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Smart sensor network
for ergonomic evaluation of working environment

Teodora Trifonova', Valentina Markova ?, Ventseslav Draganov®, Krasimira Angelova® and
Vasil Dimitrov®

Abstract - This paper presents development of a smart sensor
network which allows the monitoring of the parameters in the
workplace required for ergonomic assessment of working
conditions. Two methods for measuring the change in the
temperature are proposed. The described methods can be used
for the other parameters of the workplace, which are concerned
in the presented sensor network.
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I. INTRODUCTION

Globally, there is a steady increase in the attention that is
paid to the health and the safety of the employees. Good
working conditions are part of the motivating factors for them.
[1]. Humans’ efficiency is influenced by temperature, amount
of heat and ventilation, humidity, air movement, atmospheric
pressure, quantity and quality of light, noise, concentration of
CO02 and CO, magnetic field, vibration accelerations. Comfort
is a feeling, we all instinctively seek. If the surroundings
provide proper conditions, one is able to work more, without
getting tired quickly and recover from fatigue faster.

The wide variety of sensors, the advances in
microelectromechanical systems integration and wireless
communications are a prerequisite for the rapid development
of technology in the field of sensor networks and their mass
deployment in practice [2], [3]. The aim of this paper is to
develop a smart sensor network which allows the monitoring
of the environment in the workplace.
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I1. PARAMETERS FOR EVALUATION THE
ENVIRONMENT IN THE WORKPLACE

To achieve the maximum in the workplace the application
of ergonomic criteria is needed. Business owners have
responsibilities regarding health and safety of their
employees. The requirements for the evaluation of the
different working environment parameters are described in
[4], [5], [6]- The parameters shown in table 1, are objects of
the proposed study.

TABLEL. BORDER VALUES FOR THE PARAMETERS OF THE

WORKPLACE
Parameter Border values for
comfortable area
min max
Temperature [°C] 18 24
Humidity [%] 40 60
Intensity of light [lux] 250 1000
Noise [dB] 50 80

I11. SCHEMATIC DIAGRAM OF SMART SENSOR
SYSTEM FOR ERGONOMIC ASSESSMENT OF WORKING
ENVIRONMENT

The purpose of this paper is to present the results of
designing smart sensors to operate under the management of a
smart sensor network.

A system for collecting data from smart sensors, based on
a wireless sensor network, including node NI WSN-3202 and
Gateway (Gateway) NI WSN-9791. It is run by a PC using
specialized software LabVIEW - Figure 1.

Fig.1. System for data collection
A functional diagram of the proposed sensor network is
displayed on fig.2. The information is obtained from the smart
sensors S1.1 to S1.4, for tracking changes on 4 major
environmental parameters - temperature, humidity, noise and
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light. Signals enter from the sensors’ outputs to the analog
inputs AlO0 + Al4 of the node. The inclusion of each of the
sensors is performed by control signals coming from one of
the digital outputs DOO + DO3 of the node.
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S1.1 + S1.4 —sensors (temperature, humidity,noise, light);
PWR - battery power supply for the sensors;
WSN-3202 — node; BAT - battery power supply for the node;
WSN-9791 — gateway;

Fig.2. Functional scheme of the system collecting data

The output of the sensors used, is a constant voltage varying
within the limits set by the limit input voltages to the analog
inputs of the used node - max + 10 V. Since the use of "smart
sensors”, the requirement of independent battery power has
been met, for the sensors’ power in digital output sensor
(PWR) and the power of the node (VAT).

From a wide variety, were selected sensors, the output of
which is a constant tension in the specified limits:

- temperature sensor type - TC1047A [7], the output
voltage which is a linear function of temperature - amend
from 0,1 V to 1,7 V with temperature changes from -40 to
+120 ° C (Fig. 3); very low power consumption (max 60pA)
at a supply voltage of 2,5t0 5,5 V.

Vour = (10mV/°C) CTemperature "C) + 500mV
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Fig.3. Dependence Uy, = ¢ (T) for TC1047A
- humidity sensor - HCH-1000 [8], the capacity of which

varies linearly from 300pF to 360pF, when modifying the
relative humidity RH from 0 to 100%.
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- noise sensor - SPM0404LE5H-QB-38342 , sensitivity -
38 dB, S/ N ratio 62 dB, bandwidth.

