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Abstract: - A temperature measurement device is designed for the temperature measurement and control of
industrial processes with high accuracy by using Cuygy thermal resistor. It consists of AD590M constant current
source, resistors, amplifier, A/D converter, data sampling and processing system, digital display, alarming unit,
serial output ports, etc. The single comparing method is used to find the thermal resistor value which is mapped
to the corresponding temperature by looking into indexing table. Therefore, linearity is implemented, which
greatly reduces the impact of temperature-drift and non-linearity in amplifier. Besides, the device implements
the measuring of full temperature range of the reference table. The theoretical error of the device is less than

0.1 °C and meets the requirements in most of industrial processes.
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1 Introduction

Temperature is one of the seven basic physical units
in the international system of units (SI), which
occupies an important position in all of relevant
disciplines [1-6]. At present, there are many
methods of measuring temperature in the world, as
well as the classification methods of classifying
those measuring methods. In general, it is difficult
to find an ideal temperature measuring method
because of the numerous measuring principles [7-9].
It can be roughly divided into contact measurement
and non-contact temperature = measurement
according to different measurement ways. Contact
temperature measurement device which is
characterized by a higher measurement precision,
simple design, high reliability, wide application
range, is carried out according to the principle of
heat exchange, such as double metal thermometer,
glass thermometer, thermocouple thermometer, hot
resistor thermometer and pressure thermometer,
etc[10-12]. In order to make the measurement
precise, contact temperature measurement method
must ensure the device well contacting with the
object being measured, and after sufficient heat
exchange to get the actual temperature. But contact
temperature measurement method can’t be used for
too high temperature measurement due to the
hysteretic response and the chemical reaction with
the object being measured. At present non-contact
temperature measurement is mainly the radiant
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temperature measurement in industry, which keeps a
certain distance with the measured object. But it is
vulnerable to the object emissivity, and the distance
of the object being measured, as well as the media
such as steam and smoke. The accuracy of the non-
contact temperature measurement can't be
guaranteed, which is typically used for high
temperature measurement [13-17].

The traditional thermal resistor and thermocouple
temperature measurement technology are
characterized by simple structure, mature
technology and convenient use, etc, which can be
widely used in the future [17-19]. With the full
development of electronic technology, a small
temperature measuring instrument which includes
temperature sensing device and the corresponding
integrated electronic circuit can be designed, with
which we can see voltage, frequency, or directly
temperature display. It is not only convenient but
also easy to carry.

Micro Controller Unit (MCU) [1-4,20-24] is
usually applied to real-time measurement and
control, especially to the development of
electromechanical integration of intelligent systems
and products which is characterized by small
volume, low power consumption, cheap and strong
control ability, etc. It has very extensive application
in the field of measuring temperature because of
high automation, intelligence in a system. In this
paper, we design a copper resistor (Cujgy) linear
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temperature measurement system based on MCU
which can meet general industrial temperature
measurement occasions [1-4,20,24].

This paper is organized as follows. In Sec.2, we
give the theoretical analysis of the thermal resistor
temperature measurement. In Sec.3, we provide the
hardware design of the system. In Sec.4, we provide
the software design of the system. In Sec.5, the error
analysis is given. In Sec.6, the conclusion is given.

2 The theoretical analysis of the
thermal resistor temperature
measurement

Thermal resistor temperature measurement device is
based on the principle that the value of the metal
conductor resistor has linear relation with the
measuring temperature[12-17]. The relationship
between the metal conductor resistor value and
temperature can be expressed as

R =R [l+a(t-1,)] (1)

Where R, and R, represent the value of the metal

conductor resistance at ¢ (°C) and ¢, (°C)

respectively; «  represents the temperature
coefficient of resistor, namely the relative variation

of the resistor as the temperature rise per 1 °C.

Although the general metal material and
temperature are not completely linear relationship, it
can be approximate to linear relationship in a certain
range, the commonly wused thermal resistor
characteristic curve is shown in figure 1.
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Fig.1 The commonly used thermal resistor
characteristic curve
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It represents the relative variation of the resistor as

the temperature rise per 1 °C , where R, and Rto are

the same as ( 1) . In fact & is the average in the
temperature range of?, ~ ¢ , for any «

.1 AR 1 dR
a=lim—x—=—-—
At»ORto

(3)

Formula (3) is the general expression which has a
broader significance, but it should be linearized.

