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Abstract

The aim of this research is to design a portable height measurement system using an ultrasonic sensor, based on the
height measurement device’s tilt detection using a tilt dumping sensor projecting. The operating principle starts with
checking for ground parallel using the values of linear acceleration and angular velocity obtained from a tilt dumping
sensor (GY-521). This is used as a starting reference for the ultrasonic sensor (HC-SR04) in transmitting and receiving
high-frequency sound waves as well as their time travelled to the microcontroller (ESP-8266). This is for calculating
the height and to display the results on the LCD screen. The height of a piece of cardboard was measured in
the laboratory at a distance of 50-200 cm in normal conditions and at room temperatures, ranging from 20-35 °C,
including the condition of placing the height measuring device inclined between 0 and +10 degree. This confrmed
that the percentage error of the standard height measuring device was less than 1.00%. Furthermore, the test results
obtained from measuring the height of 50 volunteers, whose heights ranged from 119 cm to 181 cm showed that

the largest error was determined to be 0.72%, which is less than the specified error of 1.00%.

Keywords: Height measuring device, ultrasonic sensor, tilt dumping sensor, microcontroller
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Table 1 An increased rate of growth in height according to age
Age Increased rate of growth in height Growth in height according to age
Newborn - 50 cm
1-6 Months 2.5 cm/month 65 cm
6-12 Months 1 cm/month 75 cm
1-7 Years 7.5 cm/month 125 cm
8-15 Years 5 cm/month 165 cm
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Figure 4 Design of a portable height measuring device’s

frame. (a) components of a device (b) Overview of the
device frame

Ul Sensor
el WC
- L Y
r— -
| Qow
I ] 1
$ | Py mTnr e
‘g = I
y AN ' NodoMOU ESPE06 s
L
o l
: | wpOds O 1 ' .
Char | e 1 SO 1O | ' ‘ o
i \ 8w = L 0> | [ stan suen
e i E - -4
Lore m Re :2"( ]
- : “3-1 "'2:"——’«' :
2 q e
s 1 FOow Ot - gy
) -43--.‘- ::(_\-» l c = s
-
-1»0:- :&: Q=
SOt e » o e F]
-+ [ o LI
S w4 SR -,y
Babary 3 &g
ég;y
VRAT ™
o W , l_
Powsr Saich L5
| R 3o
SN | e
1
Ll
Q0 SO0
2ahe
LED Poow
Maro USE Af

Figure 5 A diagram of control system and display operation



Vol 41. No 6, November-December 2022

Portable height measuring device using ultrasonic sensor
with tilt dumping sensor

Table 2  Details of devices connecting with node MCU ESP 8266
Input Devices Output Devices
ESP 8266
Start SW. Reset SW. GY-521 HC-SR04 LCD 1602 Buzzer
PDO 110
SCL PD1 SCL
SDA PD2 SDA
Low PD5
ECHO PD6
TRIG PD7
Low PD8
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Figure 6 The inclination angle of a portable height

measuring device. (a) Tilt from the X-axis (b) Tilt from
the Y-axis
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Table 3  Linear acceleration result when measuring device is inclined at an angle of -10°and +10° degrees
Linear acceleration of -10° Linear acceleration of +10°
Trial
X X Y
1* testing 0.010 -0.041 0.861 -0.902
2" testing 0.012 -0.040 0.860 -0.904
3" testing 0.011 -0.040 0.862 -0.901
4" testing 0.010 -0.038 0.858 -0.893
5" testing 0.009 -0.039 0.860 -0.901
Average 0.010 -0.040 0.860 -0.900
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Figure 7 A programing flowchart of the proposed system.
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Figure 8 A prototype of a portable height measuring device
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Figure 9 Installation of a portable height measuring device

for performance assessment in the lab

1. manaseuldowlniaslians

mi'*n@aaul"ﬁmuqﬂmtﬁ'@mugqLmuwnmﬁﬁw
wwua neluwiosUfiamamaluladlulaseanlnssised
amzinaluladgasnnisn un1Inendosigalay
aaansal luwszusunguaus Jsmdadyamil Z9ldsinns
ﬂ%’u@?ﬂﬁqmﬂgﬁmﬂluﬁaﬂﬁﬁ@i'nmﬁu 25 a3enLTALBLE
mnm‘sﬂ%’u%amqm%gﬁmadi:uuﬂ%fummﬂmﬂluﬁad
mﬂﬁvfuﬁoﬁﬁmimsa@é?aqﬂmtﬁ'@daugumuwnwﬂﬁ
pyuiuin waslfannZeufisunsalsuiaeutin-asld
‘nmu’mLﬂuwuwwmmimmuawuaﬂ AILRAIANY
Figure 9 Lwamaaummwmm@maaumﬂmimmum
AU Tmmsumu@msmmugamwm 50 LOUALUAT
mnﬁm’é‘aumnL‘%ﬂulﬁaaﬂmamnqﬂmrﬁﬂmugmLmu
wWamaSsas 1 1mwawas Manfeseus 200 LwANAT
T,ﬂmmaauﬁ'ﬂdmgaﬁaﬂ%%'miﬁdndn%ﬁ 3 a5 vt
mimaaulw,wiam%@a‘”lﬁwﬁaanmmdﬁu 1 %4 ath
AIBFITEOA ) Al uudazaSsandm mmnfosazas
@muﬂm@1maaumﬂmmmaiaﬂ%mﬂmmemaamﬂ
Liwmmwuaguuamamaammﬂmamamumwa
AuALLAE J1 30-656N Hady Figure 10



Vol 41. No 6, November-December 2022 Portable height measuring device using ultrasonic sensor 313
with tilt dumping sensor

. o % of first measured  « %G of second measured  « % of third measared

' % oL 2o !
0.50. . o] e . " e e ' . < . po
% ™ .. -..".' o... “we Y
e 0 ...n -:... . ’ ... 4

. . .
OF o SToulon, Lo J b 37 R e

e ® B0 1o g .
? e o7 Q“ :.. .:o:' LT .'t » : Pt
» Uy . .

. .. . e ® _lag: ’e%le oL . . .
. . e |* oy O ' % 5. Yay ".'.'--..-', o '.'.':.'.'o..‘"
’ % . e . . “w ot e :' e |

50 60 70 80 90 100 110 120 130 140 150 160 170 180 180 200
Height (cm)

Figure 10 Percentage error occurred from height measuring a range of 50-200 centimeters
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Figure 12 Percentage relative error of measuring height
in the rooms with different temperatures
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Figure 13 Percentage error occurred from measuring the
height of 50 volunteers
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