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1. Introduction

This assignment will look at interfacing a microcontroller with a DC motor,
incremental encoder, analogue sensing circuit, keypad, LCD display and two
pushbuttons. A design will be created and code written to provide a practical set of
results to be tested. The on chip peripherals will be utilised to provide PWM speed
control on the motor with feedback. The speed set points will be set via the keypad
and the feedback provided from the encoder wit correct sensing coming in the form
of an analogue voltage which is proportional to the armature current. The LCD will
show the speed set point, speed and armature current and the motor must be
stopped and started from the pushbuttons. The diagram below shown the block

diagram.

The first part of the assignment will look at research into the system hardware of the
microcontroller and will include research on the individual pieces of hardware state in
the design brief. The research will look at a written explanation and the use of
images and data sheets to explain the features.

The next part will be the Microcontroller configuration and this will be a detailed
explanation and look at different registers used with their set up detailed. The

appendix will provide further reading for this section.

The next part will be the software design and the testing of the system, these parts
will give explanations on the code for the system along with simulated designs build
and explained. The testing will test that the features designed work together to

produce the output as per the brief.

The assignment will be concluded and any recommendations will be included at the

end of the assignment.
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2. System Hardware

In order to achieve the system hardware which has been outlined in the assignment
brief a selection of hardware is to be chosen to operate alongside the software
programs and produce the outcomes and systems for the assignment. The
assignment was required as stated above to run a DC motor, this would require a

control system to be operated which is the first part of this section.

The control system to be used will be a closed loop control system with feedback.
These control systems are made up of three main areas to complete a control loop,
the first section is the control section. The control section included the controller
which in the case of this system would be an Pl controller, this will receive feedback
from the loop and control the output depending on the desired values. The second
part is the plant section, this section is the correction element and the process
element which is the actual mechanical process that is being controlled or regulated.
The third section is the instrumentation section and consists of the sensing element
and the signal conditioning which is the physical measuring device and the transfer if

the feedback data to the control system.

This assignment requirements uses a incremental encoder device which is used as a
controller system and the desired output was required to be at 500 pulse per
revolutions. An encoder is a mechanical/ electrical device which will convert a rotary
or linear movement into a signal which can either be digital or a pulse form. The
incremental encoder will generate a pulse for every step which is incremented in the
rotation, this encoder has a high-resolution output making it a good choice for the

system. (PC Control Learning Zone, 2008).

Figure 1 below shows the block diagram of the incremental encoder which has been
selected to be used for the assignment, the encoder is a ‘ HEWLETT PACKARD’

encoder and the HEDS-5x40 encoder was selected.

This
could
have
been
clearer.
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Figure 1: Block Diagram Incremental Encoder

Figure 2 below also shows the pull up resistors on the HEDS-5X40 encoder for pins
2,3 and 5 along with the other pin labels.
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Figure 2: HEDS-5X40 incremental encoder pull up resistors.




The next price of system hardware is the microcontroller which is to be interfaced to
the DC motor. The microcontroller which was discussed and selected was the
‘PIC16F877' microcontroller as it has the ability to provide a wide range of input and
output capabilities as well as being able to work with the PCM capabilities and
provide support for the rest of the assignment criteria. Figure 3 below shows the data
sheet snapshot of the microcontroller stating all the pins number and descriptions.

MoIRVer —=0 1/  40[0~—= RE7PGD
RAO/ANO «—[] 2 39 [] «—= RB6/PGC
RA1/AN1 =—[]3 38 [1-— RB5
RA2/AN2/VREF-/CVREF <—s [] 4 37 [] - RB4
RA3/AN3/VREF+ -—[] 5 36 [] =—» RB3/PGM
RA4/TOCKI/IC10UT <[] 6 35 [] =— RB2
RAS/AN4/SS/C20UT <[] 7 L 34[0<— RB1
REO/RD/ANS =—= [ 8 5 33 == RBOINT
RE1WR/AN6 =—[] 9 g RPH=—Vm
RE2/CS/AN7 =—=[]10 o  31[]=—Vss
Voo—+[]11 &  30[]<— RD7/PSP7
Vss —o[]12 &  29[0-<— RD6/PSPE
OSC1/CLKI —=[]13 ¥ 28 []<—s RD5/PSP5
OSC2/CLKO «——[] 14 E 27 [] =— RD4/PSP4
RCO/T10SO/M1CKI «—[] 15 26 [] «——= RC7/RX/DT
RC1/T10SI/ICCP2 «—s[] 16 25 [] <—s RCBITX/CK
RC2/CCP1 -—s[] 17 24 [] ——s RC5/SDO
RC3/SCK/SCL -—[] 18 23 [] =—= RC4/SDI/SDA
RDO/PSPO «— [ 19 22 [] «—= RD3/PSP3
RD1/PSP1 =—[] 20 21 [] =—= RD2/PSP2

Figure 3: PIC16F877 data sheet diagram (MICROCHIP, 2013)

The microcontroller above is figure 3 is a 40 pin PDIP controller and figure 4 below
shows the features and design of the microcontroller.
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Figure 4: Microcontroller overview (MICROCHIP, 2013)

The third bit of system hardware is the pushbuttons used as a start and a stop
feature. The start and stop button are exactly as described, one will start the system
and the other will stop the system, these buttons will be linked to the PORT A of the
system and become a vital part of the system. Figure 5 below shows a basic logic
diagram of a start and stop button in series.

Q1O
| Start

Stop

Figure 5: Start Stop logic




The next piece of hardware is the keypad, the keypad is used to act as an input to
the system, the keypad will come into the instrumentation control loop as explained
above as a control part of the loop. The user can select the descried value on the 12-
button key pad and the system can then respond to this output to produce an output.
The design of the program shown below in the report gave the microcontroller the
correct interface to work with a keypad.

