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Abstract: Body Mass Index (BMI) is a non-invasive method employed to measure body fat accumulation 

using the individual’s weight and height. Obesity is associated with a lot of diseases such as hypertension, 

type-2 diabetes mellitus, kidney disease, respiratory problems, degenerative joint disease, cardiovascular 

disease etc with direct relationship with body weight. Curing and managing the aforementioned diseases is 

cost effective. Hence to determine and monitor obese status of an individual accurately and at an affordable 

cost, there is need for a device locally developed that can withstand Nigerian’s environmental condition.  

These amongst other factor influence the choice of Arduino based automated BMI machine with Liquid 

Crystal Display (LCD). This device works on the principle of Hooke’s law and acoustic ultrasound waves. 

The device measures weight and height and determines the corresponding BMI automatically. The BMI and 

other Inbody data measured are saved in the system’s database and they can easily be accessed for regular 

check of one’s state of health especially obesity status. The designed circuit combined the functions of the 

ultrasonic proximity sensor and weight sensor in one system and developed software embedded in two 

microcontrollers that control the whole system. The design utilized hardware tools which include ultrasonic 

proximity sensor, weight sensor, Gizduino ATMEGA328 and sensor Amplifier while the software 

requirements include Windows 7, SQL Server Management Studio, Microsoft Visual Studio(.NET), 

Microsoft Visual Studio, and Arduino (software). After several testing of the program to the GizDuino, the 

proponents distributed the software programs to Microcontroller Unit (MCU). After uploading the software 

it was interfaced to the hardware to test its functionality. The hardware of the project consists of 4-load cells 

for the weight and an ultrasonic sensor for the height measurement, while the Arduino microcontroller 

circuitry does the automatic computation of the BMI. Though the designed system cannot accommodate 

someone weighing 250kg and above.  Series of tests were conducted and it reveals accurate results 

compared to the manual computation of BMI. One hundred and thirty members of the Federal Polytechnic, 

Ile Oluji community comprising of staff and students randomly selected were used to test the device. The 

heights and weights of the same set of people were also measured manually as a reference. Statistical 

analysis shows that there is no significant difference in automatically generated and manually calculated 

BMI results for 130 respondents employed in testing of the designed Automated BMIS. 
 

Index Terms - Automated, Body Mass Index, Obesity, Microcontroller, Morbidity 

I. INTRODUCTION 

Every individual requires being proficient and having a strong physique with an ideal posture. For 

someone to determine the level of health risk being taken, there is need for regular knowledge about ones 

weight and height (Candra,et al., 2019)   One way to this is by knowing one’s body mass index. This can 

be used to determine healthy posture based on the ratio between body weight and height. Body mass 

index determines whether ones weight category is proportional or not. Organizations that need to confirm 

medical fitness need an improved and accurate means of doing that apart from the old method. Even some 

medical centres still use manual measuring instruments. This is through the use of meter rule attached to 

the wall for height and digital or analogue weighing machine for weight. The relative weight of an 
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individual base on mass and height is referred to body mass index. In the nineteenth century, a Belgian 

statistician named Adolphe Quetelet came up with the Quetelet Index of Obesity, which measured obesity 

by dividing a person's weight (in kilograms) by the square of his or her height (in inches) (Sun, 2007). 

The formula used was initially called the Quetelet Index, named after the developer, a Belgian statistician, 

Adophe Quetelet by name. The nomenclature "Body Mass Index, BMI" was proclaimed by (Bray and 

Gray, 1988), having convinced that the word BMI is most appropriate for body fat percentage among 

ratios of weight and height.  

