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ABSTRACT: The height of an individual at a given point in time has medical interpretation on his state of health and physical fitness. 

Meanwhile, inability to obtain fast and accurate human height measurement has been one of the pressing challenges faced by health 

personnel in Nigeria medical centers and training grounds where many people are examined using improvised stadiometers. This 

paper therefore presents an electronic digital stadiometer which measures human heights faster and more accurately compared to 

primitive method of height measurement. The system utilizes ultrasonic sensor, arduino board, liquid crystal display and light wooden 

frame. The stadiometer is constructed such that anyone standing under the wooden frame has his height automatically measured and 

displayed by the system. The stadiometer, when tested, works efficiently and relatively perfectly. 

Index Terms: height, stadiometer, ultrasonic, sensor, arduino, frame 

INTRODUCTION 

A stadiometer is a device that is used to measure height. It is most commonly found in medical facilities such as doctor’s offices and 

paramilitary centres. Stadiometers typically are used for regular medical exams, although they are used for other kinds of tests and 

experiments as well. A typical model consists of a ruler that is mounted vertically on a wall, with a movable horizontal piece that rests 

on the head of the person who is being measured. 

Although the mechanical, wall-mounted stadiometer has continued to be popular, there are different versions of this equipment. Some 

models use an electronic sensor to gauge height, which is then displayed on a digital reader. There are also lightweight, portable 

stadiometers that can be used against a wall or on a stand. 

A typical stadiometer will measure in both centimeter and inches, but the number of increments between these can vary among 

different models. Most models have a way to lock the headpiece so that an accurate measurement can be recorded. They tend to be 

made of materials such as aluminum or sturdy plastics.  

Human height is defined as the distance from the bottom of the feet to the peak of the head in a human body, while standing erect. It 

could be measured in centimeter (metric system) (Beth et al, 2009) and feet and inches (imperial system) (Robert et al, 2009) (Carter, 

2008). On the average males are taller than females. Several places such as medical centers, screening centers, military offices etc. For 

height measurements, the following instructions are considered;  Remove shoes, hat, and hair ornaments, buns, braids to the extent 

possible.  Stand on the footplate or uncarpeted floor with back against the stadiometer rule.  Bring legs together, ensure legs are 

straight, arms are at the sides, and shoulders are relaxed.  Assure the back of the body touches/has contact with the stadiometer at 

some point, preferably with heels, buttocks, upper back and head touching the measuring surface.  Ensure that the body is in a straight 

line (mid‐auxiliary line and parallel to the stadiometer).  Ensure the head is in the appropriate position (Frankfort plane).  Breathe in 

and hold breath while being measured. The height measurement is important when monitoring health and growth. Height 

measurements coupled with weight measurements are used to calculate the Body Mass Index, BMI, a measure of body fat, that is, the 

ratio of the weight of the body in kilograms to the square of its height in meters. Height measurements and follow-up is necessary for 

the detection of abnormalities that may affect the normal growth rate in human. It is used to collect accurate height data of people and 

to help short nurses who could not accurately record height information for tall persons. 

Accurate height measurements helps in the monitoring of height for any defect or factors that might affect growth. Manual height 

measuring devices (Stadiometers) gives inaccurate readings and constantly requires calibration services which are expensive; therefore 

the use of electronic stadiometers such as the microcontroller based height measuring devices turn out to be more reliable (Shoewu et 

al, 2015). Time management is another problem since it takes a substantial amount of time to process a lot of people’s measurement. 

In 2015, Shoewu et al presented a paper titled design and construction of a portable stadiometer for human measurements for up to 

approximately 200cm, with the use of microcontroller and ultrasonic sensor device (transducer). Ultrasonic transducers uses 
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ultrasound wave having frequency being greater than the upper limit of human hearing. The ultrasonic transducer is controlled by the 

PIC16F877A microcontroller to generate ultrasound wave to be emitted through the transmitter, and the pulse being reflected off an 

object and the echo received by the receiver, derive the time traveled, calculate the distance, and then calculate the height which is 

then displayed on the Liquid Crystal Display. The use of the ultrasound wave finds it application in several sectors such as in the 

medical, industrial and security, electronic and navigational sectors. 