Experiments show that the resistor of most metal
conductor with a positive temperature coefficient
increases 0.36% ~ 0.68% when the temperature

raises 1°C. The purer a metal material is, the bigger

a is, and vice versa. So the o of alloy is usually
smaller than the pure metal. Copper resistor is
commonly used in temperature measurement ranged

from -50°C to 150°C, whose resistor is linear with

temperature. Its temperature coefficient is relatively
big, and its price is cheap, as well as the material is
easy purified. But it has low resistivity, and is easily
oxidized, so it is reasonable to use copper resistor
thermometer if the temperature is not too high and
there is no special limit about the size of the
temperature measuring element. In this paper, we
choose Cujo as the thermal resistor sensor. The
relation between the copper thermal resistor and
temperature can be expressed as

R =R,(1+ At+Bt* +Ct’)  (4)

Where R and R, represent the value of the copper
thermal resistor at ¢ (°C) and 0 (°C) respectively;
A=4.28899x 10 /°C , B= -2.133x 107 /°C? ,

C=1.233 x 10 7 /°C°
formula (4) can be approximated as formula (5)
ignoring B and C.

. Within a certain range

R =R,(1+at) (5)

Where o =4.28 x 10 ~ /°C, to simplified the

calculation, we can set & =4.25x 10 /°C, because

the temperature coefficient of copper thermal
resistor is very small and the purity of copper
resistor material is not high. After determining the
linear relation of copper thermal resistor and
temperature, we can measure the value of thermal
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copper resistor and check the linear indexing table
to get temperature.

2.1 The current method model for measuring
thermal resistor

With the control of the MCU, the thermal resistor
adjusting circuit (Fig. 2) completes the signal data
acquisition according to logic control table (Table
1).The circuit uses AD590M as constant current
source to realize the resistor measurement, which is
called “current method”.

As shown in table 1 and Fig. 2, the INO channel
of M; and M, multi-channel is open at step 1, and
the output current / of AD590M pass through R, and
R, in calibration circuit forming voltage signal U, as
formula (6)
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i1§30v
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IN2| cD| COM
IN3|4051 ©

connect to the input
of the amplifier

M,

Fig. 2 The sign-:j,ll disposal module of thermal
resistor

U =1R, (6)
Table 1 Logic control function table
steps Ul U2 P1.0 | P1.1 | P1.2 | P1.3 collection the signal of
1 INO open | INO open 0 0 0 0 standard calibration signal U,
2 INT open | INI open 1 0 1 0 the measured signal U,
3 IN2 open | IN2 open 0 1 0 1 the line resistor signal U
4 | IN1 open | IN3 open 1 0 1 1 zero calibration signal Uy

To simplify the calculation process, we can assume
the zero calibration signal Uy = 0. The calibrating
signal sampling value S; is available after the
amplifier, A/D conversion and zero calibration,
which can be got as
S$,=K-U =K-1-R, (7)
The IN1 channel of M; multi-channel and the IN2
channel of M, multi-channel are open at step 2, and
the output current / of AD5S90M pass through R, and
R,, as well as the line resistor 2r forms voltage signal
U, as formula (8)
U,=1-(R, +2r) (8)
The thermal resistor signal sampling value S, is
available after the amplifier, A/D conversion and
zero calibration, which can be expressed as follows
S,=K-U,=K-1-(R, +2r) 9)
The IN2 channel of M; and M, multi-channel are

open at step 3, and the output current / of AD5S90M
pass through Rj; and the line resistor 2r in correcting
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circuit forms line correcting voltage signal U; as
formula (10)

U,=2r-1 (10)

The line resistor signal sampling value S; is
available after the amplifier, A/D conversion and
zero calibration, which can be expressed as follows

S,=K-U,=K-I1-2r (11)

The IN1 channel of M; multi-channel and the IN3
channel of M, multi-channel is open at step 4
forming voltage signal U, and the zero calibrating

signal sampling value S4' is available after the
amplifier, A/D conversion and zero calibration

S, =K-U, (12)

The value of U, and S, - is too small to

converge to zero and the formula (12) is used to

the zero calibration of §;. S>. S3. We can get
formula (13) based on formula (9)
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SZ

