custom made hobbyist grade robots that broke too easily and failed to perform adequately.  
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During visits to the local RCMP headquarters and to EPS facilities, the team noted other 

system characteristics that might benefit from technical improvement.  Primarily there was room 

for improvement in the human-machine interface including methods for control and quality of 

the video link provided to the user.  Also the low operational speed of the commercial vehicles 

was surprising. 

 

The RCMP provided a commercial robot they had modified by shortening its wheelbase 

and adding a camera equipped extending mast designed by mechanical engineering students at a 

western Canadian university. 

 

 
 

Figure 1 Modified PEDSCO chassis (RCMP) 

 

This remotely operated surveillance vehicle had several shortcomings:  The cabling for 

video, power and servo control of the camera on the mast was external to the mast.  During use, 

the cabling often caught on objects in the vicinity of the vehicle, or tangled on the shaft during 

extension and retraction.  The outboard mounting of the lead acid batteries made the vehicle 

difficult to maneuver over curbs or steps.  The control interface was awkward and the control 

electronics were dated.  

 

A team of faculty and staff, interested in unmanned ground vehicle systems, were 

brought together to pursue applied research activities with the general goal of developing a 

remotely operated unmanned vehicle that addressed the following user specified objectives: 

 

 Designed with readily available off-the-shelf components (keep custom electronics to a 

minimum) 

 Rugged and easily repaired. 

 Fast 

 Long range operation (greater than 1 km) 

 Capable of climbing stairs 
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 Lower cost than commercial systems 

 

The scope of this project was sufficient to develop capacity in applied research 

specifically related to ground based unmanned vehicles.  The original team comprised of an 

electronics instructor that developed and instructed a very popular second year robotics option 

course, the chair of the electronics engineering technology program, a mechanical engineering 

technologist, and an instructor with background in motor control. Since the spring of 2008 when 

this capacity-building project started, the unmanned remotely operated vehicle has gone through 

four incremental design iterations.  Each version is described below. 

 

Version 1: Proof of concept 

 

The NAIT Robotics research team began with several members that had strong 

electronics design skills.  There was one mechanical technologist on the team.  Since many of the 

shortcomings observed were of an electronic nature, the first version of the unmanned ground 

vehicle concentrated on improvements in the electronics, rather than in mechanical innovations.  

The first decisions were in answer to the following questions: 

 

 What drive technique should be used? 

 What control system should be used? 

 What should the chassis look like? 

 What material should be used for chassis construction? 

 

It was decided, at an early stage, that a 4-motor drive system would provide interesting 

research opportunities compared with a more traditional 2-wheel chain drive system.  With an 

appropriate controller and software, it would be possible to control each motor independently, 

which might allow for increased maneuverability over uneven terrain.  Chains also add 

mechanical design complexity and increase maintenance requirements. Four NPC T64 

permanent magnet DC motors were selected; each rated at 1.6 HP and a Roboteq AX2550 motor 

controller.  Power for the motors would be provided by two 12V DC lead acid batteries. 

 

Chassis design was kept simple, as the aim of the initial prototype was to prove the utility 

of a 4-wheel drive platform.  The only design restriction at this phase of development was to 

keep the width of the vehicle narrower than a typical doorway.  The team anticipated the need to 

make on-going modifications to the chassis to enhance capabilities on the vehicle and as changes 

were made, based on lessons learned from operational tests.  It was decided to manufacture the 

chassis out of ½” and ¾” plywood.  Plywood provided the strength necessary to carry the four 

13-pound motors and the heavy lead acid batteries.  A wood chassis is also easy to modify and 

could be assembled at a reasonable cost. 

 

An analog NTSC camera and 5.8 GHz transmitter were selected to provide video from 

the vehicle.  Navigation would be provided by a hobbyist 6-channel RC controller.  Version 1 is 

shown in Figure 2. 
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Figure 2 NAIT ROV version 1 (5.8 GHz analog video) 

 

