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Design of a Low Cost Smart Dryer Temperature Measurement
System for Tea Factories
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Abstract: This paper presents the design of a low cost smart dryer temperature measurement system
for Tea Factories using K-type Thermocouple implementing linearization polynomial. The thermo emf
is amplified by an instrumentation amplifier having high CMRR (106 dB) and high input impedance
(10" Ohm). The analog signal is converted to digital form with the help of an SPI compatible 12-bit
ADC. Data acquisition and transmission is done with an 8- bit microcontroller. As the dependence of
thermo emf on temperature is not linear hence it is fitted with a polynomial. NIST data for K-type TC
is taken as a standard for this fitting. The error with linear fit and polynomial fit is also presented. The
digital data is corrected according to the polynomial and sent to a PC located at a remote control room
for monitoring and data logging via RS232C communication. The performance of the entire system is
discussed in the paper. Copyright © 2009 IFSA.

Keywords: Sensor network, Serial communication, Thermocouple linearization, Tea factory,
Microcontroller

1. Introduction

Tea is the major agricultural resource which plays an important role to the economic growth of India in
general and Assam in particular. Almost 2500 numbers of tea gardens are there in Assam producing
almost 25 % of total tea production of India [12]. But advanced process control and monitoring
systems are not yet introduced in most of the tea factories. To enhance quality of tea precise
monitoring and control of different physical parameters like humidity, temperature, moisture content
of tea leaves etc. are very much essential.
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In tea processing fermented tea leaves are dried in a dryer. Hot air with temperature 104 °C is allowed
to enter the dryer. Precise measurement of hot air temperature at the inlet of a dryer is a crucial factor
for tea quality [1]. Apart from it data storage is also essential such that the supervisor can analyze the
past status of the dryer. Field experience reveals that most of the factories use conventional
instrumentation for measurement of temperature. These instruments have limited precision with no
data storage feature. One of the solutions to it is the use of sophisticated data acquisition cards, but
these are not popular because of their high cost and necessity of skilled manpower.

Thermocouples (TC) are one of the most popular and reliable sensors, which have a very wide range of
operation and can be applied to many different industrial environments [9, 10, 11]. The first
complexity with TC for high accuracy measurement is that there is no fixed relationship for
temperature and thermo emf produced [6]. So look-up table [3, 4, 7] is one of the options. Look-up
tables require many calibration points, whose number can be reduced by interpolating between them.
Calculating the inverse of the function (polynomial fit) that relates the input and the output requires us
first to determine that function; which needs many reference inputs again. Storage need is smaller than
that for the look-up table method [7]. In smart sensor application, this polynomial [9] fit can be done
within STIM (Smart Transducer Interface module) [5, 8] or by the host PC.

The required relation between this conditioned emf and temperature is derived applying the
polynomial-fitting algorithm to the amplified thermo emf. The increase in accuracy thus obtained is
observed. The polynomial for temperature is calculated for the range of 0-200 °C such that it is
compatible with 12-bit resolution ADC (ADS1286, Texas Instruments) that runs with 5V dc source.
We have used NIST-90 data for K-type thermocouple for this purpose.

The data is sent to a central control room via RS232C where display of this data and storing is done
using a PC. The linearization, system description and software developed for this purpose is in the
following sections.

2. Linearization of Thermocouple
The thermo emf is amplified using an instrumentation amplifier (INA110, Texas Instruments) with a
gain 500. The amplified thermo emf is used to fit a 9" order polynomial using least square polynomial

fitting [2] algorithm for the corresponding temperature. The coefficients of the polynomial are shown
in Table 1.

Table 1. Coefficients of the polynomial.

Parameter Value

A 0.00269

B, 0.05063

B, -1.24656E-6
Bs; -4.34493E-10
B, 9.39481E-13
Bs -6.8794E-16
Bs 3.02726E-19
B; -71.72974E-23
Bsg 1.04247E-26
B, -5.76086E-31
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Polynomial:

Y = A+ By X+ By X2+ By X3 + By X+ B X + Bg X8 + By X +Bg- X8 + By X,

where Y is the temperature in °C; A, B’s are constant coefficients and X is the amplified thermo emf.

From the theoretical data error curves are drawn for different temperatures from 0 to 200 °C using both
polynomial (Fig. 1) and linear regression (Fig. 2) i.e. assuming 40 microvolt per degree Celsius. The
error calculated using polynomial is found to be +0.02 °C to —0.01 °C. But for linear regression it is
found to be +0.83 °C to — 0.5 °C, which is much higher than the error calculated from polynomial.

0.025 ~

0.020

0.01'<c

0.015
0.010

0.005

Error in °C

0.000
-0.005 ~

-0.010

-0.015

\ 0
-0.011c

T T T
0 50 100 150 200

Temperature in °C

Fig. 1. Error calculated using polynomial.

1.0 4

0.83

0.8—-
0.6 -
0.4
0.2

0.0 1

Error in °C

-0.24

0.4

-0.6 1

T T T T
0 50 100 150

Temperature in °C

T
200

Fig. 2.Error calculated using linear regression.
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3. System Description

The block diagram of the system is shown in Fig. 3. The thermo emf is amplified by an
instrumentation amplifier having high CMRR (106 dB) and high input impedance (10** Ohm). This
part is put in metallic shielding to avoid radio frequency (RF) and electromagnetic (EM) interferences.
The noises picked up by the TC are filtered out using a low pass filter (LPF). The analog signal is
converted to digital form with the help of a serial synchronous interface (SSI) compatible 12-bit ADC.