R, =
K-I

—2r (13)

Formula (14) can be get based on formula (11)

S
2r=—23 14
r X7 (14)

Besides, Formula (15) which is not influenced by
the line resistor can be get based on formula (13) and
formula (14)

SZ S3
=2 _ =3 15
" K-I K-I (13)

Formula (16) can be get based on formula (7)
K-I=— (16)

Finally, formula (17) can be get based on formula
(15) and formula (16)

_ Sz _S3

R
t Sl

R, an

Formula (17) is the theoretical calculation model
of the current method model for measuring thermal
resistor. The measurement accuracy error caused by
the line resistor can be completely eliminated, which
makes the device is not affected by environmental
temperature. From formula (17), we can see that R, is
related to Ry, S;, S, and S; rather than the output
current / of AD590M and the amplification factor K
of the Amplifier, so this design can ignore the zero
drift and nonlinear effects.

3. The hardware design of the system

The hardware of the system is designed as the block
diagram Fig. 3 shows.
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the display
AD590M i unit
A serial
MCU - port output
Y
multi-channel
(P
CD4051 I A/D574
Y Y
the copper

| multi-channel the amplifier
CD4051 - unit

resistance and
standard resistance

Fig. 3 The hardware block diagram of the system

3.1 The temperature signal processing unit
The signal measurement circuit is made up of the
copper thermal resistor R,, standard resistor Ry(in this
paper Rp=164.27 Q) ), resistor R;~R;, the multi-
channel switch M; and M,, etc. In addition, R, R,
and Rj; can be calculated according to the standard
that the total resistor of each line is nearly equal. In
this paper, R;=835.73Q2, R,=868.62Q2, R;=990Q),
r=5C . The main functions of this unit are signal
acquisition, the calibration of measuring range, zero
calibration, the correction line resistor, etc. The
hardware parts of the signal measurement circuit are
shown as Fig. 4.
M, ; ADS590M 30y

multi-channel
CD4051

M,
A Ul INO
E]R‘ U2 IN1 COM
U3 N2| cD
L U4 IN3| 4051
l R
Ry

Fig.4 The hardware p:;rts of the signal measurement
circuit

3.2 The Signal amplification unit

The amplifier unit adopts three-stage amplifier,
which is composed of operational amplifiers ICO ~
IC2, etc. The amplifier unit is designed as Fig.5.
Because the input signal is transformed by the
current / from AD590M, the input impedance of the
amplifier must be designed to be relatively high. The
maximum value of Cuyg thermal resistor is
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164.27 QO , and the line equivalent resistor 2r is
approximate to 10 Q2. The AD converter AD574
adopts 10V input method. The output current of
AD590M is 323.2uA  when the environment
temperature is 50°C. We can get the magnification of
the total amplifiers
K=10V/[(164.27Q+10Q)%x323.2 uA]=177.54. The
magnification K;, K,. Kj of each amplifier can be
calculated as follows

R¢
INO —
NI |cp [V Ry
IN2 4051 — p S
e ir-e
- R[] 1CL76%

Fig.5 The signal amplification unit

Ry
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M, COM unit
CDa051 P1.0~P1.1
IN2 | IN1 | INO P1.2~P1.3
R; R>| Ry
. Ul INO
U2 INI
U3 m2| CD
N3] 4051
Ir,
U4
M,

89851
MCU

IC2
OP0O7

P1.7

K, =1 (18)
R
K, === 19
3 (19)
AD574 o
Connect the MCU
alarm unit
AD574

Fig.6 The data acquisition and processing unit
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A10 ;z 2 cs 13
6 A9 52 S| RC —
7 P3.6 A8 5 28 A0 - I Connect the
5ol P37 P14 STS CE 12/8 amplifier output
[{GND s 7
P
Fig.7 The interface circuit of the MCU and AD574
the zero calibration signal S, ), we can get the
R
9 .
K, = R (20) sampling data S; . S, and S;.

7

Where R,=2K Q2 , R=51K Q , R=1 KQ ,
R9:6.8K Q , 1{5:1{4//1{(7 y RgZR’///Rg, the total

magnification is

Ry R,

K=K, K, K, =173.4

= (21)
4 7
The actual magnification is slightly less than the
calculated value of 177.54, but as a result of using
the real-time calibration, the calculation model does
not contain the magnification. So the magnification

does not affect the accuracy of the results.