The first test of the version 1 platform revealed significant limitations with the 5.8 GHz 

video link.  The hallways of NAIT provided the most readily accessible test ground for operating 

the vehicle and it soon became clear that 5.8 GHz radio propagation would not penetrate the 

cinder block and steel infrastructure of the institutes walls, floors and ceilings.  Additional 

limitations were observed in unobstructed line of sight scenarios.  While the vehicle was being 

driven, the received video image was plagued by frequent momentary signal loss, which 

distorted the received image with bursts of noise.  To confirm the drop outs originated in the 

communication path and not from mechanical problems caused by vibrations in the signal path 

on board the vehicle, the camera and transmitter were removed from the vehicle and lab tests 

were conducted.  The camera and receiver were fixed in place and the transmitter was moved 

slowly relative to the receiver over a distance of a few centimeters.  Significant dropouts were 

noted in the received video signal.  To determine if the dropouts were a consequence of 

operating in an interior institutional environment, the team took the vehicle outside.  The video 

antenna was mounted on a second floor roof, giving an unobstructed outdoor line of sight path to 

the transmitter on the vehicle.  The exact same loss of signal distortions appeared in the received 

video under these conditions.  Based on these two tests we concluded that a 5.8GHz video link 

would not meet operational requirements. 

 

Another observation gave an important insight into human control requirements for 

ground-based vehicles.  The analog bullet camera was mounted at the front of the robot along the 

central axis of the vehicle.  When operating the vehicle with line of sight, navigation was easy, 

except when driving the vehicle toward the driver, as this arrangement reverses the control 

operation from the driver’s perspective.  When operating the vehicle by observing the video 

image fed back from the on board camera, it was clear that the position and field of view (FOV) 

of the camera did not provide adequate operational awareness to confidently and safely navigate 

the vehicle with no line-of-sight.  The limited FOV of the bullet camera did not allow the 

operator to see the front wheels, so no valid sense of vehicle width was available.  The vehicle 

ran into many chairs, walls, doors and table legs. 
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Version 2: 100% digital control 

 

At this point, empirical experience suggested two significant avenues for exploration.  

First, the problems encountered with the 5.8 GHz video system encouraged the team to pursue 

digital communication and control methods, primarily in an attempt to incorporate modern off-

the-shelf electronics and to investigate the viability single channel multiplexed control.  Second, 

navigational issues associated with a low, front center mounted camera were addressed by 

moving the camera to a high center rear location. 

 

At this point, the communication and control methods were reexamined.  The operating 

ranges required by the emergency services for rural operations (0.1 – 1 km) exceeded the range 

capability of the RC control, so the decision was made to design communication around a long-

range 900 MHz Ethernet bridge modem connected to a high gain mast-mounted antenna at the 

base station and a high gain rubber-duck antenna on the vehicle.  For operator control, it was 

decided to incorporate two off-the-shelf control methods familiar to many people.  The first 

choice was a standard Logitech game controller. This controller is very familiar to many people 

interested in gaming as it and several variations are commonly used to control a wide variety of 

video games.  The second choice was a standard steering wheel and pedal game controller. This 

control method appealed to some of the more senior members of the team.  Both of these control 

methods offer a near intuitive human-machine interface.  Anecdotal feedback from RCMP and 

EPS users suggests the gamepad is the more intuitive and preferred control method for this 

unmanned ground vehicle.  Figure 3 shows a system block diagram for version 2 of the platform. 

 

All control and communication is centrally managed in a Windows laptop computer.  The 

human-machine controls are connected to the laptop through standard USB connections and the 

control and video stream passes through a standard Ethernet port on the laptop where it is 

connected to a 900 MHz Xpress Ethernet bridge modem equipped with a high gain mast 

mounted omni-directional antenna. 

 

The control application for this project is written in the Processing language, an open 

source language that permits rapid development and deployment of Windows applications. 

 

The majority of components used in the electronics of this version are standard “off-the-

shelf” stock items.  Only one part is custom built.  The power management system that provides 

regulation and circuit protection for the various subsystems was designed and manufactured at 

the NAIT Rapid Prototyping Lab.  In addition, it was possible to develop a control application 

that assigned specific control functions on the vehicle to unique control points on the game pad 

or on the steering wheel.  Speed and directional control were assigned to one of the thumb-

operated joysticks and servo control of the camera was assigned to the other thumb joystick.  

Safe operation of the vehicle required an addition of an enable switch to the speed and 

directional control joystick. 
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Figure 3 System block diagram of Version 2 ROV 

 

 

To address the issue of inadequate visual feedback to the driver, the camera, now an IP 

Ethernet device was relocated to a pedestal mounted at the rear of the vehicle.  The requirement 

to have the front tires in the visual image, coupled with the 60° FOV of the camera determined 

where the camera had to be located  The pedestal was constructed to meet these needs. 

 

Operational testing of version 2 confirmed that a digital communication system was a 

workable option.  Navigational control was very natural with the game pad or the steering wheel.  

