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Abstract- The ARM cortex M3 processor is the need of the hour as it has many salient features which enable the user to

use in a wide range of applications in the embedded domain. The ARM cortex M3 processor is ideally suited for low

cost microcontrollers which are used most commonly in consumer products such as electrical appliances, toys, ovens

and mobile phones. Its lower power consumption, high performance and ease of use advantages enables the embedded

developers to switch towards the 32 bit systems and develop quality based products with the flexible ARM architecture.

The state of the art presented in the paper is the interfacing of DC motor with Arm cortex M3 microcontroller

LPC1768. The result of this interfacing is the direction control of a DC motor, which means that it is enabled to rotate

in clockwise and counterclockwise direction using the ARM cortex M3 microcontroller LPC1768.

Keywords — Arm cortex M3 microcontroller LPC1768, 32 bit systems, DC motor, direction control, high performance,

interfacing, low power consumption.

I. INTRODUCTION

ARM cortex M3 processor based microcontrollers,
programming can be done with ease using the C language
and have a well-established architecture due to which
application code can be ported and easily reused, which in
turn reduces the development time and testing costs. ARM
series of processors in the last few years have developed
new processors and system blocks. Various architecture
versions of ARM family include ARMvAT, ARMV5E and
the ARMv6. Recently, it has been seen that the ARM has
extended its product portfolio by diversifying its CPU
development, which resulted in the architecture version 7 or
V7. In this version the architecture design is divided into
three profiles namely A profile, R profile and the M profile.

» The A profile is designed for high performance open
application platforms.

» The R profile is designed for high end embedded
systems which requires real time performance.

» The M profile is designed for deeply embedded
micro controller type systems.

The ARM cortex M3 processor has ARMv7 architecture.
With reference to programming as far as the instruction set
is concerned the cortex M3 processor supports only the
Thumb 2 (and traditional Thumb) instruction set. Instead of
using ARM instructions for some operations as in
traditional ARM processors, it uses the Thumb 2 instruction
set for all operations. Thus it can be said that the cortex M3
processor is not backward compatible with traditional ARM
processors [1], [2]. The cortex M3 processors can execute
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almost all the 16 bit Thumb instructions including all 16 bit
Thumb instructions supported on ARM 7 family processors
making application porting easy. With support for both 16
bit and 32 bit instructions in the Thumb 2 instruction set,
there is no need to switch the processor between Thumb
state (16 bit instructions) and ARM state (32 bit
instructions). Hence, in the cortex M3 processor, one can
mix the 32 bit instructions with the 16 bit instructions
without switching state, getting high code density and high
performance with no extra complexity [1], [2]. The thumb 2
instruction is considered as one of the important feature of
the ARMV7 architecture. The cortex M3 instruction set has
a wide range of new features such as the hardware divide
instruction and a number of multiply instructions are also
available on the cortex M3 processor to improve data
crunching performance. The cortex M3 processor also
supports unaligned data accesses, a feature previously
available only in high end processors.

In this paper the interfacing of a DC motor with Arm cortex
M3 Microcontroller LPC1768 is presented. The rest of the
paper is organized into sections as follows: section Il
describes the overview of DC motor. Section Il focuses on
the system design. Results and discussion are reported in
section IV. Finally section V summarizes the paper and
presents the concluding remark.

I1. DC MOTOR OVERVIEW

A DC motor is an Electrical machine which converts
Electrical energy into Mechanical energy. It works on the
principle that whenever a current carrying conductor is
placed in a magnetic field, it experiences a mechanical force
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hose magnitude is given by
F= BIL Newton. (1)
Where

B is the Magnetic flux density in wb/m?

I= current flowing through the conductor in Amperes

L= Length of the conductor in meters

The direction of the mechanical force experienced is given
by Fleming’s left hand rule, which states that when the
thumb, forefinger and middle finger of the left hand are
outstretched such that they are mutually perpendicular to
each other, then the forefinger points in the direction of the
magnetic field, the middle finger in the direction of the
current, then the thumb indicates the direction of the force
experienced by the conductor. The working of a DC motor
is illustrated in figure 1.
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Figure 1 Working principle of a DC motor

The voltage equation of a DC motor is given by

V= Eb + Ia Ra (2)
Where V is the applied voltage, E, is the back emf, 1, is the
armature current and R, is the armature resistance.

