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1. Introduction
The aims and objectives of this assignment will be to use a microcontroller to
interface with the following: DC motor, incremental encoder, analogue sensing
circuit, keypad, LCD display and two pushbuttons.

Using the embedded system from the on-chip peripherals, a system must be
designed and implemented to provide PWM speed control for the motor with the

information being fed back.

A speed set-point must be entered using a keypad and speed sensing feedback
must be applied via the encoder and fed back using an analogue value of armature

current. The current feedback was done in the
prototype stage and left out of the final design

The LCD display“mifstPShoR’ thel SBeed set-point, actual speed and armature
current.

The system must also be started and stopped using pushbuttons placed on the

system.
2 line LCD
24vdc supply
Bk Current
sensing
- Interface
— -~ - svdc
+(1)(2) (3
4 5 6 “ PIC16F877 E
Microcontroller
¢(7)(8)(9 S00ppe
o ¥ 0 # PWIM
»|Interface
Start be better in the
pushbutton pulses hardware section.
Stop — + ~ Interface [« +
pushbutton
Figure 1 — System Block Diagram
This
does
give
some
idea of 6
what
the
task is

about.

This diagram would




2. System Hardware

Selection of Microcontroller

The specific microcontroller chosen for the assignment was the PIC16F877. The PIC
chip being used includes 40 different inputs or outputs; it also has PWM Capabilities
and all the other on-chip peripherals to meets the criteria for the assignment.

40-Pin PDIP
MCLR/VPP — [] 1 N 40 [] <—= RB7/PGD
RAO/ANO «—[]2 39 [] «——= RB6/PGC
RA1/AN1 =—[] 3 38 [] =——= RB5
RA2/AN2/VREF-/CVREF «— [ 4 37 [] =— RB4
RA3/AN3/VREF+ <—[] 5 36 [] =—— RB3/PGM
RA4/TOCKI/C10UT <—[]6 35 [] < RB2
RAS5/AN4/SS/C20UT <—»[] 7 g 34 [] «<— RB1
REO/RD/AN5 <—[] 8 5 33 [ ~<—= RBO/INT
RE1AWVR/ANG <—[] 9 < 2 [] «—— VDD
RE2/CS/AN7 =—[]10 & 31[]<— Vss
Vobo—[]11 g 30 []=—s RD7/PSP7
Vss — o []12 5  29[1<— RDEIPSPE
OSC1/CLKI —=[]13 ¥ 28 []<— RD5/PSP5
OSC2/CLKO «—[{14 2 271~ RD4/PSP4
RCO/T10SO/T1CKI =—s[] 15 26 [] «—= RC7/RX/DT
RC1/T10SI/CCP2 <[] 16 25 [] «—s RCB/TX/CK
RC2/CCP1 «—[] 17 24 [] «<—» RC5/SDO
RC3/SCK/SCL <—[] 18 23 [] <—» RC4/SDI/SDA
RDO/PSP0 «—[] 19 22 [] =— RD3/PSP3
RD1/PSP1 <[] 20 21 [] <—= RD2/PSP2

Figure 2 - PIC16F877
(Microchip, 2003)

Error! Reference source not found. above shows the pin out view of the
PIC16F877. It shows the 40 different I/O’s available to be configured.




Closed Loop Feedback
For the assignment, the speed from the controller needed to be accurately measured
and fed back into the system; this is why a closed loop PI controller was used.

Because the system is a closed loop feedback circuit, the speed needs controlling
and first has to be measured before the data is sent to the controller itself.

For this particular system (as set out in the aims and objectives taken from the
assignment brief), an incremental encoder with an output of 500 PPR (pulses per
revolution) was chosen.

CH.8 10 OUTPUT LOGIC
(OME TTL LOAD
g: ;‘ ED PER OUTPUT)

XXX O¥XS-SA3H

Figure 3 - Incremental Encoder Diagram
(AVAGO technologies, 2012)

Error! Reference source not found. above shows a diagram of the encoder used
in the assignment. It shows the pin-out for the encoder, as well as the connections
for the device, which are:

e Ground
« Vcc

« OQutput channels

Suitable pullup resistors will be used to connect pins 5, 3 and 2 to the Vcc for the
system.




Keypad Interface
The assignment brief specifies that the user must be able to enter the speed set

point using a keypad,; this is set out in the aims and objectives which means that the
system must include a keypad.

In the system a 12-button keypad will be used, using a suitable interface to allow the
microcontroller to read and use the keypad buttons correctly to control the speed
according to the set point entered.

The keypad in question is a 3x4 row input device. This means multiple buttons share
the same pin so the device has to be identified through the use of a function to
decide which particular button the user has pressed.

R1:A |R1B |R1:C

1 = (o) (2
oh Aai 12113
CC < '
CO E o L 4 ! 5 i G
o= :
o © 7 89
Do FLUG :
bk 0
KEYPAD
Keypad | Keypad | Column/ poa Mpze Mrze e ™
Ref. No. | Pinout Row Hl <0k [] 100c [} 100 100K
1 4 Col 1
3 2 Col 2 1
% 5 Col3 =
A 3 Row 1
B 8 Row 2
C 7 Row 3
D 5 Row 4

Figure 4 - Keypad

(Matrix, Unspecified)




The diagram in Error! Reference source not found. above shows the electrical
connections within the keypad device being used in the assignment which is taken
from a source from a manufacturer of a similar keypad.

Start/Stop Pushbuttons
The development board that is being used in this assignment includes a number of
pushbuttons, two of which are used from PORTA.

One will be used to start the system and one used to stop it.

Development Board
The development board used in this assignment is the HP488.

A picture of the board, including important component labels is shown in figure 5
below, sourced from the manufacturer's data sheet.

Board layout

Figure 5 - Matrix HP488 Development Board

(Matrix, Unspecified)
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LCD screen
The development has a built-in LCD screen that will be used to achieve the aims and
objectives of displaying the speed set-point, actual speed and armature current.

The LCD is connected on the PCB to PORT B using RBO - RB5 on the PIC chip
itself.

Although to allow the use of the LCD screen, the switch labelled 33 in Error!
Reference source not found. has to be set to the ON position. As this is the LCD
enable part of the development board as shown in the figure.

The LCD screen has 2 lines which can be utilised to show values on containing 16
characters per line, which can easily display all necessary values and data described

above.

DC motor
The DC motor used within the project has an operating voltage of 24V DC, with the

microcontroller having an output voltage of 5V DC.

To allow the safe interaction between the devices a junction will have to be used to

isolate the 2 separate voltages from each other.

A MOSFET transistor will be able to switch the motor at the required PWM with the
microcontroller activating the MOSFET's gate. (See appendix for how MOSFET's
(thyristors work).

With this setup, the microcontroller will output its PWM wave to the transistor, and
the transistor will switch the 24V to the DC motor, keeping the 5V and 24V isolated
from each other.

11




Flywheel
Diode

| MOSFET

L
1: 7

Ow

Figure 6 - Motor MOSFET Setup
Figure 6 above shows the motor connections, as well as the placement of a flywheel

diode to dissipate any back EMF.

