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ABSTRACT

Wireless multimedia sensor networks (WMSN) are emerging to serve for the collection of acoustic and image informa-
tion. In the WMSN, the microphone is usually employed to function as sensor nodes for the acquisition of acoustic data.
However, those microphone sensors are needed to be placed close with sound source and cannot detect sound signal
through certain obstacles. To overcome the shortcomings of microphone sensor, we develop a new type of bioradar
sensor to achieve non-contact speech detection and investigate theoretically the mechanism of bioradar for speech de-
tection. Results show that the system can successfully detect speech at some distance and even through non-metallic
objects with certain thickness. In addition, in order to suppress the noise and improve the quality of the detected speech,
we use spectral subtraction and Wiener filtering algorithm respectively to enhance the bioradar speech and evaluate the

performance of the two methods using spectrogram.
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1. Introduction

The availability of low-cost acoustic and image sensors
allows for the emergence of wireless multimedia sensor
networks (WMSN) [1], which can sense and transmit not
only scalar sensor data but also still images, video and
audio streams through multihop wireless links between
sensors [2]. The WMSN usually uses the microphone to
retrieve audio information. However, those microphone
sensors are needed to be placed close with sound source
and cannot detect sound signal through certain obstacles.
Since the deployment environment is complex and di-
verse for various WMSN applications, the obstacles in
the open area and the detection distance are the critical
factors for consideration when detecting sound signal.
The mechanism of microphone sensor limits its applica-
tion in the area of human speech detection for those spe-
cial environments. Therefore we propose to employ bio-
radar sensor for speech detection.

The bioradar, which can emit electromagnetic wave
and extract information from echo signal in a noninva-
sive, safe, fast, portable fashion, has raised the interest of
research in its medical application such as heart beat and
respiration monitoring, and early stage breast cancer de-
tection [3-5]. Among its promising medical applications,
some reports on speech related topics further confirm the
feasibility of using bioradar as sensor nodes for speech
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detection. For example, Holzrichter et al. use very low
power electromagnetic (EM) wave sensors to measure
speech articulator motions as speech is produced [6]. Li
discovers that using 40 GHz dielectric integrated radar
can detect and identify out exactly the existential speech
signals in free space from a person speaking [7].

In this paper, we investigate theoretically the mecha-
nism of bioradar for speech detection and develop a 35.5
GHz microwave bioradar which can detect speech at
some distance by emitting radio waves in the microwave
range to a target subject and extracting speech informa-
tion from echo signal. In addition, in order to suppress
the noise and improve the quality of the detected speech,
we use spectral subtraction, and Wiener filtering algo-
rithm respectively to enhance the bioradar speech and
evaluate the performance of the two methods using spec-
trogram.

2. System Architecture

As shown in Figure 1, the wireless bioradar sensor net-
work is a pivotal part of the multi-tier speech detection
system. The lowest tier includes a number of bioradar
sensors and relay sensors. The resources in those sensors
are generally very limited in terms of power, memory
and computational capability. Hence the bioradar sensor
mainly deals with detection of speech and some simple
processing. Due to the output of the bioradar front end is
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analog signal along with noises and very weak, we de-
sign a preprocessing circuit board to improve the sig-
nal-to-noise ratio and convert the analog signal to digital
signal. The communication capability of the bioradar
sensor is very limited, and it cannot communicate with
gateway by a single-hop mode. Hence we design relay
sensors to transmit the data collected from the sensor
node by a multi-hop mode. The relay sensor only forwards
packets. Advanced processing is left to the upper tier.

The second tier is gateway. It provides a transparent
interface to the wireless bioradar sensor network and an
interface to central server via Internet. Depending on the
end-user application, we can employ corresponding de-
vice, such as CDMA gateway, WLAN gateway or GPRS
gateway. The capability of gateway in computation,
storage, and communication is greater than the bioradar
sensor and relay sensor. It is responsible for a number of
tasks, including sensor registration, initialization, cus-
tomization, time synchronization, data retrieval and
processing, and data fusion [8].

The third tier is central server where the large amount
of data collected can be interpreted and analyzed. It can
implement algorithms to identify an unexpected situation
from the speech information and trigger required actions.
In addition, the central server provides a graphical inter-
face for real-time monitoring and also an interface for the
definition and configuration of the system’s overall be-
havior [9].

3. Theoretical Analysis

As a mechanical effect, sound is essentially the passage
of pressure fluctuations through an elastic medium as the
result of vibrational forces acting on that medium [10].
Speech as a type of sound source not only possesses the
physical attributes as other sounds do, but also has
unique attributes related with physiology, since it origi-
nates from the motion of human vocal apparatus. As
shown from the mid-sagittal plane of vocal tract in Fig-
ure 2, speech is the acoustic product of the coordinated
operation of lung, trachea, larynx, pharynx, nose and
mouth. With the contraction of the rib cage and increase
of lung pressure, air is forced from the lungs to pass
through the trachea and get to larynx, where it causes the
elastic vocal folds to vibrate and produces a quasi-peri-
odic train of air pulses to excite the acoustic system. This
pulse train is modified by the resonances of the vocal
tract according to its change in cross-sectional area due
to the movement of the articulators (e.g., the lips, jaw,
tongue and soft palate, producing distinguishable voice
sounds [11]. This vibration information of sound can be
detected by bioradar due to the doppler effect [12].

If Sg(t) is an ideal transmitted signal of continuous
waveforms (CW) radar, then
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Figure 1. Speech detection system architecture.
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Figure 2. Diagram of mid-sagittal plane of vocal tract.

