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ABSTRACT 
Control of camera viewpoint plays a vital role in many 
teleoperation activities, as watching live video streams is 
still the fundamental way for operators to obtain situational 
awareness from remote environments. Motivated by a real-
world industrial setting in mining teleoperation, we explore 
several possible solutions to resolve a common multi-
tasking situation where an operator is required to control a 
robot and simultaneously perform remote camera operation. 
Conventional control interfaces are predominantly used in 
such teleoperation settings, but could overload an operator’s 
hand-operation capability, and require frequent attention 
switches and thus could decrease productivity.  

We report on an empirical user study in a model multi-
tasking teleoperation setting where the user has a main task 
which requires their attention. We compare three different 
camera viewpoint control models: (1) dual manual control, 
(2) natural interaction (combining eye gaze and head 
motion) and (3) autonomous tracking. The results indicate 
the advantages of using the natural interaction model, while 
the manual control model performed the worst. 
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Natural interaction, gaze tracking, head motion, remote 
camera control, autonomous tracking, dual manual control, 
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ACM Classification Keywords 
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INTRODUCTION 
Being able to remove human beings or provide replaceable 
surrogates in hazardous or difficult working environments, 
teleoperation has been recognized as a critical strategy and 

applied in a wide variety of situations. Sample application 
areas include space exploration, robotic navigation or 
inspection, surveillance, underwater operation, search and 
rescue activities and so on. Figure 1 shows another typical 
sample case (rock breaking) in mining, where teleoperation 
may be able to effectively improve safety.  

 

Figure 1. Rock breaking in mining. 

As shown in Figure 1, a rock breaker is a giant manipulator 
arm with a large hydraulic hammer at the tip to break 
oversized rocks on the mine site. It is installed at a Run of 
Mine bin where a number of horizontal bars as a grizzly 
(top right of Figure 1) are fitted at the bottom to prevent 
oversized rocks from entering the crusher below. The actual 
rock breaking process is haul trucks dump their loads into 
the bin one by one at a certain time interval; in between an 
operator needs to break any oversized rocks stuck in the bin 
by controlling the rock breaker arm and firing the hammer 
at the tip.  

Using normal line-of-sight operation (see the bottom part of 
Figure 1) requires the operator to stand at the platform 
around the bin and manipulate the arm via two joysticks on 
a two-handed industrial control box.  
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Figure 2. Teleoperation for rock breaking. 

This process raises serious health and safety issues because 
of the harsh, dusty working condition in the mining 
environment and the risk of being close to the giant mining 
machinery.  

The mining industry’s long term plan is to teleoperate their 
mining operations [6], and achieve effective and safe 
remote control. Therefore, for the rock breaking process, a 
teleoperation system [6] has been developed to control the 
rock breaker arm at a long distance (over 1,000 kilometers), 
with a pan-tilt-zoom (PTZ) camera installed on one side of 
the bin as the basic visual feedback for the operator to 
accomplish the task (see Figure 2).  

In this setting, camera operation becomes vital for the entire 
remote rock breaking process. The operator needs to 
explore locations of the oversized rocks in the bin by 
moving the remote camera (i.e., conducting pan and tilt 
functions), obtaining details of the target rock via the 
camera zoom-in view, then carefully positioning the tip on 
the rock and firing the hammer. The operational process 
must be effective and time-efficient as trucks arrive in a 
short time interval with limited time remaining for the 
operator to complete the rock breaking task for each truck 
load. 

This turns out to be a typical multi-tasking situation that an 
operator has multiple devices to operate simultaneously. 
Such multi-tasking situations are quite common and general 
in teleoperation, as observations indicate that directly 
controlling a robot while watching a video feed from the 
remote camera(s) still remains the most common interaction 
form in teleoperation [7]. Even though autonomous and 
semiautonomous robotic systems and applications have 
been increasingly developed and used, such basic settings 
with remote manual operations are still regarded as an 
important default mode [2] to involve human observation, 
intervention and supervision as integral roles [14]. 

