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ABSTRACT ACM Reference Format:

Nowadays, 4G devices are pervasive and most of the homes
and offices in modern cities are covered by LTE signals. While
it is very attractive to leverage ubiquitous LTE signals and
use hand gestures to control the home appliances remotely,
there is no work on such contactless gesture interaction sys-
tems reported yet. In this work, we present an LTE-based
contactless gesture interaction system to recognize various
hand gestures around a 4G terminal like mobile phone, which
can be used to control the switch, channel and volume of a
TV set remotely without holding any devices. The results
show that the proposed system can recognize different hand
gestures accurately leveraging LTE signals without train-
ing, and achieve remote TV control in real time in different
settings.

CCS CONCEPTS

« Human-centered computing — Gestural input; Ubiq-
uitous and mobile computing systems and tools.

KEYWORDS

LTE Signal; 4G Signal; Channel State Information (CSI); Ges-
ture Interaction; Contactless Sensing
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1 INTRODUCTION

With the rapid development of LTE (4G) technology in recent
years, 4G terminals like mobile phones have been widely
used for communication and LTE (4G) signals have covered
both indoor and outdoor environments in modern cities.
Inspired by the advances in wireless sensing that have en-
abled a large variety of new applications such as indoor
localization [4], trajectory tracking [5] and gesture recogni-
tion [3, 16], this work aims to equip the popular 4G terminals
with gesture recognition capabilities, enabling contactless
and remote control of home appliances. Unlike gesture recog-
nition work using cameras [6], acoustic [3, 10] and WiFi [7]
signals in mobile devices, LTE-based gesture recognition sys-
tem expects to work well even in poor lighting conditions
and wider sensing range distance from the transceivers for
remote control. Different from the existing work on LTE-
based human sensing using machine learning approaches
for positioning [2, 8] and crowd density estimation [1], this
work leverages the LTE signal propagation model to achieve
robust and accurate gesture recognition without training.
In this work, we propose an LTE-based contactless gesture
interaction system. Based on the Fresnel Zone model [9, 11—
15] that quantifies the relationship between the received
signal variations and target movements, we design several
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Figure 1: The transmitter and receiver of the system. (a) LTE
base station: an indoor femtocell. (b) 4G terminal: a USRP
B210 platform.

hand gestures that produce unique and repeatable signal vari-
ation patterns in the 4G terminal by carefully controlling the
relative position of hand gestures to the LTE transceiver pair.
In this way, the system could recognize these hand gestures
accurately without the need of repeated offline-training in
different deployments. Then, the recognized hand gestures
are mapped to proper commands which are used to control
the home appliances such as a TV set. We conduct extensive
experiments with four participants in different environments.
The results show that the proposed LTE-based gesture in-
teraction system can recognize hand gestures reliably and
achieve remote TV control in real time. Note that, 5G devices
follow the same work scheme as 4G devices, so the proposed
LTE-based gesture intraction system can be easily migrated
to 5G devices with little efforts.

2 DEMONSTRATION SYSTEM

In this section, we first introduce the system setup. Then we
present the LTE signal propagation model which describing
how the signal propagates from a transmitter to a receiver
and how it is modulated by a moving object such as a hand
in an environment. With this understanding, we design sev-
eral hand gestures which produce unique received signal
variation patterns. Afterwards, we introduce the system im-
plementation details about how different gestures are seg-
mented and recognized from the LTE CSI signal stream and
how they are mapped to the corresponding TV control com-
mands. Finally, we present the demonstration process and
the user interface.

System Setup

The gesture interaction system consists of one LTE (4G) base
station and one 4G terminal, as shown in Figure 1. The LTE
base station could be either an indoor femtocell or a macro
cell, while the 4G terminal serves as a receiver that retrieves
CSI from LTE downlink signals. In our prototype system, the

Chen et al.
eee T —
— ~
LTE Base Station ~ - ™~
~ N
-~ AN
((@fﬁ@) ~ N ~ NN ) Fresnel anf&
----- ¥ Boundries
. N NS
Static Paths N \
» X
AN NI
o Sinusoid-like waveform

— — —olnusolc-like wavelorm__ .
\‘ \ Dynamic
Component I

o e

LoS Path

/ Static
a

. By, Component
e Z—7 :
P 4
— 7 V

4G Terminal e Hand

Reflector

Figure 2: System setup and signal propagation model.

LTE base station is a commonly-used indoor femtocell (Fig-
ure 1a), while the receiver is a USRP B210 platform (Figure 1b)
that can be configured to extract CSI from the received LTE
frames. The receiver is equipped with two antennas and
works on 2.165GHz band with 1.4MHz bandwidth. The 4G
terminal receives CSI at the rate of 100 samples per second.

