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Abstract
The construction industry relies on time-to-deliver, in order to gain competitive advantage and increase profit
margins, therefore, the industry needs equipment that will help it achieve this feat. This informed the design and
construction of a linear digital device that measures distance speedily using low cost materials. Also,
measurement plays a vital role in engineering, science and technology, hence, digital distance measuring wheel
is an excellent device that provides fast and accurate measurement within the shortest possible time. In this
study, the device was made using local materials. A circular object (wheel) of about one meter in circumference
was used and a magnetic reed switch was attached at the wheel. As the wheel rotates, the reed switch
disconnects from the magnet and reconnects after the wheel has made one revolution and thus a signal is
generated by the reed switch and through connecting wires, sends the signal to a calculator which interprets this
signal and displays it on its monitoring LCD screen. The distance measured by the device was calculated by the
number of revolutions or circulations of the wheel multiplied by the circumference of the wheel and the figure is
digitally displayed on the monitor of the calculator attached.
__________________________________________________________________________________________
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INTRODUCTION
Measurement has been important since man settled
from his nomadic lifestyle and started using building
materials: occupying land and trading with his
neighbors. Different body sizes, e.g. length of the arm
from the tip of the finger, were probably the first
measuring tools in the ancient world. As society
become more technologically oriented much higher
accuracies of measurements are required on an
increasingly diverse set of fields, from micro-
electronics to interplanetary range. Other
measurements such as land and building materials
became important [6] In the physical sciences,
quality assurance and engineering, measurement is
the activity of obtaining and comparing physical
quantities of real-world objects and events [10].
Established standard objects and events are used as
units, and the process of measurement gives a
number relating the item under study and the
referenced unit of measurement [10]. Measuring
instruments, and formal test methods which define
the instrument's use, they are the means by which
these relations of numbers are obtained. All
measuring instruments are subject to varying degrees
of instrument error and measurement uncertainty [6].

The digital measuring instruments indicate the values
of the quantity in digital format that is in numbers,
which can be read easily. One doesn't need any prior
training to read these instruments since they indicate
the values directly in the numerical form. They can
give the readings in one or more decimal places.
Since there is no human error involved in reading
these instruments, they are more accurate than the

analogue measuring instruments [13]. In the
construction field, electronic measuring devices are
still not widely used due to the high cost of this
equipment. Hence there is need to develop and
designs an accurate measuring device at low cost,
which will in-turn helps in home grown capacity
building in the industry. Nowadays, measuring
distance is considered a tedious task in construction
field or indoor measuring activities because this task
is carried out using measuring tape in which at least
two persons are needed to measure a distance
between two points. This method of measurement has
some errors embedded in it and in some cases,
presence of some obstacles such as trees can hinder
the linear measurements. Other devices have laser-
based systems which have improved accuracy and
precision, but due to high cost they are not commonly
deployed. For infrared sensor, the range of the
distance that can be measured is very short with only
a range of 4-30cm (Crease, 2011). Therefore, a digital
measuring wheel offers a better alternative especially
when long distance measurements and cost of device
are being considered. Therefore, this study took a
dive into the construction of digital measuring wheel
using locally and low cost materials, to enhance
capacity building in science and technology for
sustainable development in the society
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THEORY OF DESIGN:

Power unit Distance detector Processing unit Display

Figure 1: Block diagram of distance measuring instrument

The block diagram of digital distance measuring
instrument consists of different functional units as
shown above

POWER SUPPLY UNIT
The power supply stage of a circuit is the unit
responsible for powering all the other sections (units)
of the circuit for operation, since no section of the
circuit can function without power supply.

Figure 2: Power supply unit

BATTERY
A battery is a device that converts the chemical
energy contained in its active materials directly into
electric energy by means of an electrochemical
oxidation-reduction (redox) reaction. In the case of a
rechargeable system, the battery is recharged by a
reversal of the process [15]

VOLTAGE REGULATOR
Voltage regulators comprise of a class of widely used
integrated circuit (IC). Regulator IC unit contain the
circuitry for reference source, comparator amplifier,
control device, and overload protection all in a single
IC. Although the internal construction of the IC is
somewhat different from that described for discrete
voltage regulator circuits, the external operation is
much the same. IC units provide regulation of either a
fixed positive voltage, a fixed negative voltage, or an
adjustable set voltage [4]. A power supply can be
built using a battery connected to the dc supply
filtering with a capacitor, if desired, and finally
regulating the voltage using an IC regulator. The
regulators can be selected for operation with load
currents from hundreds of mill amperes to tens of
amperes, corresponding to power ratings from mill
watts to tens of Watts [4]

