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I. INTRODUCTION

Teleoperation (in direct and advanced forms) is
the default mode of control for robotic tasks re-
quiring human judgment and decision-making skills.
Even in cases where autonomous operation is pos-
sible, some operators prefer to remain in the control
loop to quickly access and interpret the information
gathered by the robot [1]. Therefore, despite recent
advances in robot autonomy, teleoperation continues
to be a relevant robot control modality for the
foreseeable future.

A system-level model of the teleoperation pro-
cess must incorporate a model of the human operator
in addition to the robot model. Figure 1 shows
a block diagram of a teleoperated robot with an
operator in the control loop, and indicates that it
has an inner loop/outer loop control structure, with
the human in the outer loop and the robot processes
in the inner loop. Note that this block diagram is
general enough to represent a wide spectrum of
teleoperated systems, with varying levels of auton-
omy. While the model of the robot can be derived
from physical laws and algorithmic rules, it is often
difficult to reliably model the behavior of a human
operator.

Accurate models of operator behavior and perfor-
mance could enable robot designers to take a more
holistic approach to developing teleoperated robots
by indicating how design choices (such as hardware
components, algorithm implementations, and user
interfaces) impact the overall system performance
without the need for extensive, costly user tests.
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Fig. 1. Block diagram showing the elements in a teleoperation
control loop, represented here as transfer functions. The robot’s
processes (including all levels of autonomy, if present) run in the
inner loop, while the operator provides the control for the outer loop.

II. BACKGROUND

Modeling human driver behavior has a rich his-
tory in the automotive domain [2]. From transfer
functions models to nonlinear and adaptive con-
trollers to neural networks, genetic algorithms, and
fuzzy logic controllers [2], there are myriad method-
ologies for modeling vehicle lateral control (steer-
ing), longitudinal control (acceleration and braking),
and combined control. These models can be used to
simulate human drivers when testing new vehicle
designs and technologies [2], and despite the com-
plexity of human behavior, low order models are
often sufficient for many control tasks [3].

In the field of Human-Computer Interaction,
there exist laws quantitatively modeling human per-
formance under different scenarios. Notably, Accot
and Zhai [4] developed a law (derived from Fitts’
pointing law) showing that the time 7' to steer
through a path is governed by 7' = a + b/ D, where
a and b are constants and /D is a difficulty index.
It has been shown that this law also holds for loco-
motive steering tasks in virtual environments [4].



III. PROPOSED RESEARCH

While we can draw inspiration from previous
studies in other domains, the resulting models have
been developed for tasks dissimilar enough from
teleoperation that they cannot be used directly. For
example, automobile drivers receive feedback that
includes visual cues, motion effects, sound, and
tactile information [2], whereas only limited visual
signals are typically available during teleoperated
driving. It is therefore desirable to develop a set of
models describing how humans interact with robots
in the context of teleoperation.

Depending on the task and modeling objectives,
these human operator models will take multiple
forms, from simple mathematical relations (like
Fitts’ law) to transfer functions to statistical mod-
els. These models may also be combined together
for missions that require multiple operating modes
such as mobile manipulation, which combines arm
movement and chassis navigation.

Models will be developed by performing user
studies for generalized telerobotic tasks (such as
steering, pointing, and orienting) on simulated and
real robot systems under variety of conditions, in-
cluding video quality, system latency, and input and
feedback modalities. The task performance results
and user behavior will be used to develop the
operator models, which will also consider user de-
mographics and ability/experience. Model validation
can be performed on the generalized tasks as well
as more specific and complex scenarios combining
multiple models, such as remote hole drilling.

IV. IMPACT

If implemented, this work would result in a
library of models describing human performance
and behavior for teleoperation tasks under a wide
range of conditions.

When combined with models of the robot hard-
ware and software, user models would allow design-
ers to simulate a complete closed-loop teleopera-
tion system. This would highlight problems in the
loop (such as excessive latency or underpowered
actuators) that could lead to system failure. Addi-
tionally, potential design choices could be evaluated
on a wider scale, and parameter tuning could be

performed at a higher resolution than is feasible
with humans in the loop. If necessary, user studies
could later be performed on a reduced set of design
variables. These models could also be used as a basis
for comparing novel telerobotic input and feedback
devices to currently fielded user interfaces. Finally,
if the implementation of an autonomous behavior is
treated as a design choice, the overall system model
can be used to determine the appropriate level of
autonomy, and over time facilitate an efficient shift
from teleoperated to more autonomous control.

V. EXAMPLE: TELEOPERATED STEERING

My previous research [5] showed that a human
teleoperator’s steering behavior for a simulated robot
under different types of latency could be modeled
as a PD controller based on a projected lateral
displacement signal. This model was then used to
generate human-like steering inputs to a simulated
robot in real time, and it was found that the con-
troller’s behavior and performance was similar to
a human operator’s under multiple latency condi-
tions. This model could be used in the future to
generate steering commands to simulate the system
performance of different robot designs without the
need for extensive testing with users. Further studies
could also incorporate longitudinal control into the
model, giving a more complete picture of operator
driving behavior under different types of delay.

REFERENCES

[1] R.R. Murphy et al., “Use of remotely operated marine vehicles
at Minamisanriku and Rikuzentakata Japan for disaster recov-
ery,” 2011 IEEE International Symposium on Safety, Security,
and Rescue Robotics (SSRR), pp. 19-25, Nov. 2011.

[2] C. C. MacAdam, “Understanding and modeling the human
driver,” Vehicle System Dynamics, vol. 40, no. 1-3, pp. 101-134,
2003.

[3] L. Brito Palma, F. Vieira Coito, and P. Sousa Gil, “Low
order models for human controller - mouse interface,” in 2012
IEEE 16th International Conference on Intelligent Engineering
Systems (INES), 2012, pp. 515-520.

[4] S. Zhai, J. Accot, and R. Woltjer, “Human action laws in
electronic virtual worlds: An empirical study of path steering
performance in VR,” Presence: Teleoperators and Virtual Envi-
ronments, vol. 13, no. 2, pp. 113-127, Apr. 2004.

[5] S. Vozar, “A framework for improving the speed and
performance of teleoperated mobile manipulators,” Ph.D.
dissertation, University of Michigan, Ann Arbor, Aug.
2013. [Online]. Available: www.umich.edu/~svozar/doc/vozar_
teleoperation_2013.pdf



