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Abstract - The objective of this paper is to concentrates the 
observation and construction of low cost, low power 
microcontroller based SCADA system for monitoring & accessing 
the performance o sugar industries by acquiring and controlling 
the physical parameters such as Temperature, Humidity, 
Pressure, Weighting and Motor driven to get better end product. 
We know that Microcontrollers are rapidly replacing 
conventional PLCs in many industrial applications such as 
SCADA system for SSI and MSI units such as sugar industries 
due to easy availability, simplicity, cheaper design and easy 
trouble-shooting .It is revealed from the comparative study that 
many more representative members of a micro controlling devices 
from various manufacturers with variety of useful options so as 
to improve further the performance of the SCADA (Signal 
Conditioning and Data Acquisition) system so that you can turn it 
into Advanced SCADA with a drastic cost cutting for design and 
maintenance. In the present paper, Authors have tried to brief the 
outcome of the comparative study of such micro controlling 
members so that future – cost – cautious - designers of industrial 
SCADA systems can readily use them in their designs. Author 
focused on technology which has minimum cost with more speed 
of operation without damaging quality products and system 
performance. Author finally concluded that the use of recent 
microcontroller in SCADA system in sugar industry can increase 
the quality and performance of the plant so that the cost is low 
and power used for it is also minimized. 

Keywords: SCADA, Microcontrollers, Sugar plant, Embedded 
Design, Field-bases Assets. 

I. INTRODUCTION  

The consistent technological up gradation of computing 
powers in intelligent device called microprocessor is 
responsible for fifth generation supercomputing system for 
giant applications like weather forecasting, higher solution 
medical imaging satellite imaging, navigation system, 
genetics and military electronics, to name a few. 
Simultaneously, parallel development in miniaturization of 
the circuit could develop embedded system products for 
many dedicated applications, including SCADA. [1] 
Embedded system product uses microcontroller or 

microprocessor to do one or more task, obviously, with 
flexibility in programming. 

PROCESS IN THE SUGAR PLANT: 

The manufacturing process of sugar involves several sub-
processes which transformer sugarcane juice into crystals 
and clean naturally to protect the organism from harm 
impurities. [11] 

The Sub-process involves:  

a. Entrance  

b. Milling  

c. Clarification  

d. Evaporation  

e. Crystallization  

f. Separation  

g. Refining  

h. Drying  

i. Packing 

a. Entrance  
 
First of all at the entrance weighing of sugar cane is done on 
scale which transports it into the mill. At this time the 
samples are taken and analyzed continuously through quality 
department to determine the quality of the raw material. 

The sugarcane that arrives at the manufacturer is discharged 
on the feeding tables through sugarcane rotators with a 
capacity of 50 MT. To have a cleaner process, in the 
sugarcane tables water is applied between 110 and 120°F for 
washing, removing solids or foreign matter like soil. After 
that sugar cane experiences a predation process where 
breaking and fiber extraction from stem cell through 
chippers, oscillating mincers to proceed with juice extraction 
process. 
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Fig. 1.1: A typical Process in the Sugar Plant. [2] 

b. Milling  

This is a continuous process that is currently carried out in 
three mill tandems with a total daily milling capacity of 
32.200 MT, distributed into tandem “A” (9,000 MT); 
tandem “B” (11,040 MT) and tandem “C” (11,960 MT).  
The prepared sugar cane is fed, which undergoes a sequence 
of extractions with the help of mills and mallets having V-
type striped mallets to make the mill process more efficient. 
The poor juices of the millings are reprocessed called as 
mashing process and hot water is applied in the last milling 
at a temperature between 155º and 179°F to increase the 
extraction. The bagasse is an industrial product that is 
transported toward the boiler system to use it in its biomass 
state as fuel. The remaining byproduct is reserved to cover 
emergency stops as well as to hydrolyzation. 

c. Clarification  

The juice derived from the mills goes through heaters that 
reach temperatures between 140º and 155°F. Then, it goes 
through the sulphation tower, decreasing the pH to produce 
only white sugar.  In this phase, sulphur is used as a 
bleaching agent; then, by making a lime batch between 6 
and 10 baume the juice is neutralized. The juice heating is 
carried out in three phases. One is vegetal vapor of 5.0 psi, 
reaching temperatures between 175º and 185°F. The second 
is vapor of 5.0 psi, reaching temperatures between 205º and 
215°F and, the last, with vapor of 10 psi to verify the juice 
automatically.  