In this research, we focus on this multi-tasking problem in a 
situation where an operator is conducting remote camera 
operation while carrying out other teleoperation tasks 

simultaneously. Apart from considering conventional dual 
control interface as an optimized manual model, we explore 
two alternative remote camera control models: one by 
importing human eye gaze and head motion as natural 
interaction for remote viewpoint control, the other by using 
an autonomous tracking approach to completely automate 
the remote camera. By conducting a model multi-tasking 
teleoperation user study comparing these three different 
camera viewpoint control models, we demonstrate and 
discuss their advantages and disadvantages. The aim is to 
explore potential solutions for this common multi-tasking 
problem in teleoperation. 

RELATED WORK 
User interface issues have significant impacts on human 
performance in teleoperation [2]. As suggested in [7], well-
performing teleoperation interfaces must be as efficient and 
as capable as possible, providing solutions and tools to help 
perceive remote environments, make decisions and generate 
commands. They are expected to be able to maximize 
information transfer while minimizing an operator’s 
workload both physically and cognitively. Also, a good 
interface should be designed to minimize user training or to 
be user adaptive. 

Conventional user interfaces such as joysticks, switches, 
buttons and wheels are still the major control elements in 
teleoperation [10], though various types of other interfaces 
have been developed to provide immersive feedback in 
different teleoperation fields, for instance, haptic inputs [9], 
gesture based interfaces [13] and voice interfaces [5]. 
However, most of these approaches focus on the direct 
control of the remote robot or machine because it is the 
primary task for the operator, rather than solutions for the 
multi-tasking process which includes both remote camera 
operation and robot control. 

Especially for remote camera control, several alternative 
methods have been proposed, such as using a set of specific 
hand gestures [3] or a Wii remote with infrared sensors [8]. 
They may provide more interactive camera operation 
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models, but obviously are not an effective solution for the 
multi-control problem since they require an operator to use 
their hands and pay attention to the extra device control.  

Chen et al. [2] recommended that multi-model interfaces 
provide a large range of interactions to improve traditional 
teleoperation control interfaces. Introducing additional 
modalities can supplement or augment an operator’s visual 
and control channels when heavily loaded. This suggestion 
has led to research developments not only in teleoperation, 
but also in many similar fields with standard user control or 
interaction settings, such as video gaming, virtual reality 
(VR) interactions.   

Particularly for the multi-tasking situation, many 
researchers have investigated similar problems (e.g. manual 
input is not effective or both of the user’s hands are busy) 
with the intention of developing more intuitive control or 
interaction models that use alternative modalities other than 
hands. Using natural interaction based interfaces allow 
people to interact with technologies, applications and 
systems as they are used to in everyday life [28]. In [29], 
Wang et al. explore head motion as an augmented input in 
video games to enhance presence, role-playing and user 
control. They integrated head tracking in company with 
conventional gamepad control for a first-person-shooter 
(FPS) game to control the user’s viewpoint in several more 
“realistic” ways, such as peeking and dodging. Yamaguchi 
et al. [30] proposed using head movements to control a PTZ 
camera for online video chat. More relevantly, Zhu et al. 
[33] introduced two types of head tracking techniques for 
remote camera control in order to solve the multi-control 
problem in teleoperation settings. From their user study, 
they showed that head motion control was able to provide a 
comparable performance to the traditional keyboard control. 

Similarly, human eye gaze has been recognized as an 
augmented input medium or control modality in advanced 
user interfaces [16]. In traditional pointing, Zhai et al. [32] 
introduced the MAGIC technique which firstly warps the 
cursor to the vicinity of the target when the user looks at it. 
Then the user can finish the target selection by another 
pointing device (e.g. mouse) manually. Another prototype 
system: EyePoint developed by Kumar et al. [17] 
incorporates gaze input with keyboard triggers using a fluid 
look-press-look-release action. As summarized in [32], 
using gaze input can be an effective approach for situations 
in which the user’s hand input is not appropriate, such as 
disabled users (quadriplegic) or continuously occupied with 
other tasks (such as the multi-tasking situation in our 
example of the remote rock breaking process).  