Some adjustments had to be made to the response of the controls so that small movements of the 

steering wheel or joystick mapped correctly to corresponding movements of the vehicle.  An 

elevated rear center perspective for the camera provided significantly better sense of presence to 

the operator, reducing the number of collisions with furniture in crowded spaces.  Version 2 also 

benefited from the addition of pan and tilt servos on the camera, further augmenting the 

operators situational awareness. A photograph of the version 2 vehicle is provided in Figure 4. 
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Figure 4 Version 2 of the ROV 

 

Version 3: Design enhancements 

 

Relocating the camera to an elevated position at the rear of the vehicle significantly 

improved operator awareness, but the fixed elevation view prevented the operator from looking 

at tabletops, through windows or over office dividers.  The restrictions imposed by a fixed 

elevation camera limit the applicability of the vehicle as a surveillance platform.  A method that 

allows the user to select the elevation and perspective of the camera, depending on situational 

needs was needed.  While navigating, a forward –looking, low angle perspective is helpful, but 

in operational surveillance scenarios, the ability to change perspective and height of the camera 

are essential. 

 

The team investigated several methods for elevating the camera, including scissor lifts, 

articulating arms and telescoping arms.  The method finally selected was an innovative 

extensible mast called a situational awareness mast or a zipper mast manufactured by 

Geosystems Incorporated.  The zipper mast is a self-contained unit that can lift a seven-pound 

payload vertically to any user-selected elevation up to 2.44 m above the mounting platform. 

 

The zipper mast was mounted on top of the vehicle and a new wide FOV camera was 

placed on top of the mast along with better quality pan and tilt servos. Users found the wide-

angle view coupled with the ability to raise and lower the camera over a wide range of elevations 

allowed for increased navigational awareness and greatly improved surveillance utility.  Two 

new operational considerations became relevant following installation of the zipper mast.  First, 

it became apparent that in some indoor environments the zipper mast and camera could be 

extended beyond the height of the ceiling.  This feature could be of use where the ceiling was 

composed of lightweight acoustic tiles and there was reason to lift a tile and look in the space 

above the ceiling.  This feature could also be a liability in situations where the operator elevating 

the camera was unaware of the ceiling design and unaware of the proximity of the camera to the 

ceiling.  Through several operational trials, it became apparent that the camera assembly could 
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be damaged through inadvertent collision with rigid ceilings.  To prevent accidental collision 

with ceilings or any unknown overhead obstacle, an IR distance measuring sensor was mounted 

next to the camera, so that it had a clear view of space above the camera.  Software was added to 

the zipper mast control loop to automatically override user commands if the camera was in 

danger of colliding with objects above it. 

 

The second operational consideration emerged from the combination of the platforms 

high power and the 2.44 m height of the fully extended mast.  If the mast were extended beyond 

the height of a door way and the vehicle was navigated through the doorway, the mast would be 

severely damaged. To prevent damage to the mast, it must be lowered in proportion to the 

desired speed.  The faster the user wishes to go, the lower the mast must be.  An algorithm to 

achieve this operational limitation has not yet been developed.   

 

Version 3 of the unmanned ground vehicle with the zipper mast and digital 

communication system was advanced enough to demonstrate to the RCMP and EPS.  Both 

services were invited to take version 3 of the vehicle for a test drive in the hallways of NAIT.  

Both the operators found the vehicle to be fast and responsive and the zipper mast to be a very 

useful surveillance tool.  Version 3 of the vehicle with the zipper mast nearly retracted is shown 

in Figure 5 along with our local RCMP and EPS contacts. 

 

 

 
Figure 5  Version 3 of the ROV with RCMP and EPS personnel 

 

Version 4: Preparing for field trials 

 

Following the initial test drive session, the EPS and RCMP requested that the vehicle 

participate in EPS and RCMP field trials.  Both trials potentially involved outdoor use in 

inclement weather.  Chassis design on Version 3 left all of the electronics and motors exposed to 

the elements, so a new, more weather resistant chassis was designed.  In addition to enclosing the 

electronics, the zipper mast was relocated to the rear of the chassis, primarily to secure a large 

uninterrupted surface area for mounting and wiring on-board electronics. 

 

In May of 2010, Version 4 of the unmanned ground vehicle participated in a combined 

indoor/outdoor tactical exercise at an urban office building location, coordinated by the EPS.  
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Two remotely operated vehicles were involved: a Vanguard from the EPS and the NAIT version 

4 prototype vehicle.  Figure 6 compares the relative size of the two vehicles. 

