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ABSTRACT- A testbed for real time process control system that serves as a platform for experimental set up, testing and
proving of a process concept has been developed in the course of this research paper work. The idea is to provide a platform
where students can quickly test run the algorithm of their real- time process control design and know whether it is workable
or not before the detailed implementation. The design approach supported by the testbed starts with an algorithmic state
machine which is converted into a state transition table, then fully expanded and burnt into a Read Only Memory (ROM)
structure. It was designed to be simple and user friendly such that students need not use an external guide but simply follow
the procedures as prompted by the system. The testbed is built with locally available materials and devices with local digital
experience. It can serve as a cheap and flexible platform for real-time process control experiments in higher institutions of
learning.

Keywords: Process control System, Testbed, Algorithm State Machine (ASM), State Transition Table (STT), fully expanded
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1.1 Background of Study

In Nigeria and most of the developing countries, engineering education is facing unprecedented challenges and opportunities
in modern times because engineering students are not adequately exposed to the practical aspects of engineering in higher
institutions of learning due to insufficient equipment in school laboratories.

The design and development of a testbed for real time process control system is used to develop a platform where students
can quickly test run the algorithm of their real time process control system and know whether it will work or not before the
detailed implementation. Many different algorithms are used in the implementation of a process control system. The designed
approach used by the testbed starts with an algorithm state machine (ASM), which is converted into State transition Table
(STT), then is fully expanded and burnt into a Rom structure. The designed testbed is very simple and user friendly such that
students need not use an external guide but simply follow the procedures as prompted by the system. The universal control
software was deliberately chosen with the aim of teaching the students on how to use universal single software to control
different process.

1.2 Statement of the Problem

Engineering students are not adequately exposed to the practical aspects of engineering in higher institutions of learning in
Nigeria due to insufficient equipment in engineering laboratories. Quite often, final year students are faced with equipment-
related challenges while developing degree project design. In most cases, students contract out their project development for
lack of equipment within their departments and thereby lose the benefits of experience which a “do-it-yourself” approach
makes possible. Some who try hard to develop their projects by themselves despite the lack of equipment end up with either a
project that does not work at all or one that functions for a short time and fails, all because of under-design or lack of adequate
functionality testing. A real-time testbed will definitely mitigate these problems.

1.3 Aims and Objectives:

The aim of this research paper work is to design and develop an affordable testbed for process control experiment using the
algorithmic state machine (ASM) chart approach.

The objectives of this research work are to:

> Provide students with a means to rapidly test a process control algorithm before
detailed implementation.
> Automate the conversion of a state transition table (STT) which ROM storage requires.
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> Expose students to real time process control experiments
> To provide a platform for teaching the undergraduate students in the field of electronic engineering and other related
fields.

1.4 Literature review

A testbed is defined as any venue or setup used for experimentation, testing and proving a concept. It is a platform on which
assortment of experimental tools and products may be deployed and allowed to interact in real time. Process control is a term
used to describe any condition natural or artificial by which a physical quantity such as temperature, pressure, flow rate,
water level is regulated. The basic objective in process control is to regulate the value of some quantity which means to
maintain that quantity at some desired value regardless of external influence. The desired value is called the reference value or
the set point [1]. A Process control system can be a closed loop or an open loop system. A process control is typically a
sequential logic system whose control algorithm can be represented in the form of a flow chart called an algorithmic state
machine (ASM) chart [2] or in the form of State Transition Diagram (STD) [7].

1.5 Methodology

In this research paper work, the micro-coded ROM-based method is used and the state transition table is fully expanded and
instruction codes (program) were developed using a top-down design approach. This gives a lot of flexibilities as well as
enough room for further modifications.

1.6 Analysis

The testbed is designed to test liquid level process control system (water) using an ASM chart. The water level control system
algorithm operation is as follows:

e  When the water level in the upper tank falls to the lower threshold point, a valve is opened to let water into the upper
tank. The signal that opens the valve can also be used to turn ON the water pump if anyone is in use.

e The water level lower threshold is monitored after a specified time. If there is no change in the lower threshold level
an error message is displayed in the liquid crystal Display (LCD) and it will wait in that state until there is button
pressed to return the system to state O. An alarm can also sound to call the attention of the process controller in case
he is at a far distance.

e But if after the specified time, the lower threshold has changed, it will be monitored until it is well above the lower
threshold, then it will enter state 2.

e At state 2, the water level upper threshold will be monitored until it is reached and the system will automatically
return to state 0.

