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Abstract: In today’s world networking is important part of industrial automation for monitoring and control of industrial process
parameters. To provide this automation we implement a system which uses ARM Processor with Ethernet controller ENC 28J60. As
most of industrial devices does not have network interface capability so ENC 28J60 will use to provide interface capability. In industries
there are several parameters which must be monitor continuously. ENC 28J60 is important part of this system which is used as Ethernet
network interface for any controller equipped with SPI. It will satisfy the all specifications of IEEE 802.3, also it has MAC and PHY
modules, it will provide faster data transfer using internal DMA. By using RJ 45 connector we can connect a microcontroller to a
required MBPS network. To access the ENC 28J60 we have to configure the register and memory. This design basically consists of SPI
communication module, processor module and Ethernet interface module. Due to which system has high performance and offers widest
range of features viz flexibility, reliability, durability when compared with conventional and old solution to monitor and control.
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1. Introduction

Monitoring and control of industrial process parameter is
complete system in which sensors are used to collect the data
from the actual industrial environment. This actual
environment may be the boiler, nuclear reactor or dairy plant
etc whose temperature we have to monitor over the Ethernet.
The accuracy of data collection is depends on type of sensor
selected and range of temperature to be measured, In case of
nuclear reactor the accuracy should be high, where as in case
of dairy plant less accuracy can be acceptable. If we need to
connect more serial devices at a time with high data rate
which make the data processing somewhat difficult due to
which system performance is poor. Another important factor
is distance between sensor and host device, as the distance is
increases as the length of wire is increases, which increase
the drop. The solution for this problem we are replacing
previous control methods based on microcontroller with
ARM processor and embedded Ethernet interface system. In
which host system carry out one communication at a time
which reduces its load.

2.Background Study

A wireless communication as most of industrial company’s
use of wired communication, for this reason the author
shows an innovative system that uses a wireless
communication between the industrial processes with the
different sensors and the central of monitoring. Also, this
system involves a serial server device (LABVIEW), which
allows monitoring the process via internet through a
graphical interface [13].

A closed loop control system incorporating fuzzy logic has
been developed for a class of maintenances of temperature in
a heating chamber. A unique fuzzy logic controller (FLC) is
a structure with an efficient realization and a small rule base
that can be easily implemented in existing industrial network
[14].

A wireless smart sensor platform targeted for
instrumentation and predictive maintenance systems is
presented. The generic smart sensor platform with ‘plug-

and-play’ capability supports hardware interface, payload
and communications needs of multiple inertial and position
sensors, and actuators, using a RF link (Wi-Fi, Bluetooth, or
RFID) for communications, in a point-to-point topology. The
design also provides means to update operating and
monitoring parameters as well as sensor/RF link specific
firmware modules ‘over-the-air’. Sample implementation for
industrial applications and system performance is discussed
[15].

A Microcontroller LM3S8962 which communicate with
serial data acquisition equipment through SPI. It basically
contains SPI module, Processing module and RF trans
receiver module (NRF24E1), It uses a CAN network which
allow Microcontroller and devices to communicate with each
other without Microcontroller [16].

ARM LPC 2138 as a processor and for Ethernet interface it
uses DM9000A because ARM having MAC Layer but
unable to provide physical interface so it uses a DM9000A
which is 48 pin IC. The advantage of this system is that
because of ARM system performance is improved,
Communication is fast, real time and reliable [18].

3. Hardware Implementation

The hardware mainly consist of
1. Sensor
2. Processor
3. Ethernet controller
4. PC

3.1 Sensor

Sensors are used to collect the data form actual industrial
field. Sensor is the device which converts the one form of
energy in to another form. It is used to sense verious
parameters like Teperature, Pressure, Force, RPM etc. In this
system we are provide controlling ovar temperature range 40
°C to 50 °C and 50°C to 60°C and controling RPM of motor
at 200[1].
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3.1.1 Temperature Sensor Types
The main temperature sensors are

a. Thermister.
b. RTD.
c. Thermocouple.

a. Thermister: It is nothing but the temperature dependant
resister. In which the resistance of sensor is changes in
predictive way with change in temperture .

b. Resistance Temperature Detector (RTD) It’s resistance is
linearly increases with increase with increase in
temperature.

c. Thermocouple It having two dissimilar metal wires joined
at hot junction, as temperature varies a signal is measured
at cold junction. In this system we using

3.1.2 Temperature Sensor

e L M35 Precision Centigrade Temperature
(Thermister) for controlling 40 ° C-45 ° C range [2].

e Temperature Probe using ‘K’-Thermocouple with Digital
Interface for controlling 60°C-70°C range [3].

Sensor

3.1.3 RPM Sensor
Transmitter: IR 333 A (Infrared LED).
Receiver: PT 333-3C (Photo transistor) [4].

3.1.4 Sensor Interfacing
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Figure 1: Sensor Interfacing Flow chart

Data collected from actual environment is in analog form but
processor will able to process only digital data that’s why it
is given to Analog to Digital Convertor (ADC) before ADC
signal conditioning is require in some cases if output of
sensor will not having sufficient magnetude to detect by the
next step. The output digital data of ADC is given to the
processor for processing, where upper and lower threshold
conditions are maintained by using program[5].