After manual calculation to determine the BMI through the parameters measured separately BMI chart is 

latter consulted to make decision. As alternative to mechanical measurement, choice of digital weighing 

scale is better in various ways. Digital weighing scale is able to display reading in numerical form which 

allows user to read the measurement quickly. Moreover, most digital weighing scales support auto 

zeroing feature which helps minimize the incur error caused by wear-and-tear or environmental factors 

(Omair et’al 2018). Importance of knowledge about Body Mass Index (BMI) to human health cannot be 

over emphasized, hence need for automatic device that can determine BMI as against the manual 

computation. BMI provides a simple numeric measure of a person's thickness or thinness, allowing health 

professionals to discuss overweight and underweight problems more objectively with their patients. Some 

charts and graphs show the ratio of proper weight to height in determining the level of body fat. This 

takes time and great effort to calculate the body fat and other in-body data if need be.  

BMI is used by health professionals to determine healthy weights and risky weights. It is also used by 

schools to diagnose students in their various weight classifications (Underweight, Normal, Overweight, 

and Obese) when conducting feeding programs so also military and para-military organizations (Baladad 

et’al, 2016) 

Dipika, (2015)stated that BMI provides a good indicator for levels of body fat, and it is known that having 

a BMI that is either too low or too high is associated with an increased risk of ill health in life.  

The purpose of this study is to automate the BMI calculation to lessen the task of users and aid decision 

making process. BMI calculation system stands out to be easily affordable by everyone considering the 

fact that food which is a major determinant of Inbody parameters is costly (Rachelle,et’al2015). Another 

importance of the project is that it is also a good predictor of serious ailments like cardiovascular diseases. 

High BMI indicates high levels of cholesterols and triglycerides. High BMI also poses potential risks of 

breast cancer, colon cancer, endometrial cancer and respiratory problems. It's a rough indicator of current 

health status and disease risk, based upon weight and degree of obesity. With digital measuring devise 

determination of BMI becomes easy. Some orthodox health centers also sometimes determine BMI based 

on the BMI-for-age chart that contains values for height, weight, and age brackets in determining an 

approximate BMI value and its classification. To avoid uncomplimentary error, there is need to design 

and implement an automatic electronic base measurement tool which can combine measurement of the 

two parameters, calculate the body mass index and give further details about the persons health. A major 

risk factor for many non-communicable diseases, such as diabetes, blood pressure, hypertension, 

cholesterol, triglycerides, and insulin resistance is obesity (Britton et’ al, 2013). The higher the value of 

BMI the higher the risk of ill health (Basen-Engquist and Chang,2011). World Health Organization 

(WHO) reported that mortality rate increases when weight also increases with the estimation of over 35.8 

million people representing (2.3%) of global disability-adjusted life years are caused by overweight which 

could as well be obesity. The expectation is that the weight should be moderate. As over weight is 

dangerous, so also is underweight which may be due to malnutrition, deficiency in minerals and vitamins, 

decrease in immunity amongst others. (Kumar, et’al 2021). To determine the mass status, BMI is found to 

be the most appropriate. As per WHO recommendation, based on BMI value, nutritional status of adults is 

as categorized in Table 1.  
Table 1 BMI value for adults as per WHO recommendation (Kumar, et’al., 2021) 

    Category       BMI range (kg/m2) 

Severe thinness     <16 

 Moderate thinness      16–17 

 Mild thinness       17–18.5  

Normal       18.5–25  

Over mass      25–30  

Obese class I       30–35  

Obese class II       35–40  

Obese class III      >40 
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The developed system measures BMI with high precision and accuracy as compared to existing systems. 

The proposed work is to provide a suitable means for precise, accurate, cheap and user friendly device to 

regularly monitor the vital health parameters as and when due.  

The proposed algorithm and architecture can perform weight filtering for the weighing system. The 

algorithm verified in measuring products successfully with development of a load cell based and static 

weighing system. The design focuses on using digital filtering techniques to remove measurement noises 

from extremely low frequency noise of the static weighing system. Microcontroller is used due to its wide 

application in most designed embedded applications and are heavily used in automatically controlled 

electronic devices such as cell phones, cameras, microwave ovens, washing machines, etc.(Lipovski, 

2004).  
 