The used for the assignment was discussed and chosen to be a 3 x 4 matrix keypad
which gives the function of using a number of different buttons connecting to a single
pin on the controller, the function will be programmed to the controller to identify
which button selection has been pressed at each pin. Figure 6 below shows the
keypad used in the assignment build and is a 3x4 keypad as described above.
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Figure 6: keypad used in the assignment




The part is the development board used for the assignment, the board used was the
HP488 board which has been used is previous subjects. The board is a
multifunctioning board and has the correct inputs and outputs as well as the correct
hardware included to operate to the brief specifications. Figure 7 below shows the
board taken from the manufacturers data sheet.

HPAER- T4 8 cude

1. Powsrsupply connecior

2 5V outputs for E-blocks connection 29. Digtal sensor selecior

3 connecior 30. LCD display LVP mode selecior
4. Single bt audo cuput T-segment dapiay enable
5
6.
7

-

E-blocks connectors for ports Cand D 32 Expansion bus
Reset switch 33 LCD enable
Power selecir ink block —USB or Power
connecor
USB nwriace chp

9. 2 e 1écharacker aipharumaen: daplay

10. Scew lerminal connectors lorport B

11, In Ciecut Debug socket

12, ICDVUSS programming sekection

13 Soew terminal comnedons orport A

14, RC speed polentiometer

15, Oscllair mode selection ywiches

16. Removable crystal

17. Sockets for programming 8, 14, 18, 28 and 40 pin
PICmicro devices

18, On-board light sensor

19. Quad 7-segment daplays

20, Analogue iInput potentiomaeter

21, Exernal analogue sensor input

External dgtal seraor mput

Port A switches and LEDs

Port B switches and LEDs

Power mdcator

Programming indcator

LVP pin selector

Port A anslogue/ digital selector

BYRREEN

Figure 7: HP888 Development board (MICROCHIP, 2013)

Figure 7 above includes all the relevant labels for each part of the development
board. (matrixtsl, 2005). The data sheet can be found in the appendix for reference.
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The DC motor is the next part of the hardware, the dc motor that was discussed and
selected for the assignment was a 24V direct current motor. The motor is taken from
RS components and utilised a high performing low inertia servo motor which has a
integral dual track encoder which as above will provide some control to the system.
The output from the microcontroller is set at 5 volts so a junction is to be used in the
system to provide isolation to the separate voltages and provide a safe interface
between each device.

Figure 8 below shows the data sheet and diagram for the DC motor used for this
assignment.

A
88 oe2d | |,__066 .
ChB Vee ChANc Gnd
B 5 ,4 3 2 1
X
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0 39
- - le >
9 30 23.3'

Figure 8: Data sheet diagram for the 24vdc motor

The last part of hardware in the system is the MOSFET transistor. This transistor is
required in the system to provide a switch in the motor when the required PWM is
met, this will switch with the microcontroller to allow access at the mosfet's gate.
When this is set up the microcontroller can then provide a PWM wave as an output
to the transistors. This separation of the 24v and 5v can be done then via a switching
from the transistors to send 24v to the motor, this is to keep the system running safe
and correct. Figure 9 below shows the set-up of a MOSFET with a motor.
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3. Microcontroller Configuration

To achieve he requirements that the report has set out for the microcontroller and
control circuit to achieve, a variety of different elements have to be set up and
configured which will be set out and detailed below.

The first configuration is the ADCON1 register configuration, this is the register that
will define which PORTA pins are used for digital input and output, along with what is
used by the A/D module.

The ADCON1 register had a configuration set to = 10001110. The specification
require the use of two digital inputs to be used for the start and stop features. The
table below in figure 10 shows the configuration for the register ADCON1 which was
required to meet the specification required by the brief and to operate the system.

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
ADFM 2 = - PCFG3 PCFG2 PCFG1 PCFGO
1 0 0 0 1 1 1 0

Figure 10: ADCON1 Register

Figure 11 below shows the ADCON1 register with the settings for bit 6-4 being set to
0 and the setting of bit 7 set at 1 for the right hand justified. The PCFG3-PCFGO
have their settings set at 1110 with the setting for the PCFG are set at 1110 making
the RA1-RAS set to a digital form to enable the correct settings to be produced which
will meet the specifications for the system.

U0 u-0 RW-0 uo RWO RWO RWO  RWO
[aomm [ — [ — [ — [ rcrea [ pcFe2 | PCFG1 | PCFGO
bit 7 bit0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. 6 Most Significant bits of ADRESH are read as 0.
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0.

bit 6-4 Unimplemented: Read as "0
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:

PCFG3: | ANT(" [ ANG(" | ANS(')| AN4 | AN3 | AN2 | AN1 | ANOD CHan/

PCFGO | RE2 | RE1 | RE0 | RAS | RA3 | RA2 | Ra1 | Rao | VREF* | VAP | goret
0000 A A A A A A A A Voo Vss 8/0
0001 A A A A |veers | A A A RA3 | vss m
0010 D D D A A A A A Voo Vss 510
0011 D D D A VREF+ A A A RA3 | Vss 41
0100 D D D D A D A A Voo | Vss 310
0101 D D D D VReF+ D A A RA3 | Vss Fiil
011x D D D D D D D D Voo Vss oo
1000 A A A A VREF+ | VREF- | A A RA3 | RA2 62
1001 D D A A A A A A Voo Vss &0
1010 D D A A VReF+ A A A RA3 Vss 51
1011 D D A A VReF+ | VREF- | A A RA3 | RAZ 412
1100 D D D A Veer+ | VRer- | A A RA3 | RA2 n
1101 D D D D | Vmer+ | VRer-| A A RA3 | RAZ Flr
1110 D D D D D D D A Voo Vss 110
1111 D D D D Veer+ | VRer- | D A RA3 | RA2 112

Figure 11: ADCON1
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The next register configuration is for the ADCONO, the table below in figure 12
shows the settings in which the register has been set to. The diagram of the
configuration settings in figure 13 shows that the ADCONO pins for 6-7 are set at a
value of 10 for the FOSC/32, bits 3-5 are set to a value of 000 because ADCON1
requires the register to set the RAO channel. Bit 2 has a setting of 1 because the A/D
convertor will need to be active for the system to operate. Bit 1 is then set to 1 due to
the module convertor being active and operational. All these values are saved and
stored to the ADRESL and ADRESH locations at a 10 bit result.

Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
ADCS1 ADCSO CHS2 CHS1 CHSO GO/DONE | - ADON
1 0 0 0 0 0 0 1

Figure 12: ADCONQG Table

R/W-0 R/W-0 R/W-0 RW-0 RW-0 RW-0 U0 R/W-0
| Abcst | ADcso | cHs2 | cCHst CHS0O |GODONE| — | ADON |

bit 7 bit 0
bit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits

00 = Fosc/2

01 = Fosc/8

10 = Fosc/32

11 = Frc (clock derived from the intemal A/D module RC oscillator)
bit 5-3 CHS2:CHSO0: Analog Channel Select bits

000 = channel 0, (RAG/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 =channel 3, (RA3/AN3)
100 = channel 4, (RAS/AN4)
101 = channel 5, (REQ/ANS)(")
110 = channel 6, (RE1/AN6)("
111 = channel 7, (RE2/ANT)("
bit 2 GO/DONE: A/D Conversion Status bit
If ADON = 1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the AID
conversion is complete)
bit 1 Unimplemented: Read as "0’

bit0 ADON: A/D On bit
1 = A/D converter module is operating
0 = AJD converter module is shut-off and consumes no operating current

Figure 13: ADCONO Register
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The Timer O register configuration is the next register to be explained, this is shown
in a block diagram form below in figure 14.

CLKOUT (= Fosci4)

4
0 :‘ 1
RA4/TOCKI AT X M SYNC
pin | 1 ol Y 2
WJ.‘- X Cycles
TOSE ?
T
— PSA
PRESCALER

ittt el il s e 9
0 | g |

M 8-bit Prescaler
8| | !
Watchdog 1 x| | 8 |
Timer [ |
T | 8-to - 1MUX -+— PS2:PS0O |
] PSA L — - - — — — — — 4

1
‘WDT Enable bit - |
MUX |[«——PSA
WDT
Time-out

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

Figure 14: Timer 0 block diagram

Data Bus

8

Set Flag Bit TOIF
on Overflow

To enable the timer0 to be used in the system, the OPTION_REG needs to be set up
and configured along with the TOIF having its overflow calculated. These register

configurations are detailed below in this report section. Figure 15 below shows some
details of the setup of the Timer 0 register.

To give accurate timing the microcontroller was configured to use timer 0 with an interruptinterval

of 10ms.

The clock source Fosc of the PIC16F877 is 19.6608MHz.

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

MAX PRESCALER = 256
Fosc/4/256 = 4915200/256
Period = 1/19200 secs

Number of counts every 1/100 secs

Preload timer 0 with 256 — 192
Figure 15: Timer O settings

4915200Hz

= 19200Hz

192 (togive 10mS interrupt)

64 to interrupt every10msS

14




The next configuration is the OPTION REGISTER, the table below in figure 17 sets
out the settings for the Option register. An Option register is a writable and readable
register which will contain a variety of control bits used to configure other devices.
(Pictutorials , 2017).

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
RBPU INTEDG TOCS TOSE PSA Ps2 P51 PSO
1 0 0 0 0 1 1 1

Figure 17: Option_Reg table

REGISTER 5-1:

bit 7
bit 6
bit 5

bit 4

bit 3

bit 2-0

OPTION_REG REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 RAW-1 R/W-1 R/AW-1
RBPU | INTEDG | Tocs | TOSE PSA Ps2 PS1 PS0
bit 7 bit 0
RBPU
INTEDG

TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
o = Increment on low-to-high transition on TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

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

Figure 16: Option Register data (R-B, 2010)
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The next register to be set up is the INTCON REGISTER, this is the register which
will contain the status for the high importance interrupts. Figure 19 below shows the
INTCON register data. This register is required to enable the interrupts to the CPU,
the table below is figure 18 shows the table for the configuration of the INTCON
register.

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
GIE PEIE TOIE INTE RBIE TOIF INTF RBIF
1 1 1 0 0 0 0 0

Figure 18: INTCON table

The global Interrupt enable bit is then set to 1 in this register which will allow the
unmasked interrupts to be enabled or activated. The PEIE bit is set to the value of 1
and will then activate the unmasked interrupts peripherals. The TMRO overflow bit
enable has a setting of 1 which is to allow the TMRO interrupt.

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

R/W-D R/W-0 RW-0 R/W-D R/W-0 R/W-D R/W-D RW-x
[ e [ pee [ Toe | wie | wmeE [ TOF [ INTF RBIF
bit 7 bit0
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 Overfiow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO intermupt
bit4 INTE: RBO/INT Extemnal Interrupt Enable bit

1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external 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/AINT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: 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 RE7:RE4 pins have changed state

Figure 19: INTCON Register
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The timer 1 is the next register to be set up, this register is the second available
timer on the chip. The timer 1 is made up of a 16 bit (2'® = 65635) counter and will
consist of two 8 bit registers which are the tmr1l and the tmr1h registers. The inputs
for the encoder feedback in the timer 1 is set at RCO0, and the no load speed
maximum value is 2300 RPM. Figure 20 below shows the block diagram for the timer
1. (Microchip, 2003)

TIMER1 BLOCK DIAGRAM

Set Flag bit
TMRI1IF on i
Qverflow 0 Synchronized
TMR1 p Clock Input
TMRIH | TMRIL
[ eriw [ TMR1L ] r
TMR1ON o e
........ OnioF TISYNC
! TI0SC !} ~
RCOT10SOTICKI E} + e P
' ] I = P | Synchronize
- YA s 1.2.4,8 B
HEAY SL
2) . \ Oscilatort™ [ X
rewmiosicep2® [ T} Oseitator” Gock }: .
bttt L T1CKPS1:T1ICKPS0
TMRICS
Note 1: When the TIOSCEN bit is cleared, the inverter is tumed off. This elimnates power drain

Figure 20: Timer 1 block diagram (MICROCHIP, 2013)

The device will not operate as required unless the next register is set up correctly,
thus register is the T1CON, this has to be set to the value of OB00000111 in binary
form. The table in figure 21 below shows the configuration of the T1CON register.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- - T1CKPS1 | TI1CKPSO | TIOSCEN | T1SYNC TMRI1CS TMR1ON
0 0 0 0 0 1 1 1

Figure 21: T1CON configuration

The diagram in figure 22 below shows the settings of each bit and are as follows, bit
7-6 set at 0, bit 5-4 set at 00 due to the prescaler value not being needed and 1
pulse is = to 1 rpm. Bit 3 is set to 0 due shut off of the oscillator and bit 2 is set to 1.
Bit 1 is also set at 1 and bit 0 is set to 1 to enable the timer 1.

