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Abstract

We present a mobile tracking system for hands and arms
capable of detecting the full range of motion, suitable for
use in mobile augmented reality systems. The hand posi-
tion is tracked using orientation sensors attached to the up-
per and forearms. Using two or more orientation sensors,
the natural movements of the human arm can be captured
relative to the users torso. This tracking technique allows
unique interaction in a mobile augmented reality environ-
ment performing tasks such as selection and moving of 3D
objects. Further, we have applied a non-linear scaling tech-
nique allowing out of arms reach interaction area.

1. Introduction

Hand based direct manipulation input techniques have
been shown to be an intuitive and suitable input technique
for wearable computers [3]. This paper presents the suc-
cessful application of Go-Go interaction techniques [4] into
a mobile outdoor augmented reality system using source-
less orientation sensors. Vision based tracking is often used
to track the location of the user's �ngers to act as a cursor-
based input when outdoors. Vision tracking is known to fail
in harsh outdoor lighting conditions or when any part of the
cursor moves outside the camera's �eld of view.

Existing tracking systems such as the Polhemus Fastrack
calculate both the orientation and position at each sensor lo-
cation. The tracking area is limited to a �xed volume within
the range of the receptors and require both a transmitter and
receiver thus is not suitable for mobile use in large areas.
We calculate and reconstruct relative human limb positions
using only orientation sensors. We have developed an in-
put system utilizing orientation sensors attached to the users
upper and forearms to determine the location of the users
hands relative to their body.

Figure 1. Augmented Reality environment
displaying the real and virtual arm perform-
ing a Go-Go interaction selection operation

2. Background

Tracked hands are a common input system for virtual
worlds. Poupyrev et. al. [4] developed the Go-Go interac-
tion technique employing a 6DOF indoor tracking system
which applies a non-linear scaling to the user's arm move-
ments to permit interaction at a distance. When the hand
is near to the shoulder there is a 1:1 mapping, when moved
past a de�ned distance, a non-linear scale is applied. Bow-
man [1] developed a similar input technique involving an
extendable virtual arm. The user's range of movements is
split into 3 regions allowing the user to extend and contract
the virtual arm at a constant rate. These techniques allow
beyond-arms-length interaction but the tracking technolo-
gies limit them to use indoors. The Tinmith system is a mo-
bile wearable computer that can track the users hands [3]
by detecting �ducial markers attached to the users thumbs.
The WearTrack system [2] is a portable system that uses
ultrasonic sensors and emitters to determine the relative lo-
cation of the hands. While these mobile tracking solutions
are portable, the hand tracking area is limited to the area
directly in front of the camera/ultrasonic sensors. The com-
mercially available IGS-1901 tracks position using orienta-
tion sensors.

1http://www.animazoo.com



3. Implementation

Our tracking system uses three Intersense InertiaCube3's
to determine the orientation of the upper arm, forearm and
user head. The arm orientation sensors are strapped to a
comfortable location on the users limbs using elastic straps,
as shown in Figure 1. Knowledge of rotation of the arm
around its center axis is not necessary to determine the hand
location. This allows the system to work correctly with sen-
sors placed anywhere on the users arm segments as long as
they are orientated with the cable running toward the elbow
or shoulder. Some slippage of the sensors around the arms
is acceptable and does not cause the tracking accuracy to
deteriorate signi�cantly.

Position tracking of limbs is achieved by measuring the
relative angle of each joint. Separate orientation sensorsare
needed for each segment of the limb. For example, when
tracking an arm, a separate orientation sensor is needed for
the upper arm between the shoulder and elbow and the fore-
arm between the elbow and the wrist. Our augmented real-
ity system requires the hands to be measured relative to the
head. In our implementation we make the assumption that
the users head remains square to the shoulders, and the user
is standing upright. This alleviates the need for a sensor
placed on the shoulders, but would be trivial to add if re-
quired.

The location of a hand is determined relative to the head
for two reasons. In 3D graphics applications the head is
the center of projection for generating the images to display
to the user. It is also done because the GPS unit on our
wearable system is mounted on the users head, and mea-
surements relative to this location result in real-world coor-
dinates for the hands.

The hand locationPh is determined from rotations de-
�ned by the upper arm (Rua ) and forearm sensors (Rfa ) and
pre-measured translation vectors from the head to shoulder
(Th� s), shoulder to elbow (Tua ) and elbow to hand (Tfa ).
We used values (-20,19), 28 and 34cm respectively.

Ph = [ Tfa ] � [Rfa ] � [Tua ] � [Rua ] � [Th! s]

The tracking technology was integrated onto the Tinmith
outdoor augmented reality belt-mounted system [3].

4. 3D Interaction Techniques

A custom written application displays a reconstructed
arm, using cylinders to represent the upper and forearm and
a sphere for the hand, in an augmented reality environment
as shown in Figure 1. The �rst technique uses a direct map-
ping between the tracked locations and the reconstructed
arm. A user can freely move their arm and watch the virtual
arms location update in real-time. We also placed a number

of virtual objects in the world to demonstrate the �delity of
the tracking. The user can move their arm to select the ob-
jects which highlight when a collision is detected. They can
then drag the objects around using a pinch gesture which is
detected using wireless pinch gloves.

An interaction-at-a-distance technique we have devel-
oped is similar to [4]. A non-linear scaling is applied to
the distance between the user's shoulder and hand when
they stretch past a de�ned threshold. This allows both
direct, and scaled interaction. The shoulder-hand vector
is determined ([Vs! h ] = Ph � Ps). When j[Vs! h ]j is
greater than 70% of the arm length we detach the hand us-
ing a non-linear scale to position it in the scene atPvirt =
Ps + k([Vs! h ] � [L a � 0:7])2 whereL a is the extended arm
length.

As the user moves their physical hand further away from
their body past a certain distance, a virtual cursor moves
quadratically farther away. This scaled distance allows the
selection and dragging of objects in the virtual world that
would be out of reach in the physical world. We display
both the virtual representation of the real arms in their regu-
lar location, in addition to the virtual cursor that may either
be attached to the end of the arms, or scaled in front of the
user, depending on the location of their real hand.

5. Conclusion

We have presented a robust lightweight tracking system.
The tracking system is used to demonstrate the use of the
Go-Go interaction technique allowing users to perform out
of arms reach selection and dragging interactions on a mo-
bile augmented reality system. Future extensions may in-
clude �nger tracking by attaching 15 sensors to each �nger
segment and an additional sensor to a user's palm.
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