K-type TC
)
~ —> Instrumentation .| SSlcompatible
O LPF > Amplifier v 12-bit ADC
X
3
o g 5 Metallic Shielding
@
N
8 v v
1%}
Remote PC
For DL&D N
8 bit microcontroller

with built in UART

RS 232C

Fig. 3. Block diagram of the system.

The heart of the system is an 8 bit microcontroller (AT89C2051) with built in UART. The ADC is
interfaced with it. The digital data is converted to temperature with the polynomial mentioned above
by this microcontroller. The converted value is sent to a PC situated at a remote control room is
transmitted using RS232C communication. The Firmware is developed for this purpose using KEIL
IDE. The software for the host PC is also developed. PC is used for data logging and display (DL&D).

4. Software Description

The required firmware for data conversion, correction and transmission to the remote PC is done with
the help KEIL integrated development environment (IDE). Flowchart of the firmware is shown if
Fig. 4.

The software required at PC to receive data serially is developed using Visual Basic. It receives data
serially through COM port. Digital data is then converted to temperature. The temperature is displayed
on the PC. Simultaneously the data is also stored in the HDD of the PC for future use. The flow chart
is shown in the Fig. 5.
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Fig. 4. Firmware. Fig. 5. Software.

5. Field Experience

The system was installed for testing at Sonapur Tea Estate, Sonapur, Kamrup, Assam (India). The
system was used to monitor the inlet temperature of one dryer. The screenshot of the display is shown
in Fig. 6 below. In the industrial environment the performance of the system is found to be
satisfactory.

The dryer is situated at a distance of 20 meters from the control room. So RS232C communication
works properly.
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Fig. 6. Screen shot.

6. Conclusion and Discussion

The system has been constructed and successfully installed and operated in Sonapur Tea Factory near
Guwahati, India. Automatic alarming after reaching set point is also incorporated with this system.

This system is used for both inlet and outlet temperature measurement of the dryer. The
communication through RS232C is a low cost one and compatible with such industrial environment.
The monitoring and data logging by a PC will help future analysis. No skilled manpower is required
for the operation of the system.

The system can accommodate more number of dryers without major modification at a very nominal
cost.

Acknowledgement

The authors of the paper acknowledge University Grant Commission, New Delhi, India for their
support under Minor Research Project (No. 34-570/2008 (SR)). Support from Texas instruments
(Texas, USA) for supplying few components under their sample program is also acknowledged. The
manager of Sonapur Tea estate (Sonapur, Guwahati, Assam, India) and the staff freely provided their
cordial co-operation in installing the device and testing at their factory site.

13



Sensors & Transducers Journal, Vol. 108, Issue 9, September 2009, pp. 8-14

References

[1]. S. L. Sarnot, Need of Electronic Instrumentation in Tea Industries, Technical Report.

[2]. L. A. Pipes and R. Harvill, Applied Mathematics for Engineers and Physicist, 3" Edition, McGraw- Hill
International Editions, pp. 562-565.

[3]. Utpal Sarma, Digbijoy Chakraborty, P. K. Boruah, Design of a Smart and High Precision Industrial
Temperature Measurement and Monitoring System using K-type Thermocouple and SPI-compatible
Temperature Sensor, Sensors. and Transducers, VVol.102, Issue 3, March 2009, pp.1-9.

[4]. Sandip Pal, A. Rakshit, Sensors and Actuators A, 112, 2004, pp. 381-387.

[5]. K. Lee, Proceedings of the Technology Conference on IEEE Instrumentation and Measurement, Baltimore,
MD, USA, 1-4 May 2000.

[6]. Mark W. Zemansky and R. H. Dittman, Heat and Thermodynamics, 6™ edition, McGraw Hill International
Book Company, pp. 21.

[7]. Josep Jordana and Ramon Pallas-Areny, IMTC 2M4 - 1nstrumentation and Measurement Technology
Conference, Coma, Italy, 18-20 May 2004.

[8]. IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—Network Capable Application
Processor (NCAP) Information Model, Sponsor: - TC-9 Committee on Sensor Technology of the: - IEEE
Instrumentation and Measurement Society; Approved 26 June 1999 IEEE-SA Standards Board

[9]. M. S. Wantable, et al., Micro-thermocouple Probe for Measurement of Cellular Thermal Responses, in
Proc. of IEEE Engineering in Medicine and Biology 27" Annual Conf., 2005, pp. 4858-4861.

[10].M. Marinov, et al, An Adaptive Approach for Linearization of Temperature Sensor Characteristics, IEEE
27" Int’| Spring Seminar on Electronics Technology, 2004, pp. 417-420.

[11].J. P. Bentley, Temperature Sensor Characteristics and Measurement System Design, J. Phys, E: Sci.
Instrum., 17, 1984, pp. 430-439.

[12].http://www.assamteaxchange.com/directory/gardens.asp?id=556

2009 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

Universal Frequency-to-Digital Converter
(UFDC-1 and UFDC-1M-16)
in MLF (5 x 5 x 1 mm) package

SWP, Inc., Toronto, Ontano, Canada,
Tel. +: , fax: +34 93 4011989, e-mail: s nsorsportal.com
http:f'www.sensorsportal. com/HTMLU/E-SHOP/PRODUCTS_4/UFDC_1.htm

14



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal's webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2009.pdf



WlLEY

1807-2007
KNOWLEDGE FOR GENERATIONS

‘Written by an internationally-
recognized team of experts,
this book reviews recent de-
velopments in the field of
smart sensors systems, pro-
viding complete coverage

of all important systems as-
pects. It takes a multidiscip-
linary approach to the under-
standing, design and use of
smart semsor systems, their
building blocks and methods
of signal processing.’

Order online:
http:/lwww.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensor_Systems.htm

www.sensorsportal.com