3.3 Sampling and Data Processing

The data sampling process has been introduced in the
current method of measuring thermal resistor model
[1-2,24-25]. The MCU samples according to table 1

and Fig. 6. We define the sampling value of U;, U,
v U;and Ujto be S;-,. S . 8- and S,

respectively. After digital filter, bad data value
processing and zero calibration (namely excluding
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S =8 -8, (22)
S, = Sz' -5, (23)
S, =8, -8, (24)

3.4 The design of A/D conversion part

This part adopts conversion chip AD574 with
single polarity input method [1-4,25], which can
convert the voltage ranging from 0V to 10V. After
conversion, the eight high numbers is exported from

DBI11 ~ DB4, while the low numbers is exported

from DB3 ~ DBO0. Interface circuit is shown in Fig.

7. The conversion process of AD574 can be seen as
setting port address to DPTR -> starting the
transition > tracking the status of the output signal
STS - reading the conversion result.

3.5 The design of display unit
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The interface circuit of the MCU and LED digital
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tube is shown in Fig. 8.

O
a a a a —L—.-Liﬁsv
il e b e |p il e |p e |p P
e| |c e| |c e| |c e| |c Veo
4 d d —a
hbcdef ga hbcdef ga hbcdef £a hbcdef a
1315 [10] 12 13]5 [ 10] 12 1315 [ 10] 12 135 |10 12 P1.5
4 16 | 1113 4 lel 1113 4/ l6l [ 11]3 40 16| | 1113 P1.6
74LS164 74LS164 74LS164 74LS164
112] 87 2] 87 112 8|7 112 8|7 AT89S31
+5V
O
1 | GND

Fig.8 The interface circuit of the MCU and LED digital tube

3.6 The design of alarm unit

The temperature measurement range of this device is

- 50 ~ + 150 °C, so the device must give an alarm
when the measured temperature is beyond the scope

of measurement. The interface circuit of the MCU
and alarm unit is shown in Fig. 9.

T isv
L4
LT e
alarm unit
P17 AT89S51

201 GND

Fig.9 The alarm unit
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3.7 The design of serial output unit

The serial output port is completed by MAX220.
Each data contains 2 bytes and the baud rate is 9600,
which can be accurate to 0.1 [J. The interface circuit
of the MCU and the serial output unit is shown in
Fig. 10.

+5V
1T T
- T
Vce
13 16 ﬁ 10pF
07*
o 14 6
AT89S51
! 1
MAX 10pF
4.7uF
I =TI N T
. 4
The serial 5] 11
output 4T 5 12 b3l
p P32
15 L 20
In GND

Fig.10 The serial output unit

4 The software design of the system

The main function of the system software is to
control the multi-channel logic switch completing the
data acquisition and accomplish the bad value
processing, digital filtering, the copper thermal
resistor calculation, the reverse look-up of the
indexing table, the calculation of fractional part
between two integral temperature points, the warning
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system and the temperature display part, etc. The
software design uses block-based design method in
order to facilitate the programming and modification.
The block-based design is a set together with a
family of subsets (repeated subsets are allowed at
times) whose members are chosen to satisfy some set
of properties that are deemed useful for a particular
application. So we often adopt block-based design to
exploit complex systems[1-4,24,27-29].

Through analysis, the software program design of
this temperature measuring device can be divided
into the program initialization, the bad value
processing subprogram, digital filter subprogram,
copper thermal resistor calculation subprogram,
temperature  calculation  subprogram,  alarm
subprogram and display = subprogram, etc.
Additionally, the block diagram of the software
design is presented as Fig. 11.

There are 201 temperature points in the indexing

table of Cujg thermal resistor, ranging from -50 °C

to 150 °C. The value of the Cu,q, thermal resistor of

each temperature points adopts 10m Q) as the base
unit, which exists in two bytes using hexadecimal
code. The temperature points were made into
indexing table according to the sequence from low
temperature to high temperature, which were stored
in the memory with the memory address increasing.
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With the fitting function of Matlab software, we get
the temperature characteristic curve of the value of
the copper thermal resistor with temperature, where
the R*=1, indicating that the linear relationship is
relative good. The scatter diagram and the fitting
curve of the Cujo thermal resistor indexing table
with the temperature are shown as Fig.12.