Figure 3: Voltage regulator

CAPACITOR
Capacitors are components that can store electrical
pressure (Voltage) for long periods of time. When a
capacitor has a difference in voltage (Electrical
Pressure) between its two leads it is said to be
charged. A capacitor is charged by forcing a one way
(DC) current to flow through it for a short period of
time. It can be discharged by letting an opposite
direction current flow out of the capacitor [4]

DISTANCE DETECTOR UNIT
The distance detector comprises of a circular object
of about one meter in circumference and a magnetic
reed switch. The magnetic reed switch sources power
from the calculator’s battery. When the reed switch
makes contact with the magnet after the circular
object had gone one complete rotation it provides an
output pulse which is the required signal of one meter.

MAGNETIC REED SWITCH
A magnetic reed switch is an electromagnetic switch
used to control the flow of electricity in a circuit.
They are made from two or more ferrous reeds
encased within a small glass tube-like envelope,
which become magnetized and move together or
separate when a magnetic field is moved towards the
switch. The switch electively works like a gate, or a
bridge, in an electric circuit so when the two reeds are
in contact, electricity can flow around the circuit
operating a device. Unlike mechanical switches they
do not require something or someone to physically
flick them on or o, they are controlled completely by
invisible magnetic fields
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Figure 4: Normally open reed switch
Source: Ellwood’s 1941 patent

PROCESSING UNIT
The Calculator is the heart of this research work, it
will be used to process the signal from the distance
detection unit and provides the signal data and
command signal that controls the display unit. Jack
et al [3] viewed calculator as a small hand held
electronic device used to perform mathematical and
logical operations. It often has a microprocessor or
microcontroller chip embedded in it that enables it to
functions. Most control systems using digital logic
were implemented using individual logic integrated
circuits to create the design and as more fun required,
the circuits became very bulky unreliable. Many
hundreds of these discreet logic chips were needed
just to create a simple four function calculator. But
with the invention of the microprocessor which has a
complete processing unit inside a microchip, the
reliability of digital logic circuits was greatly
increased as a result of reduced size. Subsequently,
there was need to include a permanent memory in the
microprocessor which ultimately gave birth to the
microcontroller the processor component used in
most designs. Unlike the microprocessor that doesn’t
have a program or data memory, the microcontroller
has a program and data memory in addition to a
central processing unit (CPU).

Figure 5: Calculator circuit with PIC168f77a micro-
processor. Source: microcontrol-project.com

DISPLAY UNIT
Liquid crystal display (LCD) is a thin, flat electronic
visual display that uses the light modulating
properties of liquid crystals (LCs). The development
of liquid-crystal displays (LCD) proceeded from
early successes like the pocket calculator to the major
milestone of a flat-panel television display you can
hang on a wall.

Figure 6: LCD Layered Diagram

Liquid crystal display (LCD) Consists of an array of
tiny segments (called pixels) that can be manipulated
to present information, using polarization of lights to
display objects. The LCDs have minimal power
requirements. Currently manufactured LCDs
consume between 1 and 300 microwatts per square
centimeter. This is the lowest power consumption of
any display type now available. This very low power
consumption allows most LCD products to be battery
operated.
MATERIALS
The materials that were used for this research include
the following:
1. Circular object (wheel) of approximately one meter
in circumference.
2. Calculator.
3. Magnetic contact reed switch.
4. Iron pole to support the wheel and calculator.
5. L-shape aluminum sheet to support the calculator.
6. Connection wires.

METHODOLOGY
The actualization of this work was done using two
processes; converting the calculator into a counter
and the physical construction of the measuring
instrument.

CALCULATOR SETUP
The calculator employed in this work is a simple
Handheld calculator “market women calculator” and
not a scientific calculator. This is due to its simple



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 16(2):27-32 (ISSN: 2141-7016)

30

circuit board which can be easily manipulated unlike
the scientific one which is quite complex to work
with. The calculator used in this work has a plastic
printed circuit board (PPCB). To convert the
calculator into a counter to process and display the
signal from the distance detection unit the following
steps were taken:
Step 1: Turn on the calculator and press “+, 1 and =’’
it should display “ 1 ”. Now (very important), press
“ = ” again it will display “ 2 ” further pressing of the
“ = ” increases the number by one. Then, the
calculator (adding machine) is decoupled.

Step 2: Locate on the printed board the section
corresponding to the equal sign key. Get two wires
and place them on the equal sign section using a tape
or liquid gum to hold them in place. After that is done,
press “+ and 1” and join the two wires, the answer
“1” will be displayed. The calculator is reassembled
and the wires are extended outside the casting of the
calculator using a soldering iron to create a pathway
for the wires.