3.2 Processer

As a processer we are using LPC 2148 because of following
features. It is 32 bit ARM 7 TDMI microcontoller with 40
KB of on chip flash static RAM, 512KB of on chip flash
memory, It has In system programming Using on chip boot
loader. For interfacing of sensor it has 10-bit ADC with 14
analog input and conversion time as low as 2.44us per
channel. The conversion rate can be increase up to 400K
samples per second By setting the ADC’s serial registers. So
most of the data processing is done by ADC so limited

software is required for design other tasks. The LPC 2148
can communicate with serial communication through SPI
and trasnmit the data to the host computer through ethernet
interface . The ARM is the heart of the system as it has high
speed of execution and powerfull information processing
capability due to pipelined structure, Capability of multi
parameter execution. The networking capability of ARM
makes it suitable for wide veriety of networking
appication[3]-[4].

So analog data gathered from sensor are given to ADC of
LPC 2148 where this data is processed and given to the PC
and LCD for monotoring. So selection of proper sensor and
smart processor will greatly optimize the system
performance.[6]-[7]

3.3 Ethernet Controller

The concept of embedded ethernet is nothing but the
microcontroller is able to communicate with the network. As
now a day’s microcontroller is widely used in the industrial
field, as most of the devices used in industries are not able to
transmit the data over the network. This system mainly
consist of SPI communication module, Control module and
ethernet module. Because of this ethernet module it is
possible to monitor and control the parameters form longer
distance.

The ENC 28J60 is Ethernet controller which is designed to
serve as an ethernet network interface for any controller
equiped with SPI. It has an internal DMA module for fast
data throughput and hardware assisted IP checksum
calculations. It incorporates a number of packet filtering
schemes to limit the number of incoming packets and
provides a data rate up to 10MBPS. The MAC module
implements IEEE 802.3 compliant MAC logic. the PHY
module encodes and decodes data obtained from the twisted
pair interface. ENC 28J60 is microchip technology that
introduces 28 pin stand alone ethernet controller. All other
ethernet controllers available in market are more than 80
pins so 28 pins ENC 28J60 will provide good functionality
and simplicity [8].

3.3.1 SPI interface: It serves as a primary controller and act

as communication channel between ENC28J60.

3.3.2 Control register: Are used to control and monitor the

ENC28J60.

3.3.3 Dual port RAM buffer: It acts as an arbiter to control
the access to RAM buffer, when requirement is made
from DMA to transmit and receive the blocks.

3.3.4Bus interface: It interprets data and commands
received via SPI

3.3.5 MAC module: It implements IEEE 802.3 compliant
MAC logic.

3.3.6 PHY module: It encodes and decodes data obtained
from the twisted pair.

The controller communicates with Ethernet controller via its
ADC lines, to initialize the chip, Poll it for packet status and
send/receive the data. [9]
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Figure 2: System Block Diagram

4. Interfacing

Interfacing is use to provide proper communication between
microcontroller and external device. This may be the parallel
or serial communication.
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Figure 3: ENC 28J60 based interfacing
4.4.1 Serial Peripheral Interface (SPI)

The serial communication is performed by means of two
pins that are SI and SO as shown in Figure. SCLK provides
clock synchronization and CS is the chip select. This
communication technique can be implemented between
processor and peripherals that have SPI interface. Serial
Peripheral Interface Bus in which serial data communication
is performed in master/slave mode. In which master device
initiates the data frame. This is a full duplex mode of point to
point communication. The serial clock, SCLK generated by
the master device which is used by the slave. The SS is the
Slave Select signal. It is required in active low state for the
slave to have communication with master. This is a four wire
communication as shown in Figure 2. The SDO or Serial
Data Output signal send by the master and after receiving the
clock pulse, the slave device responds back with SDI or
Serial Data Input signal.

When SPI protocol is used between the two devices, the
Ethernet Controller generates the data frame and acts as the
master while the Arm processor acts as the slave device.
[10]-[11]

5. System Implementation
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Figure 4: System implementation chart for one sensor

As shown in figure system work start with data collection
with the help of sensor for example temperature sensor this
data is then converted from analog to digital with the help of
inbuilt 10-Bit ADC in LPC2148, then this digital data is
given to ARM for processing where measured temperature is
compaired with given range if temperature is in range then
just display it on LCD and PC through Ethernet. If
temperatureis out of range then we are change the device
status so that temperature can get back within range [12].

Figure 5: Experimental setup

6. Result

This system fast and accurate to monitor and control the
industrial process parameter on real time basis using
Ethernet. ENC 28J60 Embedded Ethernet Controller is
smallest Ethernet controller in the market with 28 pins only
due to which design is simple for the remote control within
LAN with low power consumption.
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Figure 6: Control window

This window is used to monitor and control the industrial
parameter through which perticular parameter is monitored
and controlled. Load two is manualy control where as other
loads are automaticaly controlled.

7.Conclusion

This is low cost method for monitoring and controling the
industrial parameter like temperature RPM etc remotly The
ARM can communicate with PC using serial port using RS
232, It support online supervision using private LAN. By
using embedded hardware and software we can control the
require industrial parameter and industrial automation using
Ethernet with high accuracy.
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