1809810

by David Thomas
FILE 16526_DAVID_THOMAS_1809810_169043_481237461.PDF (7.16M)
TIME SUBMITTED 07-MAY-2021 01:26PM (UTC+0100) WORD COUNT 19259

SUBMISSION ID 152163562 CHARACTER COUNT 108408



Course:
Module:
Assignment:
Name:

University number:

Date submitted:
Word count:

HND Electrical and Electronic Engineering

SGEE5007 Visual Instrumentation & Control Systems

NI LabVIEW Magnitude Comparator
David Mathew Thomas

1809810

20-05-2021

6320

1 of 107




Table of Contents

U (=T 1= ot OO ST T T T OO T O T OO U T T T O TP T OO RO TP PO U U PO PO UU PP UUUPPTROUPPTN 10
L L X ULV SUMIIIAIY oot e e e e e e e ettt e e e e e e et e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaanns 10
2 R BEBATEN ettt 11
1.2.1 NI DAQmx data acquisition used in LabVIEW ... 11
1.2.2 Digital Magnitude COMPArators .. .. oottt ettt ettt e et e e et e e et a e e st aaa s 14
1.2.3 Digital Design Methods using VHDL and [P INtegration ...t 16
1.2.4 Analogue £ Digital ConmVEITOMS. ..o i ettt ettt e et e e et e e et a s 17
1.2.5 Instrumentation and Signal Conditioning .......cooioi i 19
1.2.6 L0AA CeIIS — (LCKD-LKE ) . itttk etttk ettt a e ane s 20
1.3, DESIEN ROOUITEIMIEIES ..ottt ettt e ettt ettt e ettt 2 et th 22 ettt e et e e et e e et a e s 21
13 HAl A Ottt t bttt bttt s 21
1302 FUI AT ettt 22
NS [y gl o (=l g aT=] gl = A o] s DUUUU OO OO U OO OO OO OO OO OO OO U U OO OO SO OO U OO OO OO OSSO OO U SO U OO OO OO U U OO OO U OUUTUUUPTTTON 23
141 4-Bit Adder & oM Parator. e 23
1.4.2. 8-Bit Adder & oM P aratOr. e 26
LS TSN & ANl SIS . ettt ettt et s 27
15,1 A-BIt TesStiNG & ANBIYSIS Lottt ettt ekttt et et s 27
1.5.2. B-BIt TeSTING & ANBIYSIS Lottt ettt ettt ettt e b e et s 33
LB, BV aIUEEIO M. ettt h £ttt ettt e b e e et et e s 37

2 of 107




R = =l s g =] o TS UU ST ST SO UORR USRS 38

2 BT OOUCTION. .ttt ettt e 38
2.2, DBSIEN FRGUITEIMIEIIES L.ttt ettt oottt £ ettt £ 4ottt 2 4kt £ et et 2 ettt 2 et b2 e et e et e e aennen 39
2.2.1. Load Cells & Signal CoONAitIONING .. .ooeeiiiiie oottt ettt e et e et e e st e e e e eneaaene e 39
2.2.2.10 & 12 Bit Analogue to Digital ConVEITOIS . . i et 43
0 T g oY ol =T g al=T o] =Yl o] o WSSOSO T UV T SRR USSSRRTRRRR 46
2.3.1. 8-Bit Analogue to Digital ConmVeIrTOr. ... ittt a e 46
2.3.2. Magnitude COmMIPArator .. ... ittt 48
2.4, TeSTING AN ANAIYSIS .ottt ettt ettt e et e et a e 51
2.4.1. Load Cells and Signal Conditioning .......ooo ittt e e 51
2.4.2.10 & 12 Analogue to Digital ConVEITOIS ... ittt aen 54
2.4.3. 8-Bit Analogue to Digital ConmVeIrTOr. ... ittt 56
244 IMaENITUAE COMIPAIATOT ..ottt et e ettt 24ttt £ et et 2ottt e et e ettt e e et e e anin e 58
2D VAl ON ettt ettt e e 62

3 of 107




e = T=T 1A ST USSR 63

B L T UCEION. ¢ttt 4ot 24 f st 24ttt £ ekt £ ettt 2ot e £ ettt e et e et e e e 63
3.2, DS EN FEGUINEIMIEIIES L.ttt ettt e ettt £ ettt 24ttt 2 ettt £ et et 2ottt 2 et e et e e et e e aennen 64
R T e oo =T g e 1T 1= o 1o L TS TSTORSR 66
3.4, TeSHING AN ANGIYSIS oottt ettt et et e et e e st st a2 e st en s e e e st ent et et et et e erteenearnaa s 67
3.5. Conclusions and RECOMMENAATIONS ... iiiiiieei ettt et e et estes e et e st e e e et aensarsaessaeneareeens 73
A, REFEIENCE LISt .ottt ettt ettt ettt e et e st et e st e st st et e st sttt s s st et e e nt et e e enteene e e e s 74
T Y o] 1= o Lo TS US ST TSSO USRS 77
LTI 1 o7 o SO N S SSSEUSU SO O TS U TSP SR SPUUPUSRRPUSPN 77
oI o 1 o1 o SO SO U S SSSSSTEUS S So OB NU OSSPSR PUUPUSRRPORPN 78
5.2, L0BA Cll TESTINE oottt ettt ettt et e st et et e st et a2 es s e st ee 2 e st e st e e ent e st arseantaenearne s 78
LT o 1T o1 o SO S U ESSEUS NSO TSSO USSR SPUURUSRRRISPN 82
R T B DL - B KT 413 - SO T T T T T U TS U TP ST T TSP TP TSP O U U U TP PO U PU PR UUTPPPRRUPPPPROINt 82
5.3, 200 Gram TSt I A OS c eiettteeeeeeeeeeeteeeeeetteeehtee et e et e ettt £ ettt ettt e et e ettt e et a e e 85
53,3, 500 Gram TS I E S .ttt ettt 2ottt 24ttt £ ettt 2ottt e et e ettt e et aeaeen s 86
53, 700 Gram TSt I A OS .tieititeieeeeeeeeeteeeeeetteeehtteeet et e ettt £ ettt e et e et e et a e e 87
5 3.5, 200 Gram DAt ettt £ttt 2ot e et e ettt et a s e 88
530, 500 Gram DAt ittt £ttt e et e e et e ettt et a e e 95
537 700 Gram DAt ettt £ ettt e et e ettt et e e et aeae 101

Good table

of contents

with good

level of

detail

4 of 107




Table of Figures

Figure 1 - Element 1 - NI DAQMX BIOCK DIBEIam ...c oottt ettt ee e es et e s aesaa s aaseaeneanneans 11
Figure 2 - Element 1 - NI DAQMX A ICOM 1.ttt ettt ettt ee et e st e e et aenta s aassaeseannaans 11
Figure 3 - Element 1 - NI DAQIMX CrEate [00M ittt et e et a e et e st es e et e es s e st e st aesaa s aassaeseanneans 12
Figure 4 - Element 1 - NI DAQMX REAA TCOM ©ooniiiiieieieeet ettt ettt et e et e st e ssa et e st e s aassaeneanneans 12
Figure 5 - Element 1 - NI DAQIMX CIBAT ICOMN 1.o.iiiiiieieteet ettt es e et et ee e e st e st e saa et aesaa s aassaeneenneans 13
Figure 6 - Element 1 - NI DAQMX DIgIEal INPUL....oii ittt ettt e et e s e e aeseaeneannaans 13
Figure 7 - Element 1 - NI DAQMX DIgital OULPUL ... oottt esa e aeneaeneanaaans 13
Figure 8 - Element 1 - 4-Bit Magnitude COMParator LOZIC . o..ivviiieieeiieieeie ettt a e eneanee s 14
Figure 9 - Element 1 - 8-Bit Digital Magnitude COMPArator .......ovioiieeoieeie ettt aa et aaseaeneaaaeas 15
Figure 10 - Element 1 - VHDL Code, FPGA based algorithm ... c..c.iviviiiiiiiiiiiiissi s na s 16
Figure 11 - Element 1 - QUantization HTUSTration ... ..ot aea s 17
Figure 12 - Element 1 - Basic SAR ADC @rChitECIUME ....ovviiieieceeee ettt ettt a e enee e 18
Figure 13 - Element 1 - ADC COmMParison CRart ..o oottt et e e et e st e aaseaeneanaaans 18
Figure 14 - Element 1 - Signal Conditioning SYSTEMI. ... i iii ittt ettt a et es e e s aeseaeneanneans 19
Figure 15 - Element 1 - Dual micropower instrumentation amplifier ... 19
Figure 16 - Element 1 - LOAA CIL....oii ittt ettt s e ee e e st e st et e st e st e s aansaenaennaans 20
Figure 17 - Element 1 - Wheatstone Bride ... ..ottt ettt sttt ettt ettt e s sa e s 20
Figure 18 - Element 1 - 4 Bit AQAEr LOBIC . .iiiieiiii oottt ettt e et es e e et e st ee e e st e st e s e essaesaa s aansanneanneans 21
Figure 19 - Element 1 - FUIl AQAEE LOBIC ...vvivieeiiiiie oottt ettt ee e st es et et e st e s aansaeneanneans 22
Figure 20 - Element 1 - 4-Bit Adder BIOCK DIaBrami. ... .ovoiioiiceeee ettt a e nneanea s 23
Figure 21 - Element 1 - 4-Bit Adder HIBrarChy ...ttt est e e e aeneanaaa s 23
Figure 22 - Element 1 - WHDL COTB . ... oottt et s ettt s et e st e st ee e st e st et et e st e s aassanneannaans 24
Figure 23 - Element 1 - 4-Bit Mag Comparator BlOck DIaBram .. ....cvioiioiieiiieieeie ettt a e enea e 25
Figure 24 - Element 1 - 4-Bit Mag COMPArator PLD ......uiii oottt a et ee e es e e e s aesaa s aeseaeseannaans 25
Figure 25 - Element 1 - 8-Bit Adder HIBrarChy ..ottt ettt a e eneenaaa s 26
Figure 26 - Element 1 - 8-Bit Mag COmMPArator PLD ......viiiioiieieieeie ettt ettt ee et e e et aesaa s aeseaeneanneans 26
Figure 27 - Element 1 - 4-Bit Adder SImulation TESTING ... ooiiieeieeie ettt et e e eneaaea s 27
Figure 28 - Element 1 - 4-Bit Adder Programming for SIMulation ... 28
Figure 29 - Element 1 - Magnitude Comparator Simulation TeSTING.......coiviiieeee e 28
Figure 30 - Element 1 - 4-Bit Magnitude Comparator Programming for Simulation ..........ccvvviviviiiiiis 29
Figure 31 - Element 1 - 4-Bit Functional Testing AEQB ........cviiiiiieie ettt a e eneanaaas 30
Figure 32 - Element 1 - 4-Bit Functional TeSting AGTB ....cv oottt ettt a e aeseaeneaneaaas 31
Figure 33 - Element 1 - 4-Bit FUNCtional TeSING ALTB ....eii oottt e et e s e e aeneannaans 32
Figure 34 - Element 1 - 8-bit PLD CONFIUration ..o oottt es e e eneannea s 33
Figure 35 - Element 1 - 8-Bit Functional Testing AEQB .......ocviiiiieeie ettt a e eneaeaa s 34
Figure 36 - Element 1 - 8-Bit FUNCLIONal TESING ALTB ....eiiieiieei ettt aa et aeseaeneaaaaas 35
Figure 37 - Element 1 - 8-Bit Functional Testing AGTB .. ..ottt ettt s s 36
Figure 38 - Element 2 - Unity Gain AmpPITIEr ..o ettt ee ettt a et a e 39
Figure 39 - Element 2 - Unity Gain Amplifier OULPUL......oo et a e ene e 40
Figure 40 - Element 2 - Instrument AMPIFIEr ...ttt 41
Figure 41 - Element 2 - LOAA CIl ....oii ittt ettt e ettt et et e st et et e st e s aansaenaannaans 42
Figure 42 - Element 2 - LabView 10-Dit ADC DESIZN 1vvivririeieiieie ettt es e e et esaae e e aastassaessaesaasaaseaeneanaeans 43

5 of 107




Figure 43 - Element 2 - L0-BIt ADC ..o oottt ettt ettt es e et e st et e st e st es e e st e st et et e st e et entaentennaa s 44

Figure 44 - Element 2 - LabView 12-Dit ADC DESIZN 1.viveirieieieie ettt es e e et e st as e seaestaaaessaesaasaaseaeneaaeans 44
Figure 45 - Element 2 = 12-Bit ADC ..ottt ettt e ettt s et e sttt e st et e 2 st ee e e st e st et et e ent e e e entaentennaa s 45
Figure 46 - Element 2 - 8-Bit ADC DBSIBN ...eoiieeiiiiieeeteteet ettt es e et a e est et e et e st et e e st e estesaasseas s e s aassaessarsaassaeseanneans 46
Figure 47 - Element 2 - LabView Dual Variable POWEr SUPPIY ...ooiioiieeee et 47
Figure 48 - Element 2 - 8-Bit ADC FrONT PAEE . iviiii ittt ettt ettt ettt ettt a1t saa st a1ttt et et e s asa e s arna s 47
Figure 49 - Element 2 - FPGA Magnitude COMPAratior ... oottt ee et aa et esaa s aaseaeseannaans 48
Figure 50 - Element 2 - Magnitude Comparator LabView Front PABE .....cooviieiieieieeesec e 49
Figure 51 - Element 2 - IMUIISIM PLD.....oiiiie ettt e e st e st es e st e st et e st e st e s aassanneannaans 49
Figure 52 - Element 2 - PIMIOD POMES ...o.iiiiiiee ettt ettt es et a et e st et e st 2 st ee e e st e st et e st e st arsaansaeneanneans 50
Figure 53 - Element 2 - Load Cell 50% LOAA TOST ... ittt ee et et et e st e s aaseaeneennaans 51
Figure 54 - Element 2 - Load Cell 75% LOAT TOST ... iioiiiiiiieeieeei ettt ettt e ettt e e et e st e s aassaeneanaaans 51
Figure 55 - Element 2 - Load Cell 100% LOAA TESE ..voouiiiiiiieieieie ettt ettt aa e e e st e s aeseaeneannaans 52
Figure 56 - Element 2 - LOAd Cell QULPUL....o.v ittt ettt a et ee e et e st e e e st aesta s aassaeneanneans 53
Figure 57 - Element 2 - 10-Bit ADC TESE .. i ittt ettt ettt et e st e e e st e st ee e e st e st e s e e st aenta s aassaeneannaans 54
Figure 58 - Element 2 - Element 2 =10-Bit ADC TEST ...viiiiiieieeieie ettt ettt e et e e e s aesaa s aaseaeneannaans 54
Figure 59 - Element 2 = 12-Bit ADC TESE .. iiiiieeiiii ettt ettt e e e st e e e st e st ee e e st e st e s e et aenta s aansaeneannaans 55
Figure 60 - Element 2 = 12-Bit ADC TOSE . iiiiieeiiii ettt e e st e e e st e st ee e e st e st e e e st aenta s aassaeneannaans 55
Figure 61 - Element 2 - National Instruments EIVis [ BOArd - TESt ...t 56
Figure 62 - Element 2 = 8-Bit ADC TSt .. iiiiiie ettt es e et a e es e e e et e es e et e e st e st esaest e s ta s e essaesaassaassaaneanneans 56
Figure 63 - Element 2 - National Instruments EIVis [ BOArd = TESt..c..iviiiiiiiiieeeeeee e 57
Figure 64 - Element 2 = 8-Bit ADC TSt . ittt ettt es et a e es e e e et e es e et e st e st esaess e st essaessaesaarsaassaaneanneans 57
Figure 65 - Element 2 - FPGA & NEXYS BOGITS ....iiiieiiiiieieee ettt a sttt e et est et et aesaa s aeseaeneanneans 58
Figure 66 - Element 2 - LabViewW = LESS TRAN ...ttt ettt e st es e aa et e st e s aassaeneanaaans 59
Figure 67 - Element 2 - FPGA = LSS THaM .oiiiiiiiiiceeieee ettt s ettt e st ee e et e st e e et e st e s aassaeneannaans 59
Figure 68 - Element 2 - LabView = EQUAI L0 ....vvii ittt ettt ettt saasaaana s 60
Figure 69 - Element 2 - FPGA = EQUAI L0 ... .vii oottt ettt ee et es s et et e st e aansaeneannaans 60
Figure 70 - Element 2 - LabView - Greater TRam ... ettt ee et a et a st e aansaeneannaans 61
Figure 71 - Element 2 - FPGA = Greater TRam ... oottt ettt et ae e et est et et aesta s aassaeneanaaans 61
Figure 72 - Element 3 - FPGA Magnitude Comparator with Data LOBZINE ......ovverveeieieeieeieeeeieete e 64
Figure 73 - Element 3 - FPGA Magnitude Comparator FIONt PABE .....oovviiioiiieeeeeee et 65
Figure 74 - Element 3 - File & File 2 CONMEBCTIONS ©.ovioiiiiiii ettt a et ee et esta e et aesa e s aaseaeneannaans 66
Figure 75 - Element 3 - File 3, File 4 & File 5 CONNECLIONS ...viiiiieeiecee ettt a e eneanaa s 66
Figure 76 - Element 3 - 2008 EQUAI 1O TOSE .uviiiiiii oottt ettt et ee e et est et et e ena e s aassaeneanneans 67
Figure 77 - Element 3 - 2008 TSt RESUN ...c.v ittt e et e et e st e aessaeneannaans 68
Figure 78 - Element 3 - 5008 LES5S THan TES .. ..v ittt e et e e et et ae e e st e st e ssa et aenaa s aansaeneanaeans 69
Figure 79 - Element 3 - 5008 TSt RESUN ....c.v oottt ettt et st e e et e st e aeseaeneannaans 70
Figure 80 - Element 3 - 7008 Greater Than TST ... i oottt ettt est e e et aesta s aaseaeneannaans 71
Figure 81 - Element 3 - 7008 TSt RESUIL ..ottt ettt ettt s 72
Figure 82 - Element 2 - Load Cell 55% LOATA TOST ...iioiiiiii oottt a et e e e e st e aaseaeneannaans 78
Figure 83 - Element 2 - Load Cell 60% LOAA TOST ...iioiiiieie oottt ee et es e e et e st e s aassaeneaneaans 78
Figure 84 - Element 2 - Load Cell 65% LOAA TOST ...vioiiiiiii oottt ettt et e e st e s aaseaeneannaans 79
Figure 85 - Element 2 - Load Cell 70% LOAT TOST ... vioiiiieeieeieeei ettt e e es e e e aesa e s aaseaeneannaans 79
Figure 86 - Element 2 - Load Cell 80% LOAA TOST ...vioiiiiiiieeieieei ettt ae ettt et e e e st e s aaseaeneenaaans 80

6 of 107




Figure 87 - Element 2 - Load Cell 85% LOATA TOST ...vieiiiiiiieeieee ettt ee et e et a st e s aaseanneannaans 80