Hardware has
been explained
fairly well.
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3. Microcontroller Configuration

Timer 0

Figure 7 below shows the internal architecture of timer O on the PIC16F877 chip,

sourced from the manufactures datasheet.

Before timer 0 can be used, a few registers have to be set, these are the:

¢ OPTIONS_REG
¢ INTCON_REG

« TIOF overflow value

CLKQUT (= Fosc/4)

Data Bus

/I/a

L
"‘J 1
RA4/TOCKI X M SYNC
pin ,)_ ol Y - 2
|_fJ X Cycles
TOSE T ?
TOCS
PSA
PRESCALER
re-=-"-==-"=-"=-"=-"=-"- A
L I 8-bit Prescaler |
A B |
u
Watchdog 1 x | P |
Timer | |
T | B—to@—PszPSCH
PSA L — e — — - —
_ 0| 1
WDT Enable bit

MUX |a—— PSA

wWDT

Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

Figure 7 — Timer 0 Architecture

(Microchip, 2003)

h

TMRO Reg

-

Set Flag Bit TOIF

on Overfiow
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To give accurate timing the microcontroller was configured to use timer 0 with an interruptinterval
of 10ms.

The clock source Fosc of the PIC16F3877 is 19.6608MHz.

Countable clock speed = Fosc/4 = 4915200Hz
(1/4915200)* 256 = 52uS

MAX PRESCALER = 256

Fosc/4/256 = 4915200/256 = 19200Hz
Period = 1/158200 secs

Number of countsevery 1/100 secs 192 (togive 10mS interrupt)

Preload timer 0 with 256 — 192 64 to interruptevery 10mS

Figure 8 - Equation for Timer Preload Utilising Internal Clock

14




OPTION_REG
The OTION_REG is shown in 9, detailing what each bit does.

To achieve the aims of the assignment the OPTION_REG is set to Ob10000111.

With bit 7 furthest left and bit O furthest right. Therefore the TMRO rate is selected at
1:256 as it's 111 for bits 0-2. The other bit selected is the RBPU as represented by
hit 7.

REGISTER 5-1: OPTION_REG REGISTER

RW-1  RW-1  RW-1  RW-1 RW-1 RW-1  RW-1  RW-1
RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PS0
bit 7 bit 0
bit 7 RBPU
bit 6 INTEDG
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

o = Intemnal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin

0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the TimerQ module

bit 2-0 PS2:PS0. Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:3 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:22 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

Figure 9 — OPTION_REG

(Microchip, 2003)
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INTCON_REG
The INTCON_REG has to be set in the same way as the OPTION_REG, but the
effect of changing the bits has completely different effects.

These effects are detailed below using the register in figure 10.

REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RW-I  RW-0  RW-D RIW-0 RAW-D  RW-D  RMW=x
| @ | pee | TOE | NTE | RBIE | TOF | INTF RBIF
bit 7 bit D
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 8 PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBOVINT External Interrupt Enable bit

1 = Enables the RBO/INT extemnal interrupt
0 = Disables the RBO/INT extemal interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TOIF: TMRO Overfiow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/NT extemal intermupt occurred (must be cleared in software)
0 = The RBO/ANT extemal intemupt did not occur
bit 0 RBEIF: RB Port Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).
0 = None of the RB7:RB4 pins have changed state

Figure 10 - INTCON_REG Description
(Microchip, 2003)
The bits set for INTCON_REG have a binary value of 0b11100000.

This means that the bits to be enabled in the INTCON_REG are the global interrupts
to enable the CPU, peripheral interrupts and TMRO overflow; these have been
enabled by setting the bit to a high logic of 1.

16




Timer 1

Figure 11 below shows the internal architecture of timer 1 on the PIC16F877 chip,

sourced from the manufactures datasheet.

Timer 1 is a 16-bit timer with a maximum count value of 65535,

As it's a 16-bit timer, Timer 1 uses two 8-bit registers TMR1H (H for high) and
TMR1L (L for low), storing the high byte and low byte of the 16bit count respectively.

The maximum no load speed of the DC motor is 2300 RPM. The encoder feedback

takes its value from the input pin RCO on the microcontroller. .

Encoder outputs to RCO input of

MCU.
TIMER1 BLOCK DIAGRAM
Set Flag bt
TMR1IF on )
Overflow 0 Synchronized
TMR1 Clock Input
TMR1H TMRIL
[ ™RiH | TMRIL | ¥
TMR1ON 1
........ OniOf TISYNC
| TI0SC | [
RCOT10SOMICK] EI {2 1] _ :
; Prescaler Synchronize
:1 _-_-T:SSCEN Foacié o) 1,2,4,8 A det
' Intemal—
2 [ n L |
rewmiosicep2® [ ; Oscillstor™ Ciock }2 Q Clock
-------- TICKPS1:T1ICKPSO
TMR1ICS
Note 1: When the TIOSCEN bit is cleared, the inverter is tumed off. This eliminates power drain.

Figure 11 - Timer 1 Architecture

(Microchip, 2003)
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Timer 1 uses a separate register than timer 0 to configure the device, TICON.

The description of T1CON is shown in Figure 122 below.

u-o U0 RMW-0 R/W-0 RAW-0 RAW-0 RAW-0 RAW-0
| — | — |rickpsi|TickPse| Tioscen |TisyYNC|TMRics|TMRioN |
bit 7 bit 0
bit 7-6 Unimplemented: Read as 'l
bit 5-4 T1CKPS1:TACKPSO0: Timer! Input Clock Prescale Select bits

11 = 1:8 Prescale value

10 = 1:4 Prescale valus

01 = 1:2 Prescale value

00 = 1:1 Prescale value
bit 3 T10SCEN: Timer1 Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut-off (the escillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit

When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMRICS =0

This bit is ignored. Timer1 uses the internal ¢clock when TMR1CS = 0.
bit 1 TMRACS: Timer! Clock Source Select bit

1 = External clock from pin RCIVT10SOIT1CKI (on the rising edge)

0 = Internal clock (FOSC/4)
bit 0 TMR1ON: Timer! On bit

1 = Enables Timer1
0 = Stops Timer1

Figure 12 - T1ICON Description
(Microchip, 2003)

To allow the device to operate as per the specification the T1CON register has to be
set at the following binary value Ob00000111. This enables timer 1, enables the
external clock from pin RCO/T10SO/T1CKI (on rising edge) and does not

synchronise with the external clock input.  Timer 1 s set o
event mode

Some other registers have to be set as well t6"énati& € timer 1 overflow. The PIE1

overflow every

and PIR1 registers have to be set to the followingshinary~values: PIE1 = 0b00000001

and PIR1 = 0b00000000. countwhich is
100ms in this

The register needs to be able to overflow to use both the high and low timers,
TMRH and TRML.

18




Timer 2
Figure 13 below shows the internal architecture of timer 2 on the PIC16F877 chip,
sourced from the manufactures datasheet.

Timer 2’s primary function is to interface PWM waves to the DC motor.

Timer 2 is an 8-bit period register giving a maximum count of 256 (as previously
stated). The registers that control Timer 2 have to also be set up, which are separate

registers than the ones controlling timer 0 and 1.