II. METHODOLOGY  

The ABMIS consist of the following major parts, weighing bridge machine or Load cell with Amplifier, 

load cell instrumentation amplifier/Calibration circuit, height ultrasonic sensor, Arduino-Uno 

(ATmega328P) microcontroller, LCD display, Buzzer with driver and Power supply as shown in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Block Diagram of Automated BMI System 

2.1  Microcontroller Unit 

The controlling device of the whole system is a Microcontroller. Data from the load cell and the height 

sensor are processed to arrive at the BMI. The calculated BMI is displayed on the monitor/LCD screen and 

stored in database with complete details of user and BMI classification. Also, the microcontroller 

continuously monitors the BMI value and judges whether the user is normal, but if the user is either obese, 

overweight or underweight, the system will give an alert through buzzer, to user of the system. 

 

 

2.2 Height Sensor Unit 
An ultrasonic sensor is used to measure height of the subject. The sensor transmits and receives ultrasonic 

waves on the application of a high pulse on the sensor trigger input resulting in echo generation once it 

strikes the subject. One of the sensors is placed at the foot while the second is place in the hand electrode. 

Time taken by the echo pulse to return to the sensor after reflection from the subject’s head is calculated by 

the microcontroller to measure sensor-head distance. 

2.3 Weight Sensor Unit 

A load cell is a transducer used to convert a force into an electrical signal. This conversion is indirect and 

happens in two stages. Through a mechanical arrangement, the force being sensed deforms a strain gauge. 

The strain gauge measures the deformation (strain) as an electrical signal, because the strain changes the 

effective electrical resistance of the wire. A load cell usually consists of four strain gauges in a Wheatstone 

bridge configuration. The electrical signal output is typically in the order of few millivolts and requires 

amplification by an instrumentation amplifier before it can be used. Output of the transducer can be scaled 

to calculate the force applied to the transducer. The various types of load cells that exist include Hydraulic 
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load cells, Pneumatic load cells and Strain gauge load cells. Figure 2shows the basic circuit diagram of load 

cell. 

 
Figure 2: Block Diagram of MCU Based BMI  

 

2.4 GSM Unit that send BMI value through Wireless Communication 

InBody App is Downloaded from play store and installed. Once the download is complete, the InBody App 

is opened and registered as a new user after which the devices and the mobile app will be paired. 
 

III. PRINCIPLE OF OPERATION  

The initial component of the device is the start buttonwhen being pressed, the load cell and the ultrasonic 

sensor will automatically detect the height and the weight of the user. All the data will be transferred to the 

microcontroller which is assigned to do the calculation of the BMI. After the computation, the data will be 

transferred to the database and will be stored. When the system detects that the user is in the underweight, 

overweight, or obese classification, the buzzer will be activated and the corresponding LED indicator will 

lit. The measured data can also be printed afterwards. The load-cell is in a Wheatstone bridge configuration 

to measure the weight of the subject ranging from 2 to 150kg. The electrical resistance of the Wheatstone 

bridges changes on the direct application of a force on the load cell and thus generates electrical output in 

millivolts (mV). The small output signal is later amplified with the use of an instrumentation amplifier, and 

the calibration circuit converts the mechanical signal to an electrical signal and then is connected to Arduino 

Uno (AT mega 328p microcontroller) where the signal is converted into a digital signal for processing. The 

weight of the object is calculated using equation 1. 

𝑊 = 𝑔𝑎𝑖𝑛 ∗ (𝑉𝑚 − 𝑉0)                                                     (1) 

where W is the weight of the object in kg, Vm is the output voltage (mV) and 𝑉0 is the offset voltage(mV). 
The BMI is calculated using equation 2. 

                                 𝐵𝑀𝐼 =  
𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

(ℎ𝑒𝑖𝑔ℎ𝑡)2 (𝑚)
      (2) 

BMI determined, height (m), weight (kg) and other body data are displayed on Liquid Crystal Display 

(LCD) connected to the microcontroller along with the data. Figure 3 presents the Flowchart of the system. 