Sq(t) = Asin@7 f,t+6,) ()

where A is the amplitude of the transmitted signal, f, is
the frequency of the transmitted signal and 6, is the
initial phase. Because of the production of speech caus-
ing vibration and in turn causing the doppler effect on the
received signal, its phase is changed. We denote the
change of phase by 6(t), and thus the received signal
can be written by

5. (1) = K,Sg (t-7)

= K, Asin[27 f,(t—7) + 6, + O] @)

where K, = attenuation coefficient andz =2R/c. R is
the target distance and c is the velocity of light. In the
mixter, the transmitted signal is mixed with the received
signal, and we get the mixed signal

S (t) = Asin(27 f,t+6,)

K Asin[27z f,(t—7)+6, + O(1)] @)

After filtering out the high-frequency and DC compo-
nent, we obtain

S, () = K sin 6(t) @)

where K is the gain of mixing and filtering. Because the
change of phase is small and sin8(t) = &(t) for small

6(1t) , equation (4) can be more simply written as
Se () =~ KO 6))

The varying displacement of vibration, y(t) is line-
arly proportional to the varying phase of the echo signal:
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ot) = 47” P70) (6)

where A is the wavelength of bioradar signal. Substi-
tuting Eq. (6) into Eq. (5), we obtain

S (1)~ K%”z(t) ™

This theoretical analysis suggests that the echo signal
can be modulated by the vibration originating from the
production of speech, thereby causing the change of its
phase. This varying phase forms the base of the extrac-
tion of life parameter related with speech.

4. Bioradar Sensor Hardware Design

Based on the modular design theory, the bioradar sensor
can be separated into three modules according to their
specific functions, as shown in Figure 3. The function of
sensor module is speech data acquisition; process unit
plays the role of adjusting the signal to the back end ap-
plication; radio module mainly deals with the transmis-
sion of speech data wirelessly. The details for each mod-
ule design are given in the following section.

4.1. Sensor Module

The design of the bioradar front end is shown in Figure 4.

In this bioradar front end, a superheterodyne receiver is
employed. The advantage of using such receiver is that it
employs two-step indirect-conversion transceiver, so that
to mitigate the severe DC offset problem and the associ-
ated 1/f noise at baseband, that occurs normally in the
direct-conversion receivers. The transmitting and receiv-

ing antennas are both parabolic antennas with a diameter
of 300 mm, and the estimated beam width is 9°. The
voltage controlled oscillator generates a very stable MMW
at 34.5 GHz with an output power of 100 mW [13].

4.2. Process Unit

The output speech signal of the bioradar front end has
high frequency and relatively low amplitude. In order to
suppress noises improving signal-to-noise ratio and to
convert the analog output to digital signal, we design a
preprocessing circuit as shown in Figure 5.

Preamplifier performs impedance matching between
the output of bioradar front end and the input of the next
circuit. It provides protection and insulation for the cir-
cuit. To meet the design requirements on stopband at-
tenuation, we employ higher order filtering. Finally, to
eliminate 50 Hz power-line interference, a 50 Hz notch
filter is designed.

In addition, to improve the detection precision when
performing AD conversion, we do not employ the
built-in 14-bit ADC of CC2430, but rather choose an
A/D chip, AD7792 with higher precision. The AD7792 is
a low power, complete analog front end. It contains a low
noise 16-bit X-A ADC with three differential analog in-
puts [14].

Radio module

Sensor module Process unit

Bioradar Preprocessing circuit il
front end P ¢

Y
Y
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Figure 3. Block diagram of the bioradar sensor.
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Figure 4. The schematic diagram of the bioradar front end.
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Figure 5. Block diagram of preprocessing circuit.
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Figure 7. Spectrogram of bioradar speech. (a) speech proc-
essed by spectral subtraction. (b) speech processed by Wie-
ner filtering.
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4.3. Radio Module

Energy consumption is one of the major concerns when
designing the sensor node. To reduce the power consump-
tion and cost of sensor node, we choose CC2430 chip.
The CC2430 is the first System-on-Chip (SoC) solution
for ZigBee and it combines the excellent performance 2.4
GHz DSSS RF transceiver core with an industry-standard
enhanced 8051 MCU. The CC2430 is highly suited for
systems where ultra low power consumption is required.
This is ensured by various operating modes. Short transi-
tion times between operating modes further ensure low
power consumption [15].

Here CC2430 communicates with AD7792 using SPI
(Serial Peripheral Interface) mode as shown in Figure 6.

5. Bioradar Speech Denoising

In our experiments, the bioradar sensor was positioned in
front of the speaker and he was asked to speak seven
sentences, which were recorded in a computer. The area
of the room for the experiment is 172.5 square meters.

Result showed the bioradar speech was disturbed by
noise. To reduce the noise and improve the quality of
bioradar speech, we employed spectral subtraction and
Wiener filtering algorithm respectively to enhance the
detected speech. To evaluate the performance of the two
methods, we plot spectrogram using Matlab. The result is
shown in Figure 7. It is observed that at the nonspeech
segments Wiener filtering is superior to spectral subtrac-
tion in denoising, whereas at the speech segments al-
though Wiener filtering is still more effective in suppres-
sion of noise than spectral subtraction, it also removes
some frequency components thereby causing the loss of
speech information. This suggests that neither Wiener
filtering nor spectral subtraction is optimal for the reduc-
tion of noise of bioradar speech, and therefore we need to
explore another algorithm to suppress the noise while
preserve the speech information as complete as possible
not distorting the speech signal.

6. Conclusions

Microphone-based audio stream collection in WMSN
cannot meet the requirement of speech detection in some
environment. Therefore we propose to use bioradar sen-
sor as a new method to establish wireless bioradar sensor
network for speech detection. The penetrability of biora-
dar allows it to detect speech at some distance and even
through non-metallic objects with certain thickness. The
new bioradar network extends the WMSN application as
well as providing us with richer information.
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