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Design and Implementation of Ultrasonic Based
Distance Measurement Embedded System with

Temperature

Compensation

Rawaz H. Abdullah

Abstract- This work presents the design and practical
implementation of an embedded system which can measure
temperature of the environment and uses an ultrasonic sensor to
measure the distance of objects ranging from 2 cm to 400 cm. The
measured temperature is compensated to find the speed of the
ultrasonic wave to obtain a more accurate distance measurement.
The heart of the embedded system is a low-cost, low-power, and
high-performance ATmega328P microcontroller from Atmel. The
results showed that, using the TMP36 for temperature
compensation improves the accuracy of the designed system.

Index Terms. Distance measurement, embedded system,
microcontroller, temperature sensor, ultrasonic sensor.

I. INTRODUCTION
Various techniques have been developed for notacb

system is presented in [5] based on S3C2410 miotoulter,
the module of temperature compensation circuit thesn
added to hardware circuit to improve the precision6] a
Parallax ultrasonic sensor is mounted on a moluleotr
Pro-Bot 128 to measure distances frd@mm to 200 mm
at24.8 C°. In [7] two separate ultrasonic transmitter and
receiver were interconnected to a P89C51RD2 Psillip
microcontroller development kit to measure distafroen

5 cm to 50 cm at a room temperature 6 C°. A SPARTAN

3E field programmable gate array (FPGA) board élusith

an ultrasonic sensor in [8] to detect obstacleh witlistance
from 20 cm to 100 cm at a room temperature.

The speed of sound in dry air depends on temperatur
[9][10]. The major drawback of the previous worgshe lack
of a temperature compensation circuit that is neefie

distance measurements, whereas each way has WBIr Qccyrate distance measurement. In this paper & chied

advantages and disadvantages. Optical or infraeedoss
offer good resolution but a poor measurement raBgethe
other side microwave or laser based systems prekent
possibility of a wide range distance measuremett wie
disadvantage of a rather poor resolution [1][2W3][

Mainly, the use of ultrasonic sensors is the melsable and
inexpensive method for distance measurement, whigch
widely used in automobiles to detect distance farking
assistance, in mobile robots to detect the obstatibe
guidance. Beside their scientific and medical agpions,
the sensor can be used as level sensors in tankgfer or
liquid level measurements [2][3][5]. Ultrasonic sers are
even useful under poor lighting conditions or wilegre are
many transparent objects such as windows or glaasays,
as this is where infrared or vision-based sensaitstd be
used. The sensor operation uses the principlecbb e
location. Sonar sensors transmitter sends out g pltse
within a specific direction. When the pulse hitsaject, it
bounces back, after which the echo can be pickeyup
receiver. Most ultrasonic sensors use a singlesthacer to
both transmit sound pulses and receive the refleeto,
typically operating at frequencies between 40 kiHd 250
kHz [6].

Different types of ultrasonic sensors were usedtha
previous related works. In [3] an ultrasonic senser
interfaced to a peripheral interface controller QpPI
microcontroller to measure distances ug.om at25 C°. In
[4], an AVR Atmegal6a microcontroller based rangedr

popular HC-SR04 ultrasonic sensor is used. Theosess
interfaced to an ATmega328P AVR microcontroller to
compute distance frome ¢m to 400 cm. A temperature
sensor TMP36 from Analog Devices is also interfatoethe
microcontroller for measuring temperature of
environment and thereby computing the speed ofthmd
wave to obtain a more accurate distance measureifieat
computed distance is displayed via a liquid crysiaplay
(LCD). Finally the main components of the systenrave
soldered on general purpose soldering boards teaazs an
embedded system.

the

The proposed distance measurement system is shown i
Fig.1. The DC supply voltage is connected to a agst
regulator to deliver a constant voltage to the agontroller
and other components in the system. The temperatunsor
is interfaced to the microcontroller to measuregerature in
both degrees Celsius and Fahrenheit. The ultrasemisor is
also connected to the microcontroller, to compustadce.
The resulting computed temperature and distancdispéay
via the LCD. In this system, two pushbuttons swétctare
planned to be used, which are interfaced to thiadlimput
pins of the microcontroller. The first switch, nagrReset, is
directly connected to reset pin of the microcom#rolWhen
the Reset switch is pressed, the operation of the
microcontroller will begin from the start. The sadoswitch,
named Mode, is used to measure temperature andlatalc
distance by pressing it.