TIMERZ2 BLOCK DIAGRAM

Ses Fiag
Bt TMRZIF | Doatl

RESET Prescaier -
—L MR2R29 1.4, 14, 1.8 O
S
Posiscaler E
mﬂ' -
11 to 1:16 £ Compa P
" T2CKPS1:
4 PR2 Reg T2CKPSD
T20UTPSS:

T20UTR30

Note 1:TMR2 register oulpul can be soffware selected by the
55P module as a baud clock.

Figure 13 - Timer 2 Architecture

(Microchip, 2003)
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u-0 RW-0 RWO RW-0 RWD RWO RWD RWD
— |toutPsa|ToutPsz | TouTPs1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSD

bit 7 bit 0
bit 7 Unimplemented: Read as 'l"
bit -3 TOUTPS3I:TOUTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
D001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit 2 TMR20ON: Timer2 On bit
1 =TimerZ is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaleris 16

Figure 14 - Timer 2 Register

(Microchip, 2003)

The timer 2 register has to be set to the following binary value: 0b00000101.
This sets the prescaler to 4 and turns TMR2 on.

To enable PWM the CCP1CON register has to be set to a binary value of:
0b00001100.

20




PWM
Figure 15 shows an 8-bit register is used to store CCPR1L which can be extended to
use 10 bits using CCP1CON<5:4>.

G
' - CCP1CON«S4- o
Duty Cycle Registers - 5
CCPRIL &
d
1L e
= X
| e |
CCPR1H (Slave)! p/
« RC2/CCP1
omparator Lo n
at
*—ic io
TRISC2> n

Clear Timer, of

CCP1 pin ang
latch D.C. w

h

Mote 1: The 5-bit imer Is concatenated with 2-bit Intemal Q y

clock, or 2 bits of the prescaler, to create 10-0it time- .

base. it

is

- - 1
Figure 15 - PWM Diagram 0
bi

(Microchip, 2003) t
P

The way the chip calculates the PWM duty cycle is by confparing RC2 to PR2, TMR2
M
then CCPRIL.

Two other registers have to be set to enable the PWM to work correctly, these are:

+ PIE2 to 0b00000000
+ PIR2 to 0b00000000

Ports
To adhere to the assignment brief and aims and objectives the ports are set as
follows: RCO s the

input for

« Port C has one output that is used for PWM:gudput RC2 - RCO, all other ports
in Port C are inputs. Therefore, the TRISB W4§'$&t/'to 0011111011,

« Port D is used to interface the microcontroller with the 12-button keypad. This
means RDO - RD3 need to be inputs and RD4 - RD7 need to be outputs. This
means that TRISD needs to be set to Ob11110000.

21
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columns.




Other Registers Used

All screenshots of registers taken from manufactures datasheet.

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

U0 (451] R/W-0 U0 R/W-0 R/AW-0 RAV-0 RAW-0
[ ADFM | — | — | — | PCFG3 | PCFG2 | PCFG1 | PCFGO |
bit7 bit o
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0",
o = Leftjustified, 6 Leas! Significant bils of ADRESL are read as ‘0’
it 6-4 Unimplemented: Read as'0'
bit 3-0 PCFG3:PCFGO. A/D Port Contiguralion Conlrol bits
PCFG: [ANT) | ANG'™ [ANSID ANG | ANS | ANZ | ANL | AND | || Coan
PCFGO | REZ | RE1 | RE0O | RA5 | RA3 | RAZ | RA1 | RAD Refs!®
@000 A A A A A A A A | Voo | Vss 810
2001 A A A A | veee+ | A A A | RAZ | ves M
010 [} D D A A A A A | voo | vss 510
o011 1] D D A | Weeer | A A A | RA3 | vss 411
0100 [+ D D D A D A A Yoo Vss 30
0101 1] D D D |wveee+ | D A A | RA3 | vss 21
011x o D D D i) D o D Yoo Wss o
1000 A A A A | veers [ vRes- | A A | RAZ | RAZ 612
1001 o D A A A A A A Voo WEs 610
1010 5] D A A | wveers | A A A | RA2 | vas 501
1011 1] D A A VREF+ | VaREs- A A RA3 RaZ 412
1100 o D D A VREF+ | VREF- A A RA3 RAZ 32
1101 0] D D D VREF+ | VREF- A A RA3 RAZ 212
1110 5] ] D =} D D o A | voo | vss 10
1111 1] 2] D D VRer+ | Vaes- | D A RA3 | RA2 112
A= Analoginput D = Digkal 1O

Note 1: These channels are not available on PIC16F873/676 devices.
2: This column indicates the number of analog channels available as A/D inputs and

the number of analog channels used as vollage reference inputs

Legend:
R = Readable bit W = Wrilable bit U = Unimplemenled bit, read as ‘0
-n =Value at POR 1" = Bil is set ‘0" = Bit is cleared % = Bit is unknown

The ADRESH ADRESL regislers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the resull is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCON0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

after the A/D module has been configured as desired,
Ihe selected channel must be acquired before the con-
version is started, The analag input channels must
have their cormesponding TRIS bits selected as inputs.

Figure 16 - ADCON1 Register

To determine sample lime, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started

22




PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

RIW-0 RW- RW-D RWO  RWO RW-0 RW-0 RW-0
EEE | ADE | RCE | C2 | CHUE | OSFIE | TXE | TMRIE

bit 7 bit 0

Legend:

R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0'

-n = \alue at POR ‘1 = Bitis set 0 =Bitis cleared x = Bit is unknown

bit 7 EEIE: EE Write Complete Intemupt Enable bt

1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interupt
bit 4 C2IE: Comparator 2 Interrupt Enable bit
1 = Enables the Comparator C2 interrupt
0 = Disables the Comparator C2 interrupt
bit3 CAIE: Comparator 1 Interrupt Enable bit
1 = Enables the Comparator C1 interrupt
0 = Disables the Comparator C1 interrupt
bit 2 OSFIE: Oscillator Fail Interrupt Enable bit
1 = Enables the oscillator fail interrupt
0 = Disables the oscillator fail interrupt
bit 1 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 0 TMRA1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

PIE1 register bits are to enable the peripheral interrupts

Figure 17 — PIE1 Register
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PIC16F882/883/884/886/887

2225  PIE2 Regestar

The PIED regiser contains the inkeengn snable bits, a Note: Bl PEIE of te INTCON regioer must be
shown in Aageter 28 ! ot 10 arabie any peciphecal interrgd. |

REGISTER 25:  PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

| Ree.__AAeS NS TS WS e = N
" OSAE | cof | CE | EEE | BOE | LWUE | — | oCRE |
be oo}
Legend:

A « Reacabie bt W = Wintobie bt U « Unimplemented b, read as O

4« \Giue & POR 1« Bl s st 0 « Bl s cleared ¥« Biis urknown

be? OSAE: Oscalator Al Infemupt Enable be

1w Erables oscllator Ul indenmat
0« Dinaties oocillair (ad e gt
L] CAE: Corparator (2 Intermupt Enable be
1= Enabies Comparatn C2 intamum
0« Disabies Comparaior 02 wteemupl
e 5 CE: Comparator C1 Infemupt Enable ba