 

 
Figure 6  Vanguard (on left) and NAIT ROV version 4 (on right) 

 

The objective of the EPS field trial was to locate a dummy hidden in a second floor 

office.  Version 4 of the NAIT ROV was incapable of ascending the stairs to the second level.  

To complete the mission, the ROV was pushed up the stairs.  The Vanguard had some difficulty 

ascending the stairs, but managed with some human assistance. Once on the second floor, both 

ROVs were navigated through hallways and corridors using radio control.  The operators were 

making navigational decisions based only on video feedback from on-vehicle cameras.  Once 

positioned at the entrance to an office area, the zipper mast on the NAIT version 4 ROV allowed 

the operator to inspect the area quickly by looking over office dividers.  This ability allowed the 

NAIT version 4 ROV operator to locate the hidden dummy well in advance of the Vanguard 

operator. 

 

In October of 2010, the same version 4 ROV was transported to the Canadian Forces 

Base at Suffield where it underwent field trial tests with the RCMP Chemical Biological 

Radiological Nuclear (CBRN) team. The objective of these tests was to determine if the version 

4 ROV could function as a remotely operated platform carrying standard radiologic and chemical 

sensors.  At the time of writing this paper, the research team had just concluded testing and 

preliminary reports suggest the version 4 ROV worked very well under non-ideal conditions that 

included near-zero temperatures, blowing snow and rain and non-line of sight operation during a 

3-hour mission. 

 

 Just prior to the RCMP CBRN tests, version 4 was taken to a large semi-rural green 

space to obtain operational range data.  The base station was set up with a 15 db directional 

antenna.  A GPS receiver was attached to the vehicle and placed in distance measurement mode.  
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The operator then navigated the vehicle using video fed back from the vehicle in a near straight 

line away from the base station.  The topography in the test location included deciduous and 

evergreen trees and moderately steep hills.  At the point where the operator lost both video and 

motor control, the vehicle was out of sight on the far side of a hill and the GPS receiver was 

indicating a travelled distance of 450 m.  A photograph of version 4 taken during this field test is 

shown in Figure 7.  The GPS receiver is immediately in front of the zipper mast.  Figure 8 shows 

version 4 in the research lab. 

 

 
Figure 7  Version 4 during range test  Figure 8  Version 4 in the research lab 

Issues 

 

Extensive experimental and live trial use of 900 MHz Ethernet digital control and video 

has provided informative insights. A system of communication and control using a single IP 

based 900 Mhz radio link is workable in certain indoor urban environments and outdoor rural 

environments, but with critical limitations.  The most significant limitation is that the video 

server used in this system unpredictably and fairly often, buffers the video stream for up to five 

seconds.  When they occur, delays in video feedback to the operator make navigation impossible.  

Anecdotally, video delays seem to occur in direct proportion to the number of humans near the 

vehicle.  Hallways crowded with students cause far more video delays than empty hallways. 

 

A secondary issue with all versions of the vehicle built so far is weight.  The vehicle 

weighs approximately 150 lbs (68 kg).  In spite of this weight, the high power output motors and 

well sized lead acid batteries make this vehicle very agile on pavement, grass, gravel, carpet and 

tile at slopes anywhere from 0° to 30° However, loading and unloading the ROV from 

transportation vehicles requires two people. 

 

Finally, inability to climb stairs limits the utility of this ROV, especially in urban 

operations.  Single step elevation changes, like curbs, of less than 20 cm can be negotiated 

successfully, but a sustained series of steps usually tips the vehicle over. 

 

Future plans 

 

To address the problem with video delays, a high power (approximately 1W) UHF analog 

video system will be acquired and tested.  It is expected that a high quality transmitter operating 

in the relatively lower frequency range of UHF, relative to the original 5.8 GHz system, will 
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offer improved performance.  Weight reduction will be attempted in a future version by 

switching to lithium chemistry batteries.  The selection of particular lithium chemistry on cost 

and performance parameters and the safe management of battery charging and discharging will 

be of primary concern.   The stair climbing issue may be the most difficult to address.  There are 

two modifications planned for the current chassis and a parallel plan to build a new, smaller 

tracked chassis specifically optimized for stair climbing in urban situations. 

 

To expand the capabilities of the ROV beyond surveillance, a six-degree of freedom 

articulated arm from Invenscience has been acquired and will be attached to and functionally 

integrated into the ROV control structure in the near future.  Beyond the addition of an 

articulating arm, there are tentative plans to investigate the design and deployment of a low cost 

3D vision system that would provide the operator with improved depth sense when working at 

close range. 

 

 