150

100

50

t{e)

0

-50 : ' ' :
100 120 140 160

Rt
Fig.12 The scatter diagram and the fitting curve
of the Cuyoy thermal resistor indexing table with
the temperature

80
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. collect U1 RO 2 U,
syl sul syl Sy
v

digital filtering
and calculate

Rt:[l Sz-S3[| 16427/81

YRt

N
Set t=150 v
alarming R<78.49 '
Look up the vindexing table and Set t=-50
calculate Ryl clear alarming flag alarming
Ry>R <R
¢ T Compare Ry with R, Ra<R, ‘
Continue to search Ry ‘ Continue to search Ry
Re=R¢ i
Ryi-R
R¢>R, . Ri-R¢ Y

- \RUTR‘/
N < N

A
Save the value and
calculate decimal temperature

"| set decimal temperature to 0
calculate the ‘

temperature t

'

Save the value and

display -t=50-t and according to
the negative temperature converts
the fractional part

t=t-50, display the
t=50 temperature

‘ Set the temperature to 0 ‘

> -

A

display and
alarm unit

Fig.11 The block diagram of the software design

The formula of the characteristic curve in Fig.12 Where the unit of R, and ¢ are Q and [
is shown as respectively.

The error of the fitting curve and characteristic

t=2.334-R, —233.34 (25) curve of the copper thermal resistor is relatively
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small. The maximum temperature error is 0.16 °C,

less than 1 °C, between the same copper thermal

resistor values, so we can find the whole
temperature points without missing.

We can get the value of R, based on the formula
(17). If the value of R, equals to the value in the
Cujpp thermal resistor indexing table, the
temperature value is the corresponding temperature
value which is requested. Otherwise, we should
calculate the decimal part of the temperature with
the linear interpolation method. The decimal part
At can be expressed as formula (26)

Rz B Rz (tz)

t= x1°C
R(tz +1)_Rt (tz)

(26)

where R/(t.) is the maximal integer thermal resistor
value which is not greater than R, while R, (t, + 1) is
the minimum integer thermal resistor value which is
not less than R, , namely, the value of R, is between
R(t.) and R; (t, + 1). If the accuracy of At is 0.1°C,

the final temperature value for the measurement can
be expressed as formula (27)

t=t, +At (27)

5 The error analysis

From formula (17) we can get the combined
standard uncertainty of R, as formula (28)

u(R) =1V () + Gy (5,) +

8_R,2 2 %2 2 %
(aSS) u (S3)+(6R0) u(R,)]
S, —

=[(—S—IZS}-R0>2u2(sl>+(%>2u2(sz>+

(28)

Sz _S3
S,

<—%>2u2(s3>+( Yl (R

1
S, represents the calibrating signal sampling value
with the temperature changing and the minimum

value of S; is S;= ( 273.15/323.2uA ) x4096=3462

at 0°C. S, represents the copper thermal resistor
signal sampling value and the maximum value of S,
is 4096. S, represents the line resistor signal
sampling value. If we approximate 2r as 1002, S;
can be expressed as
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S5=10Q x4096/174.27 Q2 =235.04. u(S;) + u(S>).
u(S;) represent the standard uncertainty of AD574
whose mean value is 1/ ( 2><4096\/§ ) =7.04E-5.

u(Ry) represent the standard uncertainty of Ry whose
value is 164.27 Q (the maximum error is 0.01 Q).
By choosing the confidence probability of normal
distribution  as 0.9973, we can  get
u(Ry)=0.01/3Q=3.33E> Q.

After calculating the minimum value of S; , the
maximum value of S, ,S; ,u(R), we can get u(R)
(the combined standard uncertainty of R,). By
choosing the confidence probability of normal
distribution as 0.9973, we can get the extended
combined standard uncertainty of R, which can be
expressed as U=3 xu(R,)=0.011 Q).

