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Abstract: Anthropometry medical measuring system is very important in health sector in taking the physical
measurement of patients. The research focused on the need to consider a parametric design of height and weight
measuring system with the enlightenment of basic design principle. The materials involved for the parametric design of
this medical measuring system under study are Load Cells with Strain Gauge (weight sensor), Sonar with Ultrasonic
Sensors (height sensor), Liquid Crystal Display, Medium Density Fibreboard, Rubber Mounting, Microcontroller
Arduino Board and other important accessories. The results from the design analysis revealed that the system weight
sensor platform has shear force of 630 N, maximum bending moment of 126 Nm. The compressive stress that could be
induced during measurement of maximum human weight is 6 kN/m? and stress that could be induced due to maximum
bending moment is amount to 605 N/m?. The amount by which weight sensor platform could deflect when subjected to
bending moment is 0.000004 m. These values indicate that the design is safe for operation which is far lesser than the
property parameters of the materials used for the weight sensor platform. The designed height of the system for the
measuring of the height is about 2.1 m (7 Feet), the area of the stand platform for the measuring of the weight is about
0.2 m2. The weight sensor for the design could measure from 1kg to 200 kg with accuracy of about +0.1 kg and height
measuring sensor could measure through a scanning range of 0.4 to 2.5 m with accuracy of about +1 mm.
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l. INTRODUCTION

Design is the creation of plans with the use of scientific principles, technical information and imagination in the
description of any machine or system to perform desired and specific functions with maximum economy and efficiency
[1]. Design is very vital in the production of any functional system. Anthropometry is the science that deals with the
application of scientific physical measurement methods of human beings for the development of engineering design
standards according to Aderoba [2] cited in Udosen [3] in which bodily measurements are the mainstay of anthropological
research [4]. The measurement of human height and weight is very significant to their health. Height and weight are
important indicators of human health and also it could be a very essential indicator to people’s health. For children, it is
important to monitor that they are growing at a healthy rate and for adults it is important to monitor whether or not their
height decreases [5]. Stadiometer is a device for measuring standing height which consists of a vertical ruler with a sliding
horizontal board which is adjusted to rest on the top of the head. Scale is a mechanical or electronic device used to
measure the weight or mass of an object and human. Body Mass Index (BMI) is a calculated ratio of a person’s height to
weight which provides general information about a person’s body composition [6, 7, 8]. Pietrobelli et al. [9] defined body
mass index (BMI) as a measure of weight adjusted for height, calculated as weight in kilograms divided by the square of
height in meters. The body mass index was considered an indicator of body fatness and also a surrogate measure of body
fat because it measures excess weight rather than excess fat. BMI relies solely on height and weight as well with access
to the proper equipment routinely measured and calculated with reasonable accuracy [10, 11, 12]. Body fatness has been
an important psychosocial issue among humans for millennia [13]. Body weight is influenced by the interaction of
multiple factors. Body Mass Index is used to estimate healthy weight of average people. People with a BMI of 25 to 29.9
are considered overweight, and people with a BMI of 30 or above are considered obese [14]. Research had shown that
individuals with a higher BMI are more likely to experience obesity-related health problems [15]. BMI categories are
used worldwide for all adults 20 years and older. Some researchers established that BMI should serve as the initial
screening of overweight and obesity for adults including children and adolescents [16-19]. BMI is a reasonable indicator
of body fat for both adults and children [20-23]. BMI does not measure body fat directly, it should not be used as a
diagnostic tool [24, 25]. A health care provider should integrate other factors into a health assessment, including
evaluations of diet, physical activity, family history, and other appropriate health screenings.
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It was indicated that BMI should be used as a measure to track weight status in populations and as a screening tool to
identify potential weight problems in individuals [26, 27]. Measured height and weight are needed because self-reported
data is not sufficiently reliable to follow population level trends or to make comparisons between populations [28]. The

BMI as given in equation 1 according to [7]._Body Mass Index for Adults graphical data as shown in Fig. 1.
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Fig. 1: Body Mass Index for Adults [29].