Baharudin et al (2017) sought to examine the reliability and validity of height measurements using a portable stadiometer as compared 

to a mechanical scale. Samples from 142 adults aged 22 to 57 were taken during data collection in November 2014. There was a high 

degree of reliability for the inter-examiner, intra-examiner and inter-instrument aspects with regards to mean difference, the inter 

correlation coefficient (ICC) and Bland-Altman Plot. For the inter-examiner aspect, the height measurement taken by the first 

examiner was 0.01 cm higher than that by the second examiner with an ICC of 0.999. For the intra-examiner aspect, the difference 

was 0.1 cm; this was higher in the first measurement compared to the second. The ICC was also 0.999. For the inter-instrument aspect, 

measurement taken by stadiometer was 0.61 cm higher than the measurement taken by mechanical scale and the ICC was 0.997. The 

Bland-Altman plot showed a distribution of differences between measurements in the inter-examiner, intra-examiner and inter-

instrument aspects that were close to zero within the narrow range of ±1.96SD. The technical error of measurement (TEM), coefficient 

of reliability (R) and coefficient of variation (CV) for the inter-examiner, intra-examiner and inter-instrument aspects were within the 

acceptable limits. This study suggests that the portable stadiometer is reliable and valid for use in community surveys. 

MATERIALS AND METHOD 

The materials used include arduino board, ultrasonic sensor, resistors, 7805 regulator, buzzer and liquid crystal display(LCD). Other 

accessories are connecting wires, veroboard and casing materials. The major components of the device are described below.   

a. Arduino Board 

Arduino board is an open source programmable circuit board. It is a computer without interactive interface. This board contains a 

microcontroller which can be programmed to sense and control objects in the physical world. It responds to sensors and inputs, and in 

turn interacts with a large array of outputs such as LEDs, motors, relays and display units. A typical picture of arduino board is shown 

in figure 1. It is a commercial microprocessor board based on the ATmega328P, which is an 8-bit microcontroller with 32KB of Flash 

memory and 2KB of RAM. It contains everything needed to support the microcontroller. It is simply used by connecting it to a 

computer using USB cable or power it with an AC-to-DC adapter or battery to get started.  Meanwhile, in this work, 5 V power supply 

circuit was developed to power the board (Wender, 2011).  

 

 

 

 

 

 

Fig. 1. Arduino board 

b. HC-SR04 Ultrasonic sensor 

Ultrasonic sensor (HC-SR04) is an electronic module with four pins namely: Vcc, Trigger, Echo and Ground. The sensor is popularly 

used in many applications for measuring distance and sensing objects. The module has two eyes-like projections in the front which 

forms the Ultrasonic transmitter and Receiver. The Ultrasonic transmitter gives out an ultrasonic wave, this wave travels in air and 

when it is obstructed by any material it is reflected back toward the sensor this reflected wave is immediately detected. The sensor is 

commonly used with both microcontroller and microprocessor like Arduino, ARM, PIC, Raspberry Pie etc. The sensor is powered 

using a regulated +5V through the Vcc ad Ground pins of the sensor. The current consumed by the sensor is less than 15mA and hence 

can be directly powered by the on board 5 V pins on the arduino board. The Trigger and the Echo pins are both I/O pins and hence 

they can be connected to I/O pins of the microcontroller. To start the measurement, the trigger pin has to be made high for 10 

microseconds and then turned off. This action will trigger an ultrasonic wave at frequency of 40 kHz from the transmitter and the 

receiver will wait for the wave to return. Once the wave is returned after being reflected by any object the Echo pin goes high for a 

particular amount of time which will be equal to the time taken for the wave to return back to the sensor. The amount of time during 

which the Echo pin stays high is measured by the MCU/MPU as it gives the information about the time taken for the wave to return 

back to the Sensor. Using this information the distance is measured. The ultrasonic sensor emits high frequency ultrasound to hit a 

surface, it then measures the distance by calculating the time it takes for the sound wave to hit a surface and be reflected back. The 

longer the interval, the farther the object is, that is, shorter interval indicates closer objects. Large flat surfaces are easiest to be 

detected with the use ultrasonic sound sensors, round surfaces or thin objects could be very difficult for the ultrasonic sensor to detect. 

After deriving the time for the wave to leave and bounce back to the ultrasonic sensor device, the distance can be calculated using 

the following equation; 
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𝑆𝑝𝑒𝑒𝑑(𝑚 𝑠⁄ )  =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑚)

𝑇𝑖𝑚𝑒(𝑠)
 

𝐷𝑖𝑠𝑠𝑡𝑎𝑛𝑐𝑒 (𝑚) = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑆𝑜𝑢𝑛𝑑 𝑖𝑛 𝐴𝑖𝑟 (𝑚 𝑠⁄ ) × 𝑇𝑖𝑚𝑒 𝐷𝑒𝑟𝑖𝑣𝑒𝑑 (𝑠) 

The speed of sound in air is constant (340 m/s), therefore once the time is derived by ultrasonic sensor device, the distance can 

also be derived by the multiplication of the speed of sound in air (340 m/s) and the time derived. 