From the Cu,g,thermal resistor indexing table, we
can find the minimum difference of thermal resistor
value between two integer temperature points is
0.39Q), which means that the maximum of copper
resistor temperature conversion coefficient is

1°C/0.39 Q). The total measuring error is determined
by the error of R, (0.011€2) and the rounding error
of R, (the maximum rounding error of Cuyq is
0.005€2) when calculating. We convert the resistor
error to the limit error of temperature which can be
Oy =0.028°C 0, =0.013°C

respectively. Finally, the limit temperature error of
the device can be expressed as formula (29)

expressed as

§=4/62+6,> =+/0.028 +0.013?
=0.031°C

(29)

Formula (29) is the theoretical limit error of the
device, which can meet the general industrial design
requirements.

6 Conclusion

The purpose of this paper is designing a copper
resistance (Cul00) linear temperature measurement
device, mainly used for the temperature control of
industrial processes. The device is made up of signal
acquisition unit, signal amplification unit, A/D
converter, digital display unit, serial ports and other
sectors, mainly to complete the data acquisition,
logic control, bad value processing, digital filtering,
the calculation of thermal resistance, look-up table,
calculation, warning, serial output and display. The
System uses ADS90M constant current source
instead of the constant current source, providing
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current. Under the control of the AT89S51 MCU,
the standard resistance uses the standard signal to
calibrate the system, then conduct signal sampling,
calculation of the copper resistance value and the
temperature values corresponding to the reverse
look-up of the indexing table, thus achieving a true
sense of the linearization. The device greatly
reduces the temperature drift and nonlinearity of the
amplifier in the measurement process, realizing the
whole temperature measurement range of the copper
resistance. The theoretical error of the device is less
than 0.1 T to meet the requirements in most of
industrial processes.

References:

[1] Yue, Cai Qing, Based on MCU AT89S52
temperature control system, Applied Mechanics
and Materials, Vol.441, 2014, pp. 875-878.
Oberoi, D.S.; Dhingra, Harinder, Simple
Temperature Indicator Uses RISC-Based MCU,
Electronic Design, Vol.51, No.19, 2003, pp.67-
68.

Reading, M., The use of modulated temperature
programs in thermal methods, Journal of
Thermal Analysis and Calorimetry, Vol.64,
No.1, 2001, pp.7-14.

Azzouzi, M.; Neri, F., An introduction to the
special issue on advanced control of energy
systems, WSEAS Transactions on Power
Systems, Vol.8, No.3, 2013, pp.103.

Ciufudean, C., Nri, F., Open research issues on
Multi-Models for Complex Technological
Systems, WSEAS Transactions on Power
Systems, Vol. 13, 2014, in press.

Neri, F., Open research issues on
Computational Techniques for Financial
Applications, WSEAS Transactions on Power
Systems, Vol. 13, 2014, in press.

Pekar, L., Neri, F., An introduction to the
special issue on advanced control methods:
Theory and application, WSEAS Transactions
on Systems, Vol.12, No.7, 2013, pp.337-338.
Bojkovic, Z.; Neri, F., An introduction to the
special issue on advances on interactive
multimedia systems, WSEAS Transactions on
Systems, Vol.12, No.6, 2013, pp. 301-303.

An, Young-Jae; Ryu, Kyungho; Jung, Dong-
Hoon; Woo, Seung-Han; Jung, Seong-Ook, An
energy efficient time-domain temperature
sensor for low-power on-chip thermal
management, [EEE Sensors Journal, Vol.14,
No.1, 2014, pp. 104-110.

[10] Doroshin, A. V.; Neri, F., Open research issues

(2]

(3]

[7]

[8]

E-ISSN: 2224-2678

658

Jiu-Qiang Zhao, Xiao-Fen Li, Zhi Cheng, Guang Chen

on Nonlinear Dynamics, Dynamical Systems
and Processes, WSEAS Transactions on Systems,
Vol.13, 2014, in press.

[11] Guarnaccia, C., Neri, F., An introduction to the
special issue on recent methods on physical
polluting agents and environment modeling and
simulation, WSEAS Transactions on Systems,
Vol.12, No.2, 2013, pp. 53-54.

[12] Doroshin, A.V., Exact solutions in attitude
dynamics of a magnetic dual-spin spacecraft
and a generalization of the lagrange top,
WSEAS Transactions on Systems, Vol.12, No.
10, 2013, pp. 471-482.

[13] Volos, C.; Neri, F., An introduction to the
special issue: Recent advances in defense
systems: Applications, methodology,
technology, WSEAS Transactions on Systems,
Vol.11, No.9, 2012, pp. 477-478.

