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AN UNDERGRADUATE EXPERIMENT IN
ALARM SYSTEM DESIGN

R. A. MARTINI, C. SULLIVAN, A. CINAR
Illinois Institute of Technology
Chicago, IL 60616

N UNDERGRADUATE experiment involving data
acquisition by a computer, digital signal trans-
mission from the computer to a digital logic circuit
and signal interpretation by this circuit is being used
at the Illinois Institute of Technology (IIT) to illus-
trate alarm system design and implementation. The
signal generated by an analog source is read by the
computer and interpreted in a FORTRAN program
using prespecified alarm levels. Based on the result of
this assessment, digital signals are sent from the com-
puter to a digital logic circuit which interprets the
signal and activates the appropriate alarm lights.
Before starting the experiment, elementary con-
cepts in combinational logic design, as well as funda-
mentals of analog and digital signals and analog to
digital conversion, are presented. The students are
responsible for the design and construction of the logic
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FIGURE 1. Logic diagram of alarm system.
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The design and construction of the circuit and

the implementation of the alarm system is completed
in a three-hour session. Besides illustrating alarm
system design and implementation, the experiment
introduces analog to digital conversion

and digital signal transmission . . .
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circuit. After completing the construction of the cir-

cuit and debugging it, they set various alarm levels
and test the alarm system using an adjustable analog
source. The design and construction of the circuit and
the implementation of the alarm system is completed
in a three-hour session. Besides illustrating alarm sys-
tem design and implementation, the experiment intro-
duces analog to digital conversion and digital signal
transmission which are crucial in understanding real-
time computer operation and in interfacing the com-
puter to a process.

The experiment is used in the reaction engineering
and process control laboratory course. The course is
a senior level technical elective with two lectures and
one three-hour laboratory per week. Digital logic de-
sign concepts and fundamental issues in process com-
puter interface are presented in lectures before begin-
ning the experiments. The course is offered in the
same semester with the second process design course.
Since process safety and reliability assessment are
presented in the design course, this experiment pro-
vides a good illustration of process safety concepts to
interested students.

FUNDAMENTAL CONCEPTS
Digital System Design

The first step in designing a digital logic system is
to understand the task and the properties of the sys-
tem that will be designed. This includes identifying
the inputs and outputs of the system and making a
thorough description of the logic circuit (an alarm sys-
tem for a ‘process’ in this case). Next, the description
of the circuit is reformulated using logical ‘connec-
tives’ [1, 2] such as AND, OR, NOT. Truth tables for
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these connectives and the symbolic representations of
the corresponding logic gates are given in the Appen-
dix. Although the reformulation is nothing more than
expressing the descriptive information in another
form, this new form makes the design of the logic
diagram straightforward. Then the logic diagram
(Figure 1) is designed and all inputs and outputs are
noted on it. The next step is the drawing of the circuit
diagram (Figure 2). The summary layout of various
electronic chips that contain the logic gates are used
in the circuit diagram. The circuit diagram is com-
pleted by assigning the connectives in the logic dia-
gram to the gates in the circuit diagram. The mapping
of each connective is indicated both on the logic dia-
gram and on the circuit diagram by writing down the
assignments made. This is crucial for minimizing the
time and effort that will be spent for debugging the
circuit.

When the circuit diagram is completed the circuit
is constructed. For the construction of prototypes it
is much better to use breadboards which permit the
alteration of the connections merely by unplugging
and inserting the wire lead to another location. This
minimizes labor while testing the circuit.

Analog/Digital Conversion

For data collection from a process, computers are
interfaced to chemical processes through analog to di-
gital (A/D) conversion systems [1]. Signals sent by
transducers which carry information generated by the
sensors are in general in ‘analog’ form. The informa-
tion is expressed by the magnitude of the signal. Then
the ‘analog’ signal is converted to a ‘digital’ signal
using the A/D converter and is sent to the computer.
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FIGURE 2. Circuit diagram of the alarm system.

Most A/D converters accept voltage signals as input.
The span of these input signals is usually 0 to 10, 0 to
5, -5 to +5, or —10 to +10 volts. The A/D converters
have resolutions of 8-bit, 12-bit or 16-bit, with the
12-bit being the most common resolution.