Figure 88 - Element 2 - Load Cell 90% LOAT TOST ...iioiiiiiiiieieieeie ettt ettt es e e e e esa e s aassaeneannaans 81
Figure 89 - Element 2 - Load Cell 95% LOAT TOST ...vioriiiiiieeieeeeie ettt ettt e et et e aesaa s aaseaeneannaans 81
Figure 90 - Element 3 - Data LOBEING FIlE ... oottt ettt e e es e e et e st e aeneaeneanneans 82
Figure 91 - Element 3 - Data LOBEING FIlE 2. ittt ettt e e es et et e st e aeseaeneanaeans 82
Figure 92 - Element 3 - Data LOBEING FIlB 3 .. i ittt ettt ettt ettt ettt e s e s anna s 83
Figure 93 - Element 3 - Data LOBEING FIlE 4 ... oottt ettt e e st e e et e st e aeseaeneanaaans 83
Figure 94 - Element 3 - Data LOBEINEG FIlE 5.ttt e et e et a st e s aeseaeneannaans 84
Figure 95 - Element 3 - 2008 Le5S Than TES .. ittt e et e e et e st ee e e st e st e ssa et aesaa s aassaeneanaeans 85
Figure 96 - Element 3 - 2008 Greater Than TeST ... i oottt a e es s e e e e aesta e aaseaeseannaans 85
Figure 97 - Element 3 - 5008 EQUAI 1O TOSE ...v i iiiii oottt et et es et et e st e aassaeneanneans 86
Figure 98 - Element 3 - 5008 Greater Than TeST ... i oottt ettt e e est e e et aesaa s aaseaeseaneaans 86
Figure 99 - Element 3 - 7008 EQUAl 1O TOSE .uv i iiiii ettt ettt ettt aee e et es s e s e et e st e s aaseaeneanneans 87
Figure 100 - Element 3 - 7008 Less Tham TeST. . ittt ettt ettt ee e et estesaa et e esta s aaseaeneanneans 87

Tabl

eof

figu

res

is

exte

nsiv

e

and

in

goo

d

ord

er

7 of 107




Table of Tables

Table 1 - Element 1 -4 Bit Adder Truth Table ... et e e e et aaaaaaen s 21
Table 2 - Element 1 - Full Adder Truth Table ... et e et a e e e e s 22
Table 3 - Element 2 - Load Cell TeStiNg ... ettt e e 52
Table 4 - Element 3 - 200 Gram Dalta. .. v oottt e e e e e e ettt e e e e e sttt e e e e ae e e e e e s e n ittt e aeean e natttaeeeannan 94
Table 5 - Element 3 - 500 Graml Data. ... oottt eee ettt e e et aa e e e e e s e att e e 2eaensssae e e e e sssaas s e aeaanssnassaaaaaannnns 100
Table 6 - Element 3 - 700 Graml Data. .. .. oottt eeee ittt e e ettt e e e e e s att e e ae e e e sssan e e e sssaas s e aeaanssnnssaaaaaannnns 107

Go

od

us

e

of

ta

ble

S

8 of 107




Table of Equations

EQUation 1 - Element 2 - U nity Gain. .ottt e e e e e e es ettt e 39
EQuation 2 - Element 2 - BUIEr GaIN .ottt e et e et a e ettt e e st a e e saa e e e saaaesraaa e s 41
Equation 3 - Element 2 - Differential Amplfier GaiN.. ... ettt ettt s et e e st e e s eraaaaa s 41
Equation 4 - Element 2 - APl iiier GaiM. .. ettt ettt e et a e et a e st s st e e s sat e e sttt s e s saaaeasaaa e s 41
Equation 5 - Element 2 - LOAd Cll Gain. ... ettt ettt e e e e e e e e e e e e e e e es e 42
Equation 6 - Element 2 - 10-Bit FOrmuUla BlOCK ...t e 43
Equation 7 - Element 2 - 12-Bit FOrmuUla BlOCK ...ttt e 44

Good use

of tables

9 of 107




1. Element 1

1.1. Executive Summary Good summary

The basis of Element 1 was the design, testing and implementation of a combinational program using Vivado design and
Multisim software packages along with a Nexys DDR FPGA development board. Successful final design required each

elemental part to be designed, built and tested individually.
Using VHDL, a 4-bit adder and magnitude comparator combinational logic system was designed, built and tested. Following

this, the final 8- bit magnitude comparator was tested and implemented, allowing the results to be analysed once the

software operation was proven to be successful.
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1.2. Research

1.2.1 NI DAQmx data acquisition used in LabVIEW

NI DAQmx is the latest generation driver used for data acquisition in NI LabVIEW. It differs from its predecessor, the
traditional NI DAQ in that a large number of architectural changes have been made to significantly advance its performance.

(National.Instruments, 2020)

_AIO Al

s N

.'.'...:-: 10 & ]
Anh ey

Al Voltage ~ “|Analog 1D DBL _

g NChan 15amp

I1I

stop

e

Figure 1 - Element 1 - NI DAQmx Block Diagram

(National.Instruments, 2020)

lllustrated above is the block diagram created in NI DAQmx, within which are several icons with differing uses and

operations.

Add

e

y

Figure 2 - Element 1 - NI DAQmx Add Icon

(National.Instruments, 2020)
The ‘Add’ icon sums the values of inputs x and .
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DAQmx Create Channel (Al-Voltage-Basic).vi

input terminal configuration
minimum value

maximum value

task in =

physical channels

name to assign

units

error in

custom scale name

Creates channel(s) to measure voltage. If the measurement requires the use of internal excitation or
you need excitation to scale the voltage, use the Al Custom Voltage with Excitation instance of this VI,

Detailed help

Figure 3 - Element 1 - NI DAQmx Create Icon

(National.Instruments, 2020)

The ‘Create’ icon shown above acts as a virtual channel. Variables, such as voltage, can be created and measured, and are
also able to be scaled for input and output. ‘Task In” acts as the virtual channel input, while ‘Physical Channels’ takes the

output from the connected devices.

DAQmx Read (Analog 1D DBL NChan 15amp).vi
task/channels in

timeout

task out
data
== grror out

error in =

Reads a single floating-point sample from each channel in a task that contains one or more analog
input channels.

Detailed help

Figure 4 - Element 1 - NI DAQmx Read Icon

(National.Instruments, 2020)

A specified input will be read by the ‘Task’ icon, as shown above. Both analogue and digital signals can be generated as a

result of the number and variety of options available, allowing the acquisition of specific data from selected channels or

samples.
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DAQmx Clear Task.vi

error in error out

Clears the task. Before clearing, this VI aborts the task, if necessary, and releases any resources the task
reserved. You cannot use a task after you clear it unless you recreate the task.

Detailed help

Figure 5 - Element 1 - NI DAQmx Clear Icon

(National.Instruments, 2020)

Deletion of tasks is achieved using the “Clear’ icon. However, prior to performing this, useful resources are released that

were reserved within the task.
Digital Input

DAQmx Create Channel (DI-Digital Input).vi

task in task out
lines

name to assign
line grouping
error in

error out

Figure 6 - Element 1 - NI DAQmx Digital Input
(National.Instruments, 2020)
lllustrated above is the digital input icon which incorporates several parameters to allow for either the generation of a

single channel, or multiple channels, by combining or separating digital lines respectively. As with the function of the

analogue input, only digital signals can be measured by the digital input.
Digital Output
DAQmx Create Channel (DO-Digital Output).vi

task in task out
lines

name to assign
line grouping
EITor in ===

error out
— A good explanation of

the LabVIEW design with
the DAQ interface blocks
identified

Figure 7 - Element 1 - NI DAQmx Digital Output

(National.Instruments, 2020)

As with the digital input described above, multiple or single channels can be generated by the digital output.
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1.2.2 Digital Magnitude Comparators

Digital magnitude comparators allow for a comparison of two inputs using a range of logic gates, most commonly in the
form of AND, NOT and XNOR. The magnitude comparator shown below contains three output terminals (for defined
conditions), which generates the compared or output value by assessing given or provided / inputted values. (Electrical4U,

2020)

AJO
B3O

A20
820 H

A<BO
A=BO
A>BO

A10
810—'"'1"—'

i gt

A<B

A0D
B0 O ):

Figure 8 - Element 1 - 4-Bit Magnitude Comparator Logic

(Coates, 2020)
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lllustrated above is an example of logic for a 4-bit magnitude comparator. Instead of extending the block logic, it is cascaded

with a second 4-bit magnitude comparator which, in turn, creates an 8-bit magnitude comparator (as shown below).

A) O——
Al O——
A2 O—
A3 O—
MO
A5 O
AS O
A O
AB=0
0— - -
A=B =1 L ] s
O AoB
AB=0 . 0
A<B A<B
A= A=
A8 AB
80 O- IC1 74HCB5 1C2 74HCES
B1 O— (bits 0.3) (bits 4.7)
B2 O
B3 Ol
B O
B5O
B6 O
BT O

Figure 9 - Element 1 - 8-Bit Digital Magnitude Comparator

(Coates, 2020)

Further cascading allows for the creation of additional capacity. A typical system will operate by initially comparing the
most significant parts/bits to ensure inputs are equivalent, progressing in sequence to compare every part of the system.
As part of this process, by comparing large binary numbers, the magnitude comparators aim to associate one of three
relationships of Ato B:
A>B: (A greater than B)

A=B: (A equal to B)

Explained very well and

shows a good

As such digital magnitude comparators are found widely in communication and technology industries. understanding which is
crucial to this element

A<B: (A less that B)

(Electronics-Tutorial, 2020)
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1.2.3 Digital Design Methods using VHDL and IP Integration

VHDL, (VHSIC-HDL), Very High-Speed Integrated Circuit Hardware Description Language, is an adaptable hardware
description programming language used in both mixed-signal and digital systems, commonly field-programmable gate
arrays (FPGA) or integrated circuits (ASIC). Its adaptability and use as a programming language in these circuits allows for a
result to be obtained through a variety of methods and tools. The use of VDHL in electronic design automation is under the

regulation of the IEEE. (Spiegel, 2001)

enticy PID Controler is
Generic(Kp : std logic vector(7 downto 0) := B"11111010";
Kv : std logic vector(7 downto 0) := B"00111100";
Ki : std_logic_vector(7 downto 0) := B"00111100"):
Port (Actual_input : LOGIC VECTOR (29 downto 0):
Dsired input : (29 downto 0):;
PID control : out » C_VECTOR (34 downto 0):;
Reset : in 5TD
CLK : in STD L
Sample clk :
end PID Controler;

signal Actual_input buf : std logic vector (39 downto 0):

signal Desired_input buf : std_logic_vector (39 downto 0):;

signal Error_gain : std_logic_vector (47 downto 0):;

signal Error diff : std _logic_vector (39 downto 0);

signal Error_integral : std logic_vector (39 downto 0);

signal Error : std_logic_vector (39 downto 0);

signal Error_ diff gain : =td_logic_vector (47 downto 0):

signal Error_integral gain : std_logic_vector (47 downto 0):
signal PID control buf : =td logic_vector (39 downto 0):
Figure 10 - Element 1 - VHDL Code, FPGA based algorithm

(Taghizadegan, 2016)

IP {Intellectual Property) integration is a reusable component used in electronic chips, that remains the intellectual property

of the party. It is most commonly a unit of logic, cell or integrated circuit.

Incorporation of IP provides the chip with a degree of adaptability. Use of a diverse layout allows the chip to perform a

number of high-speed complex functions, whilst retaining the ability to be reconfigured for additional use if needed.

(IEEE, 2004)
Coverage is good on this and the IP
design method has been identified
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1.2.4 Analogue to Digital Convertors

In order to generate a digital signal output that is illustrative of the signal of the analogue input, an analogue to digital
convertor (ADC) is necessary. However, the quality of the digital signal generated is variable, and is related to the sampling

frequency, or resolution (samples per second) of the analogue input signal.

In order to generate an accurate depiction of the analogue input signal, the quantization error; variation between the
analogue input signal and closest representative digital output signal, should be minimized. As such, an ADC with a higher
number of bits per analogue has a smaller quantization error, and therefore a higher resolution. Any quantization error

also results in the introduction of noise, referred to as quantization noise. (Arar, 2019)

- —  True Signal
~  Quantized Signal
Quantization Error

Figure 11 - Element 1 - Quantisation lllustration

(Swiston, 2014)

A commonly used ADC is the Successive approximation register (SAR), which can be used for a large variety of applications.
It has the ability to sustain a high sample frequency with very little latency and can be obtained in a series of resolutions up

to 18bits. (Arar, 2019)
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ouTPUT
PARALLEL/SERIAL

Figure 12 - Element 1 - Basic SAR ADC architecture

(Xie, 2013)

lllustrated above are the four main sub-circuits constructed for SAR ADC's. The sub circuits compromise of: SHA - sample

and hold comparator, DAC, and

SAR.
Industrial
Measuremant
24
Vioiceband
22 Audio
Data
20 J Acquisition
rd High Speed:
E 18 J Instrumentation
a Video, it Sampling
& Software Radio, etc.
- 16
8
2 14 -
12 4
===Current %
10 - State of the Art *
(Approximate) ‘.
. \
a8
1
Single
6 ] Event =% h
Acquisition, \
4 Video A
T T T T 1 T T Ll L]
10 100 1k 10k 100k 1M 10M  100M 1G 10G
Sampling Rate (Hz)

Figure 13 - Element 1 - ADC Comparison Chart L
Explanation is very good

(Blair, 2005) supported with good
images

The above chart illustrates the relationship between resolution and sampling rate for different ADC types. The resolution

is represented by the vertical ax

is, while the horizontal axis represents the sampling rate. It can be seen from the chart that

there is overlap between the ADC architecture, illustrating their appropriateness for multiple applications. However,

consideration of key factors such as required resolution and sampling frequency are essential to selection of most

appropriate ADC. (Kester, 2005)
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1.2.5 Instrumentation and Signal Conditioning

Signal Power
Sensor Conditioning Processor Electronics Actuator
Electronics Actuator Power
Power Supply Supply
—

Figure 14 - Element 1 - Signal Conditioning System

(Chegg, 2020)

Signal conditioning ensures that analogue signals are manipulated in order to meet the next stage’s processing
requirements. In the case of electronics this may be the limiting of voltage or current in ADCs. The block diagram above
illustrates the process of signal conditioning between a sensor, processor, and output of an actuator.

At the first stage, the transducer stage, following detection, the input is transduced electrically, before processing the
output to a signal suitable to operate as an output. (EEE_Guide, 2020)

Good work here which demonstrates
your knowledge of the methods

llustrated below is an ECG circuit, a current example of high precision low power signal conditioning. The ECG circuit
operates by measuring a voltage generated by a heartbeat, however the small signal, in the range of 0.2mv to 2.0mv peak

to peak and a 0.5Hz to 150Hz bandwidth, presents a number of obstacles to conditioning . (Analogue_Devices, 2020)

INSTRUMENTATION
AMPLIFIER
G=100

— N ECG OUT

|FB 100k == a7 nf

OVuo

Figure 15 - Element 1 - Dual micropower instrumentation amplifier

(Aspencore, 2020)

19 of 107




1.2.6 Load Cells — (LCKD-1Kg)

Load cells are a class of sensor that are used to convert mass, most commonly the weight of an object, into a resultant
electrical signal. They often incorporate an instrument such as a strain gauge, which contains an in-built miniature circuit
board, to compensate for temperature.

LCKD, manufactured with a robust alloy stainless steel housing by a number of companies including Omega, are the load
cells most commonly seen. With the ability to operate over a wide range of weights, from 1kg to 1000lbs, a large number
of different load cells are available dependent of the mass of the object(s) to be weighed and the units (imperial or metric)

desired. (Omega-Engineering, 2019)

Figure 16 - Element 1 - Load cell

(Farnell, 2020)

Being accurate and versatile, strain gauge load cells are most often seen in the industrial setting. They operate by measuring
the change (reduction) in resistance as the mass of the object causes compression in the strain gauge. Use of a single gauge
makes the accuracy of any one measurement limited as the change in resistance is very small, however by connecting and
grouping a number of gauges together, a more guantifiable value is obtained, significantly improving the accuracy. An

example of this is a Wheatstone bridge, in which four strain gauges are connected. (Aspencore, 2020)

ITUti' A
1 Explanation is good and all the

research in this section is supported
significantly with relevant sources

Figure 17 - Element 1 - Wheatstone Bridge
(Aspencore, 2020)
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1.3. Design Requirements

1.3.1. Half Adder

The first stage used Vivado software to design a combinational logic system using VHDL and IP integration. Initial design of
a half adder is required as it forms one of the blocks that will be used to construct a 4-bit adder. In order to design the

system, a half ladder logic diagram/schematic and truth table are created to enable determination of the logic (see below).

A _ \
SUM

Carry

Figure 18 - Element 1 - 4 Bit Adder Logic

(Geeksforgeeks, 2020)

Half Adder Truth Table
A B Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Table 1 - Element 1 - 4 Bit Adder Truth Table
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1.3.2 Full Adder

Once built, the half adder is then duplicated to create a full adder. Due to the hierarchy system built into the Vivado

software, each individual system will be placed to construct the required design of a 4-bit adder.

C-IN

Figure 19 - Element 1 - Full Adder Logic

(Geeksforgeeks, 2020)

Full Adder Truth Table
Cin B A Sum Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Table 2 - Element 1 - Full Adder Truth Table

- Out
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1.4 Implementation

1.4.1 4-Bit Adder & Comparator

With the full adder built and proven, the 4-bit adder can then be built by combining duplicating 4 full adders, the hierarchy

system in the Vivado software then arranging the full adders and half adders to provide the required outputs of a 4-bit

adder.

As B2 Az B1 Ay Bo Ao

Carry Carry Carry

Full Cs Full C: Full (& Half |Cis
Adder [€ 1 Adder [* 1 Adder [ Adder [*

Carry
o
S3 S: Si So

Figure 20 - Element 1 - 4-Bit Adder Block Diagram

(X.Ellis, Unknown)

Sources ?2 00X
Q =z |s |+ &
o Design Sources (3
~ @ & adderdbit{3dderdbit) (3dder_dbitvhd) (4
~ @ U1 : fulladd(Behavioral) (full_addervhd) (2
@ U1 : halfadder(Sehavioral) (half_adder vhd
@ U2: halfadder(Behavioral) (half_addervhd)
~ @ U2:fulladd(Behavioral) (full_adde
@ U1 : halfadder{Behavioral) (half_addervhd)

@ U2: halfadder(Behavioral) (half_addervhd)
~ @ U3 fulladd(Behavioral) (full_adde
@ U1 : halfadder(Behavioral) (half_a
® U2 halfadder(Set
~ @ U4 :fulladd{Behaviora der
@ U1 : halfadder(Sehavioral) (hall_adder vhd
@ U2: halfadder(Behavioral) (half_addervhd)
[5] adder_4bit (adder_4bit bd
» IP-XACT (1
> Constraints (1)
» [ Simulation Sources (2
b Utility Sources

Excellent work. The 4 bit adder
Hierarchy IP Sources Librarles Compille Crder hleI’CII’C/’)y and Inherltance /’)GS

Figure 21 - Element 1 - 4-Bit Adder Hierarchy been identified and explained
very well. All the components
are explained.
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The image above displays the hierarchy system of a 4-bit adder. Within each separate bit is a full adder that consists of two

half adders. Once the system had been tried and tested, it was then designed using VHDL.

lllustrated below is the VHDL code that was used for the 4-bit adder.