Foster [30] quoted from United states Centres for Disease Control and Prevention that studies showed that individuals
who are overweight or obese run a greater risk of developing diabetes mellitus, hypertension, coronary heart disease,
stroke, arthritis, and some forms of cancer. World Health Organization [31] stated that about 1.6 billion adults worldwide
were overweight and 400 million were obese which was considered as global obesity epidemic. This research focused on
the need to consider a parametric design of height and weight measuring system with the enlightenment of basic design
principle. The convectional height and weight measurement equipment as shown in Fig. 2.

Balanced Beam Scale Electronic Scale Calibrated Welghts
Fig. 2: Weighing Balance and Stadiometer [28].

Stadiometer

Most of the measurement systems contain three main functional elements such as primary sensing element, variable
conversion element and data presentation element. Variable conversion element consist of variable manipulation element,
data transmission element and data storage with playback element. Sensing element is the element in a measurement
system that takes information about the condition being measured and transforms it into a more suitable form. Transducer
is defined as a device which converts a physical quantity into an electrical quantity. Sensor is act as primary element of
transducer [32-39].

Mediatoget [40] stated that the primary sensing element of a measurement system is detecting quantity to be measured
(measurand) as a detector through the primary sensor which gives the output in a different analogous form. This output
is then converted into an electrical signal by a transducer which converts energy from one form to another suitable form.
The schematic diagram of a functional elements of an instrument as shown in Fig. 3.
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Fig. 3: Functional Elements of an Instrument [35].

Sanoner [41] studied on distance measuring device for acoustically measuring distance. The researcher used the device
to determine the distance of an object through the transmitting and receiving of an acoustic signal. The velocity of acoustic
signal and distance travel from transmitting the acoustic signal were compared with output generated.

Alexander et al. [5] worked on ultrasonic sensor based portable height measuring device. The microcontroller was used
to send a trigger signal to the ultrasonic sensors in order to send bursts of ultrasound that reflect off the floor and return
to the receiver. The time interval between the trigger and echo signal is the travel time of the ultrasound wave from
sensors to the floor and back. The microprocessor then measured the time interval and used the speed of ultrasound to
compute the round-trip distance.

Chen [42] performed experiment on portable human height measuring device. The device was consists of an ultrasonic
distance sensor, a controller and several output units. It was used to convert the person's height to the proper measuring
unit and communicated to the person via output units.

1. METHODOLOGY

A Materials and Methods

The selection of a proper material and their properties is of great importance in designing of any expected functioning
machine. The machine components should be made of such a material which has properties suitable for the conditions of
operation. The best material is one which serves the desired objective of the machine to be designed and modelled. The
major design consideration are strength, functionality, safety, reliability, utility, shape, ergonomics and aesthetics,
analysis and control. The design consists of a step-by-step approach procedures from given specifications about the
functional requirements of a product to the complete description in the form of drawings of the final product. An
ergonomically designed system provides optimum performance. The aesthetic and ergonomics are very important
features which gives grace and lustre to product of any design [1, 43, 44, 45].

B. Materials

The materials involved for the parametric design of height and weight measuring system under study are Load Cells with
Strain Gauge, Sonar with Ultrasonic Sensors, Liquid Crystal Displays (LCD), Medium Density Fibreboard (MDF),
Rubber Mounting, Microcontroller Arduino Board, Battery and Accessories.

1) Load Cell

A load cell is a transducer used to create an electrical signal whose magnitude is directly proportional to the force being
measured. Basically, it measures strain and then converts force into electrical energy [46]. The weight scale amplifier
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(HX711) is an auxiliary to the weight sensor for amplifying the signals from load cells and reporting it to microcontroller
which allows to read easily when measured during the operation. The feature in Fig. 4 depict the load cell with the
auxiliary.

LOAD CELL HX711 Module

Fig. 4: Load Cell with Weight Scale Amplifier Module [46, 47].

2) Microcontroller

Microcontroller is a complete computer on a chip, containing all of the elements of the basic microprocessor along with
other specialized functions [48]. This serves as interface between the software and hardware component of the system as
shown in Fig. 5.

Fig. 5: Microcontroller [46]

3) Ultrasonic Sensor

An ultrasonic sensor is an electronic device that measures the distance of a target object by emitting ultrasonic sound
waves, and converts the reflected sound into an electrical signal. The output current or the output voltage is proportional
to the level or distance of the media surface. Ultrasonic sensors have two main components: the transmitter, which emits
the sound and the receiver, which encounters the sound after it has travelled to and from the target [49, 50]. The ultrasonic
distance measuring sensor as shown in Fig. 6.

