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Abstract. We present a novel hand gesture interaction method which
has a long-range working space (1m∼5m) overcoming conventional
approaches’ limitations in cost-performance dependency. Our camera-
free interaction system is composed of a pair of lighting device and an
instrumented glove with photosensor markers. The lighting devices spa-
tiotemporally encode user’s interaction space via binary infrared light
signals and markers’ 3D position at fingertips is tracked at high speed
(250 Hz) and fair accuracy (5mm at 3m working distance). Each marker
consisting of a photosensor array allows a wide sensing range and mini-
mizes fingers’ self-occlusion. Experiment results demonstrate various ap-
plications where hand gestures are recognized as input commands to
interact with digital information mimicking natural human hand ges-
tures toward real objects. Our system has strengths in accuracy, speed,
low price, and robustness comparing with conventional long-range inter-
action techniques. Ambiguity-free nature in marker recognition and little
cost-performance dependency are additional advantages of our method.

1 Introduction

We present a novel hand gesture interaction method with a long-range working
space (1m∼5m). Such long-range hand gesture interaction is an open research
area which is not practically covered by current methods or devices such as
Kinect. Practical solutions for the problem imply significant influence on future
TV applications like a next-generation remote controller in large space. Conven-
tional vision-based approaches including Kinect have fundamental weakness in
their performance: Interaction speed and accuracy directly depends on camera’s
performance and cost. Typically, vision-based approaches for long-range hand
gesture interaction require expensive cameras to capture visual information at
high-speed and high–resolution such as Oblong’s G-Speak system. To overcome
the conventional limitations, we present a camera-free hand gesture interaction
method based on spatiotemporally encoded illumination.

1.1 Contributions

We present an analysis of a photosensor-based interaction system that accurately
and rapidly recognize 3D position of markers through spatiotemporally encoded
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illumination. Our method proposes a practical solution for long-range hand ges-
ture interaction with a cheap camera-free system. Included in this analysis are
the following:

– performance of the hand gesture interactionmethod based on spatio-temporal
encoding and photosensor markers,

– a unique design of a photosensor marker which consists of multiple photo-
sensors to increase field of sensing and minimize occlusion errors,

– example applications for the hand gesture interaction, including 6 DOF ma-
nipulation of a graphic object, multi-user interaction for drawing operation,
and manipulation of a deformable object.

1.2 Related Work

Vision-Based Interaction: Bare-hand interaction is earning high attention
with the emergence of Kinect. Although such interaction provides the best user
convenience obviating the need of wearing a device, it’s been considered one
of the most challenging interaction tasks. [1] presented a bare-hand interaction
technique, called BiDi screen, based on a light field camera and a time-division
multiplexed display. While it successfully demonstrated object manipulation by
bare hands, the accuracy is not high enough to separately track each finger and
the interaction speed is limited due to the time-division multiplexed operation
over display frequency. Generally, bare-hand interaction techniques based on a
camera vision system suffer from ambiguity problem among fingers or hands.
In addition, the computational cost is high and in turn the interaction speed is
slow. To overcome such limitations, [2] and [3] employed color markers and color
gloves, respectively. Color information helps object ambiguity but still depth
ambiguity remains in 3D interaction. So, multiple cameras, a camera-projector
system, or a 3D camera have been adopted in 3D interaction domain. However,
strong dependency between system cost and interaction performance appeared
as an obstacle in developing practical applications. Besides, self-occlusion among
fingers or hands has still remained a challenging task. To computationally tackle
this matters, [4] presented an approach to jointly solve salient point association
with hand pose estimation. An almost everywhere differentiable objective func-
tion was proposed to estimate hand gestures by simple local optimization taking
edges, optical flow, salient points and collisions into account. [5] approached the
full 3D pose estimation of a user hand with a unique wrist-worn device consist-
ing of an IR camera-project setup and an IMU sensor. However, a fully flat or
over-arching hand was still problematic in their method.