PROPOSED SYSTEM

using ultrasonic HC-SR04 module is used for distanc

measurement. The design of ultrasonic distance uneaent
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respectively. These sensors have a piezoelectisducer
(transmitter) which vibrates at ultrasonic or wtand
| frequencies. These pulses are emitted in a corpeedh@eam

R\éollt:agtir _ | Temperature Sensor and aimed at a target object. The transmitted puése
(3805) v (TMP36) ) 4 reflected by the object to the same or anothersthacer
] (receiver) of the sensor. The received pulses arectkd as
—;lL echoes [2][10][12]. Fig.3 illustrates the basic @tion of
Switch-1 ultrasonic sensors.
(Reset) :D ~4——Djstance—p

Microcontroller

K=
Switch-2 (ATmega328P)
‘(’;IIOZe) :D @ :D

> LCD Display

(¥04S-2H)
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Fig.1: Proposed distance measurement system

A. Temperature Sensor

A temperature sensor is a sensor used to measuiergm
temperature. These sensors use a solid-state ¢eehmbd
determine the temperature. In this work TMP36 isdys
which is a rather complicated integrated circut)(lhidden
in a package, as shown in Fig.2. It has three gisfirst pin

oluose}|in

is the supply voltage\.), the second pin is the output .

voltage (V;), which generates voltage that depends on TX: Transmitter Target a
temperature of the medium, and the third pin isigtbGND) RX: Receiver Object

[11].

Fig.3: Basic operation of ultrasonic sensors

_ For distance measurement, usually the time-offl{JtOF)
i

method is used. In this case, the distance carobgpuated
easily by knowing the speed of sound in the medinchtime
delay of the transmitted and reflected pulses. &tpaation
for distance measurement is [2][9]:

1

| | L=zt @)

Wherel the distance between the sensor and target sunface
l meterscis the ultrasonic speed in the medium measured in
1183 meters/second, ands the flight time of the ultrasonic pulse

2 in second. The speed of the ultrasonic wave dependke
Fig.2: Temperature sensor TMP36 type of the medium and temperature. In air the dpgegiven
by [9]:
The TMP36 provides a voltage output that is lingarl vl ¢ =33145 + 0.6067 T, (5)

proportional to the Celsius (centigrade) tempemtand it WhereT, is temperature in degrees centigrade.
can read from —-40°C to +125°C. The sensor outpdtm¥

per degree centigrade with a 500 mV offset on WEW |n this work, the popular HC-SR04 ultrasonic disgsensor
voltage pin. The following formula relates the geted s used to measure the distance of an object rgrfgim 2

voltage and temperature [11]: centimeters to around 5 meters. The Sensor hagia 4-
Ve = (0.01%T;) + 0.5 (1)  header; it has ¥, pin (it needs a 5V power supply), a trigger
Therefore, pin, an echo pin, and a ground pin, as shown iFig
T, = 100 (V; — 0.5) (2) -

Where, V; is the generated voltage in volts, afd is
temperature in degrees Celsius. To measure ternperit
degrees Fahrenheit the following formula is useld:[1

Tp = (T, * 1.8) + 32 (3)
WhereT; is temperature in degrees Fahrenheit.

B. Ultrasonic Sensor H

Ultrasonic sensors work based on the similar ppiedielated Fig.4: The HC-SR04 ultrasonic sensor

to radar or sonar which evaluates the attributestafget by . . .

interpreting the echoes from radio or sound waved short10us pulse must be supplied to the trigger pin of the
ultrasonic sensor to start the ranging, and the uteodill
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send out (transmit) an 8 cycle burst of ultrasopntse at D. Liquid Crystal Display (LCD)

around40 KHz. It then waits and listens for the pulse to echpcps are commonly used display devices that have

back to the echo pin, and calculates the time takeaceive gpplications in the most appliances and electroeizices.

the pulse (echo) in microseconds [10]. By far the most simplest and popular LCD is thet fganel
based on the Hitachi HD44780U chip, as shown in6@rig

AtT; = 15°C, the speed of sound is abaut 340 m/s,  This type of LCD can display 2 lines with 16 chdeas each.
therefore at this case the distance can be catclitzdsed on Every character consists of 5x8 or 5x11 dot matrixthis

equation (4) as follows: paper, the LCD is used with a snazzy blue backgtauith
L= (340 E) ¢ white characters [14].
12 S 100 SRk h-h-h-)-
om C Pebbblb Ll
=_, - 6 :
2 (340 % 106;15) ©
ot
"~ 58.8236