Reference to the previous process, when an atmospheric 
pressure is released the juice might be suffer a slight 
evaporation in the tank, due to the presence of bubbles 
trapped inside.  

The next step is to feed the juice into the clarifiers, slowly, 
to allow sludge concentration and extracting the same by 
gravity in a clarifier and pumps. In the last stage of this 
process, vibrating screens are used for the eradication of 
bagasse and avoid it falling into the final product. 

d. Evaporation  

The evaporation system operation in the plant is the fivefold 
effect, not only for the white line, but also for the raw line. 
The operation is rather clear as it involves entrance and exit 
conditions, level, etc. of each evaporator.  

The juice goes from one evaporator to another with pumps 
known as “of transfer” such process is executed when we 
stabilized the following factors.  

• Close attention to the final product. 
• Absolute pressure over the process.  
• Feed capacity of vapor and juice at first evaporator. 
• Gasification process. 
• The engraft control of each evaporator 
 

e. Crystallization  

The sucrose crystallization or growth that contains syrup is 
carried out in vacuum containers. This cooking will produce 
raw sugar and white sugar. This is a delayed process that is 
accelerated microscopic sugar particles known as seeds into 
the container. The operator’s experience should judge the 
exact cooking point to obtain a good product.  

f. Separation  

The cylindrical equipment that rotates at high speed separate 
out the sugar crystal whereas the remaining product is honey 
in the centrifuges. At the centrifuges the honey passes 
through fabric which trapped the crystal and washes with 
water. The sugar is then transferred to the drying and 
cooling process. 

g. Refinement  

The purification of white sugar involves some process in 
which some standard white sugar or raw sugar as raw 
material is used. In this process, sugar at some brix degrees 
is dissolved. [11] Then, activated charcoal and diatomaceous 
earth is added. The prepared solution goes through filter 
stage to obtain clear liquor which then gets evaporated and 
crystallization is started. 

h. Drying  
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In the centrifuge process, condensate water is used to wash 
sugar, which results in humidity, therefore, it passes it 
through the drying process to reach some levels of raw sugar 
and white sugar. 

i. Packing  

Export raw sugar goes directly from the dryer to the storage 
warehouses, where it is loaded in trucks that transport the 
same to the shipping port while refined and standard white 
sugar is packed in sacks for commercialized locally and 
internationally. 

II. DESIGN METHODOLOGY 

A System created to measure parameter like humidity 
temperature, pressure, stirrer using microcontroller. [12] The 
outputs of such parameter are displayed on LCD display as 
well as same data send to pc through RS232 for 
communication with SCADA to store and control that 
parameter. 

 
Fig. 2.1 Embedded Design For Supervisoary Control. [12] 

SCADA Overview 

A Supervisory Control and Data Acquisition (SCADA) 
system is a widely distributed computerized system 
primarily used to remotely control and monitor the condition 
of field devices from a central location. [13]  

SCADA system includes: 

a. The interface device between sensors at field and local 
control switchboxes and valve actuators, usually RTUs 
for this purpose. 

b. The data given from field device and local control unit 
gets transferred to the central computer through 
communication system. 

c. The main computer where all data comes and control 
action taken out called as Master station or Master 
Terminal Unit (MTU). 

d. Some HMI and MMI software system used in SCADA 
to operate the device and also supports communication 
system as control remotely located field device. 

 
Fig 2.2: Generic SCADA System. [13] 

A SCADA is the local computer communicates with the 
operator terminal RTUs (Remote Terminal Units). These 
RTUs collect information and sent it to SCADA where 
control action taken using necessary analysis and control. 
Also such information presented on display in logical 
manner. [13]  

This system has two parts; simple one, where a 
environmental control is taken place of green house or 
complex one, where substation automation with load 
shading problem. 

Field Data Interface Device: 

The device like Temperature sensor, Pressure Sensor, 
Humidity Sensor, Weighing Meter, Motors these all devices 
gives information which is useful for SCADA to control and 
monitor the performance of system. Each and every sensor 
related valves, actuators, switchboxes and dosing facility 
will be automated through that information with the help of 
SCADA while remotely controlling and monitoring such 
field devices. [13]  

This data is again I the form of sensors output which is not 
compatible with SCADA so that it get converted such that 
SCADA is comfortable with them. For this purpose RTUs 
are used which convert signal comes from field into 
compatible language and transmitted over a channel. 
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Communication system for Field Assets: 

Data given by field is employed between SCADA server and 
RTUs. When we deal with communication channel, data 
carrying capacity and bandwidth is more important. For data 
transfer we use cable, radio as a medium. Keeping in view 
that cables can’t covering large area as of cost and labour 
work. Radio is the economical solution where online 
operations performed. For this purpose LANs and WANs 
are used. 