3

o

1 T Sy

library IEEE;

use IEEE.std logic 1164.all;

:l entity adderdbit is

port (

cin : in STQ_UDGIC:
al : in STD_UDGIC:
al : in STD_UDGIC:
a2 : in STD_UDGIC:
a3 : in STD_UDGIC:
b0 : in STD_LOGIC:
bl : in STD_LOGIC:
b2 : in STD_LOGIC:
b3 : in STD_LOGIC;
cout : out STD_LOGIC;
s0 : out STD_LOGIC;
sl : out STD_LOGIC:
52 : out STD_LOGIC;
53 : out STD_LOGIC

)i

2() end adderdbit:

PO % T % T % TR O T O T % ]

C

53 =
54 (=

architecture adderd4bit of adderdbit is
component fulladd

port (

a : in STD_LOGIC;

b : in STD_LOGIC:

cin : in STD_LOGIC:

cout : out STD_LOGIC;

s : out STD_LOGIC

)z

end component;

signal cl : STD_LOGIC;

signal c2 : STD_LOGIC;

signal c3 : STD_LOGIC;

begin

Ul : fulladd
port map(

a => al, b => b0,
s =>» 80);

02 : fulladd
port map(

a => al, b => bl,
sl);

: fulladd
map (

a2, b => b2,
s2);

: fulladd
map (

a3, b => b3,
3 => 33);

end adderdbit;

cin cin, cout => cl,

cin cl, cout => c2,

cin c2, cout => c3,

cin c3, cout => cout,

Figure 22 - Element 1 - VHDL Code

The code lines 1 to 22 display the entity, detailing the designated ports for the blocks. The architecture i.e. function(s) of

each specific entity and their associated links to the logics, are shown in code lines 24 to 36. Finally, code lines 37 to 54

map the correct port for each entity. Within the Vivado software, the hardware description of the component, including

logic, entity, and input/output operations, is contained within source files, whereas the mapping of process variables to

physical inputs/outputs is held in constraint files

Good work and the code looks very
neat and tidy
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lllustrated below, an input/output of the comparator is created by combining the 4-bit adder, with outputs ‘AGTB’, ‘AEQB’
and 'ALTB’ corresponding to LED displays that will illuminate on the Nexys DDR board. The output from the adder also acts
as the input for the comparator, the comparator then evaluating the input value against the set point value, determined

by the combined values of inputs ‘A",

Demonstrated in the block diagram is intellectual property, IP. IP integration is demonstrated
magdbit_0 and backed up with a good
( ) explanation.
a3 O B3
c2 [ B2
el [ B1
0 O BO
A3 OAGTB ——| » DAGTB
AEQB [ A2 OAEQB [ OAEQB
ATB [ Al OALTB m————— [ OALTB
adderdbit_0 ——————————== AD
( 1 AGTB
cin [» cin AEQE
a0 [ a0 ALTB
al [ al  cout L )
a2 [ a2 s0 | mag4bit_v1_0
a3 [ a3 81 | [ cout
b0 [ b0 52
b1 [ b1 53
b2 [ b2
b3 [ b3

adderdbit_v1 0

Figure 23 - Element 1 - 4-Bit Mag Comparator Block Diagram

SWO AD
SW1 A1
LEDO
sW2
o A2 —0
SW3 A3 Ut
sW4 BO : BGAa ' LED1
Az 0—_ A3 mszﬁ
D —() ] 53 OAEQH —D
“SW6 - B1 Bz@— ;g QALTE L L
OD— 51”'
H———— a1
SWE o—————— 50 :
D—Bg AGTB L L
AEQB
ALTB
COMP_4

Figure 24 - Element 1 - 4-Bit Mag Comparator PLD

In order to perform the functional testing process of the comparator, a 4-bit mag comparator was built using Multisim’s
PLD software, enabling download to Nexys DDR board. Expander inputs are set with a constant digital high or low to allow

for the ‘compare’ function of the design to work.
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1.4.2. 8-Bit Adder & Comparator

This is a 4 bit adder and 4 bit comparator

Once the 4-bit adder and comparator had been tested and its function proven, the 8-bit adder is created by combining two

4-bit adders and comparators. The hierarchy of the Vivado software then packages the program.

Sources ?2 00 X
Qlz|s : o
~ [ Design Sources (1)

~ @ - Add_Mag_Comp_wrapper(STRUCTURE) (Add_Mag_Comp_wrappervhd) (1)

v . [8 Add_Mag_Comp_i : Add_Mag_Comp (Add_Mag_Comp.bd) (1
~ @ Add_Mag_Comp(STRUCTURE) (Add_Mag_Comp.vhd) (2
> TF[E adderdbit_0 : Add_Mag_Comp_adderdbit_0_0 ( ! _adder4bit_0}
> TF[E mag4bit_0 : Add_Mag_Comp_mag4bit_0_0 (Add_Mag_Comp_mag4bit_0_0.x

> Constraints (1)
> Simulation Sources (1

Utility Sources This is a 4 bi

Hierarchy  |F Sources Libraries Compile Order

Good source design image
showing no errors and IP
design created

adder and 4 bit comp

Figure 25 - Element 1 - 8-Bit Adder Hierarchy Error here: should be 4 bit hierarchy

B0 ) .
0 . AD This cct should have a heading '8
SW8 : ]
s B O Afi bit Mag Comparator
DJ W
5wW2 a2 }—12 a7 U1 LEDO
DJ SwWl0 B7
B3 O g A6 . ¢ | LED1
a3 A3 B6 o i A ———
D_? SW11l A5 < A2 OALTB
B2
B4 — 9 S ——— LED2
swWa Ad 34A4 p, q J AL
; Bl
DJ SWlz2 ¢ :
s B oO—F A —
o—J  swi3h® aee
SW6 B6 D_A?G BSA3 u2 ALTB
O—7  swia A2 ¢ |
w1 BT 9 B2, ¢ 5 o COMP_4
? SmsA? 81 AQ e ;i OALTE |
o7 e
80" ¢ —l#
(E (;_ AD
BO
“ —{ AGTE
[ 1| iie

COMP_a

Figure 26 - Element 1 - 8-Bit Mag Comparator PLD

In order to perform the functional testing process of the comparator, an 8-bit mag comparator was built using Multisim’s

PLD software, enabling download to Nexys DDR board. Expander inputs are set with a constant digital high or low to allow

for the ‘compare’ function of the design to work:

e AGTB and ALTB are digital low
e AEQB is set as a digital high.

Good explanation here which offers a different
method of SOC design for simpler circuits
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1.5 Testing & Analysis

On completion of each design stage, each version of the adders was subsequently tested to verify the correct design and

functionality.

1.5.1. 4-Bit Testing & Analysis

The 4-bit adder and magnitude comparator are both tested in simulation method within the Vivado software. For the 4-
bit adder simulation test, inputs are placed into a virtual bus prior to input and output values being assigned. By changing
input ‘a’ and ‘b’ values, three simulated tests were conducted with varied ‘s’ output values. In order to provide value clarity,

binary inputs were substituted for digital numerical outputs. The output values of ‘a’ and ‘b’ are then compared by the
Good work and good use
of the virtual bus to
display results.

magnitude comparator, resulting in one of three outputs to be indicated, ‘ALTB’, ‘AEQB’ or ‘AGTB’.

Objects th_adderdbit_behav.wclg
Q & Q W a @ o < MM [
Mame Value Data Type o
decn 0 Logic
Lao 1 Logic
Bal 1 Lagic
baz 1 Logic
@ a3 [1] Logic
ioo 1 Logic
b1 [1] Logic
ioz 1 Logic
b3 [1] Logic
Lcout 0 Logic
a4 s0 [1] Logic
is1 0 Logic
452 1 Logic
HWs3 1 Logic

Figure 27 - Element 1 - 4-Bit Adder Simulation Testing
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al <= "1";
a2 <= "0%;
a3l <= "0°';
bO <= "1%;
Bl <= '0'; Good example of test data
b2 <= '1'
b3 <= *0';
cin <= '0*;
ad <= '1'
a = "1"
a2 <= '1'
a3l <= "0';
b0 <= '17;
bl <= "0";
b2 <= "1%;
b3 <= "1';
ci = '0';

Figure 28 - Element 1 - 4-Bit Adder Programming for Simulation

th_mag4bit_behav.wclg

Q W @ Q i« I« r

1,000.000 ns

200,000 ns 400,000 ns 3 800,000 ns

e AGTB
e AEQB
s ALTB

e OAGTB

Figure 29 - Element 1 - Magnitude Comparator Simulation Testing

Good work here and good test
data used to get all 3 results.
You have also identified the
static variable links from the
Sim circuit.
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B3 <= "1";
B2 <= '1';
Bl <= '0";
BO <= "1';
A3 <= "1";
L2 <= '0';
Al <= '0';
A0 <= '0';
AGIB <= '0";
RAFQB <= "1";
ALTB <= '0";
wait for 100 ns;
B3 <= '1";
B2 <= '1';
Bl <= '0";
BO <= "1';
a3 <= 1]
A2 <= "1";
Al <= '0';
AQ <= '1";
AGIB <= '0";
BFQB <= "1";
ALTB <= '0";
wait for 100 ns;
B3 <= '1";
B2 <= '0°;
Bl <= '0";
BO <= '0";
A3 <= "1";
A2 <= '0';
Al <= '0';
AQ <= '0";
AGTIB <= '0";
BAEQB <= "1";
ALTB <= '0";

wait for 100 ns;

Figure 30 - Element 1 - 4-Bit Magnitude Comparator Programming for Simulation

With the simulation testing proven to have been successful, the 4-bit adder and combinational logic are downloaded to a

Nexys 4DDR board for functional testing. The practical testing consisted of three tests: Less than (<), greater than (>) and

equal to (=). Three LED’s on the Nexys 4DDR board were assigned outputs to correspond with the test results: LED 0, A

greater than B; LED 1, A equal to B; LED 2, Aless than B.
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of ‘a’ is equal to ‘'b’".

! = ©
- ]  GTE0E0 o
e & If y e

[m .:-.- 10

7

Excellent work with the

s~ O
I R R R I I R A A A R RS table of values
s indicating the settings
Wl o| |~
5 o {cg slalcls|alalz|gl2|2 2 2lalale on the FPGA bqal’d.
E o = =] = Good test carried out
Set Value SumofB Sum of A
Testl [ofof1f1]ofof1]ofofof1]a|@|5]|e
. oo | <
Testd | || <
estdecima 3 5 1
Values
Test Result (Sum of A+ Sum of B) 3
est Results
Set Value of C 3
AEqualto B

Figure 31 - Element 1 - 4-Bit Functional Testing AEQB

For the ‘equal to’ test illustrated above, the set point was assigned a binary value by selecting the on-off switches on the
Nexys 4DDR board. The toggle switches for the sum of values for ‘a’ and ‘b’ are then selected to a matching binary input

value of the set point, with the sum of ‘a’ and ‘b’ matching the set point value. lllumination of LED 1 indicates the test result
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A Greater than B Very good test result

Figure 32 - Element 1 - 4-Bit Functional Testing AGTB

For the greater than test illustrated above, the set point was assigned a binary value by selecting the on-off switches on the
Nexys 4DDR board. The toggle switches for the sum of vales for ‘a’ and ‘b’ are then selected to a greater binary input value
of the set point, with the sum of ‘a’ and ‘b’ being greater than the set point value, LED O is illuminated, indicating the test

result of ‘a" is greater than 'b’.
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Figure 33 - Element 1 - 4-8Bit Functional Testing ALTB

For the ‘less than’ test illustrated above, the set point was assigned a binary value by selecting the on-off switches on the
Nexys 4DDR board. The toggle switches for the sum of vales for ‘a’ and ‘b’ are then selected to a lesser binary input value
of the set point, with the sum of ‘a’ and ‘b’ being less than the set point value. lllumination of LED 2 indicated the test result

of ‘a’ is less than ‘b’.

In conclusion, from the simulated and functional testing conducted, the 4-bit adder is functioning as required.
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1.5.2. 8-Bit Testing & Analysis

BO
5W0 & A0
D—B: - SwW8 :
SW1 D A1
DJ SW9
- B2 LEDO
w2 o iﬁ? AT Ul o
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B7 ¢ B2 . ¢ Hx gwere COMP_4
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[ 0]
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Figure 34 - Element 1 - 8-bit PLD Configuration

An 8-bit adder and logic system are built using PLD in Multisim. The system is then downloaded to the Nexys 4DDR board

for functional testing.
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Figure 35 - Element 1 - 8-Bit Functional Testing AEQB

For the ‘equal to’ test, illustrated in the image above, the values of inputs ‘a” and ‘b’ are set with an equal binary value, by
selecting the toggle switches on the Nexys 4DDR board. When the equal value of both ‘a’ and ‘b’ are selected, LED 1 is

illuminated, signalling that ‘a’ is equal to 'b’.
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Figure 36 - Element 1 - 8-Bit Functional Testing ALTB

For the ‘less than’ test, illustrated in the image above, the values of inputs ‘a’ and ‘b’ are set with different binary values,
by selecting the toggle switches on the Nexys 4DDR board. For the test, the binary code for the digital value of 9 was
selected for ‘b’, whist the binary code for the digital value of 5, was selected for ‘a’. LED O is then illuminated, signalling that

‘a’ is less than ‘b,
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Figure 37 - Element 1 - 8-Bit Functional Testing AGTB

For the ‘greater than' test, illustrated in the image above, the values of inputs ‘a’ and ‘b’ are set with different binary values,
by selecting the toggle switches on the Nexys 4DDR board. For the test, the binary code for the digital value of 49 was
selected for 'b’, whist the binary code for the digital value of 128, was selected for ‘a’. LED 2 is then illuminated, signalling

that ‘a’ is greater than ‘b’.

In conclusion, from the simulated and functional testing conducted, the 8-bit adder is functioning as required
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1.6 Evaluation

Using the Vivado digital hierarchy, an 8-bit magnitude comparator was designed and successfully simulated. Successful
function of the 4-bit magnitude comparator was only possible following successful completion of the prior design stages,

resulting in the hierarchy being able to inherit proven designs to build the 4-bit magnitude comparator.

Firstly, the half adder was designed. This was designed as a sole element using VHDL language and successfully simulated
in Vivado. Using the half adder, a full adder was then created by combining two half adders into one, whilst still retaining
its own architecture. On completion of the full adder, the design was completed using VHDL language and successfully

simulated in Vivado.

By combining four full adders to create one entity, the 4-bit adder was then created. Once designed, it was successfully
simulated in Vivado using bitstream generation to prove the test outcomes. On successful simulation tests, the program
was then downloaded to a Nexys 4DDR board for functional testing. The functional testing proved to be successful by

operation of the toggle switches to create the required test outcomes.

The 8-bit adder was then created which consisted of two 4-bit adders combined as one. The 8-bit magnitude comparator
was built using Multisim in PLD mode, and downloaded to the Nexys 4DDR board for functional testing. The functional

testing proved to be successful by operation of the toggle switches to create the required test outcomes.

Each design stage was proven to be successful, by simulation and functional testing, resulting in a functional 8-bit

magnitude comparator.

Very good evaluation of the element
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2. Element 2

2.1 Introduction

Element 2 builds on that seen with element 1, stages taken from the 8-bit magnitude comparator to develop a system for
the final design. In this way, components used for the final design and implementation, such as the analogue to digital
convertor with amplifier and magnitude comparator, had already been tried and tested, and successful configuration and
operation established. All of the required components were designed, built, and simulated individually, and as a complete
system, using Multisim and LabView. Further testing of the complete system required the design to be downloaded to

Nexys4 DDR and Elvis |l development boards.

SO T TN C QO T3 TTQ O 0 Q@
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2.2 Design requirements

2.2.1. Load Cells & Signal Conditioning

lllustrated in the image below is the unity gain amplifier, an amplifier that as a result of the feedback resistors has a gain
value of one. The amplifier below does not have a connection to the buffer amplifiers and is behaving as a differential
amplifier. The amplifier is loaded with two voltages, one at 7v the other at 9v, resulting in the positive and negative inputs

having the differential voltage.

VCC
V450V
Vip-p): 20.1 pV
V(ms): 4.50 V
Vidc): 4.50 V
V(freq): 17.7 kHz
V:200V
Vip-p): 722 pV
V(rms): 2.00 V
AN N— V{dc): 2.00 V
10kQ Vifreq): 23.8 kHz
VSS
v

®

20kQ

V450V
Vip-p): 18.7 pV
Virms): 450 V
V(dc): 4.50 V
Vi(freq): 17.7 kHz

|nstrumentati0n Am pllfler Good example which indicates a

good understanding of op amps
Figure 38 - Element 2 - Unity Gain Amplifier

From the resistors, the gain can be calculated:

Gain— RE 10K
A= pin 10K

Equation 1 - Element 2 - Unity Gain
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Shown in the image below is the voltmeter output of the differential amplifier, proving the function of the differential
amplifier with a 2v output. For amplification to occur, the ratio of the resistors would have to be changed to a suitable

value.

V:200V

Vip-p): 72.2 pV

V(rms): 2.00 V

V(dc): 200V Good result and explanation
V(freq): 23.6 kHz

®

Figure 39 - Element 2 - Unity Gain Amplifier Output

lllustrated in the image below is the instrument amplifier, normally employed to magnify exceedingly small inputs from
components, for example sensors. Instrument amplifiers differ from other amplifiers in that they incorporate a feedback
resistor that is able to be adjusted to alter the closed-loop gain. The first amplifiers are employed as buffer amplifiers,

providing gain.
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V- 435w
Vipp): 133 mV

V-250V Vims): 125 mV
Vip-p) 0.54 pV m Vide): 125 mV
V{rms): 250V 100'(0 Vifreq): 187 Hz
Vide): 250V
V(freq): 21.8 kHz VSS

4 -

®

V.24V
Vip-p): 153 pV
Virms). 2.48 V
Vidc) 248V
Vifreq): 23.8 kHz

4vece
Instrumentation Amplifier

Figure 40 - Element 2 - Instrument Amplifier

From the selected values of the instrument amplifier above, the following can be calculated:

@xR2) _ . (2x20)

in = Good work
Buffer Gain= 1+ Rl 10 5
Equation 2 - Element 2 - Buffer Gain
Di tial Amplifier Gain = 100x103_100
if ferantial Amplifier Gain = X102 -

Equation 3 - Element 2 - Differential Amplifier Gain

Amplifier Gain = 100 x 5 = 500 The required gain is achieved and
Equation 4 - Element 2 - Amplifier Gain explained
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vccC VS§Ss

| 12v -12v VEE

5V

14Q 50% 140 50%

K’y-A KGY'B

Casy 349.25Q 349.25Q
Vi OV V2 vi D] %2y
Vide): 250V . A Virms): 0V

V(freg): — ' V{dc): 2.50 V
V(freq): —

349.250Q 349.25Q

1.4Q 50 % 1.4Q 50 %
fKey-B Key=A

Load Cell LCKD - 1KG
Figure 41 - Element 2 - Load Cell

lllustrated in the image above is a representation of a load cell circuit with an excitation of 1-5v, determined by varying
resistance as a result of pressure applied, producing a 2mV/V output. A maximum load of 1000grams applied to the load
cell will produce a 5v output with a differential of 10mV.