Photosensor-Based Interaction: Some researchers ([6], [7], [8]) presented in-
teraction methods based on photosensors and an illumination device like a video
projector demonstrating good augmented reality applications. While our method
has a common ground in the usage of photosensors as markers, the core tracking
method, spatio-temporal encoding, is completely different with their methods.
The UNC’s HiBall system[9] employed six photosensors and six lens to track a
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user’s pose (location and orientation) with ceiling-mounted light-emitting diodes
(LEDs). SCAAT (Single-Constraint-At-A-Time) method, recursively estimating
accurate pose information from a single inaccurate measurement, was applied
to the system in order to improve tracking accuracy with less latency. However,
the system had a drawback in cumbersome system installation which required
for mounting huge number (approximately 3000) of LEDs onto a ceiling. Con-
trastingly, our system requires only two lighting devices consisting of 36 LEDs
for 3D position tracking. Kang[10] introduced an indoor GPS metrology system
with a unique probe unit, called 3D Probe, composed of three photosensors and
a ball probe tip. 3D Probe captures an object’s 3D surface via scanning and 3D
coordinate of a certain object point is measured by analyzing light signals trans-
mitted from multiple light sources at known location and orientation. While the
method requires measuring light sources’ geometry information at a calibration
stage, our method is free of such information and more accurate with less num-
ber of light sources.

Instrumented Glove-Based Interaction: Hand interaction techniques based
on various sensors such as mechanical and electrical sensors have been actively
commercialized. Immersion Corporation’s CyberGlove[11] and Fifth Dimension
Technologies’ Data Glove are good examples. Generally, such products are con-
figured into an instrumented glove assembled with a delicate sensor system.
CyberGlove measures hand posture through 18 electrical sensors in long and
thin strip shape which are sewn into a glove fabric. Each sensor experiences
change in resistance depending on bending amount. Hand gesture is estimated
by the amount of deformation at each sensor position, which is measured by elec-
tric current change. User-dependent calibration is indispensable in most sensor-
based approaches since different hand size or shape affects consistent bending
measurement and gesture estimation.

Lighting 
Device 

Instrumented 
Glove 

Graphic Object  
for Interaction 

Six Tracking 
Points 

Fig. 1. A user interacts with a graphic object, Buzz, through natural hand gestures
in a large space. Our interaction system consists of an instrumented glove with six
photosensor markers and two lighting devices.
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Fig. 2. Our unique glove system consisting of markers, a control unit and a battery
achieves long-range hand gesture interaction at high-speed (250 Hz for 3D) and fair
accuracy (5mm at 3m)

2 System Configuration

Our prototype camera-free interaction system shown in Fig.1 is composed of an
instrumented glove (Fig.2) and a pair of lighting device (Fig.3). The glove is
integrated with six photosensor markers, a microcontroller, a Bluetooth module,
and a battery. The six markers are located at the five fingertips and the end
of palm as shown in Fig.2 right. Each marker consists of multiple photosensors
facing different views to cover a wide sensing range. For the photosensor, we
used Vishay TSOP7000 with 455 kHz PCM (Pulse-code modulation) frequency
which provides a high-speed sensing rate (1 kHz for six markers’ 1D tracking).
Our system’s tracking speed is inversely proportional to tracking DOF (Degrees
of Freedom) due to the temporal encoding nature of our method: 500 Hz and
333 Hz for 2D and 3D tracking, respectively. For 2D tracking, the lighting de-
vice (Fig.3 (a)) consisting of a pair of 1D lighting unit (Fig.3 (c)) are used to
project spatiotemporally encoded light in X and Y plane. Similarly, 3D tracking
requires projecting 1D lighting unit along X, Y, and Z axis, which allows 333 Hz
tracking speed. However, practically such projection demands a large space so
we alternatively present a stereo combination method with a pair of 2D lighting
device as shown in Fig.1, which achieves 3D tracking at 250 Hz. A microcontroller
(Microchip PIC18F45K20) controls all electronic devices including photosensor
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(a) A lighting device

Cylindrical Lens Binary Pattern Diffuser 

(b) Optical components (c) Assembly mount (d) LED unit

Fig. 3. A lighting device to project spatiotemporally encoded light. The 2D lighting
device (a) is assembled with a pair of 1D lighting unit (c) positioned perpendicular to
each other.

markers and a Bluetooth module in the glove. A Bluetooth module (FB755AC)
transmits markers’ position value to a remote server and receives event signals
for haptic feedback to a user. All electronic devices in the glove are powered by
a thin lithium polymer battery (3.7V/1000mA).