In a DC motor, the electrical input (supply) voltage is the
main cause of armature current and the motoring action and
hence this induced emf (electromotive force) opposes the
supply voltage. This emf tries to set up the current through
the armature which is in opposite direction to it. As this emf
always opposes the applied voltage it is also called as back
emf or counter emf.

From the voltage equation, the armature current can be
calculated as follows

L=V-Epy/R, 3)
The main output of the DC motor is torque. It is defined as
the turning moment about an axis. It is also defined as the
product of force and perpendicular distance.

The torque equation of a DC motor is given by

T.=(12) x ®x Z x (P/A) I, (4)
Where T, is the armature torque or gross torque developed
by the motor, @ is the useful flux per pole in webers, Z is
the total number of armature conductors of a DC motor, P is
the number of poles and A is the number of parallel paths.
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The speed equation of a DC motor is given by

N=V/IK® (5)
Where K is a constant.

In many applications that uses DC motor, the speed control
is of utmost importance and it is essential where the
precision and protection is of prime essence. A DC motor’s
speed can be controlled over a wide range, by using either a
variable supply voltage or by changing the strength of
current in its field windings [4], [5]. But in this paper the
direction control of DC motor is presented.

The direction control of a DC motor, which is making the
DC motor to rotate in clockwise and anticlockwise direction
by ‘N’ steps, is implemented using the advanced
microcontroller the ARM cortex M3 LPC1768. The DC
motor which is used for the proposed research is illustrated
by the photographic view as shown in figure 2.

Figure 2 Photographic view of DC motor
I11. SYSTEM DESIGN

3.1 Board Specifications of the ARM cortex M3
Microcontroller LPC1768

The LPC1768 is ARM cortex M3 based 32 bit
Microcontroller. It has the following features

» 512KB flash memory and 64KB SRAM. In-System
Programming (ISP) and In-Application
Programming (IAP) capabilities.

» It has Single 3.3 V power supply (2.4 V to 3.6 V).

» There are 70 General Purpose 1/0 (GPIO) pins with
configurable pull-up/down resistors, open drain
mode, and repeater mode.

» Possesses a 12 bit Analog to Digital converter
(ADC) and up to 8 analog channels.

» It has 10-bit Digital-to-Analog Converter (DAC)
with dedicated conversion timer.

» Easy communication set up with the availability of
12 MHz crystal.

» Possesses a Reset push-button for resetting the
controller.

» Four general purpose timers/counters are available
with a total of 8 capture inputs and 10 compare
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outputs.

» Possesses 3 12C bus interfaces.

» There is a serial peripheral interface (SPI) controller
with  synchronous, serial and full duplex
communication.

» Sleep mode, deep sleep mode, power down mode
and deep power down mode are the four reduced
power modes available.

» Real time clock (RTC) with a separate power
domain is also available.

» Presence of an onboard voltage regulator for
generating 3.3 volts. Input to this is through the
external +5volt DC power supply through a 9 pin
DSUB connector.

» Piggy back module is available which contains the
LPC1768 controller.

» Presence of one RS232 interface circuit with 9 pin
DSUB connector.

» Possesses DC motor interface for direction and
speed control.

» Availability of stepper motor interface with
direction and speed control.

» It has an 8 bit DAC interface.

» There is a 16x2 alphanumeric display for LCD
interfacing.

» Presence of a 4x4 matrix keyboard for keyboard
interface which is connected to the port lines of the
controller.

» Possesses a two digit multiplexed seven segment
display interface.

» On board buzzer, relay and LED indication
controlled through push button interface circuits
are also available.

» It has a 2 channel ADC IC with POT and
temperature sensor.

» Standard 26 pin FRC connectors are available to
connect to on board interface.

3.2 System Specifications
The system specifications are illustrated in table.
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In-system Programming (ISP): Flash magic software
9. can be used to download the HEX files to the flash
magic of the controller.

Serial communication: RS 232 cross cable connections
10. required for establishing communication between the
evaluation board and a display terminal/host computer.
Applications: Rotation of DC motor in clockwise and

11 anticlockwise direction.

SI. No System Specifications
1 Domain: Embedded systems Microprocessors and
) Microcontrollers
5 ARM cortex M3 Microcontroller: LPC1768 32-bit

RISC microcontroller from NXP founded by Philips.