The gain of the load cell can be calculated as follows.

Gain = 500

10x103
Equation 5 - Element 2 - Load Cell Gain

The calculated load cell gain relates to the total gain of the amplifier. Both the instrument amplifier circuit and the load cell

circuit were combined for testing. Simulation of the load cell output was achieved by incorporating a bridge of variable

resistors which were paired in a diagonal fashion on the circuit and adjusted to simulate the load cells output. Initial values

of 50%-50%, resulting in zero output, no load, were adjusted to increase the difference between the pairs to 100%-0%,

resulting in maximum output.

Good
explanation
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2.2.2. 10 & 12 Bit Analogue to Digital Convertors

Both 10-bit and 12-bit analogue to digital convertors (ADC) are designed using LabView software. lllustrated in the image
below is the design which is used to calculate the boolean value. By providing an analogue input for the formula block, the
boolean value is generated, along with the 10-bit digital output from the function block. The formula shown below is
inputted to the formula block.

x1 x1

%) x20= (%) x 1024

()= (5

Equation 6 - Element 2 - 10-Bit Formula Block
X1 10-Bit Digital OQutput

' [aze]
N2 ”_

DEL

Good explanation for 10 bit ADC

Anal Input
——gue’np Formula

Boolean Value
b, & 3 [
DEL

Figure 42 - Element 2 - LabView 10-bit ADC Design

Within LabView, a front screen for the inputs and outputs were created, as shown in the image below. The analogue input
can be varied using the analogue input slider. The resolution of the 10-bit ADC has 1024 possible outputs, the first being

zero which results in the maximum boolean value of 1023,
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Analogue Input Boolean Value

10-Bit Digital Output
o S N G

Analogue Input
°g1e p Good example of front
pane view for 10 bit ADC

I PR g
0 025 05075 1 12515175 2 225 25 275 3 3.|25 3:5 375 4 425 45 475 5

Figure 43 - Element 2 - 10-Bit ADC

With the design of the 10-bit ADC completed and successfully tested, alterations were made to the design, changing to a
12-bit ADC. The formula shown below is inputted to the formula block.

(ﬂ) 212 (;;1) 4096
— | x = |—| x
5 5
Equation 7 - Element 2 - 12-Bit Formula Block
Good explanation of 12 bit ADC

%1 %12-Bit Digital Output:

1.23]

. | X 28888 d
nalogue Input
.9 P FOM‘TUIE Boolean Value
‘Eg} Result » b |1‘23:
= |Uoedd|

Figure 44 - Element 2 - LabView 12-bit ADC Design
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Alterations were made to the front screen, adding two additional digital outputs as shown below. The resolution of the 12-

bit ADC has 4096 possible outputs, the first being zero which results in the maximum boolean value of 4095.

Analogue Input Boolean Value

12-Bit Digital Output

Good front panel
example of 12 bit
ADC

Analogue Input

0 025 05 075 1 125 15 175 2 225 25 275 3 325 35 375 4 425 45 475 5

Figure 45 - Element 2 - 12-Bit ADC
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2.3 Implementation

2.3.1. 8-Bit Analogue to Digital Convertor

With the design and testing of the 10 and 12-Bit ADC’s proving successful functionality, a new 8-bit ADC circuit was
constructed using the same design requirements within LabView. Additional components such as digital inputs, DAQmx

create, DAQmx read, 500ms counter and task clear were added to the circuit, allowing the 8-Bit ADC to be downloaded to

the Elvis Il development board for implementation and testing.

Analog DBL _
1Chan 15am
Analogue Input
&
foEd
Digital Output
—_— ==
r W ]
i .
" BESEE )
Fermula -
n . Digital Value
Result 1
esu v >+ 123]

LE:

Digital Output ~| Digital U2 _ :
1Chan 15amp

Figure 46 - Element 2 - 8-Bit ADC Design

46 of 107




=D Variable Power Supphes - - X

0.00 5 ¥ 290
RESET RESET
Aun Stop velp
= " @®

Figure 47 - Element 2 - LabView Dual Variable Power Supply
Within LabView a new front screen for the outputs, shown in the image below, was created. No inputs are added to the
front screen for the 8-Bit ADC as the input was controlled via a dual variable power supply within the Elvis Il software. The
analogue input remains able to be varied, but from a dial on the dual variable power supply, as shown in the image above.

The resolution of the 8-bit ADC has 256 possible outputs, the first being zero being the first which results in the maximum

boolean value of 255.

Good design of 8 bit

L igital Val
,:na ogue Input . Digital Value ADC
‘ Digital Output
[ JR PR R - - ——
STOP

Figure 48 - Element 2 - 8-Bit ADC Front Page
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2.3.2. Magnitude Comparator

Following successful implementation and testing of the 8-bit ADC, a FPGA magnitude comparator program was designed
using LabView, as illustrated in the image below. The circuit consists of three parts:

e The top part contains formula block 1 and 2, with an analogue input form the load sensor/potentiometer. The
formula blocks are configured to scale with 8-bit resolution and to 1000 grams, converting the input from analogue
to digital.

e The middle part of the circuit, containing formula block 3 and 4, is designed for 16-bit word output to FPGA
magnitude comparator. The formula blocks are configured to scale input signal to grams, 0 to 1000.

e The final lower formula block is configured to create the required 16-bit for the FPGA. The bottom part of the
The block achieves this by

multiplying the 8 bit value by
256. The lower 8 spaces are then
used to add the set point value

circuit is designed for the digital input result from the FPGA magnitude comparator.

| ‘

| Formula Formula 2

Analogue Input

#Iulzal: + 1 -: Reslt ¥ ﬂlﬁﬂ

Load Input (Grams)

| —

Figure 49 - Element 2 - FPGA Magnitude Comparator
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Analogue Input Load Cell Digital Output
0 i

A
o0

v .
Front panel view
Load Input (Grams) Set Load Digital Output is good
0 90
Set Load Value Comparison (Grams) rray
e 900
/|

STOP

Figure 50 - Element 2 - Magnitude Comparator LabView Front Page

Within LabView a new front screen for the outputs as shown in the image above, was created. On the left hand side are
the analogue input, representative of the input voltage from the load sensor/potentiometer, and the load input
representative of the analogue input in terms of mass. The right hand side of the screen displays the load cell digital output,
representative of the converted digital value of analogue input, the set load digital output representative of the digital
value of the set load value, and the array which will indicate one of three values, less than, equal to or greater than,

representing the difference/comparison between the set load value and the load input value.
Good explanation

Je0  BO
C—— Ja0 AD
- B Jeo
JBl B1 uz —1 GT
C— Jal Al 7 I
Oo— e\'_ A3 CASTE Jel
B% H oaEan [ EQ
JB2 B2 A CALTS
C— aaz A2 J\? . Je2
(- 3 Bd— B = LT
u1i oS- m—
JB3 B3 3 & BO
C— Ja3 A3 . 9\,— B e e
- > — &2 CALTE [ —] aLTE
o +—— B2
Jee Bd 9L o COMP_4
C— ana Ad B@v— B
C— B
Jms  BS p— 1
C— JAS A5 e
= “comP_a PLD design is good
JB6  BE
O JaE  AB
Sl [T
JB7 BT
C— > JnT AT
C—

Figure 51 - Element 2 - Multisim PLD
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Combining the designed LabView magnitude comparator circuit with the PLD circuit designed in element 1, as shown

below, creates a fully functional system. Both the Nexys DDR4 and the Elvis Il boards are also required for the operational

circuit, with Pmod ports located along the left-hand side of the PLD board, as shown below, used to communicate between

the PLD and the Elvis || boards.

11 Pmod Ports

The Pmaod ports are arranged In a 26 right-angle, and are 100-mil female connectors that mate with standard 26 pin headers. Each 12-pin Prod port provides two 3.3V VCC
slgnals (pins 6 and 12), two Ground signals (pins 5 and 11), and eight logic signals, as shown In Figure 20. The ¥CC and Ground pins can deliver up to 1A of current. Pmod data
slgnals are not matched palrs, and they are routed using best-avallable tracks without Impedance control or delay matching. Pin assignments for the Pmod 1/0 connected to the

FPGA are shown in Table 5.

Pmod JA

JaC17

JAz:na

JA3:E18

JA4:G17

JAT:D7

JAgE1T

JAas:F18

JA10:G18

Pmod JB

JB1: D4

JBZ:F16

JB3: G16

JB4:H14

JBT:E16

JB&:F13

JB9:GI3

JB10: H16

VCC GND
Pink %%

P 1
Pin 12\ DDDDDD
N OEEEEE

Figure 20 PMOD conmectors; front view, o3 ioaded on PCS.

Table 5. Naxys4 DDR Pmod pin assignmaents.

Pmod JC

Kl

JC2:F&

)C3:)2

IC4:GB

ICHET

JCa: )3

JC9: 14

IO ES

§ signals

Pmod JD

JD1: Ha

1D2:H1

1D3: G

JD4: G3

JD7:H2

JD&: G4

JD9: G2

JD10: F3

FPGA ports are identified
here

Pmod XDAC

DEADCY: A3 (AD3P)
JXADCZ: A15 (AD10P)
IXADC3: B16 (AD2P)
JXADC4: B18 (AD11P)
IXADCT: A14 (AD3M)
DXADCSE: A16 (AD10N)
IXADCS: BA7 (AD2N)

JEADCIO: A8 (ADTIN)

Digllent produces a large collection of Pmod accessory boards that can attach to the Pmod expansion connectors to add ready-made functions lke A/D, DA, mator drivers,

sensors, as well as other functions, See @ www.digilentine.com for more information.

Figure 52 - Element 2 - PMOD Ports
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2.4 Testing and Analysis

2.4.1. Load Cells and Signal Conditioning

lllustrated in the image below, the variable resistors of the load cell circuit are all set to 50%, resulting in Ov output.

The output shown on the voltmeter is 435uV. True zero is not possible as there will always be an offset.

vee  vss
2] v e
4 280V
Vidreai: 21 8 ki
©
1k
—AAA— L
1kQ s "
f lvcc
Z100k0
= T
v2 (3 |OP37AJ >
o
= VCC
Load Cell LCKD - 1KG Instrumentation Amplifier

V. 248V

Vippi 18.3 gV
Virms]: 248V
Vige 248 ¥

Vifrugc 238 ke,

Figure 53 - Element 2 - Load Cell 50% Load Test

When the variable resistors are set to 75% and 25%, the expected voltage output should be 50% of the output range. Shown

in the image below, the output voltage can be seen as 2.5v, exactly 50% of the load cell output range (0-5v).

vee  vss vimy
12V AV e e 28y
foe s

[ sv

AAA
100 % 20kQ

100k0

wvee
Load Cell LCKD - 1KG Instrumentation Amplifier

V.20V

Figure 54 - Element 2 - Load Cell 75% Load Test
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When the variable resistors are set to 100% and 0%, the expected voltage output should be 100% of the output range.

Shown in the image below, the output voltage can be seen as 5v, exactly 100% of the load cell output range.

vcc  vss Vi 103
12v -12v Virms): 248V
NEE Vi 38165
5V
E” ® V500V
J ; — Vipa): 23:3 v
142 100 140 0% |OP3TAS 1 DT Vi 0y
Key=A Key=B 2 - /// j:a":}’zéi\ ‘L IJSD;Q Vifred): 28.4 kiz
Vitreq): 26.% kHz
4 &
vss ’ ®
e 349250 349.250 s ® L ‘
Vig-g): 1.07 ¥ V243V - s - -
wezay 02 VI ) Vios: 1024 1kQ (1) |oP37AI >
Vifreq): 28.2 kHz hd ™ Vide: 248 V i +
Vitrea): 188 kiHz A — e
1kQ L,
§349.2sn 349.250 |
. |
| 140 0% 140 100% ves 20y
| Key=B Key=A T i) 24,
| o ' 1
L,
1 Lvee
Load Cell LCKD - 1KG Instrumentation Amplifier

Figure 55 - Element 2 - Load Cell 100% Load Test

% Resistance Grams Voltage
50 0 435pv
55 100 500mV
60 200 1v
65 300 1.5v
70 400 2v
75 500 2.5v
20 600 v Good table of results
85 700 3.5v
90 800 Ay
95 900 4.5v
100 1000 Sv

Table 3 - Element 2 - Load Cell Testing

Demonstrated in the table above are all of the load test results (see appendix 6.1 for further testing result images). Data

gathered from the table of results are inputted onto a graph comparing output voltage with load (mass). A positive linear

52 of 107




(proportional) response is seen i.e. as the load increases, a proportional increase in the output value is seen, as illustrated

in the image below.

Load Cell Output

Linear graph is correct

200 400 600 800 1000 1200

Grams

Figure 56 - Element 2 - Load Cell Output
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2.4.2. 10 & 12 Analogue to Digital Convertors

Analogue Input Boolean Value

25 5115

10-Bit Digital Output

Analogue Input

L L O L L T T O L LT
0 025 05075 1 125 15 1.75 2 225 25 275 3 325 35 375 4 425 45 475 5

Figure 57 - Element 2 - 10-Bit ADC Test

lllustrated in the image above is the 10-bit ADC front page displayed during testing. With the analogue input selector set to
2.5, the analogue input corresponds to the equivalent boolean value, which is also proven by the illuminated LED’s on the
10-bit digital output. lllustrated in the image below, when the analogue input selector is set to 5, again the analogue input

corresponds to the equivalent boolean value, and proven by the illuminated LED's on the 10-bit digital output.

Analogue Input Boolean Value
5 1023
10-Bit Digital Output 10 bit ADC tests are
Analogue Input

T e T o o o T T TR I ..,....,....,....,/II

6' 025 05 075 1 1.25 15 1.75 2 225 25 275 3 3.25 35 375 4 425 45 475 5

Figure 58 - Element 2 - Element 2 -10-Bit ADC Test
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Analogue Input Boolean Value

2.5 20475

12-Bit Digital Output

Fa
ﬂn -m

Analogue Input

0025 05 075 1 125 15 175 2 225 25 275 3 325 35 375 4 425 45 475 §

Figure 59 - Element 2 - 12-Bit ADC Test

lllustrated in the image above is the 12-bit ADC front page displayed during testing. With the analogue selector set to 2.5,
the analogue input corresponds to the equivalent boolean value, which is also proven by the illuminated LED's on the 10-
bit digital output. lllustrated in the image below, when the analogue selector is set to 5, the analogue input again

corresponds to the equivalent boolean value, and proven by the illuminated LED's on the 12-bit digital output.

Analogue Input Boolean Value
5 4095
12-Bit Digital Output 12 bit ADC tests
-ot Pigttat Dutpu are good
7 ol L L
Analogue Input

I e /

0025 05 075 1 125 15 175 2 225 25 275 3 325 35 375 4 425 45 475 5

Figure 60 - Element 2 - 12-Bit ADC Test
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2.4.3. 8-Bit Analogue to Digital Convertor

Figure 6

NI ELvis

LTI IAS

1 - Element 2 - National Instruments Elvis Il Board - Test

DAQ board output
result is good

lllustrated in the image above is the Elvis Il board used during testing. Shown in the image below, the variable power supply

was set to 2.5v, the analogue input value corresponding to the equivalent boolean value. As well as the numerical values

corresponding to each other, the visual LED indication on both front page of LabView and the Elvis Il board illuminate to

the correct output, confirming successful implementation and testing.

o e Analogue Input Digital Value
;‘\ .,,_,'z _.3_: ’ ‘_)"4,,:_ 2.4950 127
= . : " .zlm:\f _ Digital Output
seser seser R I I | |
L | sToP I
Instrument Cantrol
Aun Swesp Stop Help
o]~ Tulle
S —

Figure 62 - Element 2 - 8-8Bit ADC Test
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NI ELVIS |

.
o J
-
®
]
Tk
e
-

Figure 63 - Element 2 - National Instruments Elvis Il Board - Test

lllustrated in the image above is the Elvis Il board used during testing. Shown in the image below, the variable power supply
was set to 5v, the analogue input value corresponding to equivalent boolean value. As well as the numerical values
corresponding to each other, the visual LED indication on both front page of LabView and the Elvis Il board illumine to the

correct output, confirming successful implementation and testing.

03 Variable Power Supplies - ..  — x

sl saithing, Analogue Input Digital Value

J _ ;\‘" ""._:__ 5.00393 5

= 0.00 :\: g s.00 12 \\,-12 ngttat' Output
= — CA I | -
Hings . - ‘ STOP l

stap Help
L4
r

Figure 64 - Element 2 - 8-8Bit ADC Test

Good results
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2.4.4. Magnitude Comparator

pitiiiie

Good clear
image of
equipment
setup

Figure 65 - Element 2 - FPGA & Nexys Boards

With the FPGA and Nexys boards combined, the designed magnitude comparator was able to be tested. In order to test

the correct functionality of the circuits, three tests were conducted to verify each of the three possible outputs of less than,

equal to or greater than.
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Analogue Input Load Cell Digital Output

- g Jele] Jele] 1)

Load ’fn_put (Grams) Set Load Digital Output
990 0909
Set Load Value Comparison (Grams) Array

o e 1)

Figure 66 - Element 2 - LabView - Less Than

LTI

L]
s
e

.

FUNCTION GENERATOR

Figure 67 - Element 2 - FPGA - Less Than

lllustrated in the images above, a set load value of 300 grams was selected and an input load value of 209.71 grams
simulated. As demonstrated on both circuits, the “Less Than” LED is illuminated, proving the “Less Than”, functionality

operates correctly as designed.
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Analogue Input Load Cell Digital Output

- @es] ) Jeiel 1)

Load ’m_p“t (Grams) Set Load Digital Output
201007 ;JD_
_ ol ' sl I')
Set Load Value Comparison (Grams) Array ]

= "0e

Figure 68 - Element 2 - LabView - Equal to

YR, T9N
304R.1
.

R SUPPLIES )|
FREQUENCY

AMPLITUDE

M MAX

|.. FUNCTION GENERATOR
- —

Figure 69 - Element 2 - FPGA - Equal to

lllustrated in the images above, the set load value was changed to 200 grams and an input load value of 201.00 grams
simulated. As demonstrated on both circuits, the “Equal to” LED is illuminated, proving the “Equal to”, functionality

operates correctly as designed.
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Analogue Input Load Cell Digital Output

Load Input (Grams) Set Load Digital Output
Set Load Vaalue Comparison (Grams) Array

o a1 e

Figure 70 - Element 2 - LabView - Greater Than

GEE sEEEs sEEw
e EEEEs sEsw

Figure 71 - Element 2 - FPGA - Greater Than

lllustrated in the images above, keeping the set load value at 200 grams, an input load value of 685.99 grams is simulated.
As demonstrated on both circuits, the “Greater Than” LED is illuminated, proving the “Greater Than”, functionality operates

correctly as designed.
Very good

set of
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2.5 Evaluation

The requirement of element 2 was the design and testing of individual circuit prototypes, namely instrument amplifier,

analogue to digital convertor and digital magnitude comparator, prior to proceeding to finished designs.