17




u-0 u-0 RW-D  RW-D RIW-0 RW-0  RWD  RW-D
| — | = [7ickpsi|TickPso| T10SCEN |T1SYNC|TMRICS | TMR1ON

bit7 bit 0
bit 7-8 Unimplemented: Read as '0
bit 54 TICKPS1.TICKPSO0: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value

10 =14 Prascale value

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 oscillator inverter is turned off to eliminate power drain)
bit 2 TA1SYNC: Timer1 External Clock Input Synchronization Control bit

When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

N IMRICS =0

This bit is ignored. Timer1 uses the internal clock when TMRI1CS = 0.
bit 1 TMRACS: Timer1 Clock Source Select bit

1 = Extemnal clock from pin RCO/T10SO/T 1CKl (on the rising edge)

0 = Internal clock (FOSC/4)
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1

0 = Stops Timer1

Figure 23: TICON

The system will also need the PIE1 to be configured which will configure different
bits which are required to get enabled. This configuration that is set up is shown in
figure 23 below.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PSPIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRIIE
0 0 0 0 0 0 0 1

Figure 22: PIE1

As seen all are set to the value of 0 with the exception of the TMR1E which has a
setting of 1 as it's needed to enable the overflow on TMR1. To flag the overflow from
timer 1 then PIR1 register can be configured and set at zero as shown below in
figure 23. The overflow code for the program can then become — OB00000001 and
PIR1 — 0B0O0000000.

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
PSPIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMRI1IF
0 0 0 0 0 0 0 0

Figure 24: PIR1 overflow
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The next register is the TIMER 2, this register has the main usage to interface the
PWM waves with a direct current motor. The timer 2 includes a 8bit period register
with a maximum output count of 256, there are different registers from timer 1 and 0
which are set up to provide control to the Timer 2, the diagram below in figure 25
shows the TIMER 2 register internal structure.

TIMER2 BLOCK DIAGRAM

Sets Fiag
Dit TMR2IF | Oumeel®)

RES Prescaer e
= TMR2Reg [, 1.4, 1:16[ FOS
/
Posiscaler 2
— | 1:1 to 1:16] EQ SA— l/
T2CKPS1:
e —
T20UTPS3:
T20UTPSO

Note 1:TMR2 register output can be software selected by the
SSP module as a baud clock.

Figure 25: Block diagram Timer 2

The setting for the TIMER 2 is set at — 0B0O0000101 and a setting of — 0B0O0001100

is required to enable PWM on the CCP1CON register. The TIMER 1 architecture is
shown below in figure 26.

uU-0 R/W-0 R/W-0 R/W-0 R/WN-0 RW-0 R/W-0 R/W-0
| —_ |TOUTP53 TOUTPS2 lTOUTF’S1 TOUTPS0 | TMR2ON lTZCKF‘S1 TZCKPSDI
bit 7 bit 0
bit7 Unimplemented: Read as '0
bit 8-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

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

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

Figure 26: TIMER 2 architecture
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The last configuration to be talked about is the PV, this can be seen in the block
diagram form below in figure 27. The CCPR1L is set up to be a 8 bit register in
normal operating modes, but does have to ability to be set as a 10 bit register if it is
required by CCP1CON <5:4>. Comparing PR2 TO TMR2 and onto CCPR1L
provides a duty cycle to RC2, this is how the period and duty cycle are calculated.

. 2 -4
Duty Cycie Registers —— CCP1CON<S:4>
| CCPRIL | |

| CCPR1H (Siave)! |
L RC2/ICCP1
| Comparator i ROQl

‘i?‘
[ o)
I L

Comparator TRISC<2>
Clear Timer,
CCP1 pin and

[ me | EE

Note 1: The 5-bit timer Is concatenated with 2-bit Intemal @
clock, or 2 bits of the prescaler, to create 10-dit time-
base

Figure 27: PWM

The registers PIR2 and PIE2 are set to 0B0O0000000, and are shown in figures 28
and 29 below.

Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl Bit 0
- Reserved | - EEIE BCLIE n = CCP2IE
0 0 0 0 0 0 0 0

Figure 28: PIE2

Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- Reserved - EEIF BCLIF - - CCP2IF
0 0 0 0 0 0 0 0

Figure 29: pir2

The
configuration is
correct. Some of
the

explanations

are a little

vague.
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The PORTC has a configuration which is set to one output which is RC2 and set to
0, these provide PWM outputs with the remanding being set as inputs. To receive
the count the RCO is set to an input. PORTD is the allocation for the keypad with a
setting for RD0-RD3 and all outputs set to all inputs.

PORTC (TRISC) =0b11111011
PORTD (TRISD) = 0b11110000

~ 0O ® IO 00 Sn ™I oy
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4, Software Design and Coding

To enable the system to work as required in the brief, a ¢ programme or code was
required to be written to enable to system to operate. The code was written and built
up over time by understanding and building the individual section of the program and

adding them together to create the final program. This
poin

The first section of the code can be seen below in figurés30. The first line outlines the
‘include pic.h’ statement which is required to be added \?/jgen using a pic chip for the
programme. The next line is the ‘include lcd.h’ which is gg/lging the LCD files which
have been pre-build in another location ready to be addgd into this programme, this
include line makes these pre-build programmes now inclifded in this code, this is
done to enable the program to write to the LCD more efgg:fently and correctly. It is
not convenient to include the whole pic files into this ﬂledsc;cadding is done in most

code work. h s

The next section of the code is where 4 functions are de@g@’red to the system, these
are declared in standard ¢ programming format and are 8 ‘void DisplaySpeed, void
DisplayValues, Int ScanKeypad and void Delay’ functlorﬁ Next float type variables
are declared for the high priority variables along with so?gﬁ other variables which are
used in the program. Setpoints are chosen and |nsertedg5b’§¢the operator with error
being introduced in-between the setpoint and the speed;;g?rent, and the output from
the system. The PI controller will store values using the pfop_part = 0 to the ki =
0.02; line in the code. The proportional and integral beoc?g;ye the Ki and Kp and re
explained above in the reperch theory section to what th&{do. As stated above

ns.
figure 30 below shows this section of code set for ideal values.