Numerous approaches and applications have been 
developed using gaze inputs in company with hand controls 
or in situations that the hand control is not possible, for 
example, aiming and shooting in FPS [15], intelligent tour 
planning (iTourist [22]), controlling a wheelchair for 
disabled users [31] and driving a robotic vehicle [31]. As to 
the hands-busy problem in teleoperation, Zhu et al. [34] 

recently conducted another user study comparing use of 
gaze tracking, head tracking and joystick for remote camera 
control. They found gaze tracking significantly 
outperformed the other two camera control models. 
Compared to head tracking, it is less physical movement, 
more efficient and almost fatigue free [23]. 

Beyond human-involved camera viewpoint control, there 
has been a long research track for developing autonomous 
camera operation approaches in computer vision and 
robotics. Cohen and Medioni [4] introduced a method to 
automatically detect and track moving objects using a PTZ 
camera for video surveillance. FLYSPEC [19]: another 
multi-user video camera system integrates manual and fully 
automatic control, which significantly assists users in 
remote inspection task. Obviously, fully automating 
cameras could reduce human control load for the operation 
process. We include an autonomous tracking model in our 
user study below. 

CAMERA CONTROL MODELS CONSIDERED 
After a substantial amount of observation on the mine site, 
discussions with real operators and analysis of the user 
requirements, we propose three camera viewpoint control 
models as potential solutions for this multi-tasking problem. 

Dual Manual Control – Conventional Interface 
The first model is based on existing conventional manual 
control interfaces. The interface was selected to meet the 
user control requirements of this teleoperation process: 

1. Both the robot arm and the remote camera should be 
operated by a single user control interface, i.e. dual 
manual control. 

2. The control interface should be suitable for standard 
desktop use rather than the original two-handed 
industrial control box with a large size, which is not 
convenient for desktop based teleoperation settings. 

3. The control configuration or mapping of the interface 
should be easy for the user to adapt to.  

4. The control interface should be easy to obtain and 
maintain, also robust, portable and easy to complete 
integration and implementation for both the robot arm 
device and the remote camera. 

We decided to use a standard Logitech Dual Action 
Gamepad [20], which satisfies all the requirements we had 
for the setting.  

The manual control mapping for both devices is illustrated 
in Figure 3. The two thumb joysticks on the gamepad are 
used to control the robot arm. The left joystick moves the 
arm forward, backward and sideways, the right joystick 
controls the arm vertically, lifting up and down. The pan 
and tilt functions for the remote camera are operated by the 
four buttons on the right part of the gamepad, the Left and 
Right buttons for panning, the Up and Down buttons for 
tilting. Additionally, the two buttons on the front side of the 

CHI 2011 • Session: Telepresence May 7–12, 2011 • Vancouver, BC, Canada

55



 

gamepad are used to control zooming and the one below the 
“zoom out” button on the right side is used as a “fire” 
button to trigger the hammer. 

 

Figure 3. Dual manual control mapping for both robot arm 
and remote camera. 

Despite the complexity of this description these mappings 
are easy and similar to the computer game control. Using 
this gamepad allows us to optimize the manual control of 
two separate devices with a simple control mapping, which 
minimizes the transferring time of switching hand 
operations between different interfaces. Furthermore, it uses 
standard USB connection and it is a low cost, very 
sophisticated interface which has been widely deployed. 

Natural Interaction – Eye Gaze + Head Motion 
The natural interaction model combines both eye gaze and 
head motion to control a PTZ camera. The camera pan and 
tilt control are based on the user’s current fixation 
coordinates on the screen. Figure 4 shows the details of the 
control.  

 

Figure 4. Eye gaze for camera pan and tilt control. 

Since the raw gaze data is noisy and the camera is not able 
to move as fast as the user’s gaze, a modified version of the 
Velocity-Threshold Identification fixation detection 
algorithm [24] is used to filter the raw gaze points into 
fixations. This method is straightforward to implement, 
runs very efficiently, and can easily run in real time.  

