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Abstract. The suspended particulate matters are one source of the main pollutants in poultry
housing and corral. There are also lots of serious pathogens in the air as suspended particles. It is
harmful to the health of animals and workers when the density of suspended particulate matter is
high. It is significant to detect the amount of particles suspending in the air of poultry housing and
corral. In this paper, a kind of sensitive sensor based on the theory of backscattering was designed.
The optical and electronic designs are described in detail. After been developed the sensor was
tested on its accuracy and stability, and the results were satisfactory.

Introduction

The suspended particulate matters are the particles whose diameters are less than 100 gm.The
smaller particles whose diameters are less than 10 um (PM10) can get into the internal body through
the respiratory system to harm the health and the particles less than 2.5 um (PM2.5) even can
increase the mortality risk of patient with lung cancer about 8%~37% [1].

Because of the dense breeding and slow exchange of air, a mount of particulate matters suspend
in the air as one of the main pollutants [2]. Especially in cold winter, in order to keep the
temperature fit to the living of animals, poultry housings and corrals are usually unventilated that
lead to the accumulation of the inhalable particles. If workers worked in the environment long time
would susceptible to acute or chronic epidemics. Their symptoms would be cough [3], fever, even
lung function decline [4]. And the livestock and poultry lived long time in dirty air would cause
their immunity reduced, and suffered from various respiratory diseases. Their production efficiency
would be serious influenced [5]. The dusts in poultry housing mainly come from feed, bedding,
feather, excrements and microorganism. With the characteristics of strong toxicity, high
concentration and spread widely [6], the dusts are the main carriers of fungal spores, bacteria,
viruses and other organic material.

There are two kinds of methods to detect the suspended particulate matters in air that respectively
are sampling methods and non-sampling methods [7] . Sampling methods are based on the air
sampling of the measured environment. After filtering and weighing the quality of the obtained
particles in the air sample, the particles concentration can be calculated out according to the sampling
volume. This kind of methods needs complex operations and long measuring time and it is low
degree of automation, and cannot carry out online detection. The non-sampling methods generally
include light attenuation method [8], Tapered Element Oscillating Microbalance (TEOM) [9, 10], B-
ray attenuation method [11] and light scattering method [12]. But the light attenuation method is not
suitable for the situations that the dust concentration is relatively low and the detection distance is
short, because the light attenuation is insensitive in these situations [13]. The accuracy of TEOM
method that with complex structure and high operation cost can be reduced in the environment of
high humidity. pB-ray attenuation method is an indirect measuring method and the accuracy of
measurement is not only concerned with the accuracy of sampling flow rate, but also with the
particle composition [14]. The light scattering measurement as a method with high precision, fast
speed, wide applicability of particle diameter range, easy to realize remote and real-time detection, is
currently used widely [15, 16]. According to the different angles of light scattering from the air
suspended particulate particles, the scattering points out forward scattering and backscattering. The
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present studies about measurement of dust particle concentration based on forward scattering are
common [16, 17]. This paper introduces a design of a sensor of air suspended particulate matters
based on laser backscattering.

Detection Theories

The principle of scattering is when light transmitting in inhomogeneous medium and interacting
with the medium particles, forcing the particles vibration, and producing radiation of two times. The
light scatterings of suspended particles in air depend on the ratio of particle size and the wavelength
of incident light. For larger particles, the energy distribution of the scattered light is mainly
concentrated in forward. While for smaller particles, the energy distribution of the scattered light is
wider. The particle diameter is smaller, and its light scatterings in forward and backward are more
uniform. The light scatterings of different particles are shown in Fig.1.
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G.Mie and R.Debye calculated the scattering of electromagnetic waves in detail based on
spherical particle models. Based on the Maxwell’s equation of electromagnetic field, Mie worked
out the strict solution on light scattering, and he concluded the light scattering law of uniform
particles with arbitrary components and any diameters [12].

When a beam of parallel light that its wavelength is & and intensity is I;, shot on a spherical
particle with D diameter, the scattering intensity (!,) at the distance of r can be calculated as the
equal (1) shows.
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(1)
Where:
N is the total number of particles in per unit volume,
Né& is the scattering coefficient of the unit scatterer,
K is the dimension parameter,
m IS the refractive index of the being measured particles,
g is the scattering angle (90° < 8 < 2707,
i,(k,m,8)andi, (k. m,8) are the scattering intensity function, respectively represent the parallel and

perpendicular scattering intensity of scattering surface.

