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Abstract- Over the past five years, International Submarine 
Engineering Research and the Esquimalt Defence Research 
Detachment of the Defence Research Establishment Atlantic 
have worked together to develop a large autonomous underwater 
vehicle, named Theseus, for laying optical fiber cables in ice
covered waters. In trials and missions conducted in 1996, this 
vehicle showed impressive capabilities. It was able to lay a fiber
optic cable in a completely autonomous mode for a distance of 
200 km under Arctic sea-ice and then return to the launch 
station for recovery. It demonstrated a navigational error of less 
than 0.5% of the distance traveled, and cross-track error was 
reducible to 0.05%. It operates in either depth-keeping mode or 
bottom-following mode, was designed to operate at a maximum 
depth of 1000 m, and has operated at a depth of 425 m. 

The vehicle is equipped with an inertial navigation unit and 
Doppler sonar speed sensor for autonomous navigation, a 
forward-looking obstacle avoidance sonar, an acoustic homing 
system, and acoustic transponders for use with surface tracking 
stations. An acoustic telemetry system enables communication 
with Theseus from surface stations, and an optical telemetry 
system is used for system monitoring while Theseus is laying 
optical fiber cable. All sub-systems are controlled by an M68030 
based sensor integration and control computer. 

Although the vehicle is currently configured for cable 
laying, other missions could be accommodated with minor 
changes to the payload section of the vehicle. Theseus' qualities 
of covertness, long endurance and precise navigation make 
possible such tasks as long base-line oceanographic data 
collection, remote route surveys, remote mine hunting, the rapid 
deployment of acoustic and non-acoustic surveillance systems, 
and even the towing of mobile sensor arrays. Longer missions 
could be accommodated by replacing the current silver-zinc 
batteries with fuel cells or other AlP (Air Independent 
Propulsion) power plants. 

The paper describes the vehicle and presents the results of 
the evaluation trials and its first cable laying mission. 

I. INTRODUCTION 

Over the past five years, International Submarine 
Engineering Research and the Esquimalt Defence Research 
Detachment of Defence Research Establishment Atlantic have 
worked together to develop a large autonomous underwater 
vehicle for laying fiber-optic cables in ice-covered waters [1]. 

The vehicle, named Theseus, was designed to lay up to 220 
km of fiber-optic cable from a site near the shore of Ellesmere 
Island in the Canadian Arctic Islands to a scientific acoustic 
array in the Arctic Ocean about 200 km from shore. The 
water depth along the cable route varied from 50 m at 'the 
launch site to about 600 m at the array site. 

The paper discusses the design objectives of the vehicle, 
describes the vehicle and presents results of trials in the south 
and in the Arctic. The suitability of Theseus for other 
missions is also discussed. 

II. VEHICLE DESIGN OBJECTIVES 

Both the environment and the complexity of the mission 
imposed severe constraints on the vehicle design. In the 
operating area the ocean is completely ice covered, mostly by 
multi-year ice, 3.5 to I 0 m thick, with ice keels that can 
extend to depths of 30 m within 10 km from the launch site, 
and 50 m further out; water currents vary from 0 to 25 em/sec 
near the launch site and 0 to 10 em/sec at the array site; air 
temperatures vary from -40 to -20° C; and water temperatures 
vary from -1° C in the shallow waters near the launch site to 
4 o C near the bottom at a depth of 600 m. 

An endurance of 450 km was required to lay the cable, 
return to the launch site and allow a reasonable margin for 
contingencies. A navigational accuracy of I% of distance 
traveled combined with an acoustic terminal homing system 
was needed to bring the vehicle through a 200 m wide cable 
recovery loop at the cable delivery site. To minimize the 
amount of cable in the water column, the AUV was required 
to follow the bottom at an altitude of20 to 50 m. To facilitate 
air transport to the launch site, a modular construction was 
required, with each section weighing under 1400 kg. Since 
no currently available AUV could meet these specifications, 
International Submarine Engineering Research Ltd. of Port 
Coquitlam B.C. was awarded a contract in November 1992 to 
design and construct an AUV to meet the requirements. 

The development of the vehicle, named Theseus, was 
carried out in several phases. It was recognized at an early 
stage that the software control system required to 
autonomously pilot the vehicle during its mission would be 
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