The coordinate of the current fixation is used to calculate 
the distance between the current fixation and the centre of 
the screen (d) and the angle (θ). If the fixation is not in the 
central area (d < r0), then the camera will start moving 
along the angle (θ). Otherwise, it will remain at the current 
position. This design is similar to the “rate control” concept, 
in which we follow a simple principle: whatever the user 
looks at on the screen, it moves to the centre. However, 

instead of using a simple linear function gain to specify the 
camera’s velocity, we used a sigmoid function to define the 
camera velocity proportionally to the distance (d) from the 
centre, and make more smoothed and responsive camera 
movements according to the user’s eye movements [13]. 

The camera zoom function is operated by the user’s head 
motion (see Figure 5), as small movements of the user’s 
head (approximately ±6cm) can be detected by the eye 
tracking device we had in real time.  

 

Figure 5. Zooming by moving head towards the screen. 

The original version of the head motion for zooming 
control was similar to the Head-to-Zoom in [1]: the 
zooming rate is proportional to the amount of movement 
the user moves their head towards the screen or away from 
the screen and the camera stops zooming in a small region 
around the user’s neutral head position. However, this 
model did not perform well in our preliminary user test 
mainly due to the zoom latency of the camera lens. We 
modified the model by adopting another similar technique: 
Lean and Zoom [12], defining several discrete zoom levels 
rather than using a continuous zoom scale. The camera 
zoom level is based on the user’s current head position and 
the gain of the zoom can be adjusted as desired. This 
improves the camera zoom latency issue and also gives the 
user some freedom to move their head without activating 
the zooming function, being more error-tolerant. 

Autonomous Tracking 
The intention of an auto camera tracking system is that it 
automatically brings the view of the most important region 
of the teleoperation task to the operator. For our industrial 
setting, the operator mostly focuses their visual attention on 
the region around the tip when they are trying to specify the 
breaking spots on rocks and fire the hammer. Therefore, the 
view of the tip would be the region that the remote camera 
always tracks. In our model this is the tip of the robot arm. 

An autonomous tracking approach has been mentioned in 
[6]. The design of the autonomous camera tracking system 
is to use hardware sensors on the arm to obtain the position 
data of the tip according to the pre-defined 3D coordinate 
system of the arm. Then the tip position data can be further 
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geometrically transformed into the camera movement angle 
to make the remote camera carry out corresponding pan and 
tilt functions to track the tip in real time. This version only 
considered camera pan and tilt automation. 

For our model, we improved the design by adding an 
autonomous zooming function. When the operator is 
focusing on a target rock, a zoom-in view is essential. On 
the other hand, when the operator needs to make a “big” 
move of the arm, for example, trying to reach another rock 
far away from the current position, moving the arm to or 
from the parking place, then a zoom-out view would 
provide more visual information of the environment.  

Therefore, a similar design to that of the head motion model 
has been implemented, in which the camera zoom rate is 
adapted to the distance the tip moved from the last position. 
Similarly, non-linear (e.g. sigmoid function) functions 
performed better to define the zoom rate than simple linear 
functions due to the high user tolerance for camera zoom 
latency as described in the previous section.  

USER STUDY 
A user study was conducted to assess how well these three 
camera viewpoint control models could perform in a model 
multi-tasking teleoperation setting in terms of both 
objective measures and subjective measures. 

Apparatus and Implementation 
As we had very limited access to the real rock breaker 
device and the real operators, we modeled the setting by 
building a physical control analogue and recruited 
university students as experimental subjects. A Phantom 
Premium (V1.5) Haptic device [26] was used as a “small” 
equivalent of the rock breaker, which has a similar arm 
structure to the rock breaker device as well as very similar 
kinds of possible movements. As we described in the 
previous section, the “small” robot arm was controlled by 
the two thumb joysticks on the gamepad for all three 
camera control models in the user study.  

We modeled the entire rock breaker environment into a lab-
based setting with similar properties (see Figure 6). The 
small robot arm is placed behind a wood board with a hole 
for dropping rocks in the centre and a parking place next to 
the board, which are similar to the setting of the real bin on 
the mine site. The same model of Pelco ES30C [21] camera 
as used in the industrial setting was installed on one side to 
be the remote camera for our user study.  