1 = Erabied Compar st C1 infesrugn
0« Disabies Comparanr C1 inteesupt

bt d EEIE: EEPAOM Wete Operation Imorupt Enabie bit
L » Enabled EEPROM wrie operaiion i mugs
0« Dissties EEPROM wiile opeeation infemg!
3 BCUE: Bus Colsion hieerupt Ennbie bi
1w Enabiés Bus Collsion inteeniptl
0« Disatios Bus Colgion nfemugn
be2 ULPWUIE: Uira Low-Power Wake-up Intermupt Enable bt
1= Enables Utis Low-Power Wik up inteonpt
0w Dt Uira Low-Power Wake-up ntemag
bt Unimglemented: fead ns
beD CCP2E: CCP2 imesmup! Enable bt
| « Erables CCP2 mtemgp!
0« Dastdes CCP2 twrupl

Figure 18 - PIE2 Register
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PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

RWA) RW-0 RO RWD  RWJ RIW-0 R RW-
EBF | ADF | ROF | CaF | CWF [ OSAF | TXF | TMRIF

bit 7 bit0

Legend:

R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0

-n = Value at POR 1" =Bitis set 0’ = Bitis cleared x = Bitis unknown

bit 7 EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not been started
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = AJD conversion complete (must be cleared in software)
0 = A/D conversion has not completed or has not been started
bit 5 RCIF: EUSART Receive Interrupt Flag bit
1= The EUSART receive buffer is full (cleared by reading RCREG)
0 = The EUSART receive buffer is not full
bit 4 C2IF; Comparator C2 Interrupt Flag bit
1 = Comparator output (C20UT bit) has changed (must be cleared in software)
0 = Comparator output (C20UT bit) has not changed
bit 3 C1IF: Comparator C1 Interrupt Flag bit
1= Comparator output (C10UT bit) has changed (must be cleared in software)
0 = Comparator output (C10UT bit) has not changed
bit 2 OSFIF: Oscillator Fail Interrupt Flag bit
1= System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0= System clock operating
bit 1 TXIF: EUSART Transmit Interrupt Flag bit
1= The EUSART transmit buffer is empty (cleared by writing to TXREG)
0 = The EUSART transmit buffer is full
bit 0 TMRAIF: Timer1 Overflow Interrupt Flag bit
1= The TMR1 register overflowed (must be cleared in software)
0 = The TMR1 register did not overfiow

Figure 19 - PIR1 Register
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PIR2 Register
The PIR2 regaster contans the mtecrupt flag bits.

Fig 2-18 PIR2 repister

OSFIF - Oscillator Fuil Intermapt Flag bir
* |« System oscillator faiked ad clock input has changed W intarnal oscillator INTOSC. This
bit must be cleared in sofiware.
® (- System oscilldor operates nommally.

C2IF - Comparator C2 Interrupl Flag bit.
o |- Comparstor C2 output has changed (bit C2OUT) This bit must be clexad in software.
e - Comparator C2 output has ot chamged.

CIHIF « Comparator C1 Interrupt Flag bit.
o | -« Comparssor C1 output has changed (hit C1OUT). This bit must be clesrad in software
¢ - Comparasar C I output has not changed

EELF - EE Write Operation laterrupd Flag bit
¢ | . EEPROM wriae completed. This bet nsust be cleared in software.
& - EEPROM wiste s nol completed or has not started.

BCLIF - Bus Collision Interrupt Flag bit,
& | - A bus collision has occumed in the MSSP when configured for 12C Master mode. This
bt must be clearad in soflware.
® - No bus collision has occumed.

ULPWUIF - Ulira Low-power Wake-up Interrupt Flag bit,
* |- Wake-up condinon has oocurred This blv must he cleared in software
® - No Wake-up condition has occurred

CCP2IF - CCP2 Interrupt Flag bit.
¢ | - COP2 miermupt condition has occumed (unet for capturing, companng and generating
PWM signal). Depending on operating mode, capture or compare match has occurred. [n
both cases, the bt must be elared in software. This bt is notused in PWM mode
0 No OCP2 intenmupt condinon bas occurned

Figure 20 - PIR2 Register
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REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER

RIW-0 RW-0 RW-0 RIW-0 RW-0 RIW-0 RW-0 RIW-0
TIGINVE | TMRIGE® | TICKPS1 | T1CKPSO | TIOSCEN | TISYNC | TMRICS [ TMRION
bit 7 bt 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’

-n = Value at POR 1" = Bitis set '0' = Bit is cleared x = Bit is unknown

bit 7 T1GINV: Timer! Gate Invert bit!")

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 =Timer1 gate is active-<low (Timer1 counts when gate is low)
bit 6 TMR1GE: Timer1 Gate Enable bit!?)
HTMRION = 0:
This bit is ignored
ETMRION = 1
1 = Timer1 is on if Timer1 gate is not active
0 = Timer1 is on
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value
bit3 T10SCEN: LP Oscillator Enable Control bit
] T
1 = LP oscillator is enabled for Timer1 clock
0 = LP oscillator is off
Else.
This bit is ignored. LP oscillator is disabled,
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
IMRICS = 1
1 = Do not synchronize extemal clock input
0 = Synchronize external clock input
IMRICS =0:
This bit is ignored. Timer1 uses the intemal dock
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal dock (Foscid)
bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

Note 1: T1GINV bit inverts the Timer1 gate logic, regardiess of source.
2: TMR1GE bit must be set to use either T1G pin or COUT, as selected by the T1GSS bit of the CMCON1
register, as a Timer1 gate source.

Figure 21 - T1ICON Register
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REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

val .| Value on
Address | Name | Bit7 | Bité | Bit5 | Bitd | Bit3 | Bit2 | Bit1 | Bito | 2UeO™ | o) other
POR,BOR| T °

0Bh,8Bh, [INTCON| GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF |0000 000x|0000 000U
108h, 18Bh

0ch PRI |PsPF™| ADIF | RCF | TIF | SSPIF | CCPIF | TMRIIF | TMRIIF |o0oo 0ooofo00o 0000
ech PE1 |PSPIE®| ADE | RCIE | TXIE | $5PIE [ CCPIIE | TMR2IE | TMRIIE [0000 0000[0000 6000
1h THR2 |Timer2 Module's Register 0000 0000|0000 0000
120 T2CON | —  [TOUTPS3[TOUTPS2{TOUTPS! | TOUTPSD| TMR2ON| T2CKPS1 [ T2CKPSD|- 000 000o]-000 0000
82h PR2 Timer2 Period Register 1111 11111111 1111

Legend: x=unknown,u =unchanged, - = unirrplemented, read as '0". Shaded cells are not used by the Timer2 module.
Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices, alwavs maintain these bits clear.

The operation of timer2 is controlled by T2CON register. In bellow find the bit pattern of T2CON register.

