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1. Introduction

This portfolio will consist of 3 elements to obtain a comparison result of a 1Kg- Load cell via
various methods. There will be two signals, one input representing the load of 0-1000 grams
using LabVIEW and another input will be an 8-bit magnitude comparator created from
Multisim. For the final system to operate functionally, each stage will be designed and tested
as appropriate.

Additionally, research into areas that will be used to support the completion of the system
will be carried out.

An appropriate introduction




2. Research

2.1 Digital design methods using VHDL and IP integration.
A digital design method that could be implemented to integrate with the system is an FPGA

in addition with LabView.

LabView is a software development environment and language that is created by National
Instruments. It uses graphical diagrams which creates an intuitive for engineers and
beneficial for parallel programming (McNally, 2022).

The Nexys 4 DDR FPGA software allows the Field Programmable Gate Array (FPGA) to be
programmed. An FPGA is the physical circuit that is made up of semiconductor devices that
are based around an array of configurable logic blocks that are connected by programmable
interconnects (XILINX, 2021). The programming language the software uses is Very High-
Speed Integrated Circuit Hardware Description Language (VHDL), this language can be
characterised as a text-based language that describes or express logic circuits, additionally it
can be used as a general-purpose parallel programming language (CADENCE PCB
SOLUTIONS, 2021).

FPGAs are still being developed further to maintain current use, recently IP (Intellectual
Properties) design has been implemented. An IP is a separate module that can be used
with any FPGA and connected via Wizard in Vivado IDE. Although it is stated as a separate
module but can be a large system in their own right (S.R. Ravikiran, 2017). A visual example
of an IP looks like is shown in Figure 28.

Good significant points with suporting
ref sources, and image example from
your own design.




Some minor
2.2 NI DAQmx grammatical
NI-DAQmx is the driver software that allows students/engineers to communicate with anderrors

control the NI data acquisition devices. This software driver has an extensive library if

functions and Vis that can be called from LabView (NI, 2023).

Some samples of the main blocks used within the program are investigated below:

input terminal configuration
minimum value
maximum value
taskin
physical channels
name Lo assign
units
st in Task.Channel.CreateChannel Property
custom scale name - [.NET]

DAQmx Create Yirtual Channel.vi

Good informative

Library»NI-DAQmx»Channel ) i
explanation and image

taskout Creation/Configuration [CVI]
error out

Figure 1; NI DAQmx Virtual Channel
The NI-DAQmx Create Virtual Channel function creates a virtual channel and adds it to a

task it can also be used to create multiple virtual channels and compile them to a task. When
a task is not specified, the function creates a task. The NI-DAQmx Create Virtual Channel
function has numerous instances. These instances correspond to the specific type of
measurement or generation the virtual channels perform.

DA
e
' e— ' — —

+—
[al Accelerometer ] [a0 Current ¥ [Digtal Output ¥ [CIFreq |

Figure 2; Creating a Channel The main significant function blocks have
been identified here

Creating an input function can differ for each instance of the function. For example:

s Physical Channels — Analog & Digital
e Lines - Digital
« Counter — Virtual Channels

millisecond multiple

100
L

There are various clocks that can be used, however figure 3 shows a timer that is used to

Figure 3;: NI DAQ-MX Timing

synchronise tasks in a sequence within the while loop.




task/channels in task out
50 “data

timeou m
. S S
error in error out

DAQmx Read.vi
Figure 4; NI-DAQ-mx Read

The DAQmMx read function reads a sample from the specified acquisition task. Depending on
the instances of the function determines the acquisition such as analog, digital or counter.
Once the samples have been completed, it then moves the samples from the DAQ board to
the PC buffer and then further from the PLC to the Application Development Environment
(ADE) memory.

auto start
task/channels in task out
. data' N number of samples written p...
ke error out
error in
DAQmx Write.vi

Figure 5; NI DAQ-mx Write.
The NI-DAQmx write function writes samples to the specified generation task. Depending on
the instance of the function it allows for the appropriate type of generation (analogue or
digital), number of virtual channels, data to be selected and the number of samples.

| .