In addition, since this haptic device based robot arm does 
not have the strength to break rocks, we implemented 
another function called “nudge” (see (6) in Figure 6) which 
makes the tip quickly move in a small circle (radius = 1cm). 
This “nudge” function was designed to simulate the “fire” 
function for the real rock breaker tip. It is more similar to 
the industrial setting than just simply moving the arm to 
push rocks into the hole. It makes participants move the 
arm close to a target rock and “nudge” it into the hole, 

which is similar to the way that the real operator places the 
tip on a rock and fire the hammer, breaking the rock, the 
pieces of which fall through the grizzly. 

 

Figure 6. Remote setting: (1) Pelco ES30C camera, (2) 
Phantom Premium 1.5 as the rock breaker, (3) rocks, (4) hole 
for dropping rocks, (5) parking place for the arm, (6) “nudge” 

function to simulate the “fire” function. 

For the natural interaction camera viewpoint control model, 
we used a FaceLAB V4.5 [25] eye tracking system to 
perform both real time eye tracking and head tracking at 
60Hz frequency without using any markers. The FaceLAB 
Client Tools SDK was used to implement the gaze filtering 
algorithm and the camera control code. The user control 
setting is shown in Figure 7. 

 

Figure 7. User setting: (1) FaceLAB V4.5 eye tracker, (2) video 
stream from the remote setting, (3) Logitech Dual Action 

Gamepad. 

All the software development was implemented in Visual 
C++ and installed on a Dell Precision Work Station with 
standard Window XP operation system on the user site. The 
display was a standard 19” monitor with a resolution of 
1280 × 1024 pixels and shows the real-time video stream to 
the participant from the remote camera. A local LAN 
network was set up to connect the remote site and the user. 

Participants 
A total of 30 undergraduate volunteers (mostly first-year 
students) from a local university successfully participated in 
this user study, including 25 male and 5 female, ranging 
from 18 to 26 years of age (Mage = 20.27, SDage = 2.02). 
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All of them were regular computer users (at least 2 hours a 
day) enrolled in a computing or IT related major with 
experience of using a gamepad interface. None of them had 
any previous experience on any eye tracking or head 
tracking interfaces, and none of them had any experience on 
our remote control setting. 

Several participants had corrected vision but all the 
participants’ eye gaze could be calibrated with the tracker 
successfully in the user study. 

Experimental Design, Task and Procedure 
The experiment followed a within-subject design therefore 
all the participants participated in all conditions of the 
experiment. The independent variable camera control 
model contained three levels:  

1. Dual manual model 

2. Natural interaction model 

3. Autonomous tracking model 

The order effect was counterbalanced by using a Latin 
square. 

Participants took part in the study individually. The major 
task for the participants was to remotely control both the 
robot arm and the camera to “nudge” rocks into the hole, 
called “sinking” rocks by analogy with the game of billiards. 
Prior to starting the experiment, participants were first 
given a short verbal introduction about the system, a quick 
tutorial of how to control the remote camera by using the 
manual model, the natural interaction model and the 
autonomous tracking model respectively, and how to 
control the arm via the two thumb joysticks on the gamepad 
as well as the objective of their task, which was to try to 
sink as many rocks as they could during each testing trial. 
Participants were given a few minutes to experiment with 
all these control models, and then they were required to 
confirm an understanding of using these three different 
camera control models and the requirements of the 
experimental task. 

After that, participants started the formal experiment. For 
each camera control model, participants had 3 minutes in 
total to sink rocks by nudging them. Moreover, the entire 3-
minute task was further separated to 3 operation periods 
(60s each), which was approximately the same length of 
time that an operator had in the industrial setting to handle 
one truck load dumped in the bin. After each operation 
period, participants were required to stop the nudging 
operation, and move the arm to the parking place. 
Meanwhile, an experiment assistant put rocks back on the 
board as a new dumped load, and then participants could 
bring the arm back and start the next operation round. An 
extra 3 to 5 minutes were required for calibrating each 
participant’s eye gaze before they started the natural 
interaction model trial.  