Multisim software was used to design and test the instrument amplifier, representation of load achieved by combining it
with a bridge circuit. Altering bridge circuit resistor values, thus representing various loads, caused the amplifier output to
change to represent altering load values. As resistance values increased, the voltage output of the amplifier also increased
in a liner scale. Results of the test were proven to be successful, as each of the load and amplified results displayed exact

values with no error shown.

An analogue to digital convertor was designed using LabView. Three circuits, an 8-bit ADC circuit with a virtual input, 10-
bit circuit and 12-bit circuit with software inputs, were designed and simulated. Testing for the 10-bit and 12-bit circuits
required the use of a slider on the LabView home page, adjusting the analogue input which would then display the correct
digital output and boolean value, with no errors identified. Testing of the 8-bit required a virtual variable input from the
LabView software, with the designed circuit also connected to the Elvis Il board. Altering the variable power supply to a set
value would result in the 8-bit circuit displaying the corresponding analogue and digital values as well as the boolean value.
The digital values displayed by LEDs demonstrated successfully correspondence between the LabView programme and the

Elvis Il board. Negligible error was displayed for the analogue input values.

A digital magnitude comparator was then designed using LabView. Combining the designed circuit with the PLD circuit
designed in element 1, the circuits were then uploaded to the Elvis Il board that had been configured with a Nexys DDR4
board. Selecting a set point value for the load value, a load sensor/potentiometer was then used to simulate three possible
test outcomes for the set point, “Less than”, “Equal to” and “Greater Than”. The digital values displayed by LEDs showed
successful correspondence between the LabView programme and the Elvis || board. Negligible error was displayed for the

analogue input and load input value for the “Equal to” test.

When used individually or as a combined system, the analogue to digital convertors utilised formula blocks to enable
conversion of the signal from analogue to digital dependant on resolution. These required a scaled input signal as a fraction
of the maximum input, that was then divided by the required resolution. From this a boolean value was obtained, allowing
a change of state, through comparison, of the digital outputs. Each design stage was proven to be successful by simulation

and functional testing, allowing advancement to the final design.

Evaluation i good
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3. Element 3

3.1 Introduction

Element 3 builds on that seen with element 2, with additions made to the developed magnitude comparator to incorporate
methods of data logging. The magnitude comparator was tested under three different set points, simulating a load placed
on a load cell, with the data recorded for each test identifying whether the analogue input is less than, greater than or

equal to, that of the simulated load and set point values.

Good
introd
uction
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3.2 Design requirements

lllustrated in the image below, the amended FPGA magnitude comparator circuit with the addition of five ‘write to measure’
functions, that are used for data logging. The addition of these blocks will allow the LabView software to record and save

the data produced.

[ ¥z
W 3 = T—
Anslog DAL ]
1Chan 158mp I —
Lod st graen) b @ J 4 @
o EEH Write To Wirite To.
B Lowd Col Diginw Outons . File File2
+ b Ggnais b Signaks
- L
. D _
: Deve portl)/linel: 15 [ | I
— Load Inpat H
—= - (]
- -
Farmula 3 Formula 4

SatLead Vs for cammpneran (Gram

= | Magrinues Companuze iz

l; Do portliined:23 [+]

jone channel for all lines

File3 Filed
LabVIEW G-code is

correct

5]

EJEIE’

Figure 72 - Element 3 - FPGA Magnitude Comparator with Data Logging

‘Write to measure’ file one is used to record the analogue input and time, with the recording spanning the duration of the
test analysis period. The time is recorded by using the one column only option, and is the only ‘write to’ file using the
command. This is implemented for the testing phase and results in only one x axis when extracting the recorded data for
analysis. The second ‘write to measure’ file is configured to record the test values. ‘Write to measure’ files three, four and
five are configured for the comparator conditions of less than, equal to or greater than. Each of the less than, equal to and
greater than signals are produced as 1 or 0. In order for these output signals to be displayed on the logs, multiplication by

a factor of 200 is required, resulting in the signals being produced as 0 or 200.
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Figure 73 - Element 3 - FPGA Magnitude Comparator Front Page

LabVIEW front
panel view is a
good design

Within LabView alterations were made to the front screen, aesthetic alterations and the addition of a load input indicator

demonstrated in the image above.
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3.3 Implementation

lllustrated in the image below, file and file two, with both ‘write to measure’ functions connected to the required data line.

‘Write to measure’ file implements the x axis and records the actual input from analogue value, while ‘write to measure’

file 2 records the set point values. Each ‘write to measure’ function is connected tothe required data line and automatically

records to the pre-set test files, as shown in appendix 5.3.1.

Analog DBL_]
= lE®E @

=

| Formula2 | .FL'“' [T —
1 T bl Wiite To
 E— — TEL Measurement
Lead ol Digital Outpt File2
. r Signals
e
= Lead Input
Digital U2 _| -I_ pur|
1Chan 15am - =
Formula 3 Formula 4
— " s

Figure /4 - Element 3 - File & File 2 Connections

o —— 2] (R

g, Wite To Wirte To | WiteTo
8 |
| Filed Filed File3
[200}—= Signals I- Signals Signals
>

Figure 75 - Element 3 - File 3, File 4 & File 5 Connections

lllustrated in the image above, the implementation of ‘write to’ files three, four and five. Firstly, the data is recorded from

the magnitude comparator. A binary to decimal converter is used as input to index array, with elements 0, 1 and 2 extracted

from channels 21 — 23 on the Elvis Il board. ‘Write to measure’ file three (Less than) is on channel O with the output

multiplied by 200, ‘write to measure’ file four (Equal to) on channel 1, with the output multiplied by 200, and ‘write to

measure’ file 5 (Greater Than) on channel 2 with the output multiplied by 200. All files’ writes will create .lvm text files

which are then plotted on an Excel® graph for each set point trend, the trend values for each set point recorded on the

Excel® graphs.

Good
expla
natio
n
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3.4 Testing and Analysis

Shown in the image below, the LabView front page ‘Equal to’ test result of the implemented magnitude comparator with
data logging. The magnitude comparator set point was set at 200grams, with the analogue input provided by a
potentiometer. The potentiometer is then adjusted to represent three different masses placed onto a load cell with the
magnitude comparator producing the required outputs; less than, equal to and greater than. LabView produces a file for
each of the ‘write to measure’ functions during the testing period, data from the files then used to produce the data

obtained. See appendix 5.3.2 for further 200gram set point test images

Figure 76 - Element 3 - 200g Equal to Test

Good test result

67 of 107




200 Grams
450.000000
400.000000
350.000000
300.000000

250.000000

200.000000 =Py P PRI R PYPIY

150.000000

Load - Grams

100.000000 Good graph of results

50.000000

0.000000
— o O~ =0 W NG W MmO~ o 0w
PN W M~MGeoMoorMMms =N
—

(S I B =L R = R s NO\LDMC)I“-g'—immNO\LDm
— N N s o WM~ ; — = ~NMmoMm s N
o T e B e B e T e O e e e e e M e O O O O O O O O o RO |

-50.000000
Time - Milli Seconds

Pot Value

5ot POiNt e ess than — es—Equal to Greater than
Figure 77 - Element 3 - 200g Test Result

lllustrated on the graph above, the set point value of 200 is not visible as each of the set outputs are a multiple of 200,
resulting in the trend-line overlapping the setpoint data. The pot value (input) represented by the light blue line shows that
the first test was carried out at equal to the set point of 200, followed by less than, finishing with greater than.
When input and set point values are equal, the ‘equal to output’, depicted in grey, is measured at 200. When the input
value is less than, the ‘equal to output’ reduces down to 0 and the ‘less than output’, depicted in orange, rises to 200.
Finally, when the input value is greater than, the ‘less than output’ reduces down to O and the ‘greater than output’,

depicted in yellow, increases to 200.
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Shown in the image below, the LabView front page ‘Less Than’ test result of implemented magnitude comparator with data
logging. The magnitude comparator set point was set at 500grams, with the analogue input provided by a potentiometer.
The potentiometer is then adjusted to represent three different masses placed onto a load cell with the magnitude
comparator producing the required outputs; less than, equal to and greater than. LabView produces a file for each of the
‘write to measurement’ function during the testing period, data from the files are then used to produce the data obtained.

See appendix 5.3.3 for further 500gram set point test images

Figure 78 - Element 3 - 500g Less Than Test

Good result
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Figure 79 - Element 3 - 500g Test Result
lllustrated on the graph above, the pot value (input) represented by the dark blue line shows the first test was carried out
at less than the setpoint of 500, the setpoint value of 500 represented by the light blue line, followed by equal to, finishing

with greater than.
When the input value is less than the set point, the ‘less than output’, depicted in orange, is at 200. When the input value

is equal to, the ‘less than output’ reduces to 0 and ‘equal to output’, depicted in grey, rises to 200. Finally, when the input

value is greater than, the ‘equal to output’ reduces to 0 and the ‘greater than output’, depicted in yellow rises to 200.
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Shown in the image below, the LabView front page Greater Than test results of implemented magnitude comparator with
data logging. The magnitude comparator set point was set at 700grams, with the analogue input provided by a
potentiometer. The potentiometer is then adjusted to represent three different masses placed onto a load cell with the
magnitude comparator producing the required outputs; less than, equal to and greater than. LabView produces a file for
each of the ‘write to measurement’ functions during the testing period, data from the files are then used to produce the

data obtained. 5.3.4 for further 700gram set point test images

Figure 80 - Element 3 - 700g Greater Than Test

Good result
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Figure 81 - Element 3 - 700g Test Result
lllustrated on the graph above, the pot value (input) represented by the dark blue line shows that the first test was carried
out at less than the set point of 700, the set point value (700) represented by the light blue line, followed by equal, finishing

with greater than.
When the input value is less than the set point, the ‘less than output’, depicted in orange, is at 200. When the input value
is equal to, the ‘less than output’ reduces down to 0 and the ‘equal to output’, depicted in grey, rises to 200. Finally, when

the input value is greater than, the ‘equal to output’ reduces down to 0 and the ‘greater than output’, depicted in yellow

rises to 200.
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3.5 Conclusions and Recommendations

The aim for element 3 was the implementation of a data logger into the previously designed magnitude comparator,
allowing for the recording and extraction of data which could then be compared. Addition and configuration of ‘the write
to’ measure blocks allowed recording of analogue input, load set point and the three outputs, with the data automatically
placed and saved into test files. Utilising the recorded data, response graphs were able to be produced to display the
operation of the magnitude comparator, ensuring that the outputs change when the analogue input varies to the set point
value. The outputs of less than, equal to and greater than were proven to be functioning correctly when the circuit was
tested at three different set points, resulting in a successful design, implementation and testing of an 8-bit magnitude

comparator.

Despite the successful operation of the magnitude comparator, improvements to the system could be made by increasing
the number of bits on the magnitude comparator, resulting in greater accuracy for the equal to function. Another
improvement to the magnitude comparator would be the design and implementation of a real time data logger, able to
produce plotted graphs displaying the real time output data, allowing for better monitoring of the system while the

magnitude comparator is in operation.

Good
evaluation
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5. Appendix

5.1. Element 1

Intentionally left blank
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5.2. Element 2

5.2.1. Load Cell Testing
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Figure 82 - Element 2 - Load Cell 55% Load Test
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Figure 83 - Element 2 - Load Cell 60% Load Test
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Figure 85 - Element 2 - Load Cell 70% Load Test
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5.3. Element 3

5.3.1. Data Logging
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Figure 90 - Element 3 - Data Logging File 1
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Figure 91 - Element 3 - Data Logging File 2
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Figure 92 - Element 3 - Data Logging File 3
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Figure 93 - Element 3 - Data Logging File 4
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3 Configure Write To Measurement File [Write To Measurement File5]

Filename File Format
H:\LabVIEW Data\tests.lvm = ® Text (LVM)
() Binary (TDMS)
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Figure 94 - Element 3 - Data Logging File 5

Text file
configuration
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5.3.2. 200 Gram Test Images

Figure 95 - Element 3 - 200g Less Than Test

Figure 96 - Element 3 - 200g Greater Than Test
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5.3.3. 500 Gram Test images

Figure 97 - Element 3 - 500g Equal to Test

Figure 98 - Element 3 - 500g Greater Than Test
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5.3.4. 700 Gram Test Images

Figure 899 - Element 3 - 700g Equal to Test

Figure 100 - Element 3 - 700g Less Than Test

Very good set of
results
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5.3.5. 200 Gram Data

Set Point Less than Equal to G{E::'er X Axis Pot Value
200.000000 0.000000 200.000000 0.000000 0.000000 | 192.430951
200.000000 0.000000 200.000000 0.000000 0.097350 | 192.398832
200.000000 0.000000 200.000000 0.000000 0.197093 | 191.724320
200.000000 0.000000 200.000000 0.000000 0.297626 | 191.499483
200.000000 0.000000 200.000000 0.000000 0.397429 | 198.405196
200.000000 0.000000 200.000000 0.000000 0.497087 | 198.180359
200.000000 0.000000 200.000000 0.000000 0.597285 | 192.720028
200.000000 0.000000 200.000000 0.000000 0.698545 | 194.839921
200.000000 0.000000 200.000000 0.000000 0.798225 | 198.180359
200.000000 0.000000 200.000000 0.000000 0.898552 | 198.726392
200.000000 0.000000 200.000000 0.000000 0.998129 | 192.206114
200.000000 0.000000 200.000000 0.000000 1.099135 | 198.340957
200.000000 0.000000 200.000000 0.000000 1.199143 | 198.276718
200.000000 0.000000 200.000000 0.000000 1.301150 | 198.212479
200.000000 0.000000 200.000000 0.000000 1.401920 | 198.148239
200.000000 0.000000 200.000000 0.000000 1.500231 | 196.542259
200.000000 0.000000 200.000000 0.000000 1.600502 | 198.437316
200.000000 0.000000 200.000000 0.000000 1.700259 | 191.949157
200.000000 0.000000 200.000000 0.000000 1.801206 | 195.257475
200.000000 0.000000 200.000000 0.000000 1.901672 | 196.317422
200.000000 0.000000 200.000000 0.000000 2.001525 | 198.276718
200.000000 0.000000 200.000000 0.000000 2.102111 | 198.212479
200.000000 0.000000 200.000000 0.000000 2.201138 | 192.527310
200.000000 0.000000 200.000000 0.000000 2.301167 | 198.244598
200.000000 0.000000 200.000000 0.000000 2401952 | 195.739269
200.000000 0.000000 200.000000 0.000000 2.501900 | 198.308837
200.000000 0.000000 200.000000 0.000000 2.600604 | 198.244598
200.000000 0.000000 200.000000 0.000000 2.703089 | 196.831336
200.000000 0.000000 200.000000 0.000000 2.803117 | 198.469435
200.000000 0.000000 200.000000 0.000000 2904122 | 197.024053
200.000000 0.000000 200.000000 0.000000 3.005118 | 198.951229
200.000000 0.000000 200.000000 0.000000 3.102766 | 191.852799
200.000000 0.000000 200.000000 0.000000 3.202669 | 193.683615
200.000000 0.000000 200.000000 0.000000 3.302786 | 198.886990
200.000000 0.000000 200.000000 0.000000 3402776 | 191.114048
200.000000 0.000000 200.000000 0.000000 3.503130 | 197.634326
200.000000 0.000000 200.000000 0.000000 3.603071 | 198.244598
200.000000 0.000000 200.000000 0.000000 3.7034596 | 191.210407
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200.000000 0.000000 200.000000 0.000000 3.803513 | 191.114048
200.000000 0.000000 200.000000 0.000000 3903330 | 198.116120
200.000000 0.000000 200.000000 0.000000 4004052 | 194.165409
200.000000 0.000000 200.000000 0.000000 4104085 | 198.212479
200.000000 0.000000 200.000000 0.000000 4.205225 | 192.302473
200.000000 0.000000 200.000000 0.000000 4303626 | 198.244598
200.000000 0.000000 200.000000 0.000000 4403838 | 194.904160
200.000000 0.000000 200.000000 0.000000 4504271 | 194.165409
200.000000 0.000000 200.000000 0.000000 4604270 | 198.276718
200.000000 0.000000 200.000000 0.000000 4704301 | 191.403124
200.000000 0.000000 200.000000 0.000000 4805322 | 191.403124
200.000000 0.000000 200.000000 0.000000 4907335 | 193.458778
200.000000 0.000000 200.000000 0.000000 5.006581 | 195.867748
200.000000 0.000000 200.000000 0.000000 5.106506 | 197.698565
200.000000 0.000000 200.000000 0.000000 5.206447 | 198.244598
200.000000 0.000000 200.000000 0.000000 5306218 | 191.724320
200.000000 0.000000 200.000000 0.000000 5.406469 | 195.289595
200.000000 0.000000 200.000000 0.000000 5.508477 | 191.499483
200.000000 0.000000 200.000000 0.000000 5.607586 | 198.212479
200.000000 0.000000 200.000000 0.000000 5.707567 | 196.345542
200.000000 0.000000 200.000000 0.000000 5.806913 | 198.790631
200.000000 0.000000 200.000000 0.000000 5.907992 | 196.702857
200.000000 0.000000 200.000000 0.000000 6.007920 | 198.084000
200.000000 0.000000 200.000000 0.000000 6.107162 | 198.533675
200.000000 0.000000 200.000000 0.000000 6.209170 | 196.955814
200.000000 0.000000 200.000000 0.000000 6.309176 | 199.075708
200.000000 0.000000 200.000000 0.000000 6.407139 | 196.381661
200.000000 0.000000 200.000000 0.000000 6.508151 | 196.895575
200.000000 0.000000 200.000000 0.000000 6.609173 | 193.165702
200.000000 0.000000 200.000000 0.000000 6.708763 | 191.595842
200.000000 0.000000 200.000000 0.000000 6.809294 | 198.308837
200.000000 0.000000 200.000000 0.000000 6.911302 | 191.495483
200.000000 0.000000 200.000000 0.000000 7.011694 | 194.807801
200.000000 0.000000 200.000000 0.000000 7.111634 | 197.634326
200.000000 0.000000 200.000000 0.000000 7.211314 | 198.084000
200.000000 0.000000 200.000000 0.000000 7.311157 | 191.435244
200.000000 0.000000 200.000000 0.000000 7411088 | 198.951229
200.000000 0.000000 200.000000 0.000000 7.511170 | 198.212479
200.000000 0.000000 200.000000 0.000000 7.613163 | 197.537967
200.000000 0.000000 200.000000 0.000000 7.712132 | 195.578671
200.000000 0.000000 200.000000 0.000000 7.812496 | 198.244598

