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Abstract. Ground vehicles are increasingly designed to incorporate autonom-
ous control for better performance, control and efficiency. Such control is 
 particularly critical for military logistics vehicles where drivers are carrying 
sensitive loads through potentially threatening routes. It is imperative therefore 
to evaluate what role does autonomy play to help safety, and whether drivers 
trust autonomous control. In this paper we investigate the use of semi-
autonomous vehicles used for military logistics and carry out human factors 
analysis to reflect on trust and safety issues that emerge from the driving of 
such vehicles. 
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1 Introduction 

Human failure is often a cause of accidents. Increasing the level of automation while 
useful in many cases, does not necessarily reduce the number of human failure related 
accidents. For such automation to be successful the human user must be aware of the 
automation and react to it appropriately. In some cases it is not possible to fully auto-
mate the desired behaviour and the system has to rely on humans exhibiting the right 
behaviour. Examples of such systems include Unmanned Aerial Vehicle (UAV) guid-
ance [1], health care especially patient safety [2] and computer security [3].  

Enhancing the driver experience of ground vehicles through increasing autonomy 
has been of interest for well over a decade now. Reduction in driver stress, freeing up 
limited attentional resources and improving road safety have been the major goals of 
this effort. However, autonomy brings with it a variety of other challenges that poten-
tially risk road safety [4]. This could be due to sensor limitations, system design 
faults, error inducing design, or inadequate driver training; these certainly are some of 
the lessons learned from the introduction of autonomy in the aviation domain. 

Adaptive cruise control (ACC) is an example of one mechanism introduced to pro-
vide safe distance control from a vehicle in front: once engaged, the vehicle operates 
in a typical cruise controlled fashion with the added feature of sensing the vehicle in 
front to adapt speed if it slows down or speeds up ensuring a minimal safe distance at 
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all times. Studies have demonstrated that such autonomy has the potential of causing 
delayed driver reaction [5], awkward handover and mode confusion, with up to a third 
of drivers having forgotten at some stage whether ACC was engaged or otherwise [6]. 
This has serious road safety risks and raises a question whether design of such me-
chanisms would ultimately be detrimental to the intended goal. In addition to the time 
on task effects, road conditions and terrain also significantly affect driver experience, 
and contribute to fatigue [7]; difficult terrains require more frequent driver interven-
tions [8] in semi-autonomous vehicles. 

In this paper we investigate the use of semi-autonomous vehicles used for military 
logistics and carry out human factors analysis to reflect on trust and safety issues that 
emerge from the driving of such vehicles. Section 2 describes some of the problems 
associated with this research. Section 3 describes our methodology in relevant detail. 
Section 4 presents the results of our experimental analysis. Section 5 presents a brief 
conclusion to the paper.  

2 Motivation 

There are potential economic, health and safety benefits of semi-autonomous vehicles 
in various industrial applications. Although the level of automation in mining is more 
advanced than many other domains, human oversight and control is still necessary 
given various factors such as legacy equipment, interoperability of hardware, and the 
ability to handle unforeseen circumstances. It is essential to use virtual engineering 
environments to model the vehicle and environment which can then be used to train 
drivers [9]. In addition to the known challenges, such as mode error where the driver 
cannot recall what state the system is in, there are particular challenges posed by 
semi-autonomous vehicles including 

• handover between manual and automated control during a task [10, 11], which is 
critical as the driver needs to be able to judge when to reclaim control or otherwise, 

• inadequate feedback from the vehicle to the driver [12], with the consequence that 
the system fails on drivers’ expectations during a task and ultimately maximum 
benefit of the technology is not derived, and 

• a fundamental change of task for the driver as their role changes from monitoring 
the situation to monitoring the situation and automation [6]. 

Most of the work done so far in this area has addressed such challenges in isolation 
and at a high abstract level [13-17], has studied vehicle sensor data [11], driver feed-
back [6] in a real or simulated environment, or performed physiological assessments 
[18,19]. The latter two strands of work entirely focus on driver perception and expe-
rience, borrowing from separate traditions of cognitive and physiological science. Our 
approach in this research is to conduct experiments involving master drivers (who are 
professionally trained to drive such vehicles) and analyse physiological and reaction 
time measures to assess how autonomy affects driver experience. 
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3 Experimental Setup 

This section describes the methodology adopted. Section 3.1 describes the experimen-
tal design followed by Section 3.2 which gives the details of the virtual driving simu-
lator implemented to carry out the experiments.   

