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INTRODUCTION 

A good amount of significant research has been 
conducted with robots in domains such as 
telepresence, homecare, laboratories and warehouse 
delivery systems. By comparison, controlling 
humanoid robots is less explored. The largest 
exploration of the use of humanoid robots was 
conducted during the DARPA Robotics Challenge 
(DRC) where teams competed to perform tasks, such 
as opening a door, turning a valve, and walking up 
stairs [5]. One lesson established by research is that 
full autonomy can be very time consuming to 
implement and adapt to new situations [6]. However, 
by using a shared control strategy, where some 
components are handled autonomously and some 
are handled by the human operator, the benefits of 
each can be maximized while reducing development 
time [7]. Automated perception is an example of a 
task that is very difficult to work with in changing 
environments, yet tends to be trivial and quick for 
human operators with the right information. Even if 
the final goal is an autonomous solution, it can be 
desirable to start with a skilled operator first. With 
this in mind, we are first pursuing a shared control 
solution, where most of the decision making is 

performed by a skilled knowledgeable operator. The 
interface therefore needs to present the information 
and controls to allow the operator to perform their 
duties to a similar level to as if they were actually 
there. 

MATERIALS AND METHODOLOGY 

INTERFACE DESIGN: We intend to propose a solution 
that is going to allow a skilled operator in a remote 
location to control the robot by  virtual reality (VR) 
headset and a pair of gloves. Using a commercially 
available headset, called the HTC Vive, and 
combined optionally with the Manus VR gloves, the 
operator can visualize and control the robot. The 
HTC Vive is a VR headset that has built-in head 
tracking for both position and orientation [8], which 
allows the operator to navigate around a virtual 
reconstruction of the world by physically moving 
around in their remote open space. Doing so can 
allow for quick and accurate mental reconstruction 
of the remote world where the robot is located. The 
HTC Vive comes with two controllers, one for each 
hand, that each have a joystick, several buttons, and 
the same built-in tracking as the headset. As an 
alternative to the handheld controllers, the operator 
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can wear the Manus VR gloves which allow the 
system to accurately track the operator's fingers. By 
combining this with tracking sensors attached to the 
wrist, the team can track the position of the 
operator's hand and fingers. With this entire setup, 
the operator can visualize and interact with a virtual 
reconstruction of what the robot sees. 

Egocentric and Exocentric Design :The technology of 
virtual reality has an abundant potential for a variety 
of ways to interact with a robot, some of which are 
simply recreating concepts from traditional 
interfaces and some of which are possible only in a 
system like VR. To help categorize the different types 
of controls and visualizations, we break them down 
to either egocentric or exocentric. Egocentric 
interfaces, or interfaces where one sees the world 
from the position of the robot, tend to be better for 
navigation type tasks. Exocentric interfaces, or 
interfaces where one sees the world from an external 
point of view, tend to be better for understanding 
the environment’s structure [7]. Many interfaces will 
combine elements of both, or otherwise allow the 
operator to switch between them, depending on 
which works better for the task. The team has 
incorporated this design by allowing the operator to 
switch between an egocentric or exocentric 
viewpoint. One example of the system working is 
where the operator starts out as a disembodied 
avatar, able to navigate around the virtual world at 
will. They can see the robot’s position, as well as the 
information displayed by sensors such as the point-
cloud generated by robot’s lidar sensor. Using this 
information, the operator can build an accurate 
mental model of the area and plan out their tasks. 
Then the operator can switch to an egocentric view, 
where they are seeing the world directly from the 
perspective of the robot. Here, they can control the 
robot to perform the task while maximizing their 
ability to directly control the robot. 

RESULTS 

Visualizing Point Clouds :In this project, a lot of 
significant time has been spent working on 
visualizing the robot’s 3D environment scans. 