89 of 107




200.000000 0.000000 200.000000 0.000000 7.912792 | 191.210407
200.000000 0.000000 200.000000 0.000000 8.014096 | 196.670738
200.000000 0.000000 200.000000 0.000000 8.114496 | 198.983349
200.000000 0.000000 200.000000 0.000000 8.216503 | 194.743562
200.000000 0.000000 200.000000 0.000000 8.316058 | 194.326007
200.000000 0.000000 200.000000 0.000000 8.415054 | 198.694273
200.000000 0.000000 200.000000 0.000000 8.515084 | 198.019761
200.000000 0.000000 200.000000 0.000000 8.615530 | 192.527310
200.000000 0.000000 200.000000 0.000000 8.715313 | 198.051881
200.000000 0.000000 200.000000 0.000000 8.815045 | 197.405489
200.000000 0.000000 200.000000 0.000000 8.916033 | 196.124705
200.000000 200.000000 0.000000 0.000000 9.016215 | 185.107686
200.000000 200.000000 0.000000 0.000000 9.115108 | 150.450689
200.000000 200.000000 0.000000 0.000000 9.214462 | 108.438389
200.000000 200.000000 0.000000 0.000000 9.317133 77.828556
200.000000 200.000000 0.000000 0.000000 9.415518 50.655533
200.000000 200.000000 0.000000 0.000000 9.515092 37.775657
200.000000 200.000000 0.000000 0.000000 9.616117 19.178539
200.000000 200.000000 0.000000 0.000000 9.715106 -0.960298

200.000000 200.000000 0.000000 0.000000 9.817119 -1.570566

200.000000 200.000000 0.000000 0.000000 9918141 -3.754681

200.000000 200.000000 0.000000 0.000000 10.018146 | 3.150979

200.000000 200.000000 0.000000 0.000000 10.119118 | -4.364949
200.000000 200.000000 0.000000 0.000000 10.218625 | 2.540711

200.000000 200.000000 0.000000 0.000000 10.318630 | 15.820926
200.000000 200.000000 0.000000 0.000000 10.419255 | 26.437516
200.000000 200.000000 0.000000 0.000000 10.519755 | 32.700794
200.000000 200.000000 0.000000 0.000000 10.619708 | 26.501755
200.000000 200.000000 0.000000 0.000000 10.719654 | 33.535898
200.000000 200.000000 0.000000 0.000000 10.819077 | 32.604436
200.000000 200.000000 0.000000 0.000000 10.920391 | 25.730890
200.000000 200.000000 0.000000 0.000000 11.020385 | 26.630232
200.000000 200.000000 0.000000 0.000000 11119720 | 26.212680
200.000000 200.000000 0.000000 0.000000 11220667 | 32.540198
200.000000 200.000000 0.000000 0.000000 11321802 | 28.942827
200.000000 200.000000 0.000000 0.000000 11421469 | 32.315362
200.000000 200.000000 0.000000 0.000000 11522211 | 25.506054
200.000000 200.000000 0.000000 0.000000 11622161 | 33.086227
200.000000 200.000000 0.000000 0.000000 11723169 | 33.503779
200.000000 200.000000 0.000000 0.000000 11.822512 | 25.730890
200.000000 200.000000 0.000000 0.000000 11922485 | 32.379601

90 of 107




200.000000 200.000000 0.000000 0.000000 12.0244659 | 31.126945
200.000000 200.000000 0.000000 0.000000 12122249 | 26.244800
200.000000 200.000000 0.000000 0.000000 12223512 | 28.717992
200.000000 200.000000 0.000000 0.000000 12322817 | 33.150466
200.000000 200.000000 0.000000 0.000000 12422844 | 32.861391
200.000000 200.000000 0.000000 0.000000 12523312 | 25.352499
200.000000 200.000000 0.000000 0.000000 12.623670 | 26.180561
200.000000 200.000000 0.000000 0.000000 12722683 | 29.617334
200.000000 200.000000 0.000000 0.000000 12.822850 | 25.730890
200.000000 200.000000 0.000000 0.000000 12926033 | 32.700794
200.000000 200.000000 0.000000 0.000000 13.023429 | 32.026287
200.000000 200.000000 0.000000 0.000000 13.124415 | 27.625933
200.000000 200.000000 0.000000 0.000000 13.224442 | 32.154765
200.000000 200.000000 0.000000 0.000000 13.326449 | 25.506054
200.000000 200.000000 0.000000 0.000000 13.428437 | 26.084203
200.000000 200.000000 0.000000 0.000000 13.528462 | 32.700794
200.000000 200.000000 0.000000 0.000000 13.628569 | 32.379601
200.000000 200.000000 0.000000 0.000000 13.729375 | 31.319661
200.000000 200.000000 0.000000 0.000000 13.831382 | 27.497455
200.000000 200.000000 0.000000 0.000000 13.931270 | 32.026287
200.000000 200.000000 0.000000 0.000000 14.033035 | 32.765033
200.000000 200.000000 0.000000 0.000000 14132918 | 32.540198
200.000000 200.000000 0.000000 0.000000 14233478 | 32.732914
200.000000 200.000000 0.000000 0.000000 14.333058 | 32.604436
200.000000 200.000000 0.000000 0.000000 14.433954 | 26.501755
200.000000 200.000000 0.000000 0.000000 14.533980 | 26.758710
200.000000 200.000000 0.000000 0.000000 14.634320 | 26.533874
200.000000 200.000000 0.000000 0.000000 14734059 | 28.428917
200.000000 200.000000 0.000000 0.000000 14.834046 | 32.572317
200.000000 200.000000 0.000000 0.000000 14934025 | 26.951426
200.000000 200.000000 0.000000 0.000000 15.033969 | 32.893511
200.000000 200.000000 0.000000 0.000000 15134138 | 32.732914
200.000000 200.000000 0.000000 0.000000 15.234126 | 32.604436
200.000000 200.000000 0.000000 0.000000 15.334138 | 26.750829
200.000000 200.000000 0.000000 0.000000 15434286 | 32.283243
200.000000 200.000000 0.000000 0.000000 15.534545 | 28.814350
200.000000 200.000000 0.000000 0.000000 15.634486 | 26.180561
200.000000 200.000000 0.000000 0.000000 15.734686 | 32.668675
200.000000 200.000000 0.000000 0.000000 15.835149 | 33.118346
200.000000 200.000000 0.000000 0.000000 15935174 | 25.666651
200.000000 200.000000 0.000000 0.000000 16.034500 | 33.086227
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200.000000 200.000000 0.000000 0.000000 16.134486 | 32.893511
200.000000 200.000000 0.000000 0.000000 16.234393 | 31.159064
200.000000 200.000000 0.000000 0.000000 16.334589 | 32.765033
200.000000 200.000000 0.000000 0.000000 16.434515 | 30.484557
200.000000 200.000000 0.000000 0.000000 16.535306 | 30.227602
200.000000 200.000000 0.000000 0.000000 16.636318 | 33.375301
200.000000 200.000000 0.000000 0.000000 16.736340 | 35.173987
200.000000 200.000000 0.000000 0.000000 16.835345 | 44.392251
200.000000 200.000000 0.000000 0.000000 16.936352 | 64.466877
200.000000 200.000000 0.000000 0.000000 17.036934 | 77.378884
200.000000 200.000000 0.000000 0.000000 17.136877 | 87.552864
200.000000 200.000000 0.000000 0.000000 17.236246 | 93.631319
200.000000 200.000000 0.000000 0.000000 17.338253 | 100.697599
200.000000 200.000000 0.000000 0.000000 17.436656 | 103.202916
200.000000 200.000000 0.000000 0.000000 17537181 | 111.907291
200.000000 200.000000 0.000000 0.000000 17.637463 | 131.178982
200.000000 200.000000 0.000000 0.000000 17.736753 | 143.962546
200.000000 200.000000 0.000000 0.000000 17.838106 | 153.277207
200.000000 200.000000 0.000000 0.000000 17.938245 | 155.204379
200.000000 200.000000 0.000000 0.000000 18.040409 | 161.917362
200.000000 200.000000 0.000000 0.000000 18.139260 | 176.756597
200.000000 200.000000 0.000000 0.000000 18.239008 | 177.013553
200.000000 200.000000 0.000000 0.000000 18.339146 | 185.782197
200.000000 200.000000 0.000000 0.000000 18.439109 | 199.754220
200.000000 0.000000 0.000000 200.000000 18.539793 | 210.289453
200.000000 0.000000 0.000000 200.000000 18.639800 | 214.047449
200.000000 0.000000 0.000000 200.000000 18.739791 | 225.482040
200.000000 0.000000 0.000000 200.000000 18.840805 | 227.891014
200.000000 0.000000 0.000000 200.000000 18.941041 | 243.308455
200.000000 0.000000 0.000000 200.000000 19.041781 | 244.689601
200.000000 0.000000 0.000000 200.000000 19.142125 | 255.096382
200.000000 0.000000 0.000000 200.000000 19.243351 | 263.929303
200.000000 0.000000 0.000000 200.000000 19.345360 | 269.518136
200.000000 0.000000 0.000000 200.000000 19.444557 | 271.316841
200.000000 0.000000 0.000000 200.000000 19.543682 | 286.477364
200.000000 0.000000 0.000000 200.000000 19.643911 | 293.190397
200.000000 0.000000 0.000000 200.000000 19.744086 | 294.571548
200.000000 0.000000 0.000000 200.000000 19.844571 | 309.603614
200.000000 0.000000 0.000000 200.000000 19.944619 | 312.141080
200.000000 0.000000 0.000000 200.000000 20.045628 | 329.453674
200.000000 0.000000 0.000000 200.000000 20.145977 | 341.627107
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200.000000 0.000000 0.000000 200.000000 20.244997 | 349.685201
200.000000 0.000000 0.000000 200.000000 20.344987 | 365.717044
200.000000 0.000000 0.000000 200.000000 20.443133 | 376.123910
200.000000 0.000000 0.000000 200.000000 20.544150 | 387.879824
200.000000 0.000000 0.000000 200.000000 20.644174 | 392.537225
200.000000 0.000000 0.000000 200.000000 20.746163 | 391.766344
200.000000 0.000000 0.000000 200.000000 20.845472 | 409.271761
200.000000 0.000000 0.000000 200.000000 20.945561 | 413.254648
200.000000 0.000000 0.000000 200.000000 21.045482 | 414.828532
200.000000 0.000000 0.000000 200.000000 21.147327 | 414.282490
200.000000 0.000000 0.000000 200.000000 21.246770 | 413.511609
200.000000 0.000000 0.000000 200.000000 21.347466 | 414.539451
200.000000 0.000000 0.000000 200.000000 21447474 | 414.218250
200.000000 0.000000 0.000000 200.000000 21.547685 | 414.154010
200.000000 0.000000 0.000000 200.000000 21.647659 | 413.575849
200.000000 0.000000 0.000000 200.000000 21.747313 | 407.023358
200.000000 0.000000 0.000000 200.000000 21.846745 | 407.601518
200.000000 0.000000 0.000000 200.000000 21.947234 | 413.543729
200.000000 0.000000 0.000000 200.000000 22.047562 | 413.640089
200.000000 0.000000 0.000000 200.000000 22147565 | 413.543729
200.000000 0.000000 0.000000 200.000000 22247513 | 406.670037
200.000000 0.000000 0.000000 200.000000 22346489 | 414.346731
200.000000 0.000000 0.000000 200.000000 22447221 | 413.415249
200.000000 0.000000 0.000000 200.000000 22.547064 | 408.404520
200.000000 0.000000 0.000000 200.000000 22647369 | 408.854200
200.000000 0.000000 0.000000 200.000000 22.748431 | 408.340280
200.000000 0.000000 0.000000 200.000000 22.849438 | 406.702157
200.000000 0.000000 0.000000 200.000000 22950443 | 413.736449
200.000000 0.000000 0.000000 200.000000 23.047717 | 414.410971
200.000000 0.000000 0.000000 200.000000 23.147914 | 406.991238
200.000000 0.000000 0.000000 200.000000 23.248691 | 407.248198
200.000000 0.000000 0.000000 200.000000 23.348345 | 406.959118
200.000000 0.000000 0.000000 200.000000 23.449580 | 410.331723
200.000000 0.000000 0.000000 200.000000 23.551570 | 407.280318
200.000000 0.000000 0.000000 200.000000 23.649306 | 413.640089
200.000000 0.000000 0.000000 200.000000 23.750353 | 411.359565
200.000000 0.000000 0.000000 200.000000 23.851361 | 413.607969
200.000000 0.000000 0.000000 200.000000 23.951402 | 411.070484
200.000000 0.000000 0.000000 200.000000 24.051248 | 413.672209
200.000000 0.000000 0.000000 200.000000 24151465 | 413.672209
200.000000 0.000000 0.000000 200.000000 24.250788 | 414.085770
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200.000000 0.000000 0.000000 200.000000 24352150 | 411.102604
200.000000 0.000000 0.000000 200.000000 24451737 | 407.248198
200.000000 0.000000 0.000000 200.000000 24551274 | 413.447369
200.000000 0.000000 0.000000 200.000000 24650333 | 406.702157
200.000000 0.000000 0.000000 200.000000 24751405 | 413.575849
200.000000 0.000000 0.000000 200.000000 24851234 | 412.644367
200.000000 0.000000 0.000000 200.000000 24953336 | 413.607969
200.000000 0.000000 0.000000 200.000000 25.052550 | 407.633639
200.000000 0.000000 0.000000 200.000000 25153891 | 411.488045
200.000000 0.000000 0.000000 200.000000 25253514 | 412.483767
200.000000 0.000000 0.000000 200.000000 25354045 | 413.511609
200.000000 0.000000 0.000000 200.000000 25.453374 | 413.607969
200.000000 0.000000 0.000000 200.000000 25555375 | 409.657202
200.000000 0.000000 0.000000 200.000000 25655661 | 414.250370

Table 4 - Element 3 - 200 Gram Data
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5.3.3. 500 Gram Data