Sensor Design

The sensor development mainly includes the optical path design and the electronics design. The
optical path design mainly includes the regulation of light source, lens, and detector and the
conditioning of their angle and position. The electronics design mainly include light source driver
module, scattered light detection module, display module and communication unit. The structure of
the sensor is shown in Fig.2.
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Fig.2 Structure of particle sensor

A. Design of optical structure

There are many advantages using structure of light backscattering. The most important one is
more sensitive and easy to be miniaturized because of the position of light source and detector which
are installed in the same side of the sample. In this design, a bright LED at the wavelength of 780nm
was chosen as the light source. The angle of divergence was 11° and the maximum power
consumption was about 200mW. The detector was selected as the S2386 series PIN photodiode
(Hamamatsu, Japan). It had a good response at the wavelength of 780nm, and its biggest dark current
was at the pA level. The diameter of lens using for converging beam was 2cm, and the transmittance
ratio was as high as 95% while the focal length is 2cm.

The light source and photoelectric detector were fixed on a circular circuit board. The detector
was welded in the central position of the circuit board, and three LED were arranged at the detector
around with equidistant distribution, tilting to the center as a 20 degree angle. the beams of the three
LED can be gathered in front of the middle detector, forming a scattering region, which is also the
sampling area. The lens was installed in front of the photoelectric detector and the focus was on the
sensitive surface of the photoelectric detector that will enhance the gathering ability of scattering
light and improve the sensitivity of the sensor. The optical design was shown in Fig.3.
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Fig.3 Optical path design

B. Design of electronic system

The electronic part mainly includes the light source modulation circuit, photoelectric signal
conditioning circuit and MCU control system. Because the signal of backscattering is very weak, so
the stability of the light source is a high requirement. For eliminating the interference of background
noise, the LED driving circuit was designed using 35 KHz sine wave as the driving signal. A sine
wave generator (AD9850) was used to generate a sine wave signal, and drive a Darlington sink
driver (ULN 2003A). This Darlington driver with high current gain, high working voltage, wide
temperature range and strong load capacity, adaptive all kinds of high speed and large power driving
system. It was used to provide stable current to the bright LED light in this design. The LED driving
current is shown in Fig.4.
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Fig.4 LED Driver circuit

When the light from LED passed through the scattering region, the dust particles on the optical
path impacted the photon and scattering occurred. The backscattering light was converged by the
lens and focused on the sensitive surface of the photoelectric detector. The detector generated current
signal. The signal is weak AC current, had the same frequency (35 KHz) with the light source
driving signal. Therefore, the signal conditioning circuit just extracted the signal of 35 KHz and
filtered the noise signals of other frequencies, and then, converted the AC signal into DC signal. The
signal conditioning circuit is shown in Fig.5.
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Fig.5 Signal conditioning circuit

The signal was regulated to the stable voltage at 0-2.5 V, then, was acquired by analog to digital
converter (ADC). The central processing unit was C8051F007 that integrated with 12 bit ADC and
12 bit DAC. After acquiring the signal, C8051F007 calculated the collected digital signal according
to the built-in mathematical model and work out the concentration of the air suspended particulate
matters. The result can be outputted in digital form directly through the serial port or converted into
analog signal by DAC, and the result can be stored in a built-in 64M flash memory. The sensor’s
sampling frequency was 15 seconds at a time.

The sensor was calibrated and tested after its design and development. The calibrated method was
building a relationship between the voltage value and the concentration value of weight measurement
method, and getting the calculation formula between the voltage and the concentration of suspended
particulate matters. When the sensor works, it works out the particles concentration base on this
formula.

Sensor Test

The sensor was tested in its accuracy and stability after developed. The accuracy test was carried
out by comparing the result with the measured value of one commercialized instrument, Thermo
Scientific TEOM1405-DF (America), which based on the method of TEOM. We chose a real
chicken farm named Degingyuan (Yanging, Beijing,China) as the measurement environment. The
measuring position was the middle part of the henhouse and the measuring height was about 1.5m.
The two devices were placed side by side and worked continuously. We recorded the results every
hour. The measurement results have been shown in Fig.6. As you can see, the measurement results
of the air suspended particulate matters sensor developed independently based on laser

1333



backscattering were identify with the results of the instrument imported from America based on
TEOM, and the error does not exceed 5%.
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Fig.6 Results of two kind of method
Stability test was executed in a confined space. The sensor was placed in the space and worked
for a long time. The space temperature and humidity were kept constant as far as possible. The air
circulation rate was slow, and the change of dust concentration was reduced. We recorded the results

every hour. In Fig.7, the measurement results are shown as a line. It shows, this sensor has good
stability.
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Fig.7 Stable results of the sensor in 15 hour

Conclusion

An air particulate matters sensor was design based on laser backscattering theory used to apply in
poultry housing and corral. It can realize the real-time online measurement and remote data
transmission. As the test, it has good accuracy and stability. The sensor designed based on laser
backscattering, so it is very sensitive to the smaller diameter particles, and has relatively larger
measurement error to the bigger suspended particulate matters. When it used in high humidity
environment, the output of the sensor is a bit on the high side.
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