T2CON: Timer2 Control Register

UD  RWJD RAV-0 RIW-0 RW-0  RW-0  RW-O  RWD
[ — | TouTPs3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO |

bit bit 0
7
bit7  Unimplemented: Read as ‘0’ bit 2 TMR20N: Timer2 On bit
bit 6:3 TOUTPS3:TOUTPSO: 1=Timer2 is on
Timer2 Output Postscale Select bits 0=Timer2 is off
0000 = 1:1 Postscale bit 1.0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits
0001 = 1:2 Postscale 00 = Prescaler is 1
. 01 = Prescaler is 4
: 1x = Prescaler is 16

.

1111 = 1:16 Postscale

Figure 22- Timer 2 Associated Registers
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REGISTER 10-1: CCP1CON REGISTER (ADDRESS 17h)

U-0 U-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 R/W-0
| — | — |cepm [eeem | ccpima | copima [ copimt [ copimo | [R = Readable bit
bitT bitd ! = Writable bit
U = Unimplemented bit, read
as'l’
-n = Value at POR reset
bit 7-6:  Unimplemented: Read as 0"
bit 5-4; CCP1X:CCP1Y. PWM Least Significant bits
Capture Mode: Unused
Compare Mode: Unused
PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.
bit 3-0: CCPIM3:CCP1M0: CCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP1 module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bitis set, CCP1 pinis unaffected)
1011 = Compare mede, trigger special event (CCP1IF bit is set; CCP1 resets TMR1

11xx = PWM mode

Figure 23 - CCP1CON Register

REGISTERS ASSOCIATED WITH PWM AND TIMER2

Value on: Value on
Address | Name | Bit7 | Bité | Bits | Bitd | Bit3 | Bit2 | Bit1 | BitD all other
POR,BOR| ‘b coie
OBhgBh, |INTCON | GIE | PEIE | TMROE | INTE | RBIE | TMROF | INTE | RBIF |0000 0000000 000u
108h, 188h
0ch PIR1 pePIfM ADF | RCIF | TXF | ssPF | coriF | TMRZIF | TMRIIF |oooo oooofoson oooo
0Ch FIR2 = = = = = = — | cerar [---- ---0f---- ---0
8Ch FIE1 pePE)| ADE | ROIE | TIE | SSPE | ccpiiE | TMRZIE | TMRIIE |oooo oooofoson nooo
80h PIE2 = = = = = = = | e — ——
arh TRISC PORTC Data Direction Register 1111 1111|1111 1111
11h TMR2 Timer2 Module's Register 0000 0000|0000 0000
92h PR2 Timer2 Module's Period Regigter 1111 1111|1111 1111
120 T2CON | —  [TOUTPS3[TOUTPS2[TOUTPS1 |TCUTPS| THRION [T2CKPS1|T2CKPSD[-000 0000|-000 0000
15h CCPRIL |CaplurefCompare/PWi Register 1 (LSB) 00 X300 MIUL Ly
16h CCPRIH |Capiure/Compare/PWM Register 1 (MSB) 000 X000 wauy uwaw
17h ccP1CoN] — | — | cepix | copiy | corima| copimz | coriMi | cCPiMO|--00 ooool--00 cooo
1Bh CCPRIL |Caplure/Compare/PWM Register 2 (LSB) SOO0E X200 UUUL
1Ch CCPRZH |Caplure/Compare/PWM Register 2 (MSB) OO0 X200 UuUL
10h ccracoN| — | — [ cepm | ccpav | corams | copawz [ coramt | ccPam|--00 000o]--00 0000
Legend: x = unknown, u= unchanged, - = unimplemented, read as 'o’. Shaded cels are not used by PYWM and Timer2,

Note 1: Bits PSFIE and PSPIF arereserved on 28-pin devices; always maintainthese bits clear.

Figure 24 - PWM and Timer 2 Associated Registers

Configuration is covered

fairly well and must be
corract hecaiice the




4. Software Design and Coding
To be able to implement the system and control the speed via the set point and also
monitor the speed and feedback into the system while also measuring the analogue
value for the armature current, the software design and code must utilise the system

hardware and microcontroller functions detailed above.

This was done by designing the code below. The current monitoring was dine only
in the prototype stage and was not
included due to space on the LCD. If

ginclude <piec.h>

ginclude "LCD.h" the current monitoring is to be
mentioned then the design must also

void DisplaySpeed(int line, int wvalue); be included

void DisplayValues (int line, int valuel, int valueZ, int value3), .

int ScanKeypad (void);

void Delayiint t);

int milliseconds=0, speed=0, fault=0; f/glebal wariables

int speed low_byte=0, speed high byte=0, run=0;

float setpoint=0, error=0, output=0, prop_ part=0, int accuwr = 0 ,Kp = 0.5, Ki = 0.1;

Figure 25 - Functions and Global Variables

Figure 25 shows the pic.h and LCD.h which are pre-set code called into the main
program from MPLAB itself.

There are then 4 functions declared to be used in the program, followed by the
global variables for the program which can be changed and used within the

functions.

These start with fixed values, some are always int (integer) values which means they
will always remain at whole numbers. Whilst others will have float (floating) values
which means they can use decimals to display as value, this is shown as Kp = 0.5
and Ki = 0.1 as their set global variable values.

These values were used for the simulation of the program while the values for the
practical were Kp = 0.01 and Ki = 0.02.

Good points made
as the CAD and
dev board
systems were
slightly different.
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void interrupt ISR (wvoid f/there are 3 possible interrupt sources
if (TOIF==1 f/eimer 0 is timing, interrupt every l0ms

TOIE = 0;

TMRO = &4;

milliseconda+=10;
if({(milliseconds==1000) && (fault==0

speed low_byte = TMR1L:
speed_high_byte = TMRIH:
TMRIL = 0;

IMR1H = 0:
milliseconds=0;

if (TMRI1TF==1 f/timer 1 is in event mode counting pulses
TMR1IF = 0O; f/elear the interrupt flag
fault = 1;
if (TMRZIF==1 ffeimer 2 is for PWM
TMRZIF = 0;
The input
encoder
and PWM
. . rely on the
Figure 26 - Interrupt ISR Function ISR .

Three sources exist within the ISR:

« TOIF
¢ TMRI1IF
« TMR2IF

All three are bits that represent the interrupt flag for; timer 0, timer 1 and timer 2.

If the interrupt flag is set for timer 1, the fault bit is set to indicate a problem with the

system.
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If timer 0 overflows and the flag is set, a the following instructions are carried out:

e The flag bit is first reset.

e The TRMO is pre-loaded with a value of 64 which means the count is already
at 192 (256 — 64 = 192).

* The variable milliseconds is incremented by 10. The if statement checks to
see if the value of milliseconds is equal to 1000, this results in the containing
code running once every 1000ms.

« speed_low_byte and speed_high_byte are both set to the values held in
TMR1L and TMR1H respectively.

« TMR1L, TMR1H and milliseconds are then all set to 0.

Timer 1 is in event mode counting incoming pulses so if timer 1 overflows and the bit
is set to 1 (as shown in the code), the system isn't functioning correctly and will show
a fault as mentioned above.

If timer 2 overflows and the overflow bit is set to 1, the code clears the interrupt flag
bit.