During the operation periods, participants were required to 
use a zoom-in view of rocks while conducting nudging 
operations. This was to match the industrial operation in 
which a zoom-in view was vital. They could zoom out the 
view when they were looking for other rocks or moving the 
arm to or from the parking place. 

The number of rocks each participant nudged into the hole 
and the number of nudges they made by using the 
corresponding camera control model were recorded as the 
major performance measures. Once the rock nudging task 
under all three camera control models had been finished, we 
collected participants’ feedback by using a questionnaire 
with a 7-point Likert scale, rating from 1 (strongly disagree) 
to 7 (strongly agree) and a short interview. The questions 
were derived from the IBM Computer Usability 
Satisfaction Questionnaire [18], in which participants 
compared their experiences with different camera control 
models across several criteria as subjective measures, 
including easiness, required consciousness, distraction and 
time to get used to the control and so on. 

RESULTS 

Objective Measures: Rocks and Nudges 
The major objective measures are the number of rocks sunk 
and nudges each participant achieved by using different 
camera control models. 

 

Figure 8. Comparison of mean rocks sunk. 

A 1-way Repeated Measures ANOVA showed highly 
significant differences in number of rocks participants 
completed between the three camera control models, F(2, 
58) = 21.36, p < 0.001. Figure 8 shows the relevant overall 
mean rocks for each camera control model. The post hoc 
pair-wise tests revealed that using the natural interaction 
model participants sunk significantly more rocks than using 
the dual manual model (p < 0.001) and the auto tracking 
model (p < 0.05). In addition, using the auto tracking model 
participants performed significantly better than using the 
manual model (p < 0.01). 
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Similarly, the results of 1-Way Repeated Measures 
ANOVA showed differences between the camera control 
models were highly significant for number of nudges 
participants made in the experiment, F(2, 58) = 23.75, p < 
0.001. The corresponding mean numbers of nudges for each 
camera control model are illustrated in Figure 9. After the 
post hoc pair-wise comparisons, we also found that 
participants made significantly more nudges by using the 
natural interaction model than the dual manual model (p < 
0.001) and the auto tracking model (p < 0.01). Using the 
auto tracking model was also significantly better than using 
the manual model in the experiment (p < 0.05). 

 

Figure 9. Comparison of mean nudges. 

We also separated the results of both rocks sunk and nudges 
to three phases for the three sequential operation periods 
participants completed in the experiment. Figure 10 shows 
the number of rocks and nudges on average for each 
operation period respectively. 

 

Figure 10. Mean numbers of rocks sunk and nudges for each 
operation period. 

The overall trends of performance (including both numbers 
of rocks and nudges) for all three camera control models are 
increasing during the three operation periods. This reflects 
the general expectation that a participant’s performance 
would gradually increase at the early stage of a new task.  

From the results of analysis, significant effects were found 
on camera control models for both mean rocks sunk (F1st_60s 

(2, 50) = 21.64, p < 0.001, F2nd_60s (2, 54) = 6.59, p < 0.01, 
F3rd_60s (2, 57) = 7.8, p < 0.01) and nudges (F1st_60s (2, 59) = 
23.1, p < 0.001, F2nd_60s (2, 58) = 7.06, p < 0.01, F3rd_60s (2, 
57) = 10.2, p < 0.01) through the three periods. For all three 
period, participants using the natural interaction model 
significantly outperformed the manual model (p < 0.001). 
Using the auto tracking model was significantly better than 
the manual model at the 1st 60s period (p < 0.05) on both of 
the measures, but there were no significant differences on 
performance for the remaining two operation periods (p > 
0.05).  

Subjective Measures: Questionnaire and Interview 
The results of questions from our questionnaire regarding 
user experience of using the three different camera control 
models are depicted in Figure 11 which shows the mean 
results of all participants. 

 

Figure 11. Mean results regarding questionnaire feedback (7-
point Likert scale: 1 – Strongly Disagree to 7 – Strongly 

Agree). 