3. DC Motor : 5 volts, 100 mA
Desktop computer: Pentium 4, 1 GB RAM, Processor

3.3 System set up

The system set up was done in Embedded system and
Microcontroller laboratory. The system consists of a
Desktop computer, ARM cortex M3 LPC1768 evaluation
board, and a DC motor. The complete interfacing is
illustrated by the photographic view in figure 3.

Figure 3 Photographic view of the system

The required hardware connections were done by
connecting the adapter cable to the socket and the adapter
pin was connected to the ARM cortex M3 LPC1768
evaluation board. Apart from this, the USB cable was
connected to the USB port of the desktop computer and the
other end of the USB cable was connected to the female
connector of the RS232 cable and the male connector of the
RS232 cable was connected to the female connector
provided on the ARM cortex M3 LPC1768 evaluation
board. The DC motor was interfaced to the board by
connecting it to the reliamate RM4 provided on the board.
Embedded C program was written for the interfacing of DC
motor to run it in clockwise and anticlockwise direction
using Keil u vision-4 software. This software was opened
by double clicking on the icon of the software located on
the desktop computer. A new window appeared where
project option was clicked and then new W vision project
was chosen as shown in figure 4.

4. speed 2.5 GHz.
5. Programming language: Embedded C
6. Port line: P.124 & PO. 26
7. Software: Keil p vision-4
8. Adapter cable, USB cable
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Figure 4 Choosing the new p vision project
A new window appeared on the screen named Create New
Project [6]. A separate folder named DC MOTOR was
created on the desktop as shown in figure 5

Wew Prowct Flash Debug Perpherals Tock SVCS Windwr Heb
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Figure 5 Creating the folder DC motor on the desktop
A file named CONTROL was saved in this folder as
depicted in figure 6
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Figure 6 Naming the file CONTROL

Another new window named Select Device for Target
“Target 1’ appeared on the screen and in its search column
nxp was written to select the microcontroller of the nxp
series founded by Philips [6]. The LPC1768 ARM cortex
M3 microcontroller was selected and the features of this
microcontroller was displayed and then ok option was
clicked as shown in figure 7.

384 | IIREAMV0410945056

DOI : 10.18231/2454-9150.2018.1206

Flo Et Vew Projct Fiach Debuy Pedghersh Took WS Widow Hep
=Y ] o X E 0

b
our 328 Tinecs nih caphan/conpats. Starda PUM Time block.
Walchdog Temes, Feal Time Clock wih aphonal Batiry backi.
Syitem T ch. Times, Fopobti-e nlsost Tomes, Biomeout desec chci,
Powes 0n el o Manspement Urk Vv nenct Conbol
Copetal citat, 44z berml FC caciator FLL

<

[ ] _omes |

Figure 7 Choosing the ARM cortex M3 microcontroller LPC1768
As soon as ok option was clicked a new window named p
vision appeared with two options Yes and No and then the
option YES was chosen to add the startup_ LPC17xx.s as
illustrated in figure 8.

\'.:) Copy ‘arup_LPCLTcc5'to Praect Fdee and Add Pl to roject 7

==

o 0F 0.
n

Figure 8 Selecting the Yes option
The target was created as ‘Target 1’ in the project window.
The + sign of target was clicked as result of which the
source group was shown below the target as illustrated in
figure 9.

Settings\Adminfstrate pADC MOTORVCONTROL, 1
Froedt Flah Dot Ferpherss Tods T3 Window Heln
" m = | B~ Qe

@ &- %

W Target 1 FA AR

Figure 9 Creation of source group 1
After the creation of project a new window appeared where
the file option was chosen and new option was selected as a
result of which editor window was opened as shown in
figure 10
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Figure 10 Choosing the new file
The program for the interfacing of DC motor to rotate the
motor in clockwise and anticlockwise direction was written
in embedded C language and then it was saved by clicking
on the save icon as illustrated in figure 11.

| C:\Documents and Settings\l dministrator\Desktop\DC MOTORMC vproj - pVisiond
Fle Bt iw Pow Fah Debuy Peisharsk Took UG5 Wi
F IR I PRRR([FEEL D far@oco0a@]
e 35 w1 LI EY
EENNTT e > X
B =
+ [ Source Growp | #1nclude <LPC17Rx.H>

void Clock_Wise (vold) s
void AClesk Wiseivesd:

unaigned long i
1t wain(vold)
i
LPC_PINCCH->PINSELL = 0x00000000;  //FD.26 GFIO, PO.26 controls dic
LPC_PINCOH->PINSEL3 = Dx00000000:  //P1.24 GFIO