Good
explanation
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void main (wveoid

int enable_ keypad=1l, key;
TRISR = OxFF:

ADCON1 = OMBE;

TRISE = 0x00;

TRISC = 0x01;

TRISD = 0bl1110000;
DORTB = 0x00;
LCD_Starcup

PIELl = 000000011 ;
PIEZ = 0:

FIR1 = 0;

PIRZ = 0;

INTCON = Ob11100000;
OFTION_REG = O0b10000111;
T1CCN = 0kb00000111;
TMRIL = 0;

TMR1H = 0;

PRZ = Z55;

CCPRIL = 0;

T2CCN = 0b00000101;
CCPLCON 0b00001100;

Figure 27 - Main Program

//Configure ADCON1 = 0000 1110

f/fused for LCD display

finput RCO used for counting with TMR1

//output RCZ used for PWM with TMRZ

//Peripheral interrupt enable

register for THMR1 &

interrupts

E =T
eral interrupts

R 0 in timer mode

TIMER 1 in event mode from RCO

//0%

DUTY CYCLE

in PHM mode using RC2Z
PWM mode using
extra ¢ LSB's
to 1023 J

f/this ias the alternatiwve 4 for max PRZ

/£ EAM 55)8 bits + CCPLCON £ bits

is 8
bits PWM

now

//this gives y

Figure 27 shows the main program with the first line of code setting the

enable_keypad set to a value 1, and key is set to no specified value.

TRISA is set to 11111111 which is all inputs.

ADCON is set to 00001110 which sets the specific inputs and outputs using the

ADCON register already stated in the assignment.

TRISB is used to the LCD and is set to 00000000 which means all outputs so the

LCD can display a character on each space and line of the LCD.

TRISC is set to 00000001 which means RCO is used for counting with TMRO and is
an input (1) and RC2 used for PWM with TMR2 set as an output (0).

The output pins on PORTB are then set to logic 0.
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The LCD_Startup function is one of the pre-written functions that were included in
the LCD.h file.

PIE1, PIE2Z, PIR1 & PIR2 are registers that control/configure the peripheral interrupts
for TMR1 and TMR2. (These are set according to spec and manufacterer datasheet
which is detailed above already)

All other registers that have been set in the rest of the code in Error! Reference
source not found. have all been explained in detail in the previous section of the
report and further detailed in the comments next to the code.
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i

iE

while (1

speed = (int) ( (float) ( (speed low byte + speed high byte*256) *&)/50);
speed = (int) ((float) (speed_low_byte + speed high byte*ZSe));
//speed = speed * 3.1;

//DisplaySpeed (0, speed);

if [ (RAl==1):s& (RAZ==0)) =zum = 1;
BAl==0)z&(RAZ==1)) run = 0;

key = ScanKeypad();
if(i(key!=-1) && (enable_keypad==1))

setpoint = setpoint * 10 + (float)key;
enable_keypad=0;

(key=="4#"')&& (enable keypad==1))
setpoint = 0;
if (key==-1) enable keypad=1;
if (setpoint>2300) setpoint = 2300;
if (setpoint<0) setpoint = 0;

if (run==1)

error = setpoint - (float)speed;
prop_part = error * Kp;

int accur += error * Ki;

output = prop_part + int_accum;

else
arror = 0;
int_accur = 0;

output = 0;
RCZ = 0;

if (output <0) output = 0;
if (output >1023) output = 1023;

CCPRI1L = (int)output/4;

DisplayValues (0, (int)setpoint, speed, (int)errox

DisplayValues(l, (int)prop_partc, int)inc_szeccur,

Figure 28 - While Loop

int)output);
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Figure 28 shows the while loop which will continuosly repeat itself until the user ends

the loop or the program is terminated.

The first part of the while loop calculates the current speed of the motor, based on
values gained from the ISR detailed above int the: speed_low_byte and
speed_high_byte.

The next if statements are the push buttons to start and stop the system. The first

statement is the start button and the next is for the stop button.

The next part of the code is setting the keypad and entering the speed set point
values.

To set the digits on the screen to what the user types, first it checks to see if a key

has been pressed, if it has then the keypad will be enabled.

If the previous statement is true then each keypress will set one digit at a time, for

example:
To enter the number 1055:

1is pressed, setpoint = (0"10) + 1 =1

0 is pressed, setpoint = (1*10) + 0 = 10

5 is pressed, setpoint = (10*10) +5 = 105

5 is pressed, setpoint = (105*10) +5 = 1055

Good explanation

Pressing the hash key [#] will reset the setpoint to 0.

The code once again checks to see if the keypad has been pressed and allows the
user to enter another value.

The next part of the code checks to see if the setpoint value is greater than 2300, if it
is the setpoint maximum will be 2300 automatically. If the setpoint value is less than

0 the setpoint will be 0 automatically.

The next part of the code will now turn on the Pl controller by entering it as a high
logic value of 1.
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The error is first calculated by taking speed away from the value setpoint.

The proportional part for the pi controller is the error multiplied by the Kp variable.
The integral accumulator part of the Pl controller stores the value of error multiplied
by Ki accumulatively.

The PI controller output is equal to the proportional part + integral accumulator.

The next part of the code states that if the run variable does not equal 1, the
previously mentioned parts of the PI controller are set to 0, as well as setting RC2 to
0 (which sets the port pin RC2 to logic 0).

The next two lines of code are the caps which sets the speed value to a lower limit of
0 and upper limit of 2300 (as stated above).

CCPR1L is the duty cycle register for the PWM, which is calculated based on the
value of the Pl output.

The DisplayValues function is then called twice to populate the LCD screen with
data. Once on each line stated by 0 or 1, this is described above in the LCD outputs
part of the initial code.
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void DisplaySpeed int line, int walue

int units,

tens, hunds, thous, temp;

unaigned char string[1l7];

thous =
hunds =
tens =
units =

atringl[0] =
stringl[l] =
string[2] =
string[3] =
stringl4

value
value
value
wvalue

atring[5] =
stringl&] =

string[7
stringl[8] = 0;

S1000;
%1000%100/10;
%1000%100%10;

DisplayString(line, string); f/fsend string data to LCD line 1

Figure 29 - Displaying the Speed Code

Figure 29 shows the code which will display the speed of the controller on the LCD

line 1.

It takes the ‘value’ stored already in the code as value (set point entered) and then

works out the thousands, hundredths, tenths and units values by dividing by 1000,

100, 10 and 1 respectively.

These values are then taken and +48 is added to display the ASCII equivalent which

can be read by the LCD and then entered into the correct part of the string to display

the set point followed by a space and RPM with the last LCD bit displaying 0.