- a light sensor - OPT101 [9] of the output voltage which is
a linear function of the light intensity, a sensitivity of 0.45 /W
(at 650 nm).

Output signal from the temperature and light sensor are
constant voltages. This simplifies their connection to the
analog inputs of the node. In this case, the use of buffer
amplifiers is enough to decrease the disturbances of the
connection cables. The output signal of the noise sensor is
varying voltage, which has to be converted in constant
voltage.

The connection of the capacitive humidity sensor to the
designed sensor network requires additional conversion, in
order to provide constant voltage to the input of the node.

I\V. DEVELOPMENT OF SMART TEMPERATURE
SENSOR

To monitor the change in temperature of the environment
with the proposed smart sensor system, the execution of the
following two steps is required.

Firstly, the deviation of the characteristic from figure 3,

has to be shifted and scaled so that the indication of the
system is directly shown in Celsius’ degree. Secondly, to
ensure the signalization when the temperature reaches values
in uncomfortable area.
For realization of these two steps in this paper, two methods
are suggested — circuit solution (design of a transducer) and
software design with Labview (in this case sensor TC1047A
is directly connected to the smart sensor system using the
node NI WSN-3202)

A. Circuit design

To obtain a DC voltage proportional to the temperature, a
transducer is designed, a simulated diagram of which is shown
in Figure 4.
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Fig.4. Circuit design of temperature transducer
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For the proposed realization integrated circuit LM324 is
used. It packs 4 Op-Amps - with very low power consumption
(less than 1,2 mA), at a supply voltage 5V.

Temperature sensor in this scheme is replaced with a source
of constant voltage Vi, which during the study of the pattern
varies between 0,5 V and 1,5 V. These values correspond to a
change in the output voltage of the sensor with change in
temperature from 0 to 100 ° C.

With the op amp U1A and U1V, the change in the input
voltage Vi is converted to output change from 0V to 1 V. The
voltage on the input is fed through a buffer amplifier filled
with op amp U1A through the voltage divider R1, R2, RP2 to
the non-inverting input of the second op amp U1B. To the
inverting input of U1B is submitted reference voltage from
the divider R5, RP1, R6, which sets the "offset" of the output
voltage so that the output voltage can be obtained at 0V input
voltage Vi = 0,5 V. The output voltage of the intensifier, filled
with U1B, is determined by the expression:

Voutzvlw( +R4J_VCCRe<b-RPz>
R +R,+RP, R, R, +R; + RP,

where, b is the portion of the potentiometer RP2, between
the slider and the terminal connected to R4.
After setting the zero indication of output, the input voltage is
Vi = 1,5 V with potentiometer RP1 that adjusts the output
voltage to be 1V. Actions, by settings, of the zero indication
and the maximum (1V) is repeated several times until the
desired contrast values are achieved, with accuracy to within
0.1%.

The dependence of the output voltage from the specified
input range of variation nd the change of the relative error &
are shown in Table 2

@

TABLE 2. DEPENDENCE Uo = ¢ (Ui)

t[°C] 0 25 50 75 | 100
Ui[v] | 05 0,75 1 125 | 15
Uo [V] | 0,0465 | 250,088 | 500,13 | 750,171 | 1,0
o[%] | 00465 | 0,0352 | 0,026 | 00228 | 0

Research results of the scheme show that it can measure
the temperature from 0 to 100 © C at a relative error less than
0.05%.

The second part of the scheme includes comparators
implemented with U1C and U1D. Include the output of U1C
LED LEDL1 (blue) lights up when the output voltage of U1V <
0,18 V, corresponding to the set min temperature 18 ° C.
Include output U1D LED LED2 (red) lights up when the
output voltage of U1V > 0,24 V, corresponding to the set max
temperature of 24 ° C.

B Software design with LabVIEW

There is a second embodiment of signal conversion from
the output of the pattern, by using the potential of the
programming environment LabVIEW. A developed block
diagram of the voltage converter from the output of the
temperature sensor and a comparator responsive to the limit
value of the temperature is shown in Figure 5.
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Fig.5. Block diagram of the measuring system

It can be seen in fig.6 the temperature’s indicators. Input
voltage is fed to the input AlO of the node (from Figure 2). Its
value is reported by the program indicator Al.