3.1 Experimental Design 

The overall purpose is to assess the impact of autonomous control for drivers tasked 
with driving military logistics vehicles. Typical journeys are undertaken in convoys 
through hazardous and life threatening enemy territory. Such convoys could include a 
large number of vehicles, traveling over large distances at a slow speed, and may take 
up to 36 hours to complete a mission. The drivers are expected to keep an optimal 
distance between the vehicles. Autonomous control (in terms of cruise and lateral 
control) is expected to enhance convoy performance by maintaining an optimal speed, 
reducing fuel consumption, engine and brake wear, and reduce driver fatigue and 
cognitive load. This is particularly critical given drivers of driving through such jour-
neys are likely to pose a difficult terrain, low visibility, high noise and roadside ob-
stacles.   

Experiments were designed as part of a virtual simulator where the drivers were 
asked to drive through a 3 hour journey and follow a vehicle in front as part of a con-
voy. Some experiments were designed to allow drivers to have manual control 
throughout the journey, whereas others were designed to (uniformly) incur periods of 
autonomous control (when control was explicitly taken over from the drivers) varying 
from 1 minute to up to 10 minutes. The journeys were designed to simulate ascending 
and descending routes, short periods of poor visibility and loud (bang) noises. Three 
drivers took part in a total of six experiments. The drivers had varying levels (7 to 24 
years) of driving experience.  

The total set of data collected from the experiments is given below 

─ Time (since start of experiment) in seconds 
─ Wheel input in terms analog turn of wheel 
─ Pedal input in terms of analog press of pedal 
─ Vehicle speed in metres per second 
─ Distance measured as the length of gap between two vehicles 
─ Time taken by the driver to attempt a stroop test 
─ Heart Rate (HR) in heart beats per minute (collected every 2 seconds) 

The primary task performance measure is the reaction time of the drivers measured 
separately for cases of lateral track error and inter-vehicle gap in all scenario runs. 
This allows us to measure how quickly the driver is able to safely return the vehicle to 
the middle of the lane or within a safe distance of the vehicle in front. The distance 
travelled over the course of the experiment (3 hours in total for all experiments) is 
also evaluated.  
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Secondary task performance measures are influenced by the demands placed on the 
driver by the primary task of driving the vehicle (indicating the driver’s spare cogni-
tive capacity). The secondary task we used was a stroop test, as the test includes an 
implicit series of cognitive processes, including perception, attentional allocation, 
decision-making, and a motor response used to assess the drivers’ cognitive load dur-
ing the driving/monitoring task. The stroop test is one of the most widely used exam-
ples to study attention and cognitive control [20]. Our implementation of the stroop 
test used a body of text to pose a question (to judge colour-matching) displayed at a 
fixed location on the screen, occurring at regular intervals of 6 minutes asking the 
drivers to respond within three seconds (via paddles on the steering wheel). 

To capture physiological responses, heart rate (HR) is a frequently used cardiovas-
cular measure of mental workload in complex task environments [21]. Related to this 
is stress which is essentially a physiological response to the mental, emotional, or 
physical challenges that we encounter [22]. The drivers were asked to wear a HR 
monitor for 10 mins before commencing to get a baseline of their personal HR. A 
Garmin FR70 wireless HR monitor belt was used to capture readings at a 2s interval.  

3.2 Driving Simulator 

To develop a virtual driving simulator, the game engine Unity3D [23] was used to 
provide realism along with rapid development. The game was designed to simulate 
the cockpit of a heavy load vehicle following another similar vehicle at all times. As 
shown in Figure 1, a terrain containing a clear path was created. Both vehicles (being 
driven and followed) are similar in dimensions and capabilities. The vehicle interface 
provided the driver speed and temperature readings, along with warning signs to indi-
cate proximity to the vehicle in front and autonomous control.  
 