For perfect record keeping and to avoid mismatching, there is need to register or input personal information 

including name, age, and gender in the User Information. Then the device is switch on. As the user step on 

the machine the weighing scale and the height sensor make it possible to the system to automatically 

calculate the Body Mass Index (BMI). All data like the height, weight, BMI and BMI classification of the 

user can be documented with the aid of the thermal printer with a recommendation message, which can also 

appear on the printout. 
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Figure 3. Operational flowchart. 

 

3.1 Inbody measurement 

The device is powered on when the footplate is tapped then the subject steps on the footplate and hold the 

hand electrode, 0.0 is displayed on the screen. After the measurement, it automatically switch off when the 

subject steps down. When the subject steps on it, the device start calibrating, with a scrolling rectangular 

pattern appear on the screen as shown in figure 4. Posture sample picture is presented by figure 5. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Calibration  
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Figure 5: Measurement Posture Sample. 

 

After calibration, the weight and height is measured, followed with beep twice to alert that the InBody Test 

is about to initiate. The Test runs for about 10 seconds once “End” appears on the screen, the subject is to 

step down from the footplate signaling completion of the test, with the final output displayed. The output 

indicates the date of the test, weight of the subject, skeletal muscle mass, Body fat mass BMI and 

percentage body fat. Sample of the output is shown in Figure 6 indicating the date and time of measurement. 

 

 

 

 

 

 

 
Figure 7. Final Output 

Precautionary Measures for InBody Test. 
 

 

 

 

 

 
Figure 6. Final Output 

3.2 Precautionary Measures for InBody Test. 

 

For an accurate reading, the following amongst other factors must be considered  

i. Eating shortly before or during testing should be avoided. 

ii. There shouldn’t Be talking and or laughing during test 

iii. The device must be mounted bear footed with moderate clothing 

 
IV RESULTS AND DISCUSSION 

The complete results from the ABMIS is shown in the Appendix I.  

Meanwhile, to ascertain the reliability of the results from the constructed ABMIS, results from the 

construction was compared to manually measurements conducted for the same set of respondents. Analysis 

of Variance (ANOVA) Statistical Analysis tool was employed on the obtained results from the 

experimentation. 
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The results of BMI of respondents are shown in Appendix I. Statistical analysis at 0.05 level of significance 

reflects that there is no statistically significant difference between the automatically generated BMI and 

manually generated BMI or the one hundred and thirty respondents employed in the research. Haven 

fulfilled the test of homogeneity as presented in Table 2 and the f-value of 0.00 in Table 3 confirms the 

statistical results. 

 
Table 2. Test of Homogeneity  of Variances  

BMI_Values 

Levene 

Statistic df1 df2 Significance 

.005 1 258 .943 

 

 
Table 3. ANOVA 

BMI_Values 

 

Sum of 

Squares df 

Mean 

Square F Significance 

Between Groups .000 1 .000 .000 .997 

Within Groups 5082.122 258 19.698   

Total 5082.122 259    

 
V.  CONCLUSION  

The need for regular monitoring of one’s health status in an economical and user friendly manner called for 

development of an automated body mass index system incorporated with GSM module. The system is 

efficient and reduces the rigor associated with the manual means of measuring Inbody parameters which 

include height, weight, fat level, body mass index amongst others. The measured parameters are displayed, 

saved and transferable to the user in case third party use. The system is an embedded system with 

microcontroller, ultrasonic sensor for the measurement of height and loading cell for the measurement of 

weight. Result of the test done with the device for 130 members of the federal polytechnic, Ile Oluji 

community comprising of both staff and students proponents shows insignificant difference with manually 

conducted test, thereby confirming that stress of manual computation and chart matching has been 

overcome completely.  The system can satisfactorily be used in public and private clinics, institution health 

centers routine test and medical check-ups and for students’ medical test during registration.  
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