LPCGPTOO->FIGDTR |= DADAOOOOOD:  (/PD.26 owtput
LPCGPIOI->FICDIR |= 0A01000000;  //P1.24 CMTRUC
while(s)

¢

Clock_Wise():
£or [170; 14300000; 14+ -
Alock_Uize();
or [1=0: 14300000 4+)

) //ena vnile(n)

' frend main

void Clock_Vise (void)

LPC_GPIOI->FICCLR = OKDIOODODO;  //F3.24 Kept low to off ICH
Zor [1=07 15100007 4++) 5 /ldelay to componsate inertis
LBC_GFIC0->FICSET - Ox04000000;  //coil iz on
LPC_GPIOL->FICSET = DRDI000000;  //motor in om
¥ ffend void Clock Uise (void) L]
e (@0 0 [0, ] |& s

Figure 11 Saving the program

Another window named Save As apperaed on the screen
and the file was saved as CONTROL.c. The file extension
.C is mandatory. This is shown in figure 12.

%] C:\Dacuments and Settings\idministrator\Desktop\)C MOTOR\CONTROL. uwpraj - p¥isiond
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Saveinc [ DCMOTOR - ~E5E
unzi

1t (alcontect
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Figure 12 Naming the file as CONTROL.c
As the file CONTROL.c was saved color syntax
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highlighting was enabled as shown in figure 13

2] wocuments and Settings\s dministrator\BeskioplC MOTORMCON TROL. uvproj - uVisiond
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e

5 LPC_PINCCH-PINBELY = Ox00DODOOD: //PO.26 P10, PO.26 cencrols dir

10 LPC_PINGCW--PINSELY = 0x0c

11 LPCTGRICO-FIODIR |- CxOa

12 LPC GPIOI-3FIODIR |= Ox0i00C0O0: /)

1

11 iy

15«

16

17
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15

20
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Figure 13 Color syntax highlighting.
In the project window, the source group 1 located below the
target 1 was right clicked and the option Add existing file to
group ‘source group 1’ was selected to add the .c source file
to the group as illustrated in figure 14.

7] C:\Dac uments and Settings dministrator Desiiop\DC MOTORICONTROL uvproj - pVisiond
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R
2§ for [i=0;3<10000;3+)
27 LPC_GPIOO->FIOSET = 004000
28 LPC GPIO1->FIOSET = 0xD1000
28} /lend void Clock Uis |

e [@e e 0,0 |8 3

ek Evistin s o current Project Groug. Sirdaton L39Cil [

A new window named Add files to group ‘source group 1’
appeared where the file CONTROL.c was selected and then
the option Add and Close was clicked one after the other as
shown in figure 15

(% C:\ocuments and SettingsWAdministratorWeskiop\DC MOTORVCONTROL. uvproj - ¥isiond
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Figure 15 Selecting the file CONTROL.c
The window Add files to group

‘source group 1’
reappeared. Here the startup folder was chosen and in it
NXP was chosen and then LPC17xx folder was opened and
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inaIIy system LPC17xx was selected as shown in figure
16, 17 and 18 respectively.

[ :\ocuments and Settings\ dministrator\Jeskiop\DC MOTORVCONTROL.uvproj - p¥ision
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NEda
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T

a9

1 o] s 1L0 M8
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Figure 16 Selecting the start up folder
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Figure 18 Selecting system_LPC17xx
The compilation of the files was the next important step
which was done by clicking on the build icon as illustrated

in figure 19
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%] C:\Documents and Settings\Administrator\Deskiop\DC MOTORMCONTROL. uvpro] - iVisiand
Fle Edk Yew Froject Flash Debup Perpherds Tooks SWCS  Window Help

Gdd a2 " EEY ] dsdr Qecoad-
eEE W Taget1 R bRed
] contralc - %

- Buid (77
—r| Dastgsties f

& 3 Souce Goup 1 2 $include <LPCITxx,H>

3 void Clock_Wise [void) ;
4 void AC1ock Uise(vaid) s
s

8 unsioned Long is

7 int main(void)