The A/D converter systems are available as stand
alone units or plug-in cards that are mounted in the
extra slots of the computer backplane. Often a multi-
plexing system is integrated to the data conversion
system on the card and many input channels are avail-
able to the user on one card.
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Digital Input/Output

Process information which has only two possible
states, or command signals with two possible states,
can be communicated in digital form [1]. The mag-
nitude of a voltage signal is divided into two ranges,
and each range is assigned one state. Traditionally 0-5
V signals are used; 0-0.8 V range corresponds to one
of the states and 2.4-5 V corresponds to the other
state. A signal to change the state of an on/off valve
is an example of a digital signal. Digital input/output
(1/0) cards are used for transmitting digital informa-
tion between the process and the computer.

Real-time Operation

Since computerized data acquisition and control
has as one of its aims the automation of data collection
and process control, an interval timer [1] which acti-
vates the data acquisition procedure at prescribed
times is needed. This timer may be available as a sepa-
rate card or may be mounted on the data communica-
tion card.

Special programs are needed to set the timer, to
coordinate the sampling and conversion of analog
input signals, to transmit output signals, and to carry
out digital I/0 operations. Such computer programs
can be developed in lower level languages such as as-
sembly language, or can be purchased from most data
communication card manufacturers for their specific
products.

THE ALARM EXPERIMENT

In the alarm system design experiment, the de-
sign, implementation, and evaluation of a process
alarm system is sought. As a typical process a fluid
storage tank is considered. If the tank is holding fluid
which is fed to a pump, as long as the level is less than
a maximum (hence the probability of tank overflow is

TABLE 1
Alarm Levels Corresponding to Voltages

VOLTAGE DIGOUT ALARM STATUS
0.0 < V<O0.5 2 RED
0:5 € V< 2.5 1 YELLOW
2.5 & ¥ < 7.5 0 GREEN
%:3 &V € 9:5 4 YELLOW
9.5 ¢ ¥V ¢ 10.0 8 RED
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FIGURE 3. Information flow diagram in the alarm exper-
iment.

reduced) or greater than a minimum value (hence the
probability of running the pump dry is reduced) there
is no cause for alarm. It would be desirable to issue a
warning alarm if the level crosses a preselected
minimum or maximum threshold value which indicates
a potential danger. If the level continues to drift in
the dangerous direction, a hazard alarm is issued
when the specified maximum or minimum level is
reached. In this experiment the level measurement
signal is simulated by a variable voltage source. Warn-
ing alarms are indicated by YELLOW and hazard
alarms are indicated by RED.

The alarm system consists of a real-time computer
and a digital circuit. An analog signal generated by
the ‘process’ is sampled and digitized. The latest value
of the signal is compared to preselected threshold lim-
its and if its magnitude is beyond these limits the cor-
responding alarm signal is issued. The alarm signals
are transmitted to the digital circuit which interprets
these signals and activates the corresponding lights.

The alarm levels corresponding to the signal mag-
nitude are given in Table 1. There are two alarm
levels, indicated by yellow and red. Green corres-
ponds to a signal magnitude inside safety threshold
limits. The signal is generated by an adjustable resis-
tor connected to a 10 V voltage supply and has a range
of 0 to 10 volts. The magnitude of the input voltage is
displayed on a digital voltmeter and on the computer
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(b) EXTERNAL CONTROL PROGRAM

ALARM : Alarm status

ASAMP : Analog sampling rate ( 1 sample / ASAMP sec)

COUNT : Time elapsed since last digital transfer to parallel
line interface

DIGOUT: Digital output to parallel line interface

DITRA : Digital transfer rate to parallel line interface

AVOLT : Analog voltage (signal from sensor) magnitude

FIGURE 4. Flow chart of the computer program: (a) main
program (b) external control program.
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terminal. Four digital outputs are sent from the com-
puter to the circuit through digital I/0 lines. Bit 1 cor-
responds to YELLOW LOW, bit 2 to RED LOW, bit
4 to YELLOW HIGH and bit 8 to RED HIGH. A
typical logic diagram designed by students is given in
Figure 1 and the corresponding circuit diagram is
shown in Figure 2. Three process status lights are
connected to the outputs of the circuit.