LTE Signal Propagation Model

As is shown in Figure 2, the LTE signal transmitted by LTE
base station arrives at the 4G terminal through multiple
paths, which can be grouped into two categories: static paths
and dynamic path [9, 12]. The static paths are composed of
the Line-of-Sight (LoS) path and the reflected paths from
the walls and the static objects in the environment, while
the dynamic path is induced by the moving target such as a
hand. The received signal is a superposition of signals from
one dynamic path and multiple static paths. It can be ex-
pressed as an addition of a static phasor component and a
dynamic phasor component on the complex plane. According
to the Fresnel Zone model [9, 11-15], when the hand moves,
the length of the dynamic signal path changes, and the dy-
namic phasor component rotates accordingly, resulting a
sinusoid-like waveform. By measuring the phase change of
the dynamic phasor component, we can estimate the change
of the dynamic path quantitatively including both the length
and direction. A hand gesture may involve a sequence of
hand movements in different directions, producing an unique
dynamic phasor change pattern, which results in an unique
dynamic path change pattern. The patterns are robust to
the environmental changes, which can be used as feature
profiles to identify gestures.

Gesture Design

With the LTE signal propagation model, we know that differ-
ent hand movements induce different dynamic path change
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Figure 3: Designed hand gestures for remote TV control.

patterns in the received signals. Therefore, gesture recogni-
tion can be achieved without training as long as we design
different gestures with unique and predictable signal pat-
terns. Based on this principle, we design four hand gestures
which produce different signal patterns for remote TV con-
trol. Each gesture is performed with the hand palm facing to
the receiver and starts from the red points to the blue points
in the directional arrow, as shown in Figure 3.

Specifically, the ‘Switch On’ gesture and the ‘Switch Off’
gesture for turning on and off TV are moving the hand on the
side of the receiver in one circle and two circles, respectively.
While that of controlling volume and channel are moving
the hand towards and away from the receiver on the top
and side of it, respectively. Note that preambles are designed
as indicators for controlling the volume and channels, i.e.,
moving the hand straightly towards and away from the re-
ceiver on the top and side of it quickly. Once a preamble
gesture is detected corresponding to the volume (or chan-
nel), users can perform the ‘Volume Control’ (or ‘Channel
Control’) gesture subsequently to increase/decrease volume
(or forward/backward channel).

When a user starts to perform hand gestures, the system
first detects whether the generated signal variation pattern
is corresponding to that of the ‘Switch on’ gesture. If they
match well, the system issues the ‘Switch On’ command and
starts the TV control process. Then it begins to recognize the
next gesture by comparing the signal variation pattern with
that of the gestures for ‘Volume Control’, ‘Channel Control’
and ‘Switch Off”.

System Design

With the aforementioned system setup, the LTE signal prop-
agation model and gesture design, the LTE-based gesture
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Figure 4: The demonstration environment.

interaction system consists of three functional modules: Mo-
tion Detection, Gesture Recognition and Control Command
Generation.

(1) Motion detection. The first step is to segment gestures
by detecting the start and the end samples within the
LTE CSI readings. If there is no hand movement, the CSI
amplitude variations are very small. But when there are
hand movements, we observe much larger CSI amplitude
variations. Therefore, the state transition of the CSI am-
plitude variation is utilized to identify the start and end
of hand movement.

(2) Gesture Recognition. After detecting the hand move-
ment, the corresponding dynamic path length change
can be calculated, generating the corresponding hand
movement length and direction pattern. As the gener-
ated signal variation pattern for each gesture is unique
and predictable, we can thus employ the DTW (Dynamic
Time Warping) algorithm to calculate the similarity be-
tween the segmented signal pattern and the reference sig-
nal patterns of the designed hand gestures. The reference
signal pattern with the highest similarity is considered
as the hand gesture performed.

(3) Control Command Generation. After recognizing the
performed hand gestures, the system sends the corre-
sponding control commands (i.e. switch on, switch off,
etc.) to the TV remotely through a programmable in-
frared controller. After receiving the commands, the TV
responses correspondingly.

Demonstration Process

With a 4G base station and a 4G terminal, we can build an
LTE-based gesture interaction system for remote control of
a TV set, as shown in Figure 4.

During the demonstration process, a user can do any daily
activities freely, such as walking, exercising and sitting, etc..
When the user wants to watch TV, he/she can move close
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Figure 5: Graphical user interface of the LTE-based gesture
interaction system.

to the 4G terminal and perform the ‘Switch On’ gesture to
turn on the TV. After that, the user can either change the TV
channel or adjust the volume with the corresponding hand
gestures, which begin with a preamble gesture. Once the user
wants to turn off the TV, he/she can perform the ‘Switch Off’
gesture. After the ‘Switch Off” gesture is detected, the system
sends ‘Switch Off” command to TV and waits for the next
‘Switch On’ gesture. In addition to TV control, the system
can also be applied to remotely control other appliances such
as a refrigerator, a light. and an air-conditioner.

The user interface of the LTE-based gesture interaction
system, as shown in Figure 5, is composed of three parts:
(i) the TV status captured by a camera is displayed at the
top-left of the interface. (ii) the ground truth information
of the user’s gesture captured by a camera is displayed at
the top-right of the interface. (iii) the TV control commands
corresponding to the recognized gestures are displayed at
the bottom of the interface.

3 CONCLUSION

In this demo, we present the first LTE-based contactless
gesture interaction system. It leverages the CSI extracted
from the LTE downlink signal to recognize different hand
gestures around a 4G terminal in a contactless way, which
can be used for controlling home applicances remotely such
as a TV set. We conduct extensive experiments to evaluate
the effectiveness of the system with different users. The
results show that the proposed system can recognize the
hand gestures of different users reliably without training.
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