#include <pic.h
#include "LCD.h"™

void DisplaySpeed(int line, int wvalue):

void DisplayValues(int line, int valuel, int valueZ, int value3
int ScanKeypad (wvoid

void Delayiint t©);

int milliseconds=0, speed= fault= glocbal variables
int speed_low_byte=0, 5peed high | byte run=0;
float setpoint=0, error=0, ocutput=0, prop part=0, int_accurx 0 Kp 0.01, Ki 0.02; Thes:

Figure 30: First section code
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wvoid interzupt ISR (wvoid //there are 3

if (TOIE==1 timer 0 is timing, interrupt every 10ms

TOIF

IHMRO
milliseconds+=10;

if ((milliseconds==100 faulc==0
TMR1L:

TMRI1H;

speed_low_byte
speed_high_byte
TMRIL 0

TMR1H
milligeconds=0;

if (IMRLIF==1 timer 1 is in

IMRLIF 0 //clear the interrupt flag

fault

if (TMR2IF==1 /timer 2 is for P

THMRIIF

Figure 31: Second section code

TOIF, TMR1 and TMR2 should be
capitals.

The next section of code which can be seen above in figure 31 is for the interrupt

ISR routine, this section of code is built to count pulses in the system accurately. The

code includes 3 main statements or sources, these are the toif, the tmr1if and the

tmr2if. These three statements are representing the interrupts for the timer 0,1 and 2.

To indicate that the system is problematic or something has gone wrong, the flags

for timer 1 will be enabled, timer 1 will also indicate the system is operating correctly

if the timer 1 is overflowed with thee bit set as its counting the pulses as they are

This part
does not

incoming.

If the same happened above with respect to timéi2aati fifis now overflows, all the

code will clear any interrupts flags. This is not the case foe timer 0 if that starts to

overflow causing the flag to set which will cause a series of events, these are the flag

will firstly be reset, the value of 64 is entered as a pre-load and the millisecond value

is increased by ten. Next the ‘if’ line or statements will check in brackets to see if the

value has reached 100 milliseconds, this will equal 1 second and activates the code

to run every second or 100 milliseconds. The ‘speed low and high _ byte' statements

are set to the values which were set in the tmr1l & TMR1H sections which are then

both set along with the Ms value back to zero.

23

The
expla
natio
n
goes

some
wawv




void main(void
int enable_keypad=1l, key

TRISA = OxFE;

ADCON1 = Ox8E;

TRISB 0x00;
TRISC = 0x01;
TRISD = 0bl1110000;
PORTB = 0x00;

LCD_Startup

PIEL = 0b00000011; r for TMR1 & TMR2Z
FIEZ = 0;

FIR1 =

PIRZ

INTCON = 0bl11100000; //setup for TIMER 0 in timer mode
OPTION_REG = 0b10000111;

T1CON = 0b00000111; f/setup for TIMER 1 in event mode from RCO
TMR1L 0

TMR1H

PR2 255;

CCPRIL = 0; f/0% DUTY CYCLE

TZCON = 0b00000101; //aet up for Timer Z in PWM mode using RCZ
CCPL1CON = 0e00000100;

Figure 32: Third section code

The above section of code seen in figure 32 is for the first main program loop, this
section of code which appears in this main loop before the first while loop is code
which has been set up. The first section of the program is initiating the variables for
the key and the enable keypad, these are ‘int’ statements and are set to values
which are ‘1" for the keypad and nothing for the key. Next comes the ADCON1
register, this will tell the programme if the ‘TRISB, C and D are either set to outputs
or inputs, this is displayed in the format of ‘0x00’ which is hexadecimal format with a

binary format following.

Port b follows which states the setting of the output and is set to ‘0°, next is the LCD
start-up section which was set in the first section of code as a pre-loaded programm
from another location, but too big to physically include. Next the PIE1 to PIE2 section

will control the interrupts which are peripheral and are pre-set.

The explanation
is not clear.
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while (1

speed = (int float
// speed = (float)
//speed = speed * 3.1;

//DisplaySpeed (0, speed) ;

(int)

if ( (RA1==1) & (RR2==0 run = 1;
if ( (RAl==0):zz (RAZ==1 ran = 0;
key = ScanKeypad():;
if((key!=-1) i& (enable_keypad

setpoint = setpeoint * 10 +
enable keypad=0;

£')aa

(enable_keypad

o

setpoint =

if (key==-1 enable_keypad=1;

if (setpoinc>2
if (setpoint<0

setpoint = 2
setpoint = 0

ifirun==1

&IIOX = setpoint
prop_part = error * Kg;
int_accum exrex * Ki;
output = prop_part + int_accum;

float) speed;

else

errox 0;
int_accur = 0;
output = 0;
RC2 = 0;

if(output <0) output = 0;
if (outpur >10Z3) output 1023;
CCPRIL = (int)output/4;

DisplayValues (0
DisplayValues (1,

int)setpoint,
int)prop_part,

speed,
int) int_accum,

Figure 33: 4th code section
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Figure 33 which is included above is for the super loop for the while section, this
code will operate at a continuous rate with the first part of coding in the above
sections of the main loop only operating once. The speed current from the motor is
first worked out in the code which will take is values for the equation from the speed
low and high bytes detailed above in the code. Next there is 2 if statements which
look to check if the pushbutton has been activated for stop or start settings and
following this the run section will be set. The scan keypad will then look for the
values entered to the key section which is set by the operator. This value is
compared with pre-determined functions for a specific key value set by the operator.