GPI0, FO.26 controls dir

S LPC PINCON->PINSIL1 = 0x00000000; //F
10 LPC_PINCON->PINSEL = 0x000
11 LPC_GPIOO->FICDIR |= 0x0400000
12 LPC_GPION->FICDIR |= 0x01000000:

14 while(l)
t

16 Clock Nise():

17 for|1=0; 1<300000; 1+4) ;
18 AClock Wise(}:

19 £ox |1e0; 1€300000; 144) 5
20 1 //end wnilell)

21} f/end main

23 void Clock Wise (void)

25 LPC_GPIO1->FICCLR = 0x01000000:
26 for[1=0;1<10000;144);
27 LPC_GPIOD->FICHI

/771,24 Repe low to ot bCH
Jdelay to componsate inertid
0 Jooil 8 oo

%01000000; Jlmoror in on
//end void Clock Uise (void

Bl target s L2k L6 I

Figure 19 Choosing the build icon for compilation

After compilation the build output window was checked,
where the message CONTROL.axf 0 Error(s), 0 warning(s)
was displayed which ensured that the program was error
free. This is shown in figure 20.

v & b

g ST Terget: 2 ¢
%] controlc = E
B T =

2 #include <LPCI7xx. K>
3void Clock_Wise (void):
4 voia AClock_Uise(voal ;
s

8 unsigned long i:
71nt main(void)

5  LPC_PINCON->PINSEL1 = 0x00000090; P0.26 conteols dir
10 LPC_PINCON->PINSEL = 0xDO0OOOO

11 LPC_GPIOD->FICDIR |= 0x04000000.
12 LPC_GPION->FICDIR |= 0x01000000:

14 wnileln)
15

16 Clook Wise():

17 LOT(170: 163000007184 1
18 AClock Wasel}s

19 for|1=0; 1<3000005 144 5
20 ) slema wnileli)

21} //end mein

22

23 woid Closk_vize (void

24 ¢

£1P1.24 Fept low to off DGR
//delay to componsate inercia

25  LPC_GPIO1->FICCLA = 0x01000000:
26 for [1=0:1<10000; 144 ¢

27 LPC_GPIOD->FICSET = 0x04000000;
2B LPC_OPIO1-FICSET = 0010000

28, v Clock Uise (void) »
< >
cx)
KRG ~
‘togram Size: Code=1536 Ro-data=236 Ri-datas8 ZI-data=608
".\CONTROL. ax£® - 0 Error(s], O Varning(s). 3

125 C65 e

Figure 20 Obtaining the error free program with 0 errors and 0
warnings

In the project window, the option ‘Target 1 was right
clicked and then options for Target ‘Target 1’ was chosen

as illustrated in figure 21.

(@ C:Wocuments and SettingshdministratorDesktopWC MOTORMCONTROL .uvproj - p¥isiond
Fie Edt Vew Prolct Fiash Debug Perpherss Tools SWCS  Window  Help

NEdd » =@ 9 far@ecoe(m]

- x
A
e -
P10, P0.26 controls dir
210
atput
atput
Desktop!DC MOTOR'CONTROL map
7
LBC_GPIOL->FIOCLR = 0:01000000;  //P1.2% Kept low to off DCN
26 for[1=0; i<10000; i++} //delay ta componsate inertia
27 LPC_GPICO->FIOSET = 0:04000000;  //coil is on
28 LPC_GPIOL-SFIOSET = 0:01000000;  //motor ia om
29} //end woid Clock Wise void) =
>

Bui

Linking. ..
Program Size: Code=1596 RO-data=236 RU-data=s II-data=605
".\CONTROL.awt" - 0 Error(s], O Uaruingis].

Figure 21 choosing options for Target Target 1
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The options for Target ‘Target 1° window appeared where
output option was selected and then the option create hex
file was enabled as depicted in figure 22
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This created the hex file with 0 Error(s) and 0 warning(s) as
displayed in the build output window. This is illustrated in
figure 25.