The information flow diagram (Figure 3) illustrates
the inter-connections among the components of the
alarm system. The data acquisition and signal genera-
tion program (Figure 4) is provided to the students.
The construction and testing of the digital circuit is
the responsibility of the students conducting the ex-
periment. A breadboard with built-in voltage supplies
and lamps, various chips and their diagrams are given
to the students.

A DEC 11/23 microcomputer with a DRV11-J
parallel line interface card, a KWV11-C real-time
clock card and a AXV11-C analog input/output board
with eight A/D and two D/A channels is used. The
computer program is written in FORTRAN and data
transmission programs developed by Data Translation
are used. Implementation of the experiment on other
computers is straightforward.

The alarm system can be implemented without the
digital logic circuit, by using the logical statements in
the computer. In that case the digital outputs can be
used to turn the alarm lights on and off. Alternately,
the computer screen may be used for displaying the
alarm status. Such a display is included in the com-
puter program to enable the students to debug their
circuit more easily.

Both the alarm scenario and the alarm circuit are
kept simple. Further refinements are possible by issu-
ing different alarms for HIGH and LOW deviations.
Also, elimination of redundancies in the circuit may
be requested. In the design shown in Figure 1 for the
yellow alarm, the alarm is on when either bit 1 or bit
4, or both, are on. Physically the magnitude of the
signal from the process can not be less than 2.5 V and
greater than 7.5 V simultaneously. Hence a condition
resulting in having both bit 1 and bit 4 on is not possi-
ble. Inclusion of this constraint in the circuit may be
requested. Since the handling of such “don’t care” and
“can’t happen” states requires further theoretical
studies, such refinements were not requested from
the students. For this particular case they do not have
an effect on the status of the alarm light.
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and design engineers aid in coordinating the report so
each receive an added ome-fourth of the technical
grade of the leader’s and other engineer’s sections. A
separate communications instructor assigns a writing
grade for content, organization, development, style,
and mechanics of the sections written by each en-
gineer.

The oral report is graded for skill shown in com-
municating the scientific and engineering concepts
with an intelligent but uninformed technical audience.
The grade is based on the choice of subject matter,
organization, balance, and the content of displays.
Two separate evaluations are made; one is by the tech-
nical supervisor and the other by the communications
instructor for the presentation in each respect.

COURSE EVALUATION AND CONCLUSIONS

Students evaluated aspects of the course on a five-
choice scale from “strongly agree” to “strongly disag-
ree”; written comments were also solicited. Since the
students have limited industrial experience we did not
attempt to have them evaluate how well our approach
parallels industry. That could be the subject of a ques-
tionnaire after they have had working experience.

They overwhelmingly concluded that the projects
reinforced and extended the concepts of prerequisite
courses in general. Specifically, the junior chemical
engineering laboratory course was cited in this cate-
gory. But also, they wanted better coordination be-
tween the prerequisite courses and the laboratory
projects. The reaction projects, which required full
plant designs, were rated as challenging and practical;
however, the students thought more time should be
allotted to complete the difficult projects, or else the
scope of such projects should be reduced. The open-
ended problem statment was credited with improving
their engineering problem-solving skills. Further, the
group seminar approach to the reaction project prep-
aration conference was judged to increase their know-
ledge of the reaction area.

Most students expressed a need for meeting with
the manager between the preparation conference and
the oral progress report. They also strongly favored
a class period to transmit initial information about
each project. Further, they thought manager visits to
the laboratory were essential, but supervisors were
not considered helpful in the execution of the projects.
They thought a Laboratory Center with computer ter-
minals, where calculations and report drafts could be
done, would have increased their efficiency. Finally,
equipment was judged to operate poorly. (So what’s
new?)
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In an unusual comment, one student suggested
that the communications portion be considered a sepa-
rate course so that it could be listed on their resumes;
it might help in job search!
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APPENDIX
TRUTH TABLES FOR VARIOUS TWO-INPUT GATES
INPUTS OUTPUTS INPUT  OUTPUT
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SYMBOLS FOR VARIOUS TWO-INPUT GATES
R AND NOR NAND X0R NOT
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7420 Dual 4-Input NAND gate Y = A.B.C.D 7408 Hex Inverter Y = A
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