Next the if statement that follows will display the values on the screen depending on
what the operator has entered, the first part checks for a pressed key which will
activate the keypad. The keypad will work like an old mobile phone as an example,
only one button can be pressed at one time meaning to set a value of 1, then the
number 1 is pressed and for 12 the digits 1 then 2 will need to be pressed. The hash
key will revert the value back to zero.

Next there is an if statement which will check the program to make sure no digits on
the keypad are being selected which would make the system available to take
another value and change the number. The value then is set between 0 - 2300 and
anything which falls under will revert back to zero and if it goes over will be set to the
maximum value of 2300.

Next is the proportional and integral section, following a value of 1 to be equal to the

system will work out the error which is done by subtracting the value of speed form

the value of the setpoint, this moves onto the proportional part which taken the value

for the error worked out above and multiplies this with the proportional variable. The |
section or integral section will accumulatively store values of error which has been

above times with the ki. Proportional/Integral output is the sum of the P section and

the | section, and if the value is not 1 as stated above then all values for the

proportional integral controller are set back to zero. This explanation is confusing.

The final part of the code in this section is setting the maximum and minimum values
of 0 and 2300 for the speed, the ccpril part is the register duty cycle for the PWM
and is worked out with the proportional integral output values. The very last part then
displays the values onto the LCD as required.

This part is
explained,
but there are
parts of the
explanation
here that don
make a lot of
sense. The
whole
section
should have
been slit into
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void DisplaySpeed (int line, int wvalue

int units, tens, hunds, theous, temp;
unsigned char string[17];

thous = value
hunds = value %1000/100
tens = value %1000%

units = value %1000%100%10;

string[0] = thous + 48;
string(1l]
string(Z]
string(3] = units + 48;
stringl
stringl|
string|
atring (7]
string[8]

hunds + 48;
tens + 48;

[N

1 Mo W W

Figure 34: Fifth section of code

The next section of code shown above in figure 34 is for the display speed functions.
This code will be activated when the line for display speed is stated in the program,
this will then activate this code and is explained as follows. The first line with the ‘int
line and int value’ statements are entered into this function, the code then will
declare local variables which are then ‘int units, tens, hunds, thous and temp’. the
next section of code will then calculate the four-digit value stores int the ‘value’ area
to a number in the local variables stated above.

An array comes next with each of the components being sent to this array with the
value of the component being added with 48, this will convert the number into its
ASCIl equal value. A blank area is then inserted for the display and then followed
with the letters for RPM to display onto the screen. The last line will then display the
value to the LCD.

This is a clearer explanation.
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void DisplayValues(int line, int wvaluel, int valueZ, int value3

int units, tens, hunda, thous, temp;
unsigned char string([l7];

if (valuel>=0 string([0] =
else

string(0] = ;

valuel = valuel*(-1);

thous = wvaluel
hunds = valuel

tens = valuel
units = valuel %10

string[l] = thous + 48;
string[2] = hunds + 48;
string([3] = tena + 48;
string[4] = unitas + 48;
if (value2>=0 string(5] = "+°;
else

string[5] = ;

valueZ = valueZ* (-1

thous = wvaluel
hunds = value2
tens = valuel
units = value2

string( = thous + 48;
string = hunds + 48;
string| = tens + 48;
string([9] = unics + 48;
if (value3>=0 stzring([10] = "+';
else
string(l0] = ' ;

value3 = value3*(-1);

thous = value3
hunds = value3
tens = value3

units = value3

string(ll] = thous + 48;

string(l = hunds + 48;

string(13] = tens + 48

stringl = unita + 48;

stringl = 0;

DisplayString(line, string); //send st 1g data to LCD 1

Figure 35: 6th code section
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Figure 35 above is showing the display values functions. This function is the same
as the function which has been described above with slight differences. The main
code or program uses the display values part of the code to as expected display the
values onto the LCD, this will display the speed, error and setpoint on the top line
with prop part, int accum and outputs of the bottom of the LCD. This part of code can
also check if values are negative or positive with the use of some if statements as
seen above.

Explan

int ScanKeypad (void ation is

int key=-1 reason

o , able.

Delay(l

if (RD4 1 key

if (RDS 1 kay

if (RDE y key

if (RD? 1 key

RDO 0; disabl umr

RD1 1; scan column 2

Delayil

if (RD4 1 key

if (RDS 1 key

if (RDe 1 key

if (RD7? 1 kay

RD1 o disable coclumn 2

RD2 3 scan column 3

Dalay(l

if (RD4 1 key

if (RD5 1 key

if (RDE 1 key

if (RD7 1 key

RDZ 0; disable column 3

return key

wvoid Delaylint t©

int i;
for (d=0;i<t;d44);

Figure 36: Last code section

The last section of code is the scan keypad section, this part looks to see what
button the operator has pressed to the physical keypad, outputs for each column
have a setting of 1 and there is a series of if statements which check the rows for the
logic 1. The key which has been selected by the operator can then be found with a
grid fashion of checks to find the pushed button. The last delay section is to delay
the programme for the number of cycles at the input with a for loop, this will not
affect the ISR as that is the main priority of the system.

Good
expalanati
on
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5. Testing and Analysis of results

The first part of the tests was to carry out a simulation test of the system, this was
done using the proteus program found in the college. The first simulation is shown
below in figure 37 and is setting the clock to 100hz.

B igital sk Generator Propartes T x|

Gerwistar Hame: ek Tyon

RCUTI0S0A TN ) oo i v ik
) High Lo High Cick
Arde Trees KAL)
onc 2
el T
O Pube e Egni o
Pk
| @bequmcy Bt 8

" e ot
—1o iy Criusse ) Pesod fsecn}
O genent

-l s
: OkamHoL

Diptal Tyt

) Stenty St

O Singhe Ecoe
e Pule

® Clock

O Faten
Eanp HOL

[l
) M £:80s7

e Propmsns? =]

Figure 37: Setting clock to 100hz

Clock set at 100Hz = 10 blocks per pulse at 1ms each, maths = 1ms / 10 divisions.
1/10 = 100Hz. Shown working below in figure 38.