Fig. 6: Ultrasonic Sensor [49].

4) Liquid Crystal Display (LCD)
Liquid crystal display is an electronic display device that operates by applying a varying electric voltage to a layer of
liquid crystal, thereby inducing changes in its optical properties [51]. Fig. 7 depicts the feature of Liquid crystal display.

Fig. 7: Liquid Crystal Display [46].
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(5) Battery

Battery is an electric cell device that converts chemical energy into electricity. The battery would be the power source
for the weight and height measuring system as shown in Fig. 8. The rechargeable battery of 6 volts would be needed to
supply direct current to the system and charging panel will be incorporated in the power system.

—_
.
e
-

Fig. 8: Battery [52].

(6) Medium Density Fibreboard

Medium Density Fibreboard (MDF) is less dense than hardboard and it possesses excellent surface qualities, strong,
durable and the ability to resist applied forces that might tend to change its shape and size due to its mechanical properties
as shown in Fig. 9 [53].

Fig. 9: Medium Density Fibreboard [54].

©) Rubber Mountings

Rubber is a natural or synthetic substance characterized by elasticity, water repellence, electrical and corrosion resistance.
Its elasticity, resilience and toughness makes it suitable for various kinds of shock absorbers and for specialized
machinery mountings designed to reduce vibration as shown in Fig. 10 [55].

Baled rubber
Fig. 10: Rubber [55].

(8) Accessories

Accessories are peripheral or add-on to the system that provides functions not available on the major components of the
equipment such as Light emitting diode (LED), Zener diode, Resistors, Capacitor, Switch, Variable resistor, Integrated
circuit (IC) socket, Oscillator, Power Circuit Board (PCB), Adapter, Regulator, Pin socket, Jack plug, Wires and
Software. The symbols of the accessories as shown in Fig. 11.

Copyright to IJIREEICE DOI 10.17148/1JIREEICE.2020.8705 26



ISSN (Online) 2321-2004
|[JIREEICE ISSN (Print) 23215526
International Journal of Innovative Research in
LJIREEICE Electrical, Electronics, Instrumentation and Control Engineering

Vol. 8, Issue 7, July 2020

I
Fig. 11: Symbols of the Accessories [56].

C. Methods

The PTC Creo Parametric 3.0 drawing modelling software was used to draw the isometric and orthographic view of the
height and weight measuring system. The 3D model of the system was created with 2D view to reveal the details of the
modelled drawing. The design analyses of the various measuring devices were emphatically carried out in details.

D. Design Analysis of the Measuring System
The design analysis involves the quantitative of so many components that comprises the system to determine how
functional, efficient and safe the designed system would be.

@ Compression Load Cells

Electronic compression load cell was adopted, an electro-mechanical weight sensor which is used to measure force or
weight. It has a simple yet effective design which relies upon the well-known transference between an applied force,
material deformation and the flow of electricity. They are incredibly versatile devices that offer accurate and robust
performance across a diverse range of applications as shown in Fig. 12. The gravitational force on the body being
measured when is applied to an elastic element produces a measurable deflection [47, 57].

Load Top Plate Load Cells
AR
Steel

Cvlinder /
Strain gauge /ﬁ / A & //ﬁ

r

/

Bottom Plate
Fig. 12: Application of Load Cells [57].

w

Load cell as a sensing element has an input of a change in forces and an output of a change in length (elastic deformation).
This deformation is then sensed by means of another sensor known as strain gauge, the resistors that changes its resistance
when bent. The change in length is a measure of the change in weight [58].

Change in Forces (Input) — Change in Length (Output) — Change in Strain of Strain gauges

Electrical Strain is directly to proportional to the Mechanical Strain as given in equation 2 to 8 according to Webster [59].
Change in Lenth (2)

®3)

Mechanical Strain = ——
Original Length

. . Change in Resistance
Electrical Strain = g

Original Resistance
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The change in resistance of a strain gauge of resistance R when subject to a strain ¢ is given by equation 4.