The results of Friedman’s tests showed significant 
differences on the user feedback in terms of camera control 
models for all the questions except for Question 4 and 8. 
Wilcoxon follow-up tests were used to analyse the results in 
more detail. For Question 1(2

Q1(2) = 6.92, p < 0.05), 2 
(2

Q2(2) = 6.94, p < 0.05) and 6 (2
Q6(2) = 26.91, p < 0.001), 

participants rated the auto tracking model significantly 
better than the manual model (p < 0.01), but the results 
between the natural interaction model and the auto tracking 
model were not significant. Participants felt it took 
significantly shorter time to get used to the natural 
interaction model (Q2: p < 0.05) with much less attention 
(Q6: p < 0.01) than the manual model. As to Question 3 
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(2
Q3(2) = 6.21, p < 0.05) and 5 (2

Q5(2) = 9.76, p < 0.01), 
participants rated the natural interaction model significantly 
better than the other two models (p < 0.05), but the mean 
results between the manual model and the auto tracking 
model were not significant.  

Highly significant differences were found in the remaining 
three questions, 7 (2

Q7(2) = 24.54, p < 0.001), 9 (2
Q9(2) = 

17.6, p < 0.001) and 10 (2
Q10(2) = 18.06, p < 0.001). The 

mean results of both the natural interaction model and the 
auto tracking model were significantly better than the 
manual model for all the three questions (p < 0.001). In 
addition, the natural interaction model was rated 
significantly better than the auto tracking model for the last 
two questions (Q9: p < 0.05 and Q10: p < 0.05), but there 
was no significant difference between them for Question 7. 

At the end of the questionnaire, participants were asked to 
state an overall preference of the three camera control 
models according to their experience gained in the model 
multi-tasking experiment. The results are illustrated in 
Figure 12. 

 

Figure 12. Overall preferences of the participants. 

The mean position for the natural interaction model was 
1.53, 2.0 for the auto tracking model and 2.47 for the 
manual model. A majority of participants (19 / 30 = 63.3%) 
ranked the natural interaction model as their first preference 
and 6 (20.0%) ranked it as their second choice. The auto 
tracking model was rated better than the manual model with 
7 (23.3%) ranked it as the best and more than half of the 
population ranked it as their second preference (16 / 30 = 
53.5%). The manual model was rated as the worst by a 
majority of participants (18 / 30 = 60.0%). 

From the short interview conducted at the end the of the 
user study and the comments participants made whilst 
filling in the questionnaires, most of them felt that both the 
natural interaction model and the auto tracking model were 
effective solutions for the multi-tasking problem being 
modeled. In comparison to separate control interfaces 
requiring frequent hand switches, the dual manual model 
minimizes the physical effort but participants still felt 

obvious distractions when they were carrying out the two 
control tasks at the same time in the experiment. They also 
commented that the natural interaction model offered a 
more intuitive way for remote view point control than the 
other two models. Although the auto tracking model also 
worked well for the multi-tasking problem, participants felt 
that they lost some freedom of obtaining visual information 
from the remote environment as the camera could only be 
moved when they were moving the arm. 

DISCUSSION 
The results of objective measures clearly demonstrate that 
for this model multi-tasking experiment, the natural 
interaction model significantly outperformed the other two 
camera control models. Compared to dual manual model 
and autonomous tracking model, participants nudged more 
rocks into the hole and certainly more valid nudges were 
produced by using natural interaction model. It followed 
our general expectation that more nudges would lead to 
more rocks to be completed. This tells us that using natural 
interaction model participants obtained significantly more 
opportunities to nudge rocks as the remote camera always 
followed their current visual concentration whilst operating 
the arm. 

The auto tracking model provided a comparable 
performance to the natural interaction model, and 
participants performed significantly better than using the 
manual model. It offered a fully autonomous approach 
which effectively released any user involvement for the 
remote viewpoint operation in the experiment. However, 
this actually did not lead to the best performance in the user 
study as we expected, because it also reflects the fact that 
participants could not obtain as much situational awareness 
or visual information as by using the natural interaction 
model from the remote setting. 