Figure 38: 100HZ clock setup
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The two below screenshots 39 and 40 use the same principle and equations above
but to work out the value of and display a 1000hz clock.

LCD1

e LU

| [E® Digital Clock Generator Properties 7 x

|

; Genetator Hame: Clock Type

. U1ROT10S0/T108) (@) Low-High-Low Clock.

| T O High-LowHigh Clock.

| Coc =P BBY pi. szsazass

| Fust Edge At ] '“’1 "1 4444'
A @ FrequecyHat (1000 zlslsls

[Annnn] = : al w B

s Be (O Pesiod [Secs}

| O Ewponent
c I SFPM
D | OEswHOL

AN

i ook

: [ hsolate Bebore?

| OlMarudl Edis?

| (5 ide Preoperies? Concel

Figure 39: 1000hz clock setup

Pk

O

« ==

Figure 40: 1000hz clock display

This is the test for the
encoder prototype.

31




The next screenshot shown below in figure 41 shows the value entered into the
keypad being displayed on the LCD screen. The value of 1500 was selected and
shown below.
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Figure 41: Testing LCD

The
keypad
encoder
prototype
test.
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The PWM was to be tested to ensure that the setpoint entered into the program gave
the correct output on the simulation, this will prove is the system is operating
correctly or wrong. Three tests were carried out on the system to ensure operation
and the values of 100rpm, 300rpm and the maximum of 360rpm.

The revolutions per minute (RPM) is calculated by — frequency * (60+ PPR).
The Pulses per revolution (PPR) = 100.

Frequency is = 1/(Divisions on scope) *(Time base on scope).

Position
Peo] | oc
GHD
OFF | =i
(30 mj
C+D
2 .‘:.< :
Channel D

i

7

Figure 42: 100rpm

Figure 42 above shows the setting of 100rpm, the actual speed was recorded at 99,
and the frequency using the equation above is = 1/6 = 166.7. the calculated RPM is
166.7 * 60/100 = 100 RPM.

Figure 43: 300RPM

33




Figure 43 above shows the setting of 300rpm, the actual speed was recorded at 298,
and the frequency using the equation above is = 1/2 = 500. the calculated RPM is
500 * 60/100 = 300 RPM.

Channel C

Figure 44: 360rpm

Figure 44 above shows the setting of 360rpm, the actual speed was recorded at 356,
and the frequency using the equation above is = 1/1.76 = 568.2. the calculated RPM
is 568.2 * 60/100 = 360 RPM.

The above tests prove that the system was operating correctly and could now move
onto the practical build to prove the operation in a practical form.

Five practical tests will be undertaken, they will include;

Setpoint enter (Should keep system running at setpoint) — Pass,

Load motor small increments (Should keep motor up with setpoint) — Pass,
PWM adjusting to setpoint (Shown adjusting of PWM) — Pass,

LCD displaying correct (Should show all parameters) — Pass,

Hash key press (Should set system back to zero) — Pass.

il S

This is the PWM
prototype test.
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Practical testing results.

200 rpm Set point. Shown below in figure 45.

Figure 45: 200rpm practical

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

RPM = 1666 * (60 /500) =200

PWM set to 200 RPM

Outy e JAN% LM% AFME LMI% 06N

Figure 45: PWM 200mpm
Duty cycle = 48 (actual speed PWM) * 100/1023 (Duty at 100%)

Duty cycle = 4.7%

Setpoint 1000 RPM
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1000 RPM Setpoint.

Figure 45: 1000rpm setpoint

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

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

PWM at 1000 RPM

Figure 45: PWM at 1000mm
Duty cycle = 133 (actual speed PWM) * 100 / 1023 (Duty at 100%)

Duty cycle = 13.3%
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Setpoint of 2000 RPM

=

Figure 45: 2000rpm setpoint
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

DutyCrcle ALA4% ALAIS 4143 % 4LMW 0000% 20 Wil lrace

Duty cycle = 391 (actual speed PWM) * 100/1023 (Duty at 100%)

Duty cycle = 41.4%
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Setpoint 2300 RPM

Figure 45: 2300 rpm
1.0 div at 0.05ms per div = 0.000055

F=1/0.0005 = 19000HZ

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

PWM set to 200 RPM

Figure 45: PWM 200rpm
Duty cycle = 48 (actual speed PWM) * 100/1023 (Duty at 100%)

Duty cycle = 4.7%

Setpoint 1000 RPM

This should include at least an image of the
practical demo with explanation.
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6. Conclusions and Discussions

The assignment aimed to make use of a microcontroller and interface it with a DC
Motor, incremental encoder, analogue sensing circuit, keypad, LCD display and two
pushbuttons. The embedded system was designed and the system was tested as
per the assignment brief.

The research or system hardware section was designed to investigate the different
pieces of hardware that was used in the assignment and system. The research
helped to gain valuable information and knowledge on the microcontroller which was
then used to help to design and explain how the system worked. The chip set up
also gained good knowledge and helped towards designing the system. The
research covered all areas asked and was explained with the use of block text and
images and data sheets, this gives the reader a broader understanding and shows
the use of theory and application.

The system was designed to meet the required specifications, the user was able to
set the keypad to a required input and see the output onto the screen of the system.
The design was built with the code and then tested using proteus and a practical
build, as shown in the results above the system did as was required and they system
functions with no errors. The LCD screen was implemented and displayed the
correct values with the correct spacing and locations.

Overall the design testing and simulation was a success, the system work as
required and no problems were encountered, a newer microcontroller would provide
better use and a recommendations and updated computers and monitors working at
a faster speed could prove useful in the future. As shown above in the report the PI
controller worked successfully and created a good working control system.