1.7 System design Specifications

The digital integrated circuits used in the design and the development of a testbed for real time process control system
include: the AT89C52 microcontroller, the ADCOB08CCN, 555 timer, the 74HC245 driver. The voltage requirement for each of
them is +5v.This +5v was supplied to each of the ICs from the power supply circuit with a7805 regulator IC. For the solid state
relays that are used in the output interface, the voltage required to switch them on is +9v, which is from the battery.

1.8 Hardware Subsystem Design

The hardware subsystem is made up of the following; input interface; the multiplexer, the functional codes and command
control which include exit and enter command.

The output interface is the liquid Crystal Display (LCD) and thecontrol system is the brain of the testbed
1.9 Design Calculations of the testbed

Oscillator Calculation

Duty Cycle = 60%
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Duty Cycle (D)= Ri+R, - (1)
Ri+ 2R;

Ri+tR; =60% --------- (2)

Ri+ 2R;
Therefore, 0.6 (R1+2R;) = R1+R-----(3)

1.2R2-R2=R1- 0.6R1. ... (4)

0.2Rz =0.4Ry, - (5)
Therefore, R;=2R;  --—----- (6)

R1+2R2 =10k,
Therefore, R1+2(2R1) =10k ---(7) R;+4R; =10k,

Therefore, R=2k
Now,
R2=2xR; = 2x2k =4k
Note that the period of the output,

T=0.693(R1+R3) C ---------- 8)
ButF=1/T

Therefore, F= 1.44

(Ri#+2R2) C - 9)
F= 144 = 100 kHz ----- (10)

(R1+2Rz) C
C= 144
(R1+2R2) 100k

C =1.44nf

B. Calculation for the output drive transistor and resistors

Load current = 700mA
B> 5xload current
Max Chip output current
Max chip output current= 35mA

Therefore,

B> 5x700mA =100 ----(11)
=35mA Assume (=120
Ig- I - 7Z00mA =5.83mA
B 120
Chip Output Voltage = 5v =V,
Vo =IgRg + Vge; Vgg =0.7V----- (12)
Rg =737.6Q

Preferred Value = 730Q
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2.0 Discussion

Every ASM chart has an equivalent tabular representation known as a State Transition Table (STT). An ASM chart can be fully
described in terms of the link paths comprising it. A state machine such as is represented by an ASM chart attempts to change
state (that is transits from the present state to the next) when a clock pulse occurs.

A link path is a path followed from the present state back to itself or to another state when the clock pulse arrives. When there
is an input qualifier between the present state and another, the logic level of the qualifier determines the next State the
machine goes at the clock pulse. If there is no qualifier between the present state and the next, the machine must conditionally
transit from its present state to the adjacent state in the forward direction, when a clock pulse arrives.

Table 1.0: Fully Expanded State Transition Table

Hex Address | Linkpath | Lth Mth Uth | B A Present State Code | B! AlNext StateCode | Hy1 Hyz | Location Content
00 L1 0 o0 0 00 0 o0 0 00O
08 L1 0o 1 0 00 0 o0 0 0|0 0
10 L2 1 0 O 00 0 1 0 0|0 4
14 L2 1 0 1 00 0 1 0 00 4
18 L2 00 0 1 0 00 4
1 1 0
1C L2 00 0 1 0 0(0 4
1 1 1
04 L3 0 0 1 00 1 1 0 00 C
0C L3 0o 1 1 00 1 1 0 00 C
01 L4 0 0 O 01 0 1 1 00 6
11 L4 1 0 1 01 0 1 1 00 6
05 L4 01 0 1 1 00 6
0 0 1
11 L4
1 0 O 01 0 1 1 0|0 6
05 L5 0 1 0 01 0 o0 1 0|0 2
15 L5 0o 1 1 01 0 o0 1 0|0 2
19 L5 01 0 o0 1 010 2
1 1 0
1D L5 01 0 0 1 010 2
1 1 1
03 L6 0 0 0 11 1 1 0 110 D
07 L6 0 0 1 11 1 1 0 110 D
13 L6 11 1 1 0 110 D
1 0 O
17 L6 11 1 1 0 110 D
1 0 1
0B L7 0 1 o0 11 0 o0 0 110 1
OF L7 o 1 1 11 0 o0 0 110 1
1F L7 11 0 0 0 110 1
1 1 0
1B L7 11 0 o0 0 110 1
1 1 1

To burn the fully expanded STT into Rom, the qualifiers and present state code together constitute the address bits to the ROM
while the next state code and output bits constitute the corresponding ROM content for each location.
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2.1

Conclusion

The designed testbed will enable easy learning of process control system in the classroom using algorithms as well as making
it possible to transfer theoretical work to practical reality are necessity in higher institutions of learning. Hence, it is an
educational tool. When mass produced, it will go a long way to improve the quality and standard of education in higher
institution of learning.
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