The subjective results and feedback from both 
questionnaire and short interview remain consistent with 
the objective results. Participants rated the natural 
interaction model significantly better than the other two 
models for most of the criteria we selected. As revealed in 
the results of questions regarding ease to use (Q1), time to 
get used to the camera control model (Q2) and required 
attention on the camera control (Q6), the auto tracking 
model was rated as the best as apparently it completely 
freed the participants from the control of the remote camera 
so that they were able to only concentrate on operating the 
arm to nudge rocks.  

Nevertheless, from the results of questions about whether it 
was simple to find the target (Q3), whether users could gain 
enough visual information (Q4) and situational awareness 
(Q5) and efficiency of completing the rock nudging task 
(Q9), participants showed their preference for the natural 
interaction model rather than the auto tracking model. The 
major reason for this point was just as one of those 
participants with similar opinions in the interview 
commented that: “Natural interaction model allowed you to 
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look ahead and plan your next step move intuitively. 
However, auto tracking model actually did not allow you to 
look around or see further away as you did not have the 
control of the camera.” This also suggests us that in 
complex teleoperation settings, not only the current visual 
concentration for conducting the task, but also the way to 
improve an operator’s capability of planning next step 
operation or predicting further situation might have a 
significant influence on the entire performance. Operating 
the remote camera is closely related to an operator’s 
capability for planning and prediction, therefore most 
participants have significantly confirmed that using the 
natural interaction model offered them more visual 
information and situational awareness than using fully 
autonomous model. 

The results of the question regarding zoom function (Q8) 
are not significant, but a few interesting points were 
commented on by participants. Most participants directly 
commented that they really liked the interaction technique 
of using head motion for controlling the zoom function, 
since it makes the viewpoint control natural and intuitive. 
However, several participants with much experience of 
using the same model of gamepad for video games 
suggested that if only considering achieving the maximal 
performance, they would rather have the hand control of the 
zoom function on the gamepad, as they believed using head 
motion requires more physical effort than just pressing 
buttons on a gamepad. Similar opinions regarding the zoom 
function in the auto tracking model were also commented 
on by a number of participants. They explained that the 
auto zooming was actually a bit distracting and sensitive as 
it used only the distance they moved the arm, which 
sometimes resulted in frequently zooming in and out 
automatically. Therefore, they also suggested moving the 
zoom function to the hand control for the auto tracking 
model. 

For our user studies, we simulated some properties of the 
mining process, which we consider to be a preliminary 
experiment. This lab-based setting may not exactly match 
the real world setting, but it can provide full control of the 
experiment to test specific usability aspects on the control 
interfaces, i.e. the multi-tasking problem. In practice, to 
conduct such a formal user study on the real world mining 
setting will have a huge cost. Therefore, to design a model 
with the key properties of the real world setting will offer 
us an appropriate mapping to the real world setting, on 
which we are able to conduct user studies and obtain valid 
results with much less cost. In addition, the results would be 
useful at a more generic level rather than just for this 
particular mining scenario. In the experiment, participants 
were all novice users with limited training. From the results 
we can see that the learning effect was taking place, but it 
in fact offered us a fairer comparison of user performance 
under the same conditions than comparing something new 
with a participant who already had much experience on one 
model. In order to be more applicable for the rock breaking 

process, our plan for the next step user studies will be 
conducted on the real operators. 

CONCLUSION 
In this paper, we address a common multi-tasking problem 
in a situation that operators are required to conduct remote 
camera viewpoint control and their main teleoperation 
control task simultaneously. We consider three different 
camera control models, including a dual manual control 
model, a natural interaction model using human eye gaze 
and head motion, and an autonomous tracking model.  

A user study was conducted by modeling the multi-tasking 
situation based on a real-world industrial teleoperation 
setting (remote rock breaking). From the results of both 
objective measures and subjective measures on the model 
application, we report the significant performance 
advantages and user preference for using the natural 
interaction model. The auto tracking model offered a 
comparable performance and the dual manual model was 
significantly worse. Our results were analyzed according to 
both quantitative and qualitative information collected. 

Future directions may include importing more natural 
interaction strategies into the control interface design for 
teleoperation. Also, we hope the findings described in this 
work will encourage more research on such common multi-
tasking issues in teleoperation and may lead to the 
deployment of such remote camera operation models in a 
practical context. 
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