Change in resistance, AR = RKe 4)

AR AL AR

—x —=>5>—=Ks¢ (5)

R L R AR

__Electrical Strain __ Fractional Change in Resistance _ g~

Gauge factor, K= Mechanical Strain Fractional Change in Length - % (6)
Thus, the response of the strain gauges is obtained as given in equation 7.

ARy _ ARy _ARs ARy _ 6SgPx @)

Ry Rz R3 Ry Ebh2
The output voltage Eo from the Wheatstone bridge, resulting from application of the load P, is obtained as given in
equation 6. If the four strain gauges of the load cells are assumed to be identical, equation 8 is obtained.

6SoPXE
Eo = Egbh2 - (8)

The range and sensitivity of a beam-type load cell depends on the shape of the cross-section of the beam, the location of
the point of application of the load.

2 Vibrating Wire Sensor

This instrument consists of a wire that is kept vibrating at its resonant frequency by a variable-frequency oscillator as
shown in Fig. 13. The resonant frequency of a wire under tension is given by equation 9. The measurement of the output
frequency of the oscillator allows the force applied to the wire to be calculated, this assist the load cell [57].

=5 &) ©)

where: M is the mass per unit length of the wire, L is the length of the wire and T is the tension due to the applied force.

/,,- Permanent

N - magnet

1

Oscillator ~

Applied force

S

| I—

Amplifier
Fig. 13: Vibrating Wire Sensor Incorporated with the Load Cell [57].

3) Sonar with Distance Ultrasonic Sensor

Ultrasonic waves have long been used for detection and communication devices called sonar. Two Ultrasonic device can
be used for distance measurement. Ultrasonic waves can be used to measure distances from 1 to about 50 m. An ultrasonic
transducer is a device used to convert some other type of energy into an ultrasonic vibration. The time for a pulse of
energy to travel to an object and be reflected back to a receiver is measured, from which the distance can be calculated,
the speed of ultrasonic waves is 340 m/s [60-63]. The formular to determine the distance through the distance ultrasonic
sensors as given in equation 10 to 13.

v="f (10)
F=t (11)
v=1 (12)
A=VT (13)

Ultrasonic waves from the transmitter are reflected by the surface of the object to the receiver; the time for the waves to
reach the receiver is measured. The time delay gives the distance from the transmitter and receiver to the surface of the
object, from which the distance can be calculated knowing the velocity of ultrasonic waves. The feature of the operation
of ultrasonic distance sensor as shown in Fig. 14.
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Fig. 14: Ultrasonic Distance Sensor and its Operation [64, 65, 66].
4 Medium Density Fibreboard (MDF)

Medium Density Fibreboard has many advantages over natural wood such as dimensional stability uniformity of strength,
resistance to splitting, panel form and decorative value with thermal and sound insulating properties as shown in Fig. 9
above. It is very adaptable to various applications. It possesses excellent surface qualities and is strong and durable. The

range of thicknesses of MDF is from 6 — 40 mm with density range of 517 — 834 kg/m® of which the average density is
680 kg/m®. The speed of sound in wood longitudinally is about 3500 — 5000 m/s.

Table I: Mechanical Properties of Medium Density Fibreboard (MDF)

Properties of Medium Density Fibreboard Parameters Value
Density 680 kg/m® (Average)
Modulus of Elasticity 105 N/mm?

Modulus of Rigidity 12280 N/mm?
Tension Stress (Transverse) 5.5 N/mm?
Compression Stress (Transverse) 9.1 N/mm?
Toughness 36.7 Nm
Hardness 6.0 kKN

Source: [67, 68].

The size of the MDF to be used on load cell as platform is: Length = 0.5 m, Width = 0.4 and Thickness = 0.04 m
The equation 14 to 19 used to determine the integrity of the weight measuring system platform according to [43].
Weight, W = Density,p X Volume,V X Acceleration due to Gravity, g = pVg (14)
Assumed 15 % Factor of safety

The weight is 60 N

The maximum weight of a man is 1200 N (120 kg), the average weight of man as male and female are 888 N (88.8 kg)
and 764 N (76.4 kg) respectively [69].