BEE
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¥ Debug fomstion I Conste Batch Fls

¥ Cinse HEX Fie

I Buoss Infamaticn

" Cimate Livay. \CONTROL i

| [ Caes_] [oemi_| e "

Coda=1596 RO-data=236 RU-data=8 ZI-datam608
eror(s), 0 warning(s)

i stan (%) CriDozumerts and 5o

Figure 22 create hex file option enabled

In the same window the linker option was chosen and then
the option Use Memory Layout from Target Dialog was
enabled as shown in figure 23

(%] C:\Dacuments and SettingsWdministrator\DeskiopWC MOTOR\CONTROL. uvproj - pisiond
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Sdd @ 9 B E i = YR, e o@D A
@@ §0 Tarett rar
%) wontrolc - x
W, Optians for Target ‘Target 1* ] =
Device | Tanget| Qutpu | Lising | User | C/Cwe| dam  Linkor | Debug| Ui |
7 Use Memory Lapd hem Target Dinkg K0 Basec
T™ ake P Sectons Posiionreperseed A/D Bare
I~ Make RO Sections Fosition Independert. AW Base '7
™ Dort Saaich Starcod Libraies P
7 Aepas might faf Careiiorn 23 Enors C
Scall
e | (2] mewr
Mise:
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Linker |-cpu Cotex M3 "0 ~
cortil -l -scatler'COMTAOL set”
hing v
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Figure 23 Use memory layout from target dialog option enabled
Finally to come out of this window ok option was clicked.
Lastly the rebuild icon was clicked to rebuild all the target
files as shown in figure 24

(€ C:\Documents and Settings\hdministrator\DeskioplDC MOTORVONTROL uvproj - p¥isiond
Fle Edt Vew Projet Flash Debup Perpherds Took SUCS  Window Help

6§ unsigned long i:
7int =ain(void)
8¢

10 LPC_PINCON->PINSELI = 0x00000000: //P1.
11 LPC_GPICO->FIODIR |= 0x04000000;
12 LPC_GPIOI->FIODIR |= 0x01000000: //P1.

14 shile(1)
i

23 wo1d Clock_Uise (voidy

24 ¢

25 LPC_GPIOI->FIOCLE = OxD1000000;  //F1.24 Eept low to off DCH
: ate inerci

231

525 BO-data=i3$ R¥-data=3 II-data=£03

" - 0 Zrrorisl, 0 Varnming(s).
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Figure 25 Creation of Hex file.

V. EXPERIMENTAL RESULTS AND DISCUSSION

The required output in the form of rotation of DC motor
in clockwise and anticlockwise direction was observed. The
rotation of DC motor was continuous in loop. Flash magic
software played a vital role in obtaining the final output.
The flash magic software located on the desktop computer
was double clicked. Five important steps were performed in
order to get the desired output.

STEP 1: COMMUNICATION
The following selections were done in this step.

» Device: LPC1768

» Com port: COM 3 (as the USB cable is connected to

this port).

> Baud rate: 19200

» Interface: None (ISP)

» Oscillator (MHz) : 12
STEP 2: ERASE
In step 2, the option erase blocks used by the hex file was
selected by enabling it.
STEP 3: HEX FILE
In this step, browse option was clicked so as to download
the hex file. In the proposed system the hex file with the
name CONTROL.hex was contained in a folder named DC
MOTOR on the desktop.
STEP 4: OPTIONS
Verify after programming option was selected by enabling
it.
STEP 5: START
In this step, start option was clicked in order to download
the hex file to the controller on the ARM cortex M3
LPC1768 evaluation board.
As step 5 was completed it was observed that the DC motor
rotated in clockwise and anticlockwise direction.
The steps 1 to 4 are illustrated as shown in figure 26 and
the last step that is step 5 is depicted as shown in figure 27.
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Figure 26 Photographic view of steps 1 to 4
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Figure 27 Photographic view of step 5
V. CONCLUSION

The DC motor was interfaced with the ARM cortex M3
microcontroller LPC1768. The interfacing was done using
ALS-SDA ARM cortex M3-06 board, desktop computer
and a DC motor. Keil p-vision 4 and flash magic software
were used in the system. The entire system is simple,
reliable, easy to implement and is user friendly. Less cost is
one of the major advantages of the system. The DC motor
rotated in clockwise and anticlockwise direction and this
process was continuous in loop. It is also possible to rotate
the DC motor in only clockwise direction and by making
code change the DC motor can also be rotated only in
anticlockwise direction. In a similar way the speed of
rotation of DC motor can be controlled.
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