Set point Less Than Equal To G;Eaa;er X Axis Pot Value
500.000000 200.000000 0.000000 0.000000 0.000000 | 473.929602
500.000000 200.000000 0.000000 0.000000 0.103275 | 473.897482
500.000000 200.000000 0.000000 0.000000 0.205554 | 473.801122
500.000000 200.000000 0.000000 0.000000 0.303808 | 473.833242
500.000000 200.000000 0.000000 0.000000 0.406079 | 473.801122
500.000000 200.000000 0.000000 0.000000 0.507355 | 473.961723
500.000000 200.000000 0.000000 0.000000 0.604619 | 473.865362
500.000000 200.000000 0.000000 0.000000 0.704020 | 473.865362
500.000000 200.000000 0.000000 0.000000 0.807147 | 473.865362
500.000000 200.000000 0.000000 0.000000 0.906412 | 473.897482
500.000000 200.000000 0.000000 0.000000 1.005675 | 473.865362
500.000000 200.000000 0.000000 0.000000 1.105972 | 473.961723
500.000000 200.000000 0.000000 0.000000 1.208217 | 473.865362
500.000000 200.000000 0.000000 0.000000 1.309483 | 473.961723
500.000000 200.000000 0.000000 0.000000 1.408774 | 474.058083
500.000000 200.000000 0.000000 0.000000 1.508012 | 474.315045
500.000000 200.000000 0.000000 0.000000 1.609280 | 474.315045
500.000000 200.000000 0.000000 0.000000 1.708569 | 474.058083
500.000000 200.000000 0.000000 0.000000 1.808811 | 474.025963
500.000000 200.000000 0.000000 0.000000 1.909078 | 474.282925
500.000000 200.000000 0.000000 0.000000 2.010350 | 473.929602
500.000000 200.000000 0.000000 0.000000 2.108612 | 473.865362
500.000000 200.000000 0.000000 0.000000 2.209880 | 474.122324
500.000000 200.000000 0.000000 0.000000 2.310150 | 473.576280
500.000000 200.000000 0.000000 0.000000 2.411416 | 474.154444
500.000000 200.000000 0.000000 0.000000 2.510679 | 473.833242
500.000000 200.000000 0.000000 0.000000 2.610945 | 474.025963
500.000000 200.000000 0.000000 0.000000 2.710210 | 474.315045
500.000000 200.000000 0.000000 0.000000 2.810488 | 474.315045
500.000000 200.000000 0.000000 0.000000 2.911746 | 474.893209
500.000000 200.000000 0.000000 0.000000 3.012012 | 473.993843
500.000000 200.000000 0.000000 0.000000 3.112282 | 473.736881
500.000000 200.000000 0.000000 0.000000 3.212549 | 474.347165
500.000000 200.000000 0.000000 0.000000 3.310807 | 474.282925
500.000000 200.000000 0.000000 0.000000 3.413079 | 474.250805
500.000000 200.000000 0.000000 0.000000 3.513352 | 474.636247
500.000000 200.000000 0.000000 0.000000 3.612614 | 474.154444
500.000000 200.000000 0.000000 0.000000 3.712884 | 473.190837
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500.000000 200.000000 0.000000 0.000000 3.813143 | 473.255078
500.000000 200.000000 0.000000 0.000000 3.914412 | 473.961723
500.000000 200.000000 0.000000 0.000000 4.013678 | 474.668368
500.000000 200.000000 0.000000 0.000000 4.115949 | 475.214412
500.000000 200.000000 0.000000 0.000000 4.216215 | 474.154444
500.000000 200.000000 0.000000 0.000000 4.316482 | 473.929602
500.000000 200.000000 0.000000 0.000000 4.414743 | 474.572007
500.000000 200.000000 0.000000 0.000000 4515035 | 474.250805
500.000000 200.000000 0.000000 0.000000 4616280 | 474.347165
500.000000 200.000000 0.000000 0.000000 4717551 | 474.443526
500.000000 200.000000 0.000000 0.000000 4.816814 | 474925330
500.000000 200.000000 0.000000 0.000000 4.918208 | 474.957450
500.000000 200.000000 0.000000 0.000000 5.019353 | 474.985570
500.000000 200.000000 0.000000 0.000000 5.120622 | 474.282925
500.000000 200.000000 0.000000 0.000000 5.220889 | 474.507767
500.000000 200.000000 0.000000 0.000000 5.320153 | 475.214412
500.000000 200.000000 0.000000 0.000000 5.419419 | 476.724063
500.000000 200.000000 0.000000 0.000000 5.519684 | 475.921057
500.000000 200.000000 0.000000 0.000000 5.619951 | 475.985297
500.000000 200.000000 0.000000 0.000000 5.720218 | 475.921057
500.000000 200.000000 0.000000 0.000000 5.821489 | 477.398588
500.000000 200.000000 0.000000 0.000000 5.920775 | 481.445739
500.000000 200.000000 0.000000 0.000000 6.020015 | 484.432922
500.000000 200.000000 0.000000 0.000000 6.121287 | 487.163145
500.000000 200.000000 0.000000 0.000000 6.220548 | 487.227385
500.000000 200.000000 0.000000 0.000000 6.321818 | 486.809822
500.000000 200.000000 0.000000 0.000000 6.420187 | 487.548588
500.000000 200.000000 0.000000 0.000000 6.520348 | 486.135296
500.000000 200.000000 0.000000 0.000000 6.619611 | 486.970423
500.000000 200.000000 0.000000 0.000000 6.720880 | 486.552860
500.000000 200.000000 0.000000 0.000000 6.820143 | 487.612828
500.000000 200.000000 0.000000 0.000000 6.921413 | 487.516468
500.000000 200.000000 0.000000 0.000000 7.021680 | 488.512196
500.000000 200.000000 0.000000 0.000000 7.123953 | 491.370901
500.000000 200.000000 0.000000 0.000000 7.222214 | 492.848434
500.000000 200.000000 0.000000 0.000000 7.322479 | 493.165636
500.000000 200.000000 0.000000 0.000000 7.422761 | 493.137516
500.000000 200.000000 0.000000 0.000000 7.522011 | 493.165636
500.000000 200.000000 0.000000 0.000000 7.621274 | 493.490839
500.000000 200.000000 0.000000 0.000000 7.723547 | 492.944794
500.000000 200.000000 0.000000 0.000000 7.821808 | 493.458719
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500.000000 200.000000 0.000000 0.000000 7.923078 | 494.358087
500.000000 200.000000 0.000000 0.000000 8.022342 | 495.193215
500.000000 200.000000 0.000000 0.000000 8.121605 | 496.028342
500.000000 200.000000 0.000000 0.000000 8.222876 | 496.510147
500.000000 200.000000 0.000000 0.000000 8.322142 | 496.991951
500.000000 200.000000 0.000000 0.000000 8.422418 | 496.767109
500.000000 200.000000 0.000000 0.000000 8.525681 | 497.152552
500.000000 200.000000 0.000000 0.000000 8.621937 | 497.409515
500.000000 200.000000 0.000000 0.000000 8.722203 | 497.634357
500.000000 200.000000 0.000000 0.000000 8.822471 | 498.308883
500.000000 200.000000 0.000000 0.000000 8.921736 | 498.790688
500.000000 0.000000 200.000000 0.000000 9.022003 | 499.465214
500.000000 0.000000 200.000000 0.000000 9.122267 | 499.625816
500.000000 0.000000 200.000000 0.000000 9.223540 | 499.304613
500.000000 0.000000 200.000000 0.000000 9.322803 | 499.754297
500.000000 0.000000 200.000000 0.000000 9.423068 | 499.465214
500.000000 0.000000 200.000000 0.000000 9.524338 | 500.460944
500.000000 0.000000 200.000000 0.000000 9.623601 | 500.043380
500.000000 0.000000 200.000000 0.000000 9.724871 | 499.979139
500.000000 0.000000 200.000000 0.000000 9.824135 | 500.043380
500.000000 0.000000 200.000000 0.000000 9.927412 | 499.593695
500.000000 0.000000 200.000000 0.000000 10.025686 | 499.465214
500.000000 0.000000 200.000000 0.000000 10.126940 | 499.818537
500.000000 0.000000 200.000000 0.000000 10.227207 | 499.525455
500.000000 0.000000 200.000000 0.000000 10.329480 | 499.272492
500.000000 0.000000 200.000000 0.000000 10.426742 | 500.011259
500.000000 0.000000 200.000000 0.000000 10.528008 | 499.947019
500.000000 0.000000 200.000000 0.000000 10.628276 | 499.336733
500.000000 0.000000 200.000000 0.000000 10.729558 | 499.850658
500.000000 0.000000 200.000000 0.000000 10.829814 | 499.690056
500.000000 0.000000 200.000000 0.000000 10.928077 | 499.176131
500.000000 0.000000 200.000000 0.000000 11.029367 | 499.786417
500.000000 0.000000 200.000000 0.000000 11.128606 | 499.947019
500.000000 0.000000 200.000000 0.000000 11.228871 | 499.368853
500.000000 0.000000 200.000000 0.000000 11.328137 | 499.593695
500.000000 0.000000 200.000000 0.000000 11.430408 | 499.465214
500.000000 0.000000 200.000000 0.000000 11.529696 | 499.979139
500.000000 0.000000 200.000000 0.000000 11.630946 | 499.400973
500.000000 0.000000 200.000000 0.000000 11.730206 | 499.272492
500.000000 0.000000 200.000000 0.000000 11.831478 | 499.433094
500.000000 0.000000 200.000000 0.000000 11.930742 | 499.465214
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500.000000 0.000000 200.000000 0.000000 12.032008 | 499.561575
500.000000 0.000000 200.000000 0.000000 12.131274 | 499.914898
500.000000 0.000000 200.000000 0.000000 12.232542 | 499.593695
500.000000 0.000000 200.000000 0.000000 12.332810 | 500.396703
500.000000 0.000000 200.000000 0.000000 12.434079 | 498.983410
500.000000 0.000000 200.000000 0.000000 12.533345 | 499.914898
500.000000 0.000000 200.000000 0.000000 12.632607 | 497.827079
500.000000 0.000000 200.000000 0.000000 12.732873 | 498.662207
500.000000 0.000000 200.000000 0.000000 12.934410 | 500.075500
500.000000 0.000000 200.000000 0.000000 13.033675 | 499.015530
500.000000 0.000000 200.000000 0.000000 13.133940 | 498.887049
500.000000 0.000000 200.000000 0.000000 13.235210 | 495.272492
500.000000 0.000000 200.000000 0.000000 13.334474 | 499.336733
500.000000 0.000000 200.000000 0.000000 13.433741 | 499.075770
500.000000 0.000000 200.000000 0.000000 13.534006 | 498.822808
500.000000 0.000000 200.000000 0.000000 13.635274 | 499.525455
500.000000 0.000000 200.000000 0.000000 13.736547 | 499.786417
500.000000 0.000000 200.000000 0.000000 13.834805 | 499.208252
500.000000 0.000000 200.000000 0.000000 13.936075 | 499.947019
500.000000 0.000000 200.000000 0.000000 14.036355 | 500.493064
500.000000 0.000000 200.000000 0.000000 14.135634 | 513.212713
500.000000 0.000000 200.000000 0.000000 14.235872 | 536.917554
500.000000 0.000000 0.000000 200.000000 14336139 | 541.928340
500.000000 0.000000 0.000000 200.000000 14.437411 | 544.851300
500.000000 0.000000 0.000000 200.000000 14.536672 | 545.782793
500.000000 0.000000 0.000000 200.000000 14.636939 | 548.063345
500.000000 0.000000 0.000000 200.000000 14.736233 | 549.797850
500.000000 0.000000 0.000000 200.000000 14.836471 | 555.290450
500.000000 0.000000 0.000000 200.000000 14.935735 | 562.035752
500.000000 0.000000 0.000000 200.000000 15.036004 | 566.725346
500.000000 0.000000 0.000000 200.000000 15.136267 | 578.642063
500.000000 0.000000 0.000000 200.000000 15.237537 | 585.130417
500.000000 0.000000 0.000000 200.000000 15.336802 | 588.117630
500.000000 0.000000 0.000000 200.000000 15.438074 | 587.732183
500.000000 0.000000 0.000000 200.000000 15.537334 | 586.929169
500.000000 0.000000 0.000000 200.000000 15.636599 | 588.310354
500.000000 0.000000 0.000000 200.000000 15.736865 | 587.796425
500.000000 0.000000 0.000000 200.000000 15.838135 | 587.828545
500.000000 0.000000 0.000000 200.000000 15.937399 | 587.635822
500.000000 0.000000 0.000000 200.000000 16.037673 | 587.443098
500.000000 0.000000 0.000000 200.000000 16.137933 | 587.314616
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500.000000 0.000000 0.000000 200.000000 16.238293 | 587.346737
500.000000 0.000000 0.000000 200.000000 16.339468 | 587.346737
500.000000 0.000000 0.000000 200.000000 16.437730 | 587.218254
500.000000 0.000000 0.000000 200.000000 16.539016 | 587.475219
500.000000 0.000000 0.000000 200.000000 16.639268 | 587.443098
500.000000 0.000000 0.000000 200.000000 16.738533 | 587.346737
500.000000 0.000000 0.000000 200.000000 16.837794 | 587.250375
500.000000 0.000000 0.000000 200.000000 16.939064 | 587.378857
500.000000 0.000000 0.000000 200.000000 17.039331 | 587.154013
500.000000 0.000000 0.000000 200.000000 17.138741 | 587.218254
500.000000 0.000000 0.000000 200.000000 17.238861 | 587.218254
500.000000 0.000000 0.000000 200.000000 17.340134 | 587.218254
500.000000 0.000000 0.000000 200.000000 17.439423 | 587.314616
500.000000 0.000000 0.000000 200.000000 17.539661 | 587.410978
500.000000 0.000000 0.000000 200.000000 17.640931 | 587.282495
500.000000 0.000000 0.000000 200.000000 17.741283 | 587.410978
500.000000 0.000000 0.000000 200.000000 17.842467 | 587.314616
500.000000 0.000000 0.000000 200.000000 17.939726 | 587.378857
500.000000 0.000000 0.000000 200.000000 18.043001 | 587.282495
500.000000 0.000000 0.000000 200.000000 18.142264 | 587.282495
500.000000 0.000000 0.000000 200.000000 18.243534 | 587.314616
500.000000 0.000000 0.000000 200.000000 18.341797 | 587.346737
500.000000 0.000000 0.000000 200.000000 18.442063 | 587.314616
500.000000 0.000000 0.000000 200.000000 18.544343 | 587.314616
500.000000 0.000000 0.000000 200.000000 18.642603 | 587.282495
500.000000 0.000000 0.000000 200.000000 18.742905 | 587.314616
500.000000 0.000000 0.000000 200.000000 18.843130 | 587.410978
500.000000 0.000000 0.000000 200.000000 18.944398 | 587.410978
500.000000 0.000000 0.000000 200.000000 15.043663 | 587.475219
500.000000 0.000000 0.000000 200.000000 19.142927 | 587.378857
500.000000 0.000000 0.000000 200.000000 19.245203 | 587.314616
500.000000 0.000000 0.000000 200.000000 19.345466 | 587.250375
500.000000 0.000000 0.000000 200.000000 15.445734 | 587.378857
500.000000 0.000000 0.000000 200.000000 19.546001 | 587.282495
500.000000 0.000000 0.000000 200.000000 15.647269 | 587.218254
500.000000 0.000000 0.000000 200.000000 19.747536 | 587.314616
500.000000 0.000000 0.000000 200.000000 19.846799 | 587.282495
500.000000 0.000000 0.000000 200.000000 15.948068 | 587.282495
500.000000 0.000000 0.000000 200.000000 20.047333 | 587.218254
500.000000 0.000000 0.000000 200.000000 20.146597 | 587.250375
500.000000 0.000000 0.000000 200.000000 20.246865 | 587.282495
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500.000000 0.000000 0.000000 200.000000 20.347131 | 587.218254
500.000000 0.000000 0.000000 200.000000 20.447399 | 587.250375
500.000000 0.000000 0.000000 200.000000 20.546661 | 587.314616
500.000000 0.000000 0.000000 200.000000 20.646942 | 587.443098
500.000000 0.000000 0.000000 200.000000 20.748205 | 587.186134
500.000000 0.000000 0.000000 200.000000 20.848464 | 587.282495
500.000000 0.000000 0.000000 200.000000 20.947728 | 587.218254
500.000000 0.000000 0.000000 200.000000 21.046992 | 587.314616

Table 5 - Element 3 - 500 Gram Data
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5.3.4. 700 Gram Data