 
Fig 2.3: Loop configuration (WANs) for SCADA. [13] 

As we see the WANs connects the SCADA server to 
multiplexers. These are full duplex i.e. they provide 
simultaneous data transfer in both direction and form star 
and loop techniques. Point-to-Point communication between 
multiplexer technologies is used in star and loop 
configuration. WANs redundancy couldn’t happened in star 
network as shown in figure 2.2 to overcome this loop 
network is form where a path is provided between 
multiplexer, gives redundancy so that reliability is higher as 
shown in figure 2.3. 

SCADA Server (Central Computer) 

This provides man-machine interface to the SCADA system 
where information gathered from RTUs and present to 
human. [1] The control terminal is again passed through 
main computer via any network. Now a days we all are 
familiar that the high resolution graphic is available so 
SCADA system also get some high graphic display for 
graphical user interface for monitoring and controlling some 
parameters. 

SENSORS USED 

a. LM 35 (TEMPERATURE SENSOR) 

Features: 

* Calibrated directly in ° Celsius (Centigrade) 

* Linear + 10.0 mV/°C scale factor 

* 0.5°C accuracy guarantee able (at +25°C) 

* Rated for full −55° to +150°C range 

* Suitable for remote applications 

* Low cost due to wafer-level trimming 

* Operates from 4 to 30 volts 

* Less than 60 μA current drain 

* Low self-heating, 0.08°C in still air 

* Nonlinearity only ±1⁄4°C typical 

* Low impedance output, 0.1 W for 1 mA load. 

 
Circuit diagram: 

 
Fig 2.4: Functional diagram of LM 35 DM. [9] 

TABLE1. SPECIFICATION OF LM 35 DM. [9][10] 
Sr. No. Parameter Voltage Ranges 

1 Supply voltage +35 V  to −0.2V 
2 Output Voltage +6V to −1.0V 
3 Output Current 10 mA 
4 Storage Temp. TO-46 Package −60°C to +180°C 
5 TO-92 Package −60°C to +150°C 
6 SO-8 Package −65°C to +150°C 
7 TO-220 Package −65°C to +150°C 
8 ESD Susceptibility 2500V 

9 

Specified Operating Temperature 
Range; 

TMIN to T MAX,     LM35, 
LM35A 

 
55°C to +150°C 

10 LM35C, LM35CA −40°C to +110°C 
11 LM35DM 0°C to +100°C 

 
b. HUMIDITY SENSOR (SY-HS-220) 
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The humidity sensor HIH4000, manufactured by 
Honeywell is used for sensing the humidity. It delivers 
instrumentation quality RH (Relative Humidity) sensing 
performance in a low cost, solder able SIP (Single In-line 
Package). [9] Relative humidity is a measure, in 
percentage, of the vapour in the air compared to the total 
amount of vapour that could be held in the air at a given 
temperature. 

c. SHT10 - DIGITAL HUMIDITY SENSOR   

 Economic relative humidity sensor for low cost 
applications.  

 RH operating range:    0 – 100% RH  

 Temperature operating range:     -40 – +125°C 

 RH response time:     8 sec 

 Output:     digital 

 
Fig 2.5: Schematic of SY-HS-220 [9] 

TABLE2. SPECIFICATIONS SHEET OF SY-HS-220 [9] 

Sr. No. Items SY-HS-220 
1 Rated Voltage DC 5.0 V 
2 Rated Power <= 3.0 mA 
3 Operating Temp. 0-60 C 
4 Operating Humidity 30-90% RH 
5 Storage Humidity Within 95% RH 
6 Storage Temp. -30-85 C 
7 Standards Output DC 1,980 
8 Accuracy +/- 5% RH 

 
d. PRESSURE SENSOR: 

 A pressure is nothing but force per unit area. 

 Pressure is an expression of the force required to stop a 
fluid from expanding, and is usually stated in terms of 
force per unit area.  

 A pressure sensor usually acts as a transducer; it 
generates a signal as a function of the pressure. 