Necessary Robotic sensors, as well as special depth 
cameras, are able to take 3D scans. These are also 
known as point clouds, that can be processed or 
displayed to an operator. These point clouds are very 
similar to high-definition photographs in which each 
pixel has not only an x- and y-coordinate, but also a 
z-coordinate, representing the pixel’s distance away 
from the camera. A large part of robotic interfaces 
are often spent visualizing point clouds and other 
pieces of depth data that make up the robot’s 
environment. Virtual reality is uniquely capable of 
representing this data on more than just a two-
dimensional screen. When it is shown on a screen, 
the only understanding of depth comes from the 
operator moving the camera around in a scene and 
relative depths are understood from the parallax 
effect. Because VR headsets render a separate image 
to each eye, VR has the distinct advantage of giving 
the user stereo-depth perception, the ability to see 
the depth of an image without the user having to 
move it around or make assumptions about the size 
of objects. applications. The operator has the ability 
to move the camera around in a scene, zoom in or 
out on a specific component, and to change the 
orientation of the environment. This works well on a 
2D display, but in 3D, a different approach has been 
taken. In the VR world, the operator can take 
advantage of a feature known as room scale that 
allows for a one-to-one correlation between the 
user’s motion in the real world and the camera’s 
motion in the virtual world. Essentially, if there is a 
large or interesting obstacle in the environment, 
such as a table with objects for the robot to grab, 
the operator can simply stand up and walk around in 
the virtual reality setup to get a different view of the 
obstacle. For simplicity's sake, there is also the ability 
for the user to teleport around with their controller, 
but regardless of where they are, the one to one 
correlation of their motion and their perspective in 
the virtual world offers unique and potentially better 
methods of understanding and responding to the 
robot’s environment.  

One consistent problem with depth sensors, just like 
cameras, is that they can not detect things outside of 
their line of sight. This means that an operator can’t 
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see anything outside the robot’s immediate field of 
view, or behind an obstacle. In a glovebox 
environment, this could be potentially problematic, 
especially if the robot’s hands were to get in the way 
of its sensors and the objects that it is manipulating. 
The glovebox environment also offers unique 
solutions to this problem. However, in a controlled 
glovebox, you could easily pre-install additional 
sensors inside, allowing you information from several 
vantage points. By taking the data from multiple 
sensors, the interface can automatically combine and 
register them into a single depth render, significantly 
reducing the shadow effect of obstacles that would 
be presented if the object was seen from only one 
perspective.  

CONCLUSIONS 

Our team’s goal is to provide a human operator the 
ability to control a robot in a remote environment in 
a safe and accurate manner, using the specific case 
of an operator attempting to perform fine 
manipulation in a constrained environment, such as 
a glovebox. We have outlined our current work and 
methodology for constructing a VR interface to 
control a humanoid robot. We believe that in some 
situations VR could provide benefits such as 
increased task awareness and situation awareness 
when working in remote environments.  

REFERENCES 

i. Type B Accident Investigation Board Report, 
Employee Puncture Wound at the F-Tru Waste 
Remediation Facility at the Savannah River Site on 
June 14, 2010, available online 
http://energy.gov/ehss/downloads/type-b-
accidentinvestigation-board-report-employee-
puncture-wound-f-tru-waste  

ii. LLC, Cleatech. “Portable Glove Box System: S-
2200.” Portable Glove-Box System S-2200 from 

Cleatech, 1 Jan. 2016, www.laboratory-
supply.net/gloveboxes/portable_glove_box.html.  

iii.“SEA-III Gloveboxes.” Germfree, 
www.germfree.com/product-lines/laboratory-
equipment/class-iii-biosafety-cabinets/sea-
gloveboxes/sea-gloveboxes/.  

iv.Fallon, Maurice. "Perception and estimation 
challenges for humanoid robotics: DARPA Robotics 
Challenge and NASA Valkyrie." 
Unmanned/Unattended Sensors and Sensor Networks 
XII. Vol. 9986. International Society for Optics and 
Photonics, 2016.  

v. Polido, Henrique. DARPA Robotics Challenge. Diss. 
Worcester Polytechnic Institute, 2014.  

vi. Johnson, Matthew, et al. "Team IHMC's lessons 
learned from the DARPA robotics challenge trials." 
Journal of Field Robotics32.2 (2015): 192-208.  

vii. Ferland, François, et al. "Egocentric and 
exocentric teleoperation interface using real-time, 
3D video projection." Human-Robot Interaction (HRI), 
2009 4th ACM/IEEE International Conference on. IEEE, 
2009.  

viii. “VIVE VR SYSTEM.” VIVE™ | VIVE Virtual Reality 
System, www.vive.com/us/product/vive-virtual-
reality-system/.  

ix. Norton, Adam, et al. "Analysis of human–robot 
interaction at the DARPA Robotics Challenge Finals." 
The International Journal of Robotics Research (2017): 
0278364916688254. 
 
Author’s Profile 

Department of Electronics and Communication 
Engineering, T. John Institute of Technology, Bangalore, 
India

 