Set Point Less than Equal to G{E::'er X Axis Pot Value
700.000000 200.000000 0.000000 0.000000 0.203626 | 587.282495
700.000000 200.000000 0.000000 0.000000 0.301827 | 587.218254
700.000000 200.000000 0.000000 0.000000 0.403073 | 587.250375
700.000000 200.000000 0.000000 0.000000 0.504344 | 587.282495
700.000000 200.000000 0.000000 0.000000 0.602605 | 587.250375
700.000000 200.000000 0.000000 0.000000 0.703874 | 587.250375
700.000000 200.000000 0.000000 0.000000 0.803137 | 587.346737
700.000000 200.000000 0.000000 0.000000 0.906412 | 587.186134
700.000000 200.000000 0.000000 0.000000 1.005684 | 587.314616
700.000000 200.000000 0.000000 0.000000 1.104972 | 587.378857
700.000000 200.000000 0.000000 0.000000 1.206211 | 587.346737
700.000000 200.000000 0.000000 0.000000 1.307481 | 587.282495
700.000000 200.000000 0.000000 0.000000 1.405741 | 587.282495
700.000000 200.000000 0.000000 0.000000 1.506009 | 587.410978
700.000000 200.000000 0.000000 0.000000 1.606275 | 587.057651
700.000000 200.000000 0.000000 0.000000 1.706542 | 587.218254
700.000000 200.000000 0.000000 0.000000 1.807814 | 587.410978
700.000000 200.000000 0.000000 0.000000 1.907073 | 587.667942
700.000000 200.000000 0.000000 0.000000 2.009348 | 587.764304
700.000000 200.000000 0.000000 0.000000 2.107628 | 587.314616
700.000000 200.000000 0.000000 0.000000 2.207875 | 587.635822
700.000000 200.000000 0.000000 0.000000 2.307141 | 587.667942
700.000000 200.000000 0.000000 0.000000 2407405 | 587.314616
700.000000 200.000000 0.000000 0.000000 2.507674 | 587.218254
700.000000 200.000000 0.000000 0.000000 2606936 | 587.571581
700.000000 200.000000 0.000000 0.000000 2.708206 | 587.250375
700.000000 200.000000 0.000000 0.000000 2.807469 | 587.378857
700.000000 200.000000 0.000000 0.000000 2907737 | 587.507339
700.000000 200.000000 0.000000 0.000000 3.007000 | 586.993410
700.000000 200.000000 0.000000 0.000000 3.108270 | 587.828545
700.000000 200.000000 0.000000 0.000000 3.209551 | 587.507339
700.000000 200.000000 0.000000 0.000000 3.307801 | 586.897048
700.000000 200.000000 0.000000 0.000000 3.408094 | 587.218254
700.000000 200.000000 0.000000 0.000000 3.509509 | 587.250375
700.000000 200.000000 0.000000 0.000000 3.608601 | 587.186134
700.000000 200.000000 0.000000 0.000000 3.708869 | 587.218254
700.000000 200.000000 0.000000 0.000000 3.810141 | 586.897048
700.000000 200.000000 0.000000 0.000000 3.910406 | 587.282495
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700.000000 200.000000 0.000000 0.000000 4.009669 | 587.346737
700.000000 200.000000 0.000000 0.000000 4110938 | 586.961290
700.000000 200.000000 0.000000 0.000000 4211205 | 587.796425
700.000000 200.000000 0.000000 0.000000 4312474 | 586.672204
700.000000 200.000000 0.000000 0.000000 4410822 | 586.768566
700.000000 200.000000 0.000000 0.000000 4513007 | 586.961290
700.000000 200.000000 0.000000 0.000000 4613279 | 586.864928
700.000000 200.000000 0.000000 0.000000 4714547 | 586.736445
700.000000 200.000000 0.000000 0.000000 4814928 | 586.993410
700.000000 200.000000 0.000000 0.000000 4914074 | 586.800687
700.000000 200.000000 0.000000 0.000000 5.016351 | 587.346737
700.000000 200.000000 0.000000 0.000000 5.115620 | 586.929169
700.000000 200.000000 0.000000 0.000000 5214874 | 587.218254
700.000000 200.000000 0.000000 0.000000 5317147 | 587.571581
700.000000 200.000000 0.000000 0.000000 5416410 | 587.282495
700.000000 200.000000 0.000000 0.000000 5.515675 | 586.832807
700.000000 200.000000 0.000000 0.000000 5.616946 | 587.443098
700.000000 200.000000 0.000000 0.000000 5.717210 | 587.539460
700.000000 200.000000 0.000000 0.000000 5.818541 | 586.447360
700.000000 200.000000 0.000000 0.000000 5917744 | 586.768566
700.000000 200.000000 0.000000 0.000000 6.018011 | 587.282495
700.000000 200.000000 0.000000 0.000000 6.119281 | 587.314616
700.000000 200.000000 0.000000 0.000000 6.220553 | 586.736445
700.000000 200.000000 0.000000 0.000000 6.318811 | 586.993410
700.000000 200.000000 0.000000 0.000000 6.418075 | 586.961290
700.000000 200.000000 0.000000 0.000000 6.520351 | 587.924907
700.000000 200.000000 0.000000 0.000000 6.619611 | 587.764304
700.000000 200.000000 0.000000 0.000000 6.720004 | 587.732183
700.000000 200.000000 0.000000 0.000000 6.820250 | 588.278233
700.000000 200.000000 0.000000 0.000000 6.921415 | 587.989148
700.000000 200.000000 0.000000 0.000000 7.019703 | 588.342475
700.000000 200.000000 0.000000 0.000000 7.120947 | 588.1459751
700.000000 200.000000 0.000000 0.000000 7.221213 | 589.113369
700.000000 200.000000 0.000000 0.000000 7.322482 | 592.325428
700.000000 200.000000 0.000000 0.000000 7421749 | 604.017332
700.000000 200.000000 0.000000 0.000000 7.521009 | 613.300201
700.000000 200.000000 0.000000 0.000000 7.623285 | 613.557167
700.000000 200.000000 0.000000 0.000000 7.723594 | 614.199580
700.000000 200.000000 0.000000 0.000000 7.822813 | 614.263821
700.000000 200.000000 0.000000 0.000000 7.924094 | 613.525046
700.000000 200.000000 0.000000 0.000000 8.023345 | 615.869855
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700.000000 200.000000 0.000000 0.000000 8.124617 | 620.784320
700.000000 200.000000 0.000000 0.000000 8.223879 | 624.606683
700.000000 200.000000 0.000000 0.000000 8.323144 | 628.621773
700.000000 200.000000 0.000000 0.000000 8.424440 | 634.242901
700.000000 200.000000 0.000000 0.000000 8.523677 | 638.482840
700.000000 200.000000 0.000000 0.000000 8.625949 | 642.690660
700.000000 200.000000 0.000000 0.000000 8.724211 | 643.333076
700.000000 200.000000 0.000000 0.000000 8.824478 | 646.384550
700.000000 200.000000 0.000000 0.000000 8.924744 | 650.688736
700.000000 200.000000 0.000000 0.000000 9.024010 | 653.415004
700.000000 200.000000 0.000000 0.000000 9.125281 | 655.956549
700.000000 200.000000 0.000000 0.000000 9.224544 | 6£58.975906
700.000000 200.000000 0.000000 0.000000 9.323806 | 661.866782
700.000000 200.000000 0.000000 0.000000 9.424073 | 664.147362
700.000000 200.000000 0.000000 0.000000 9.525342 | 665.881888
700.000000 200.000000 0.000000 0.000000 9.624609 | 668.258831
700.000000 200.000000 0.000000 0.000000 9.725878 | 672.306061
700.000000 200.000000 0.000000 0.000000 9.825153 | 673.719380
700.000000 200.000000 0.000000 0.000000 9927413 | 677.156315
700.000000 200.000000 0.000000 0.000000 10.027679 | 678.730240
700.000000 200.000000 0.000000 0.000000 10.127947 | 683.837465
700.000000 200.000000 0.000000 0.000000 10.229214 | 684.576246
700.000000 200.000000 0.000000 0.000000 10.329483 | 684.961697
700.000000 200.000000 0.000000 0.000000 10427743 | 686.182292
700.000000 200.000000 0.000000 0.000000 10.528011 | 688.495000
700.000000 200.000000 0.000000 0.000000 10.628277 | 689.908321
700.000000 200.000000 0.000000 0.000000 10.729554 | 691.385885
700.000000 200.000000 0.000000 0.000000 10.827808 | 691.353764
700.000000 200.000000 0.000000 0.000000 10.932088 | 690.807708
700.000000 200.000000 0.000000 0.000000 11.030349 | 692.124667
700.000000 200.000000 0.000000 0.000000 11131659 | 691.450127
700.000000 200.000000 0.000000 0.000000 11231888 | 691.418006
700.000000 200.000000 0.000000 0.000000 11332149 | 691.257401
700.000000 200.000000 0.000000 0.000000 11432415 | 691.931941
700.000000 200.000000 0.000000 0.000000 11531680 | 691.899820
700.000000 200.000000 0.000000 0.000000 11631947 | 692.413755
700.000000 200.000000 0.000000 0.000000 11.733216 | 691.835578
700.000000 200.000000 0.000000 0.000000 11832484 | 691.578611
700.000000 200.000000 0.000000 0.000000 11932750 | 693.248900
700.000000 200.000000 0.000000 0.000000 12.032011 | 695.433126
700.000000 200.000000 0.000000 0.000000 12132277 | 695.947061
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700.000000 200.000000 0.000000 0.000000 12233558 | 696.685844
700.000000 200.000000 0.000000 0.000000 12333814 | 696.589481
700.000000 200.000000 0.000000 0.000000 12433078 | 696.782206
700.000000 200.000000 0.000000 0.000000 12534347 | 696.814327
700.000000 200.000000 0.000000 0.000000 12.634614 | 697.007053
700.000000 200.000000 0.000000 0.000000 12733878 | 696.750085
700.000000 200.000000 0.000000 0.000000 12.836277 | 697.167658
700.000000 200.000000 0.000000 0.000000 12935414 | 697.424626
700.000000 200.000000 0.000000 0.000000 13.034680 | 697.617352
700.000000 0.000000 200.000000 0.000000 13.334476 | 697.970682
700.000000 0.000000 200.000000 0.000000 13.536015 | 698.291892
700.000000 0.000000 200.000000 0.000000 13.635280 | 697.874320
700.000000 0.000000 200.000000 0.000000 13.736667 | 698.002803
700.000000 0.000000 200.000000 0.000000 13.835810 | 699.127038
700.000000 0.000000 200.000000 0.000000 13.936090 | 699.994304
700.000000 0.000000 200.000000 0.000000 14.038390 | 699.544610
700.000000 0.000000 200.000000 0.000000 14136611 | 699.930062
700.000000 0.000000 200.000000 0.000000 14.237879 | 699.287643
700.000000 0.000000 200.000000 0.000000 14336226 | 699.319764
700.000000 0.000000 200.000000 0.000000 14438414 | 699.512489
700.000000 0.000000 200.000000 0.000000 14535671 | 700.026425
700.000000 0.000000 200.000000 0.000000 14636943 | 699.351885
700.000000 0.000000 200.000000 0.000000 14739213 | 699.448247
700.000000 0.000000 200.000000 0.000000 14.839481 | 699.191280
700.000000 0.000000 200.000000 0.000000 14939747 | 699.480368
700.000000 0.000000 200.000000 0.000000 15.040014 | 699.255522
700.000000 0.000000 200.000000 0.000000 15.140281 | 699.769457
700.000000 0.000000 200.000000 0.000000 15.241553 | 699.544610
700.000000 0.000000 200.000000 0.000000 15.339811 | 699.801578
700.000000 0.000000 200.000000 0.000000 15.441195 | 699.865820
700.000000 0.000000 200.000000 0.000000 15.541370 | 699.833699
700.000000 0.000000 200.000000 0.000000 15.642632 | 699.255522
700.000000 0.000000 200.000000 0.000000 15.742883 | 699.191280
700.000000 0.000000 200.000000 0.000000 15.845156 | 700.572482
700.000000 0.000000 200.000000 0.000000 15.944420 | 699.544610
700.000000 0.000000 200.000000 0.000000 16.044686 | 699.833699
700.000000 0.000000 200.000000 0.000000 16.143950 | 699.962183
700.000000 0.000000 200.000000 0.000000 16.245243 | 699.287643
700.000000 0.000000 200.000000 0.000000 16.345490 | 699.897941
700.000000 0.000000 200.000000 0.000000 16.444753 | 699.737336
700.000000 0.000000 200.000000 0.000000 16.547023 | 699.512489
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700.000000 0.000000 200.000000 0.000000 16.645284 | 699.255522
700.000000 0.000000 200.000000 0.000000 16.747557 | 699.127038
700.000000 0.000000 200.000000 0.000000 16.846820 | 699.351885
700.000000 0.000000 200.000000 0.000000 16.948090 | 699.576731
700.000000 0.000000 200.000000 0.000000 17.048357 | 699.159159
700.000000 0.000000 200.000000 0.000000 17.146667 | 699.255522
700.000000 0.000000 200.000000 0.000000 17.247888 | 699.673094
700.000000 0.000000 200.000000 0.000000 17.348155 | 699.319764
700.000000 0.000000 200.000000 0.000000 17.448420 | 699.191280
700.000000 0.000000 200.000000 0.000000 17.548688 | 700.315514
700.000000 0.000000 200.000000 0.000000 17.647953 | 699.416127
700.000000 0.000000 200.000000 0.000000 17.750224 | 695.512489
700.000000 0.000000 200.000000 0.000000 17.849513 | 698.484618
700.000000 0.000000 200.000000 0.000000 17.949757 | 699.416127
700.000000 0.000000 200.000000 0.000000 18.050022 | 699.448247
700.000000 0.000000 200.000000 0.000000 18.151291 | 699.319764
700.000000 0.000000 200.000000 0.000000 18.251562 | 699.769457
700.000000 0.000000 200.000000 0.000000 18.350822 | 699.769457
700.000000 0.000000 200.000000 0.000000 18.453094 | 699.384006
700.000000 0.000000 200.000000 0.000000 18.551355 | 699.062796
700.000000 0.000000 200.000000 0.000000 18.652625 | 699.480368
700.000000 0.000000 200.000000 0.000000 18.750888 | 699.223401
700.000000 0.000000 200.000000 0.000000 18.852157 | 699.159159
700.000000 0.000000 200.000000 0.000000 18.953435 | 699.319764
700.000000 0.000000 200.000000 0.000000 19.052691 | 699.705215
700.000000 0.000000 200.000000 0.000000 19.153958 | 699.351885
700.000000 0.000000 200.000000 0.000000 19.253227 | 699.384006
700.000000 0.000000 200.000000 0.000000 19.353489 | 699.384006
700.000000 0.000000 200.000000 0.000000 19.452782 | 699.191280
700.000000 0.000000 200.000000 0.000000 19.553061 | 699.705215
700.000000 0.000000 200.000000 0.000000 19.653320 | 699.094917
700.000000 0.000000 200.000000 0.000000 19.755560 | 698.998554
700.000000 0.000000 200.000000 0.000000 19.852818 | 699.480368
700.000000 0.000000 200.000000 0.000000 19.953084 | 698.966433
700.000000 0.000000 200.000000 0.000000 20.054353 | 699.930062
700.000000 0.000000 200.000000 0.000000 20.154622 | 699.191280
700.000000 0.000000 200.000000 0.000000 20.254889 | 700.026425
700.000000 0.000000 200.000000 0.000000 20.354151 | 698.934312
700.000000 0.000000 200.000000 0.000000 20.455421 | 700.187030
700.000000 0.000000 200.000000 0.000000 20.553683 | 699.865820
700.000000 0.000000 200.000000 0.000000 20.653949 | 699.416127
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700.000000 0.000000 200.000000 0.000000 20.753234 | 699.384006
700.000000 0.000000 200.000000 0.000000 20.855525 | 699.351885
700.000000 0.000000 200.000000 0.000000 20.954751 | 700.026425
700.000000 0.000000 200.000000 0.000000 21.057022 | 700.283393
700.000000 0.000000 0.000000 200.000000 21155282 | 702.467620
700.000000 0.000000 0.000000 200.000000 21.256563 | 714.765970
700.000000 0.000000 0.000000 200.000000 21.355817 | 723.442655
700.000000 0.000000 0.000000 200.000000 21457090 | 726.108705
700.000000 0.000000 0.000000 200.000000 21.558354 | 730.766264
700.000000 0.000000 0.000000 200.000000 21.657758 | 734.106859
700.000000 0.000000 0.000000 200.000000 21.757889 | 744.289259
700.000000 0.000000 0.000000 200.000000 21.859155 | 756.559551
700.000000 0.000000 0.000000 200.000000 21.960424 | 773.519566
700.000000 0.000000 0.000000 200.000000 22.060778 | 789.162643
700.000000 0.000000 0.000000 200.000000 22161990 | 802.075433
700.000000 0.000000 0.000000 200.000000 22262233 | 805.223330
700.000000 0.000000 0.000000 200.000000 22361493 | 806.765158
700.000000 0.000000 0.000000 200.000000 22461758 | 814.024601
700.000000 0.000000 0.000000 200.000000 22561021 | 831.081109
700.000000 0.000000 0.000000 200.000000 22662291 | 852.988019
700.000000 0.000000 0.000000 200.000000 22762561 | 865.001513
700.000000 0.000000 0.000000 200.000000 22.860820 | 866.928814
700.000000 0.000000 0.000000 200.000000 22962098 | 866.928814
700.000000 0.000000 0.000000 200.000000 23.062357 | 867.057301
700.000000 0.000000 0.000000 200.000000 23.160617 | 866.607597
700.000000 0.000000 0.000000 200.000000 23.261889 | 867.378517
700.000000 0.000000 0.000000 200.000000 23361150 | 866.318502
700.000000 0.000000 0.000000 200.000000 23.462505 | 866.671840
700.000000 0.000000 0.000000 200.000000 23.561684 | 866.029407
700.000000 0.000000 0.000000 200.000000 23.663960 | 866.414867
700.000000 0.000000 0.000000 200.000000 23.763221 | 866.125772
700.000000 0.000000 0.000000 200.000000 23.864504 | 866.318502
700.000000 0.000000 0.000000 200.000000 23962761 | 866.768205
700.000000 0.000000 0.000000 200.000000 24.063017 | 866.768205
700.000000 0.000000 0.000000 200.000000 24164290 | 866.736084
700.000000 0.000000 0.000000 200.000000 24.264555 | 866.639719
700.000000 0.000000 0.000000 200.000000 24.363818 | 866.382745
700.000000 0.000000 0.000000 200.000000 24466090 | 866.382745
700.000000 0.000000 0.000000 200.000000 24566361 | 866.543354
700.000000 0.000000 0.000000 200.000000 24.665624 | 866.607597
700.000000 0.000000 0.000000 200.000000 24765932 | 866.607597
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700.000000 0.000000 0.000000 200.000000 | | 24.865152 | 866.736084
700.000000 0.000000 0.000000 200.000000 24967428 | 866.671840
700.000000 0.000000 0.000000 200.000000 25.065773 | 866.511232
700.000000 0.000000 0.000000 200.000000 25168965 | 866.671840
700.000000 0.000000 0.000000 200.000000 25267234 | 866.511232
700.000000 0.000000 0.000000 200.000000 25368492 | 866.511232
700.000000 0.000000 0.000000 200.000000 25466753 | 866.511232
700.000000 0.000000 0.000000 200.000000 25570167 | 866.479110
700.000000 0.000000 0.000000 200.000000 25668313 | 866.575475
700.000000 0.000000 0.000000 200.000000 25.770562 | 866.607597
700.000000 0.000000 0.000000 200.000000 25870828 | 866.446989
700.000000 0.000000 0.000000 200.000000 25971124 | 866.511232
700.000000 0.000000 0.000000 200.000000 26.071389 | 866.607597
700.000000 0.000000 0.000000 200.000000 26.170640 | 866.543354

Table 6 - Element 3 - 700 Gram Data

Good set of
sample raw
data from
text files
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/600

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

Text Comment. Good table of contents with good level of detail

PAGE 5
PAGE 6
PAGE 7

Text Comment. Table of figures is extensive and in good order
PAGE 8

Text Comment. Good use of tables
PAGE 9

Text Comment. Good use of tables
PAGE 10

Text Comment. Good summary
PAGE 11

PAGE 12




PAGE 13

Text Comment. A good explanation of the LabVIEW design with the DAQ interface blocks
identified

PAGE 14
PAGE 15
Text Comment. Explained very well and shows a good understanding which is crucial to
this element
PAGE 16
Text Comment. Coverage is good on this and the IP design method has been identified
PAGE 17
PAGE 18
Text Comment. Explanation is very good supported with good images
PAGE 19
Text Comment. Good work here which demonstrates your knowledge of the methods
PAGE 20
Text Comment. Explanation is good and all the research in this section is supported
significantly with relevant sources
PAGE 21
PAGE 22
PAGE 23
Text Comment. Excellent work. The 4 bit adder hierarchy and inheritance has been
identified and explained very well. All the components are explained.
PAGE 24

PAGE 25

Text Comment. Good work and the code looks very neat and tidy




Text Comment.

IP integration is demonstrated and backed up with a good explanation.

PAGE 26
Text Comment. This is a 4 bit adder and 4 bit comparator
Text Comment. Good source design image showing no errors and IP design created
Text Comment. This is a 4 bit adder and 4 bit comp
Text Comment. Error here: should be 4 bit hierarchy
Text Comment. This cct should have a heading '8 bit Mag Comparator'
Text Comment. Good explanation here which offers a different method of SOC design
for simpler circuits
PAGE 27
Text Comment. Good work and good use of the virtual bus to display results.
PAGE 28
Text Comment. Good example of test data
Text Comment. Good work here and good test data used to get all 3 results. You have
also identified the static variable links from the Sim circuit.
PAGE 29
PAGE 30
Text Comment. Excellent work with the table of values indicating the settings on the
FPGA board. Good test carried out
PAGE 31
Text Comment. Very good test result
PAGE 32

PAGE 33

Text Comment.

A full set of good test results



Text Comment.

Good circuit design

PAGE 34
PAGE 35
PAGE 36
Text Comment. Very good set of results
PAGE 37
Text Comment. Very good evaluation of the element
PAGE 38
Text Comment. Good introduction
PAGE 39
Text Comment. Good example which indicates a good understanding of op amps
PAGE 40
Text Comment. Good result and explanation
PAGE 41
Text Comment. Good work
Text Comment. The required gain is achieved and explained
PAGE 42
Text Comment. Good explanation
PAGE 43
Text Comment. Good explanation for 10 bit ADC
PAGE 44

Text Comment.

Good example of front pane view for 10 bit ADC



Text Comment. Good explanation of 12 bit ADC

PAGE 45
Text Comment. Good front panel example of 12 bit ADC
PAGE 46
PAGE 47
Text Comment. Good design of 8 bit ADC
PAGE 48
Text Comment. The block achieves this by multiplying the 8 bit value by 256. The lower
8 spaces are then used to add the set point value
PAGE 49
Text Comment. Front panel view is good
Text Comment. Good explanation
Text Comment. PLD design is good
PAGE 50
Text Comment. FPGA ports are identified here
PAGE 51
PAGE 52
Text Comment. Good table of results
PAGE 53
Text Comment. Linear graph is correct
PAGE 54

Text Comment. 10 bit ADC tests are good

PAGE 55




Text Comment.

12 bit ADC tests are good

PAGE 56
Text Comment. DAQ board output result is good
PAGE 57
Text Comment. Good results
PAGE 58
Text Comment. Good clear image of equipment setup
PAGE 59
PAGE 60
PAGE 61
Text Comment. Very good set of results
PAGE 62
Text Comment. Evaluation i good
PAGE 63
Text Comment. Good introduction
PAGE 64
Text Comment. LabVIEW G-code is correct
PAGE 65
Text Comment. LabVIEW front panel view is a good design
PAGE 66
Text Comment. Good explanation
PAGE 67

Text Comment.

Good test result



PAGE 68

Text Comment. Good graph of results

PAGE 69

Text Comment. Good result
PAGE 70

Text Comment. Good resultant graph
PAGE 71

Text Comment. Good result
PAGE 72

Text Comment. Good resultant graph
PAGE 73

Text Comment. Good evaluation
PAGE 74
PAGE 75
PAGE 76

Text Comment. An extensive reference list
PAGE 77
PAGE 78
PAGE 79
PAGE 80
PAGE 81

Text Comment. Good set of results for load cell and instrumentation amplifier

PAGE 82




PAGE 83

PAGE 84

PAGE 85

Text Comment. Text file configuration

PAGE 86

PAGE 87

PAGE 88

Text Comment. Very good set of results

PAGE 89

PAGE 90

PAGE 91

PAGE 92

PAGE 93

PAGE 94

PAGE 95

PAGE 96

PAGE 97

PAGE 98

PAGE 99

PAGE 100

PAGE 101

PAGE 102

PAGE 103

PAGE 104

PAGE 105




PAGE 106
PAGE 107

Text Comment. Good set of sample raw data from text files

GRADING FORM: CSG-RUBIC

DAVID THOMAS 0

RESEARCH-INFORMED LITERATURE

[

y"’ Research section has covered all requirements in 8/1 0
good detail. Good relevant sources used.

KNOWLEDGE AND UNDERSTANDING

[

* E1-Design and use of magnitude comparator with
o digital inputs has been created with good 22/30

explanations. There are some minor errors /
confusions with headings. Test methods used are
good and followed a logical sequence. 7.5/10 E2-
The LabVIEW design for the analogue load cell
input is explained and the design is a good effort.
The 16 bit word operation for the fpga is partly
explained. The shift right and add parts are missing
and this is the key to how the data bits are
organised for the fpga. The design is operational
but needs to be explained further. 6.5/10 E3-Dat



logging has ben fully explained and a good
knowledge of this section is demonstrated. 8/10

ANALYSIS

[

y‘ E1-Test and results are very comprehensive . The
evaluation covers the main issues. 3.5/5 E2-The
results from LabVIEW are comprehensive and
detailed. The evaluation is good. 7/10 E3-Results
from the data logging section are very detailed and
a good evaluation for this section. 8.5/10

PRACTICAL APPLICATION AND DEP.

19/25

[

y‘ E1-Prototypes for the comparator have been
designed using logical methods. PLD design
methods used were successfully implemented
using the fpga dev board. 3.5/5 E2-Design and build
of LabVIEW interface for fpga followed a good
development sequence. The development sections
were tested at designated stages to prove design.
The data was shifted right and added successfully.
3.5/5 E3-Data logging using LabVIEW methods has
ben designed and tested for operational
requirements. 8/10

SKILLS FOR PROFESSIONAL PRAC.

15/20

[

y" A very good report with a good easy to follow
structure

12/15