The set point mentioned above would display as 1055 RPMO on the LCD line 1.
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woid DisplayValues(int line,

int units, tens, hunds, t

unaigned char string([1l7];

thous,

if (valuel>=0)
else

string[0] = '+°';

string[0] = '-';
valuel valuel*

-1);

int valuel,

thous
hunds
tens

units

atring[l]

raluel

£1000;

valuel %1000,/100;
valuel %1000%100/10;
valuel %1000%100%10;

thous
hunds

[

4
+ 4

string(2]

string[3]
string[4]

ifivaluez>=0)

else
{

stringl[5]

valueZ =

1
I

thous
hunds
tens

units

valuel
valueZ
value2
valueZ

units

valueZ*

tens + 48;

48;
string(s] =

(-1):

£1000;
%1000/100;
%£1000%100/10;

%1000%100%10;

stringl
atring([7]
string[B]
string[3]

ifivalue3d>=0)
else

string(10] = '+

string[l0] = i
value3 = value3*(-1);

1
¥

thous valuel3 /1000;
value3 %1000/100;
value3 %10¢

value3 %1000%100%10;

hunds
tens
unitcs

thous 48;
hunds + 48;
tens + 48;

units 487
0;

string[l1]
string[12]
atring(13]
string[l4]
gtring[15]

DisplzyString(line, string):;

Figure 30 - Display Values on LCD

int wvalueZ, int wvalue3)

emp;

//send string data to LCD line 1
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Figure 30 shows the first part of the DisplayValues function. This function operates

on exactly the same principle as the previous function, so to avoid repetition the

differences will be explained.

In the main program, the DisplayValues function displays the setpoint, speed and

error on the top line of the LCD while the prop_part, int_accum and output values on

the bottom line of the LCD.

The other differences between this function and the previously explained function is

the addition of an if statement that checks whether the values are positive or

negative, which after checking will add + or — respectively.

int ScanKeypad (void
int key=-1;

RDO = 1; f/acan column 1
Delay (1l
if (RD4 ==
if (RDS ==
if (RDE == key =
if (RD7 == key = '"*7;

RDO = 0; f/disable column

[

key = 1;

S

RD1 = 1; f/scan column 2
Delay(l);
if (RD4 ==
if (RDS ==
if (RDE =
if (RD7 = key = 0;

BD1 = 0; f/disable column

[l

il
b

BDZ = 1; f/ascan column 3
Delay(l);

if (RD4 =
if (RD5 ==
if (RD& ==
if (RD7 ==
RDZ = 0; f/disable column

]
[

key =
key =
key =
key =

Ll
w o W

[

return key;
void Delayi(int t

int i;
for (i=0;i<t;i++);

Figure 31 - Scan Keypad Code

r

Good explanation.
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The ScanKeypad function checks which key the user has pressed on the 12-button
keypad.

The keypad diagram of which this uses has been described above in figure 4. The
output for a column is set to a logic 1 and if statements check each row for a logic 1
in turn.

This then sees which exact key on the row was pressed and knows which column it
is currently looking at to deduct the exact key pressed.
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5. Testing and Analysis of Results
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Figure 32 - Testing Frequency (1)
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Figure 33 - Testing Frequency (2)
100 Hz = 10 blocks per pulse
1/10*-3 =100

With the Hz on the screen showing 98 with a 2 Hz error.
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Figure 34 - Testing Frequency (3)
1000 Hz test = 1 block per pulse (10 times smaller)

1/1*-3 = 1000
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Keypad encoder
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Figure 35 - Keypad Test (1)

LCD1
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Figure 36 - Keypad Test (2)
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Figures 35 and 36 shows the code is shifting the value to the left (entered 175 then
added a zero).

LCD1
LuinL

884 o=, ssugzmss

L

Lo
=4 DO @
@O ®
DOE

‘® O ®

r

1

el

il

|
L
Bk

Figure 37 - Keypad Test (3)

Any value above this becomes set to a limit of 2000 as default (maximum pulses in

Hz for the motor).

This was a 2000 limit before the final implementation of the code was compelted.
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PWM test

Digital Oscilloscope u

| Channel C |

2 T
]

s 4
0y

v H mv v s my

Channel B

This is showing the modulation from the code which is incrementing and then

decrementing (0-100%) control. Which is 0-127 (8 bits) and back down to zero again.

So 00000000 to 11111111
These are the tests carried out from the
prototyped designs. The test are good
and therefore this prototype is fit for
implementation into final design.
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Simulation Testing

The PWM wave had to be tested in Proteus to ensure that the program gave the
correct output at a given set point. The following test was carried out on set point
values 100, 200 and 350 ( with 360 being max speed in proteus):

RPM = Frequency x (60 / PPR)
PPR (Pulses per revolution) = 100

1
(division on scope) * (timebase on scope)

Frequency =

Digital Oscilloscope B
| Channel €

Channel B
Poition

Figure 38 - PWM Digital Oscilloscope 200 Test

Yellow is the set point and blue is the rpm. PWM
prototype

tested good
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Figure 39 — PWM Proteus 200 Test

The motor shows 199 rpm with the set point as 200 and then it shows the feedback

of 198 and the error of 1.

RA1 starts the motor and RA2 stops it as shown in figure 39.

Resultant fully
functioning
system using
Proteus CAD.
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Digital Oscilloscope n

Channel C

Channel B Channel D
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Figure 40 - PWM Digital Oscilloscope 350 Test
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Figure 41 - PWM Proteus 350 Test

The motor shows 350 rpm with the set point as 350 and then it shows the feedback
of 350 and the error of 0.
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Digital Oscilloscope n

| Channel €

Figure 42 - PWM Digital Oscilloscope 100 Test
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Figure 43 - PWM Proteus 100 Test

The motor shows 102 rpm with the set point as 100 and then it shows the feedback
of 102 and the error of -2.
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The simulation testing confirms that the system operates correctly. The practical

build was then setup & program to allow further tests to be carried out.

The following tests were carried out that test the full functionality of the system.
Please observe the following testing table:

Test

Expected result

Actual result

Enter set point

System should speed up and keep

motor at set point speed

Matched expected results

Lightly load motor after
set point is enters

System should compensate and
keep motor at set point speed

Matched expected results

Does the PWM adjust
correctly to the set point

Evidence provided throughout

Evidence seen above

LCD display Should display all parameters Matched expected results
mentioned in the design section
Press # key Sets the set pointto 0 Matched expected results

Figure 44 - Testing Table

Tests look
good and
well

presented
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The
develop
ment

Practical Testing board
should

Setpoint for figure 45 is 200 RPM be
p— explaine —
e d here T
R = with an

image to

show the

configur.
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| |
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Figure 45 - PWM at 200 RPM

1.2 divisions at 0.5ms per div = 0.0006
F =1/0.0006 = 1666HZ

RPM = 1666 * (60 / 500) = 200

PWM at 200 RPM

T T TR TN LY Pico

Figure 46 - Duty Cycle at 48
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As seen in figure 46Duty cycle = 48 (actual speed PWM) * 100 / 1023 (Duty at
100%)

Duty cycle = 4.7%

Set point for figure 47 is 1000 RPM

e
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Figure 47 - PWM at 1000 RPM

1.2 divisions at 0.1ms per div = 0.00012
F =1/0.00012 = 8333HZ

RPM = 8333 * (60 / 500) = 999.6 RPM

PWM at 1000 RPM
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Figure 48 - Duty Cycle at 133

Duty cycle = 133 (actual speed PWM) * 100 / 1023 (Duty at 100%)
Duty cycle = 13.3%