C. Microcontroller

Microcontroller is the heart of an embedded sysiga). A
microcontroller is a microcomputer that containssinaf its Fig.6: The (16x2) HD44780 LCD display
peripheral devices and required memory inside @lein

integrated circuit along with the central procegsimnit The display has16 pins in a single row. To getdtsplay
(CPU) [13]. The ATmega328P microcontroller usedhis  working, the power, data, and control pins mustwied
work is an 8-bit AVR reduced instruction set conipgt carefully. The function and description of each pm
(RISC) from Atmel [11]. In general, the Atmel AVR demonstrated in Table. |I. There are two basic ways
microcontrollers are very easy to use and can h@eufectly interface the device: 8-bit mode and 4-bit modeosivbften,
well by simply plugging them into a prototype boaadding the Read/Write (R/W) pin is just tied to groundgdadhe LCD
a crystal oscillator, along with two capacitorsj@onnecting is only written to and not read [14].

for programming. They are, coupled with the devalept of
the AVR RISC core architecture that provides foryve
low-cost yet amazing solutions, and designed tovarg fast .
through the use of a reduced number of machind-l4 Pin Name Function
instructions [13]. NO.
1 GND | Ground (0V)
A typical ATmega328P microcontroller in a dual ind 2 Vee | Power (+5 V)

Table. I: Pin description of the HD44780 LCD

package (DIP) is shown in Fig.5. The heart of tfie Contrast Voltage (usually less than 1V, this
microcontroller is an 8-bit AVR CPU. The device #akilo 3 Vo pin needs to be connected through| a
bytes (KB) of random access memory (RAM), 32 KB pf potentiometer for controlling the brightnefss
programmable flash memory, and 1 KB of electncaul)./ of the display backlight)

erasable programmable read only memory (EEPROM. i1

Register Select (logic 1 for data write, O {or

microcontroller also has 14 digital I/O ports andrtalog or 4 RS command write)
ADC input ports. These ports link the microcongolto the moad/Write (1 for dat 7 e LdD
rest of electronic devices [11]. 5 R/W ead/Write (1 for data read from the

register, O for data write to the register)

Enable line [to send data to the LCD, put
data on the data bus, then make EN higH (1)

6 EN and waita little bit and end
bringing EN to low (0) again]
- 14| po.p7 | Pata bus lines (DO is LSB, in 4-bit modgle

only D4-D7 are used)
15 | LED+ | Power for backlight (+4.3V)
16 LED- | Backlight ground (0V)

Fig.5: ATmega328P microcontroller in a typical DIP

The microcontroller has 28 pins. Pin 1 can be usedstart E. Voltage Regulator
the execution of the microcontroller’s prograRESET), pin ' )

7 is the supply voltagd/(.), pin 8 and pin 22 are both groundA vo_Itage regulator prowd_es a constant DC outmltage
(GND), pin 20 is a separate supply voltage for the ARG that is not affected by the input voltage, outpmatd cqrrent,
(AV..), and pin 21 is the reference voltage for thé&nd temperature. In this work, a common 7805 itiegl
analog-to-digital converter (ADC) pinAREF). Pins 9 and circuit (IC) regulator is used that provides a fixgositive
10 are the crystal connection pins. An externalMidz 5 Voutput voltage [15]. The regulator has three teatsin
crystal oscillator is needed to be connected tedimns. Pins which are input, ground, and output as shown in7ig

23 through 28 are ADC pins with 10-bit resolutions

(Ag, Ay, Ay A5 A, andAg). The rest of the pins are all

general-purpose I/O pin®¢, D,, D, ..., D;3) [11].
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1: Input
2: Ground
3: Output

2
3

Fig.7: The 7805 Voltage Regulator package

Capacitors are sometimes used on the input andibofphe
regulator. The input capacitor prevents unwanteillagsons
when the regulator is some distance from the psupply
filter. The output capacitor acts basically asre [filter to
improve transient response. Almost all applicatioofs

results, using the temperature sensor in the thoode of the
designed system improves the accuracy of the distan
measurements compared to the second mode.