 

Fig. 1. Driver vehicle simulator screenshot  
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The vehicle shown in front was simulated to be driven autonomously and a similar 
controller was implemented for the vehicle being driven in front. The autonomous 
controller aimed to keep an average target speed of 40 Km/h using only 50% of the 
throttle in 0 degrees inclination/declination. While the percentage of throttle varied 
according to the degrees of inclination/declination, the average speed is maintained at 
40Km/h at all times. In terms of lane alignment, it drove towards the centre of the 
lane predicting the vehicle’s position 1 second ahead. The simulated terrain is a 4x4 
(Km) circular plane containing hills and valleys. The driving lane runs throughout the 
terrain, and is 7m wide and approximately 50 Km long.  

One challenge was to ensure that all data collected was optimized in terms of com-
putational and memory usage. To address this, unnecessary rendering was avoided 
using thread-locking mechanisms. In order to achieve autonomous behaviour, in 
terms of lane alignment, KD-tree data structure was used keeping the computational 
effort as low as possible. The data structure provided the capability, given an arbitrary 
point, of finding the nearest stored point. This was used on the central points of the 
lane in conjunction with the vehicle’s position. Throughout the experiments the driv-
ers’ input was monitored including the values generated by the wheel and pedals that 
the driver used to interface with the simulator. All data was collected at least every 
200ms (except stroop tests, which were regularly scheduled). 

To measure the deviation from the centre of the lane, a tolerance zone was defined 
to allow the driver to maneuver. From the centre (point) of the vehicle, deviation was 
defined as the centre of the lane and the projection of the centre of the vehicle on the 
3D plane that defined the lane. The tolerance zone was defined as 30% of the total 
lane that is 15% left and right from the centre of the lane. 

The physical properties of the vehicles are similar to a Tatra 8x8 vehicle and took 
into account dimensions, wheels (powered and steerable), engine torque curve, gear 
ratios and differential ratio.  

Finally, a variety of development specific technologies were used to achieve a rea-
listic simulation. The lane was developed using the Path tool [24] that allows the crea-
tion of an arbitrary path, in the form of single-columned triangular meshes, through 
the terrain. The autonomous system was developed using the UnitySteer library that 
provides an extensible framework to model low-level behaviours which can be com-
bined to provide a sophisticated high-level behaviour. The low-visibility incident was 
implemented using the particle system and using textures from assets provided by 
Unity. All of the aforementioned tools are either provided by Unity3D or can be 
found on the Unity Store. 

4 Analysis 

We divide our attention to two different aspects of the results achieved from our expe-
riments, including trust as an attribute of drivers’ level of reliance and faith in auto-
nomous control of the vehicle, and the impact of autonomous control on safety.     

Of the total four experiments where drivers were asked to sit through a period of 
manual and autonomous driving, three out of four experiments showed that drivers 
had a slight increase in their average HR through periods of autonomous control.  
Figure 2 shows the average HR for the four experiments along with the baseline HR.  
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Fig. 2. The readings include baseline HR for drivers, along with their average HR measure for 
the total journey and autonomous control for the four mixed-mode experiments 

While there are increases in the first and third experiment, the increase in the 
fourth experiment is negligible. When demonstrated for individual drivers, the impact 
of autonomous control on individual HR remains inconclusive.  

 

Fig. 3. Baseline HR for two drivers, along with their average HR measure for their manual 
(only) experiment and HR reading through autonomous for the mixed-mode experiments 

Figure 3 above shows the difference in HR readings for the two drivers who sat 
through a pair of manual and mixed-mode experiments. 
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the driver role changes to a monitoring task, operator vigilance is reduced leading to 
loss of situational awareness and potential skill decay [29]. Our experiments however 
demonstrate a notable improvement in reaction time when drivers are driving through 
autonomous control mode. In Figure 6 above, three out of four drivers show a notable 
improvement over their average journey reaction times.     

5 Conclusion 

The use of actual master drivers from the military domain with field experience pro-
vides for valuable insight into how autonomy could play a significant role in estab-
lishing trust and improving on safety aspects of semi-autonomous vehicles. This work 
contributes to the field with empirical evidence obtained on the basis of carefully 
planned experiments. Further work is planned to use the empirical data to derive drive 
behavioural models for autonomous vehicles.      
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