Set point for figure 49 is 2000 RPM
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Figure 49 - PWM at 2000 RPM

1.2 divs at 0.05ms per div = 0.00006

F =1/0.00006 = 16666HZ

RPM = 16666 * (60 / 500) = 1999.2 RPM

PWM at 2000 RPM
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Figure 50 - Duty Cycle at 391
Duty cycle = 391 (actual speed PWM) * 100 / 1023 (Duty at 100%)
Duty cycle = 41.4%

Set point for figure 51 at 2300 RPM
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Figure 51 - PWM at 2300 RPM

1.0 div at 0.05ms per div = 0.000055

F =1/0.0005 = 19000HZ

RPM = 19000 * (60 / 500) = 2280 RPM

PWM at 2300 RPM
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Figure 52 - Duty Cycle at 744
Duty cycle = 744 (actual speed PWM) * 100 / 1023 (Duty at 100%)
Duty cycle = 72.72%

Analysis of Testing

By undertaking simulation and practical testing it can be seen that the set point
entered compared to the actual speed is very accurate and has been achieved by
developing the code. This has been proved by comparing the results and using the

testing table.

The tests look good but there is nothing
to say what system they represent.
There should be an image and
description of the setup for testing the
dev board system.
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6. Conclusion
To be able to conclude the aims and the objectives of the assignment must be
referenced to see if they have been met and achieved.

+ The aims and objectives of this assignment were to use a microcontroller to
interface with the following: DC motor, incremental encoder, analogue sensing
circuit, keypad, LCD display and two pushbuttons.

This has been achieved through developing the code and using the physical
microcontroller which was interfaced using the knowledge from the development part
of the assignment.

« Using the embedded system from the on-chip peripherals, a system must be
designed and implemented to provide PWM speed control for the motor with

the information being fed back.

This has been achieved by developing the code for the program and evidence of this
provided by the simulation and practical results of the assignment.

e A speed set-point must be entered using a keypad and speed sensing
feedback must be applied via the encoder and fed back using an analogue
value of armature current.

This has been proved to be successful by the simulation and practical results of the

assignment by implementing the code described.

e The LCD display must show the: speed set-point, actual speed and armature
current.

This is shown on the simulation of the test, whilst evidence was not gained for the
practical, this was noted while testing took place as evidence was recorded correctly

and proved.

e The system must also be started and stopped using pushbuttons placed on
the system.

This was proven to work correctly.
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In conclusion the assignment was a success as all the aims and objectives were met

successfully.

The system was tested
using PROTEUS CAD and
the dev board. This should
be evaluated in this section.
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8. Appendix
Thyristors are multi-layered semi-conductor devices and are use current flow to
control the voltage.

(https://www.electronics-tutorials.ws/power/thyristor.html, 2018) States that “a
thyristor is a four layer (P-N-P-N) semiconductor device that contains three PN
junctions in series.” By using thyristors in a circuit they can be used to control phase,
AC motors and lamps. This is because the thyristor consists of two P-N junctions
back to back containing an anode, cathode and gate. The P-N junctions can be
switched on and off at an extremely fast rate which is why the power to the load can

be controlled. Figure 1 shows how the thyristor is made up.

Anode

Gate

EFEE-

Cathode

Figure 53 - Thyristor
(https://www.electronics-tutorials.ws/power/thyristor.html, 2018)

The gate detects small changes in current which allows it to switch on and off and
therefore allows larger currents to flow from the anode to cathode, therefore
controlling the flow. This will then keep flowing even if the smaller current at the gate
is lost as it “latches” the signal as such to allow the larger current to continue to flow
from anode to cathode. (Woodford, 2012)
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Assignment 2 Joshua Beer

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

62/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

Text Comment. The current feedback was done in the prototype stage and left out of the
final design due to space on the LCD.

Text Comment. This diagram would be better in the hardware section.

Text Comment. This does give some idea of what the task is about. This should however
point out the development process using prototyping.

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

Text Comment. Hardware has been explained fairly well.

PAGE 14

PAGE 15



PAGE 16

PAGE 17
Text Comment. Encoder outputs to RCO input of MCU.

PAGE 18
Text Comment. Timer 1 is set to event mode with RCO and overflow every complete ISR
count which is 100ms in this case.

PAGE 19

PAGE 20

PAGE 21
Text Comment. Good explanation of why it is 10 bit PWM.
Text Comment. RCO is the input for encoder feedback.
Text Comment. Inputs for rows and outputs for columns.

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29
Text Comment. Configuration is covered fairly well and must be correct because the demo
works for the CAD and dev board systems.

PAGE 30

Text Comment. The current monitoring was dine only in the prototype stage and was not

included due to space on the LCD. If the current monitoring is to be mentioned then the design
must also be included.

Text Comment. Good points made as the CAD and dev board systems were slightly
different.



PAGE 31

PAGE 32

Text Comment. The input encoder and PWM rely on the ISR .

PAGE 33

Text Comment. Good explanation

PAGE 34

PAGE 35

PAGE 36

PAGE 37

Text Comment. Good explanation

PAGE 38

PAGE 39

PAGE 40

PAGE 41

Text Comment. Good explanation.

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

Text Comment. These are the tests carried out from the prototyped designs. The test are
good and therefore this prototype is fit for implementation into final design.

PAGE 48

Text Comment. PWM prototype tested good

Text Comment. Resultant fully functioning system using Proteus CAD.



PAGE 49

PAGE 50

PAGE 51
Text Comment. Tests look good and well presented.

PAGE 52
Text Comment. The development board should be explained here with an image to show
the configuration.

PAGE 53

PAGE 54

PAGE 55

PAGE 56
Text Comment. The tests look good but there is nothing to say what system they
represent. There should be an image and description of the setup for testing the dev board
system.

PAGE 57

PAGE 58
Text Comment. The system was tested using PROTEUS CAD and the dev board. This
should be evaluated in this section.

PAGE 59

PAGE 60

GRADING FORM: CSG-RUBIC

JOSHUA BEER 0

RESEARCH-INFORMED LITERATURE

(




y‘ n/a

KNOWLEDGE AND UNDERSTANDING

(

y‘ The introduction has some good points about tasks. 25/40
The development method using prototyping should
be included. 2.5/5 Hardware description is good and
covers what is needed. 3/5 The design of the
system is explained fairly well throughout the report.
The dev board should have been explained with
diagrams especially for test referencing. The
configuration is explained well. 13/20 The software
has been commented and explanations are accurate
and make sense. 6.5/10

ANALYSIS

(

y“ Test and analysis is good for both CAD and dev 1 2/20
board. The dev board setup should have been
included as a reference for the tests. The test
explanations are good. 7/10 Conclusion has a point
but should include the dev board evaluation. 5/10

PRACTICAL APPLICATION AND DEP.

(

y‘ The software design and explanation is good. The 1 2/20
dev board setup is missing but all the relevant tests
are there. 5.5/10 Quality of work is good overall.
6.5/10

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ The report is good apart from the dev board layout 1 3/20
which is missing. 6.5/10 Team working is good. 6.5
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