The current value of the temperature is recorded
simultaneously with the two indicators "Temperature [° C]" -
digital and analog. The transformation of the input voltage
varies from 0,5 V to 1,5 V, in the indicator from 0 ° C to 100 °

C, is carried out by successively using the functions "-" and
"X,
Thus was prepared the indicator:
Y =(X -0,5).100 [%] )

where X [V] is the value of the input voltage.
Coefficients "0.5" and "100" are set in the respective blocks.

Fig.6. View of the front panel
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The second part of the scheme includes two comparators,
connected to the output. They compare the current value for
the temperatures with the minimal and the maximal,
determined by the comfort area. The Time Loop function is
used to regulate the interval between measurements.
XY Graph shows the temperature’s changes in time. In this
case, there have been made 20 measurements, 5 minutes apart.
A fake maximum is made to demonstrate the reaction of the
sensor and the activation of the alarm for high temperatures.

The TC1047A sensor is directly connected to the input AlO
of the node.

For the purposes of the project, a test is carried out,
measuring the temperature in a teaching laboratory at the
Technical University - Varna, with duration of 42 hours. The
results are presented in Figure 7.
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Fig.7. Variation of the room temperature

It can be noted that the change of temperature is
approximately 2.5 ° C. The variation of the temperature is in
norm according to the recommendations.

The flexibility of the design allows the sensor network to
include more sensors and the relative ease of tracking changes
and other environmental parameters.

V. CONCLUSION

This report presents the design of smart sensor network for
ergonomic assessment of factors affecting the health and
performance in the workplace. The proposed system allows
four parameters of the environment to be overseen, in this
case — temperature, humidity, light and noise.

In this paper, there is a detailed explanation only for
measuring the change in the temperature. Two ways are
developed and used. Firstly, a circuit design of a transducer,
secondly, a sensor TC1047A connected to the smart sensor
system using the node NI WSN-3202 and NI WSN-gateway
9791, wunder the management of the programming
environment LabVIEW.
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The other sensors can be connected to the node in
accordance with the temperature one. Afterwards, the
entire workplace environment can be monitored.

ACKNOWLEDGEMENT

The study was funded by a research project PD4/2013
"Smart sensors with network access" TU - Varna.

REFERENCES

[1] Bouuncka C., ,,.31paBOCiiOBHH pabOTHH MecTa — HACOKH 3a
OllECHKa Ha pHCKa IO Bpeme Ha pabora”, Hay4ynum Ttpynose Ha
Pycenckust yausepcutet, Tom 50, Cepus 1.2, Pyce, 2011, ctp.168-
173.

[2] J. Yick, B. Mukherjee, and D. Ghosal, Wireless sensor network
survey, Computer Networks, Vol. 52, Issue 12, pp. 2292-2330,
August 2008.

[3] Ch. Buratti, M. Martalo, R. Verdone, G. Ferrari. Sensor Networks
with IEE 802.15.4 Systems, Springer, 2011.

[4] Mapkosa B., M. UBanos, [IpoekTiupaHe Ha CEH30pHA MpeKa 3a
€proHOMHYHO WH3cieBaHe Ha JadopaTopHs 3a HHTEPaKTHBHO
o0yyeHne B o0jacTTa Ha TeXHWYeckuTe Hayku’, Tperu
MexayHaponaeH HaydeH koHrpec "50 rommnm TY-Bapna", Tom I,
Bapna, bearapus, 2012.

[5] HAPEJIBA Ne 7 JIB 6p.43,13.05.2003r. 3a MHHUMaIHUTE
HU3UCKBAaHWA 3a 3ApPaBOCIOBHU H Oe3onacHu yCiloBUdA Ha TPyA Ha
pa6OTHI/ITe MECTa U IIPpU U3NOJI3BAHEC Ha pa6OTHOTO 060pyz[BaHe.

[6] Acoustics — Declaration and verification of noise emission
values of machinery and equipment EN 1SO 4871:2009

[7] http://ww1.microchip.com/downloads/en/DeviceDoc/51483b.pdf
http://www.engineeringtoolbox.com/light-level-rooms-d_708.html

[8] http://pdfl.alldatasheet.com/datasheet-
pdf/view/230829/HONEYWELL/HCH-1000.html

[9] http://www.ti.com/lit/ds/symlink/opt101.pdf