The 1D lighting units (Fig.3 (c)), consisting of nine IR LEDs (Vishay
TSFF5210 with 180mW/sr), spatiotemporally encode user’s interaction space
by binary infrared light signals. Eight LEDs encodes space with 8 bit binary
signals and one LED at the center of the unit sends a start signal to synchro-
nize photosensor markers. Fig.3 (b) shows optical components including a binary
pattern film, four cylindrical lens, and a diffuser. Two cylindrical lenses and a
diffuser scatter LED light over a large interaction space. Other two cylindrical
lenses focus LED light on the interaction space. Fig.3 (d) shows an electronic
circuit board to control the nine LEDs.
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�

Marker 

Fig. 4. When IR LEDs sequentially project binary patterns once at a time, a maker
receives a unique binary code which is transformed to an 1D position value

3 Tracking Method

Our tracking method is based on spatiotemporal encoding technique [12] which
temporally illuminates 8 bit binary light signals into the interaction space via the
lighting device shown in Fig.3. Photosensor marker’s position is simply obtained
by decoding the 8 bit light signal sensed by the marker’s photosensors. For
example, while the lighting device sequentially illuminates 4 bit binary patterns
in Fig.4, the marker receives either 0 or 1 depending on black or white light stripe
region. In the figure, the marker sequentially receives 1001 which is a unique
code for the position. In such a manner, 1D position is encoded by binary light
codes and Cartesian coordinate position is obtained by converting a marker’s
received binary signal to a real, decimal value. 2D tracking is simply the two
dimensionally extended case of 1D tracking with a pair of 1D lighting device
which are orthogonally positioned along X and Y axis. 3D tracking can be done
in the same manner with three lighting devices positioned along X, Y and Z axis.
Tracking with these configurations from 1D to 3D doesn’t require any calibration
since a position value is directly obtained by the received light signal. However,
in the case of stereo combination with a pair of 2D lighting device as shown in
Fig.1, a calibration step is required to calculate 3D position from two 2D position
values. We applied Miaw’s calibration method ([13]) which models the relation
between a 3D real position value and a 1D sensed value with seven unknown
parameters.
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Fig. 5. A demo video verifying our system’s resolution (5mm at 3m working distance)

The tracking speed and the sensing accuracy of our system depends on photo-
sensor’s response time and lighting device’s encoding resolution, which is given
by the resolution of printed binary patterns in Fig.3 (c). Hence, improving the
both tracking speed and accuracy is loosely related with cost factor, which is
one of distinct benefits in our method comparing to vision-based approaches.

4 Experimental Results

Demo video Fig.5 proves that our system’s interaction resolution is 5mm at
3m distance between lighting devices and a marker. The marker’s graphic rep-
resentation, a white ball, moves according to actual marker’s back and forth
movement in 5mm interval in the video. In the supplementary videos of which
still cuts are shown in Fig.6, we demonstrate hand gesture interaction where
hand gestures are recognized as input commands to interact with digital in-
formation mimicking natural hand gestures for handling real objects. Fig.6 (a)
shows an interaction demo with a deformable graphic object. With our system,
a user can grasp the object at any point, elongate, press, and release it freely.
Fig.6 (b) demonstrates interaction with a rigid object, Buzz. A user can grasp it
at any point, freely manipulate it in translational and rotational movements, and
change scaling. Fig.6 (c) shows multi-user interaction for a drawing operation.
Two users performs drawing jobs in parallel with our system.

5 Conclusion

We presented a novel hand gesture interaction technique with a large working
space (1m∼5m) based on spatio-temporal encoding method. Our unique track-
ing system equipped with photosensor markers is optimized for hand gesture
tracking with covering large sensing range and minimizing finger’s self-occlusion.
Demo videos verify high possibility in practical applications demonstrating nat-
ural and free hand gesture interaction at high speed and good accuracy.
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(a) Hand gesture interaction with a deformable object

(b) 6 DOF manipulation demo for a graphic object

(c) Multiple user interaction demo for a drawing operation

Fig. 6. Our method provides natural hand gesture applications with six markers’ 3D
tracking at high speed (250 Hz) and fair resolution (5mm at 3m working distance)
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Our system has strengths in accuracy, speed, low price, and robustness to
noise comparing with conventional long-range interaction techniques. Robust
marker identification, less erroneous performance for finger’s self-occlusion and
little cost-performance dependency are additional advantages of our photosensor
marker-based system.
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