[14] H4jek, P., Neri, F., An introduction to the
special issue on computational techniques for
trading systems, time series forecasting, stock
market modeling, financial assets modeling,
WSEAS  Transactions on Business and
Economics, Vol. 10, No. 4, 2013, pp. 201-292.

[15] Doroshin, A.V., Synthesis of attitude motion of
variable mass coaxial bodies, WSEAS
Transactions on Systems and Control, Vol. 13,
2014, in press.

[16] Karthikeyan, P., Neri, F., Open research issues
on Deregulated Electricity Market:
Investigation and Solution Methodologies,
WSEAS Transactions on Systems, Vol. 3, No. 1,
2008, pp. 50-61.

[17] Panoiu, M., Neri, F., Open research issues on
Modeling, Simulation and Optimization in
Electrical Systems, WSEAS Transactions on
Systems, Vol. 13, 2014, in press.

[18] Lv, Sisi, Study on low temperature performance
evaluation index of asphalt mixture based on
bending test at low temperature, Applied
Mechanics and Materials, Vol. 193-194, 2012,
pp. 427-430.

[19] Johnston, A.H.; Swimm, R.T.; Thorbourn, D.O.,
Total dose effects on bipolar integrated circuits
at low temperature, [EEE Transactions on
Nuclear Science, Vol.59, No.6, 2012, pp. 2995-
3003.

[20] Sun, Rong-Gao; Wan, Zhong; Sun, De-Chao,.
Based on embedded database greenhouse
temperature and humidity intelligent control
system, WSEAS Transactions on Circuits and
Systems, Vol.8, No.1, 2009, pp.41-52.

[21] Wang, Chenluan, A thermostat fuzzy control
system based on MCU, 3rd International
Symposium  on  Intelligent  Information

Volume 13, 2014



WSEAS TRANSACTIONS on SYSTEMS Jiu-Qiang Zhao, Xiao-Fen Li, Zhi Cheng, Guang Chen

Technology Application, IITA 2009, Vol.1, 2009,
pp. 462-463.

[22] Yi, Soon Jai; Jeong, Hang Geun; Cho, Seong Ik,
Temperature compensated crystal oscillator
based on current conveyor and thermistor
network, WSEAS Transactions on Circuits and
Systems, Vol.6, No.3, 2007, pp. 296-301.

[23] Lin, Shieh-Shing; Horng, Shih-Cheng; Hsu,
Hen-Chia; Chen, Jia-Hau; Hsieh, Tseng-Lin;
Ho, Chih-Hao; Lin, Kuang-Yao, A design of a
class of temperature stabilization system and
implementation, WSEAS Transactions on
Circuits and Systems, Vol.8, No.6, 2009, pp.
498-507.

[24] Liu, Guo-giang, A temperature-measuring
system on the gun-barrel bore of armor-artillery
base on 80C196 MCU, Advanced Materials
Research, Vol.562-564, 2012, pp. 1920-1923.

[25] Wang, Haizhen; Duan, Zhengang;Wang, Jian;
Lian, Xiaoqin, A design of boiler temperature
monitoring system based on MCU, 2011
International Conference on Electrical and
Control  Engineering, ICECE 2011 -
Proceedings, 2011, pp. 3765-3768.

[26] Han, Dawoon.; Jang, You-Cheol; Oh, Sung-
Nam; Chand, Rohit; Lim, Ki-Tae; Kim, Kab-Il;
Kim, Yong-Sang, MCU based real-time
temperature control system for universal
microfluidic =~ PCR  chip,  Microsystem
Technologies, 2013, pp.1-6.

[27] Lin, Jin; Tong, Zhao, Granary temperature and
humidity detection system based on MCU,
Advanced Materials Research, Vol. 605-607,
No.19, 2013, pp. 941-944.

[28] Muntean, M.; Neri, F., Foreword to the special
issue on collaborative systems, WSEAS
Transactions on Systems, Vol. 11, No.11, 2012,
pp. 617.

[29] Pekar, L.; Neri, F., An introduction to the
special issue on time delay systems: Modelling,
identification, stability, control and applications
WSEAS Transactions on Systems, WSEAS
Transactions on Systems, Vol. 11, No.10, 2012,
pp- 539-540.

E-ISSN: 2224-2678 659 Volume 13, 2014