The total weight that will act on the MDF is 1260 N

The shear force is 630 N

The maximum bending moment of the MDF under load as given in equation 15

Maximum Bending Moment, M,,,,x = Reaction force, R X Perpendicular distance (15)

The maximum bending moment is 126 Nm

The compressive stress induced due to load to undergo during the operation as given in equation 16

. Maximum Load P
Compressive Stress, 0, = ——————— = —= (16)
Cross Sectinal Area A

Compressive Stress, o, is 6 KN/m?
The stress induced due to bending moment as given in equation 17 and 18
M o

T=5 17)
3
[= % (18)
Stress, o is 605 N/m?
Deflection of the MDF under concentrated load as given in equation 19
3
Deflection, 6 = Wi (19)
48EI

Deflection, § is 0.000004 m
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E. Modelling Parts and Assembling
The 3D models view of the parts in the PTC Creo Parametric software. This 3D model give a simplified assembly view

of the part as shown in Fig. 15.

Fig. 15: 3D Modelling of the Weight and Height Measuring System with BMI Computation

F. Flow Chart of the Program of the Body Mass Index Computation
This algorithm describes the computation of the body mass index from the weight and height measured parameters from

the system as shown in Fig. 16.

Read the values from the Weight and Height Sensors

:

Retrieve the recorded values of Weight, W
and Height, H from the Display Memory

:

Compute sqrt H

!

—
< Disphi:BM )
= )

Fig. 16: Algorithm for the Body Mass Index Computation
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1. RESULTS AND DISCUSSION

The arrangement of the component for the weight measuring system which comprise load cell (weight sensor), weight
amplifier (booster) module, microcontroller (arduino) board, liquid crystal display (LCD) as shown in Fig. 17

LOAD CELL

e

=a

Bl v o
- = o
"

-11

-10

-

PN ERe
'

2
i3
s -
(=
‘\‘Oj_'

non

Fig. 17: Component for the Weight Measuring System

The height of the system for the measuring of the height is about 2.1 m (7 Feet), the area of the stand platform for the
measuring of the weight is about 0.2 m2. The weight sensor for the design could measure from 1-200 kg with accuracy
of about+0.1 kg. The height measuring sensor could measure through a scanning range of 0.4 m to 2.5 m with accuracy
of about+1 mm, resolution of +£0.3 mm and response time of less than 160 microsecond (ms). The sonic frequency of
about 120 kHz and output current range from 4 to 20 milliampere (mA). The circuitry of the anthropometry medical
measuring system as shown in Fig. 18.

' ™ '

POWER SUPPLY * HEIGHT SENSOR HEIGHT DISPLAY SR
L. v L.
I N | —

BMI DISPLAY

WEIGHT AMPUFIER

COMPUTER HX711 MODULE WEIGHT DISPLAY
\ y, \ y, h—
J— S
Programmable WEIGHT SENSOR
Interface Controller
{PIC) Arduino LOAD CELL 200 kg

L A

Fig. 18: Circuitry of the Anthropometry Measuring System

The manikin of the anthropometry measuring system modelled by the PTC Creo Parametric 3.0 drawing modelling
software to show how the person to be measured would stand for the measurement as shown in Fig. 19.
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Height Sensor

BMILCD

Height LCD

Weight Sensor

Fig. 19: The Manikin of Anthropometry Medical Measuring System
V. CONCLUSION

The design of the weight and height measuring system for medical anthropometry has been completed and the aim was
immensely achieved. The results from the design analysis revealed that the system weight sensor platform has shear force
of 630 N, maximum bending moment of 126 Nm. The compressive stress that could be induced during measurement of
maximum human weight is 6 kN/m? and stress that could be induced due to maximum bending moment is amount to
605 N/m?. The amount by which weight sensor platform could deflect when subjected to bending moment
is 0.000004 m. These values indicating that the design is safe for operation which is far lesser than the property
parameters of the materials used for the weight sensor platform. The range of measurement of weight sensor is 1 kg to
200 kg with accuracy of about +0.1 kg and that of ultrasonic distance sensor is 0.4 m to 2.5 m with accuracy of
about +£1 mm, resolution of £0.3 mm. The time for the ultrasonic sensor to response to measure the height is less than
160 microsecond (ms) during on and off respectively.
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