The conclusion says nothing
about the final system design. It
is also missing in the report.
This is very vague and has no
point to it.
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6. PICmicro microcontroller pin out details

Broadly speaking the ranges of PICmicro devices are designed to be upwards compatible: the pin functions on an
I18-pin device are available on a 28-pin device and a 40-pin device. This can be seen from the following excerpt
from the Microchip product selector card. The following diagram shows the pin out of the various PICmicro

devices:
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E-blocks™ Version 3 development board

4 Block schemste

Document code: HP488-30-3
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2. General information

1. Description
This flexible development board is an ideal platform for learning and project development.The board will program a
range of 8, 14, 18, 28 and 40 pin PICmicro® microcontroller devices from the 12, 16 and I8 series PICmicro range.
The bu:ml upmgummod using the USB port (from which it can also take power) and is supplied with a

ing utility - PPP. The board is ideal for using in conjunction with one of our 3 PICmicro

(D ROM n-mun:ea 1o help learn PICmicro programming using flow charts, C or assembly code . The boand can

program Low Voltage Programmable PICmicro MCUs and deliver a limited amount of power using only the USB

supply . but we recommend that an e xternal power supply (product code HPPSU2) is used to take maximum
advantage of the board's features. The board is compatible with our range of E-blocks modules which contain
circuitry for a wide range of functions - from simple switches and LEDs, through to internet servers, and Bluetooth
transceivers. The board is also compatible with Microchip's In Circuit Debugging 2 sysiem.

2 Festwes

o Makes it easier to teach and learn PICmicro programming
o Designed for educational use
o 3 CD ROM based resources in assembly, C, and flow chart programming are available
o Free download software, PPP, provides seamless send and verify functions

*  Makes it casier o develop PICmicro projects
o Supports low cost Flash-programmable PICmicro devices

Fully featured displays - 16 individual LEDs, quad 7-segment display and LCD display
USB programmer
Supports PICmicro microcontrollers with A/D corverters
On-board sensors
A comprehensive range of external analogue and digital sensors are available for project
work

o Fully protected expansion bus for project work

o Allinputs and outputs available on screw terminal connectors for easy connection

o E-Blocks compatible with 2 E-Blocks connectors fitied o ports C and D
Low cost
Used as a progr and as a devel board
Programs a wide range of PICmicro MCL' devices
Full suite of programming software available
RC or Xtal operation
In-Circuit Debugging via MPLAB® ICD2

cooo0o00

3 New festures fr Version 3

The following are the improvements made on version 3

Improved power circuit for either polarity power supply

Compatible with a wider range of devices in Low Voltage Program mode
Greater options for LCD connection 1o port B for Low Voltage Programming
Support for a wider range of PICmicro devices

Fast programming - 8k in under 10 seconds

- s s = =
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PSDE 5013 Assn 2 Nathan Smith

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

39/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4
Text Comment. The introduction should mention the design and test process using
prototypes for the stages of the design. These being the keypad encoder, optical encoder
feedback and PWM driver.
Text Comment. The current measurement was in the prototype and left out due to space
on the LCD.

PAGE 5
Text Comment. This diagram should be the hardware description.

PAGE 6
Text Comment. This could have been clearer.

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

Text Comment. The MOSFET purpose is explained, but it should be noted that the MCU
can only handle 5V max. This external device provided the interface capability to switch at 24V.



PAGE 13

PAGE 14
PAGE 15
PAGE 16
PAGE 17
PAGE 18
PAGE 19
PAGE 20
PAGE 21
Text Comment. The configuration is correct. Some of the explanations are a little vague.
PAGE 22
Text Comment. This is correct.
PAGE 23
Text Comment. This points out the prototype method used which is significant to the final
design.
Text Comment. This explains the inheritance of the LCD functions.
PAGE 24
Text Comment. TOIF, TMR1 and TMR2 should be capitals.
Text Comment. This part does not make sense.
Text Comment. The explanation goes some way to explain the process of the ISR, but
there are ,any spelling and grammar errors which corrupt its legibility.
PAGE 25
Text Comment. The explanation is not clear.
PAGE 26
PAGE 27

Text Comment. This explanation is confusing.



Text Comment. This part is explained, but there are parts of the explanation here that don
make a lot of sense. The whole section should have been slit into smaller sections for clarity.

PAGE 28
Text Comment. This is a clearer explanation.
PAGE 29
PAGE 30
Text Comment. Explanation is reasonable.
Text Comment. Good expalanation
PAGE 31
PAGE 32
Text Comment. This is the test for the encoder prototype.
PAGE 33
Text Comment. The keypad encoder prototype test.
PAGE 34
PAGE 35
Text Comment. This is the PWM prototype test.
PAGE 36
PAGE 37
PAGE 38
PAGE 39
Text Comment. This should include at least an image of the practical demo with
explanation.
PAGE 40
Text Comment. The conclusion says nothing about the final system design. It is also
missing in the report. This is very vague and has no point to it.
PAGE 41

Text Comment. Good refs but there is no research section in the report.



PAGE 42

PAGE 43

PAGE 44

PAGE 45

GRADING FORM: CSG-RUBIC

NATHAN SMITH

RESEARCH-INFORMED LITERATURE

(

y‘ n/a

KNOWLEDGE AND UNDERSTANDING

(

y‘ Introduction should have included the design
process using prototypes. This just gives a very
brief overview. 2/5 System hardware have been
explained, but some part are unclear. 2.5/5 System
design is not explained very well and does not
include the final design diagram or overall
explanation. The configuration does make sense
and is correct. 8/20 Software design should have
been divided up into smaller sections. The
explanation in parts in the report are very vague and
confused. 4/10

ANALYSIS

17/40

(

The testing covers all parts of the system. There




+ Should be some screen shots to indicate what the
tests represent on the LCD. This should cover the 7/20
CAD and dev board deigns. 5/10 Conclusion does
not make any point mostly because there are no
images for the final design to make comparisons.
2/10

PRACTICAL APPLICATION AND DEP.

(

y‘ Software design is good but the explanations are 6/20
poor and some of this is down to poor spelling and
grammar. 3/10 Quality of work is poor. 3/10

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ The report contains many errors and there is work 9/20
missing. It looks like it was done in a hurry.3/10
Team working is good. 6/10 Team working
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