Step 3: Attach the two wires to a magnetic contact
switch. Again, enter “+ and 1” swipe the magnet near
the contact switch, “1” will be displayed as the
answer and further swiping of the magnet will
increase the answer by one. With this, the calculator
is set to be used as a counter

CONSTRUCTION PROCEDURE
A circular object (wheel) made and of approximately
one meter in circumference was used for this project.
An iron pole of 0.31 meter is screwed to the U-shape
flaw bar which is then attached to the bolt of the
wheel for movement and support. The calculator is
fixed on the iron pole and supported by an L-shape
aluminium sheet to keep it in position. The magnetic
contact switch is placed on the wheel’s spoke to
detect each revolution made by the wheel and sends a
sign to the calculator which registers and displays it
on its 8 + 2 digits LCD screen

Figure 7a: Picture of the Constructed Digital
Distance Measuring Device (Top View)

Figure 7b: Picture of the Constructed Digital
Distance Measuring Device (Side view)

Figure 8: Circuit Diagram of the Digital measuring
Device.

TESTING OF THE CONSTRUCTED
MEASURING INSTRUMENT
The constructed digital distance measuring
instrument can measure a linear distance up to one
thousand meter (one kilometer) with the device
operated by only one person within a short period of
time. When the circular object (wheel) goes one
complete revolution, it will provide an output pulse
which is the required signal of about one meter in
circumference. The 8 + 2 digits LCD display shows
the number of rotation of the wheel.
The Circumference of the wheel = π D

Linear distances of different locations were measured
using tape rule as well as the digital measuring device
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and the results were compared in tables 1 and 2
below.

RESULTS
Circumference of the wheel = 0.9168 m

Table 1: Result of Measurements with Digital Wheel Device
LOCATION NUMBER OF

REVOLUTION
DISTANCE (meter)
(NoR × CoW)

TIME Taken (minute)

Parade Ground A 82 75.18 0.57

Parade Ground B 66 60.51 0.45

Science Lab parking Lot 53 49.05 0.37

CBN ICT Center parking lot 91 83.43 1.05

From Science Lab to Forensic Lab 245 224.62 2.12

From Law Faculty to Church Junction 280 256.70 2.21

From Church junction to Clinic 323 296.13 2.58

From Biological Garden to Polac Officer’s
Mess

279 255.79 2.19

From Lawn Tennis Court to Mopol Base 374 342.88 3.15

Polac stadium 160 146.69 1.39

TOTAL 1655.29 16.08

NOTE: *NoR >> Number of Revolution *CoW >> Circumference of Wheel

Table 2: Result of Measurements with tape rule
LOCATION DISTANCE (meter) TIME Taken (Minute)

Parade Ground A 75.2 2.48

Parade Ground B 60.63 2.01

Science Lab parking Lot 49.14 0.32

CBN ICT Center parking lot 83.71 2.19

From Science Lab to Forensic Lab 224.66 5.28

From Faculty of law to Church junction 257.04 6.35

From Church junction to Clinic 296.27 8.29

From Biological Garden to Polac officer’s
Mess

255.96 6.53

From Lawn Tennis Court to Mopol Base 343.13 10.23

Polac stadium 146.72 3.53

TOTAL 1762.46 47.21

DISCUSSION
It’s quite obvious that from above two tables, digital
distance measuring device is very handy, time saving
when in used for distance measurements as compared
with the use of tape rule. Table 1 above shows shorter
times were taken to accomplish some sample of

distances measured using digital distance measuring
instrument, while Table 2 shows longer time when
measuring tape was used. Therefore, the use of digital
distance measuring device saves time, it’s handy and
one person can handle it when in use and does not
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require prior training to use it but the reverse is the
case when tape rule was adopted.

LIMITATIONS
Some challenges were encountered in the course of
the work, these include: Dearth of right components,
such as processor with bigger capacity and stable
magnetic reed. Lack of software to convert fractions
of revolution to distance.

CONCLUSION
As technology continues to evolve, factors such as
low cost, availability of components, portability, time
saving, accuracy, durability and easy accessibility are
always in consideration for the choice of device to be
used. The electronic digital distance measuring
device was designed and fashioned in-line with these
objectives. The the materials used as well as the
technology employed were locally sourced, which
will make the device to be less expensive and if the
device is patronized would improve capacity building
of some salts. The device is user friendly and as such,
the operator does not require any special training to
effectively operate it and it’s prone to minimal errors
and can be handled by one person. Hence, local
production of the device will enhance home grown
technology adaptability and capacity building in our
science, engineering and technology.
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