 

 

 

 

 

 

Fig. 2. Ultrasonic Sensor 

THE WOODEN STAND 

The stadiometer frame is made of very light wooden materials with a fortified base to ensure its firmness. The height of frame is 200 

meters which is well above the average height of human being. The top central bar of the frame is designed to house the ultrasonic 

which is carefully placed to face the base of the frame (ground). Its is width is about 60 cm. The frame can easily be collapsed to make 

it more portable in case there is need to move it from one place to another. 

 

 

CONSTRUCTION 

The block diagram of the constructed stadiometer is shown in figure 3. The trigger pin of the sensor is connected to pin 9 and the echo 

pin is connected to pin on the arduino board. The Vcc and ground pins are connected to 5 V and ground pins on the arduino 

respectively. The buzzer is connected to pin 8. The LCD is connected appropriately as shown circuit diagram of figure 4. 5 V power 

supply was developed to power both the arduino board and the sensor. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The Block Diagram of the Stadiometer 
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Fig. 4. Complete Circuit Diagram of the Stadiometer 

 

OPERATION  

The ultrasonic sensor device is placed at a fixed height ‘H’ of 200cm (2m) above the base of the wooden frame. Once the system is 

powered and after initialisation, the microprocessor in the Arduino Board being the heart of the device triggers the ultrasonic sensor 

device. Once the trigger is being received by the ultrasonic sensor device, the sensor sends out ultrasound wave in a linearly 

downwards towards the base and awaits the reception of echo which is being reflected by the bottom of the frame if nobody is 

standing under. In case somebody is standing under it , it will be reflected by the head of the individual. Upon reception of the echo, 

the time ‘T’ between pulse emission and echo reception is being measured by the microprocessor in the timer module and further 

divided by two (2), because the time needed is the time it takes the pulse to strike obstacle. Dividing the ‘T’ by two yields time ‘t’. 

The calculated time ‘t’ is then multiplied by the speed of sound in air (340 m/s) to calculate the distance ‘d’ from the ultrasonic device 

to the obstacle ( head). Once the distance ‘d’ is calculated, the height ‘h’ of the person standing under the stadiometer device is 

derived by subtracting the distance ‘d’ from the fixed height ‘H’. 

  𝐓 =  total time for emission and reception of pulse. 

 

  𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑡𝑖𝑚𝑒 𝒕 =  
𝑻

𝟐
= 𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 ℎ𝑎𝑙𝑣𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

  𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝒅 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑜𝑢𝑛𝑑 𝑖𝑛 𝑎𝑖𝑟 × 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑡𝑖𝑚𝑒 𝒕 

So, 

  𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 ℎ𝑒𝑖𝑔ℎ𝑡 𝒉 = 𝑯 − 𝒅 

     = 𝟐𝟎𝟎𝒄𝒎 − 𝒅 

The calculated height, h so obtained is displayed on the LCD. Sending of trigger pulses and also the calculation of height is done 

by the microcontroller at regular intervals in a never ending cycle. The displayed value of d is retained on the LCD for five 

seconds. If the stadiometer displays 10 cm or less, the buzzer is automatically activated to produce a relatively loud sound to 

indicate that nobody is standing under it. The system can therefore be switched off to prevent power wastage. 

TESTING AND RESULTS 

The constructed stadiometer was tested by using it to measure the heights of five different individuals whose heights have been 

carefully measured by wall mount stadiometer. The wall mount stadiometer was initially standardized using metre rule. The 

results obtained are shown in the table 1 below.Each of them were measured three different times their heights were found to be 

the same in each occasion. 
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TABLE OF RESULTS 

CONSTRUCTED STADIOMETER 

READING (M) 

WALL–MOUNTED 

STADIOMETER READING 

(M) 

PERCENTAGE ERROR 

(%) 

1.38 1.37 0.0073 

1.62 1.62 0.0000 

1.65 1.65 0.0000 

1.68 1.67 0.0060 

1.74 1.74 0.0000 

 

CONCLUSION 

The developed stadiometer when used for height measurements performs quite efficiently. The percentage error of the measured 

height is far less than 0.05 %. This signifies that the reading obtained with the device is very reliable. It equally displays the value for 

the same person over many trials which points to its high degree of reproducibility. It equally guarantees very fast height measuring 

process and therefore can be used where the heights of many people are to be measured with less stress (especially in hospital and 

military screening/training centres). 
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