[V. CONCLUSION

In this work an embedded system is designed and
successfully implemented using an ATmega328P
microcontroller from Atmel. The system can be uged
measure distance of objects ranging fraem to 400 cm,
using a cheap HC-SRO ultrasonic distance sensor. Fo
improving the accuracy of the measurement a TMRB8&

is used for temperature compensation, since thedspé
ultrasonic waves will be affected by temperaturanges. As

it is clear from the results, using the TMP36 sensw
temperature compensation increases the accuractheof
designed system and reduces error in the distance

regulators require that the device be securedhimaasink to
prevent thermal overload [15].

Ill. DESIGN AND IMPLEMENTATION

measurements.
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capacitors C; and C, is connected. Therefore, the
microcontroller ticks 16 million times per a secoaad on
each of those ticks, the device can perform ondemaatical
operation. In this system, two pushbutton switclresused,
the first one i, and named Reset which is connected to
reset pin of the microcontroller through a pull-tgsistor.
The other switch i§, and named Mode, which is connecte

to digital pinDgy of the microcontroller through a pull-up
resistor and used to measure temperature and atcull]
distance.

(1

[4]
The microcontroller is programmed using a procesbased

language similar to C++. The flowchart for prograimgthe
microcontroller is shown in Fig.9.

5
Pressing the Mode switch each time a different maidiebe o
displayed on the LCD screen among three modeseidrer,
there are three different modes to be displayetti®@h CD by 6]
pushing the Mode switch; the first mode will show
temperature in both degrees Celsius and Fahrehlasitd on
the equations (2) and (3), respectively. The secoode will
calculate distance based on equation (6), anchihe mhode
will calculate distance (more accurate) based clatons (4)
and (5). The second mode uses only the ultrasemscs to
calculated distance (without temperature compemsptin
this case it is assumed that the speed of sound Ise
¢ = 340 m/s at temperatur@, = 15. The third mode uses
the temperature sensor (with temperature compengai
calculate the speed of the ultrasonic wave, and the
distance is calculated. The latter case will givereéraccurate
distance measurement because changing temperdittire o [10]
medium will change the speed of sound, and theaflegts
the accuracy of the distance measurement. The etenpl
design of the system is shown in Fig.10; wheredésign
elements were soldered on soldering boards andeasiato
a general purpose box.

(7]

(8]

&)

[11]
[12]
The comparison of the true and computed distarscgisawn

in Fig. 11. The measurements are taken in two a&par[i3]
temperatures 5°C° and35 °C). As it is evident from the
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Fig.8: Schematic diagram of the embedded distance measurent system
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Set the digital pins
D9 and D11 as
input pins

!

Set the digital pin
D10 as an output pin

y

Set the variable
int count=0

y

Initialize the basic pins of the LCD as:
int RS=2, int EN=3, int D4=4, int D5=5, int D6=6, int D7=7

Call the function
LiquidCrystal Icd (RS,EN,D4,D5,D6,D7)

v
Display
WELCOME
on the LCD screen

y

Insert a time delay
5 seconds

Read the input voltage at the digital pin D9

(to know the status of the Mode switch if it
is pressed or no)

A 4

)

Fig.9: Flowchart for programming the microcontroller
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Read the generated

Yes If No
D9=0 (logic zero) @
If No 15
count=0 ( End )
Yes
If No
Set the digital pins count=1
D9 and D11 as Yes

input pins Yes No

1 Send a 10 ps pulse on the pin D10

of the microcontroller to the

voltage VG of the TMP36

trigger pin of the ultrasonic sensor

sensor at the ADC pin A1

Read the generated
voltage VG of the TMP36

'

Y

Use equations (2) and (3) to

Wait for the echo pulse to be received

sensor at the ADC pin A1

!

compute temperature in degrees

|

Use equations (2) to compute

respectively

!

temperature in degrees Celsius

|

Measure the flight time
of the ultrasonic pulse

/

Display the computed

Use equations (5) to compute the
speed of the ultrasonic wave

}

Celsius, and Fahrenbheit,

temperature on the LCD

c

se equation (6) to compute distance

l

Send a 10 ps pulse on the pin D10

v

of the microcontroller to the
trigger pin of the ultrasonic sensor

v

Display the computed
distance on the LCD

Wait for the echo pulse to be received

v

Measure the flight time
of the ultrasonic pulse

|

Use equation (4) to compute distance

v

Display the computed
distance on the LCD

!

Set counter =0

A 4

counter++

No

The device is still
switched on

Fig.9: (continued)
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Fig.10: The complete design of the embedded system
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Fig.11: Absolute errors of the computed distances
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