III. OBSERVATIONS & FINDINGS OF THE 
REVIEW WORK AND DETAILED 

COMPARISON 

1. Microcontrollers from ATMEL ATtiny261/461/861 
with on-chip flash memory: Atmel’s new devices are 
20-pin tiny-AVR microcontrollers uses some timers 
which are high-speed timers useful for advanced 
SCADA in Sugar industries at the stage of tunnel 
furnace and boiling to expect high yield of sugar and 
jaggery. All three devices are pin-compatible with 
difference in only flash memory, EEPROM and SRAM 
memories. The ATtiny261 has 2 Kbytes of self-
programmable Flash memory; the ATtiny461 has 4 
Kbytes of self-programmable Flash memory; the 
ATtiny861 has 8 Kbytes of self-programmable Flash 
memory. Depending on the sugar plant size in tones, 
one can select the device with 2K, 4K, 8K bytes of the 
flash memory.[3] 

2. Temperature calibration of system parameters using 
internal temperature sensor of Tiny AVR(R): Available 
since March 2005, ATtiny25/45/85 can monitor and 
control temperature, power supply voltages and currents 
to avoid frequent shutdown of the sugar plant due to 
load shedding.[7] 

3. Microcontrollers with picoPower Technology: Released 
in December 2006, four new AVR(R) microcontrollers 
that incorporate power saving technology for multi-year 
battery life in Remote SCADA systems. The new AVR 
products are upgraded versions of the popular 64-pin 
Atmega325/329 and the 100-pin ATmega3250/3290 
microcontrollers. [7] The internal LCD power supply 
reduces the number of components in the end product, 
only requires one external capacitor and is powerful 
enough to drive a 3.3V LCD display from a battery 
voltage of 1.8V or higher. 

4. Microcontrollers with Watchdog timers, Serial I/Os and 
additional features: PIC16C74A has 8 on-chip ADCs. 
This is best suitable for SCADA up to 8 channels with 
ON/OFF control. PIC16C72 has 28 pins package with 5 
ADCs and one CCP module available on-chip, to make 
it suitable for security and safety alarms in sugar or 
similar industry. Other part numbers are tabulated in 
table 3. 
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TABLE 3. MICROCONTROLLER AND THEIR SPECIFICATION [6] 
Part Number Package Pin I/O Pin EPROM RAM Byte ADC Channel USART available CP Modules 
PIC16C62A 28 22 2K 128 0 0 1 
PIC16C63 28 22 4K 192 0 1 2 

PIC16C64A 40/44 33 2K 128 0 0 1 
PIC16C65A 40/44 33 4K 192 0 1 2 
PIC16C72 28 22 2K 128 5 0 1 

PIC16C73A 28 22 4K 192 5 1 2 

PIC16C74A 40/44 33 4K 192 8 1 2 

 
IV. CONCLUSION 

As early discuss we know that SCADA has RTUs or PLCs. 
We can replace these two things (RTUs and PLCs) with 
advance microcontroller to increase the quality and 
performance of the system while reducing the cost of 
system. According to author the desired features of standard 
microcontroller for SCADA is Standard on-chip 
microcontroller expected features for SCADA are including 
Watchdog Timer (used to prevent software crashes), Reset 
and Brownout Detector Circuit (used to monitor the power 
supply voltage and resets the processor so that the drop in 
voltage does not corrupt register and memory contents, 
Analog I/O Port or an Analog Comparator (which is used 
under software control to perform A-to-D conversion, ADCs 
are used to acquire SCADA sensor data from signal 
conditioning devices of PH sensor, temperature sensors , 
light intensity sensor and flow sensor), Real Timer Clock 
(RTC) a special timer with the task to maintain time and 
date which is useful for time  stamp the event. Also how to 
select such type of controller for this so there must be some 
criteria that is helpful for us is broadly, it is done as per the 
availability of software development aids, computing speed, 
RISC (Reduced Instruction Set Computer) or CISC 
(Complex Instruction Set Computer) architecture, market 
trend and design expertise, power consumption and on- chip 
memory, prototype size and design possibilities. An 
application specific integrated circuit (ASIC) based 
implementation, can always taken into consideration 
because not get all desired parameters in one chip and hence 
one must perform the comparative study so as to obtain- all -
or –near- to- all desired parameters optimally. The sensors 
discussed above are the part of the hardware interfacing. The 
hardware is tested in the sugar industry and process control 
readings are taken. 
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