TOT IN (N0 errof) s=eee=p —_— Vpmamees pyroe Oul
Formula 2
X1 s

" Fesult —
Figure 6; NI-DAQ-mx Formula

The formula blocks allow the signals to be manipulated by using a mathematical model.

task in ‘”"‘"’Iﬂ?

error n {3 error ot

Figure 7; NI DAQ-mx Clear Task

The clear task function will clear the existing task to free up memory. Due to multiple tasks

being carried out it is not possible to continue the same task until it is completed and cleared

(NI', 2022) Main blocks have been identified and explained

which indictae a good understanding of
requirements from LabVIEW and DAQmx




2.3 Digital Magnitude Comparators
A digital magnitude comparator is a combinational circuit that compares two digital or binary

numbers. By comparing the numbers, the circuit can then specify whether one binary
number is less than, equal to or greater than the compared binary number (GFG, 2022).
Shown below where A & B represent a binary number as an input and the output from the

comparator will give a result.

A>B
A N - bit

Comparator A=B
B A<B

Good example and ref source

Figure 8; Example of Magnitude Comparator




2.4 Analogue to Digital Converters

An analogue to digital converter (ADC) allows micro-processor-controlled circuits to
communicate with the real world. Analogue signals can change their value continuously and
Grammatical error . . . . N .

come from various sources and sensors in particular this portfolio will be using a load cell.
Digital circuits only consist of two discrete values which are 0 — low and 1 — high. Due to the
difference, it is important for electronic circuits to be able to convert between continuously

changing analogue signals and discrete digital signals (Electronic Tutorials , 2022).

An ADC carries out a conversion by some form of quantization essentially mapping the
continuous set of analogue values to a set of smaller digital values often by rounding as

shown below.

p——am, Analog Input
= Digital output

0 01 0.2 03 04 0.5 06 0.7 0.8 09 1

Good example.
Figure 9; Example of ADC Operation

One of the most widely used ADC is called successive approximation. This type is a low-cost
application of medium to high resolution applications (8-18 bits) with a sample speed up to 5
mega samples per second. A design of a successive approximation ADC is shown below
(Das, 2020).This diagram shows that the SAR ADC which consists of a comparator, ADC,
SAR, and control circuit. When a new conversion starts, the sample and hold circuit samples
the input signal which is then compared with the specific output signal of the DAC.

Sample and Successive A very gOOd examp/e pfa
Hold Circuit Approximation
, 3 Register commonly used method of
vin 1 Conurol ADC
ol
2 CI‘:ELIII H SAR |
Binary
’ Comparator ]Outpul 25 Load
VDC
s DAC Cells
e A load cell

Analog Converter
This title is offset a

Figure 10; Successive Approximation ADC Design
little here

is a transducer that is used to convert force into a electrical signal that can be highly




accurate device that allows the device to measure weight or force for a number of
applications (OLCM Systems, 2020).

There are four main types of load cells, these are pneumatic, hydraulic, capacitance and
strain gauge. The strain gauge would be the most suitable for this project due to their size
which is usually small with a high frequency bandwidth, financially friendly, low maintenance
and precise accuracy (Thorat, 2019). The sensor operates by consisting of a metal foil, when
the force is applied the resistance within the foil varies. The resistance is not being Good explanation
measured; however, it is the change in voltage caused by the change in resistance. This isrelative to task

proportional and is read from a bridge circuit to produce a voltage output (Morris, 2001)

An example of a specific load cell that could be used for the application is series sub
miniature compression load cell which can measure from 1KG to 1000lb with an excitation of

5Vdc (Omega, 2019). A diagram of the sensor is shown below.

5-Poingt
NIST-T, _
" _ Calibyatipy —
LCKD-5, X
shown actual size. St
o B
\\ - - e LCKD-100, shown
% o Antaal o larger than actual size.
"-._“ D2 . i
Q\Nq\;,.b_“_ B _-| o |._ R AADLS )
e (T -~
(i —
LCKD-500, shown * f Lo
actual size. | o_
DIA
COLOR CODE
RED = +EXC BLACK = -EXC
GREEN = -OUTPUT WHITE = +OUTPUT

Figure 11; Omega LCKD Example Image

Good practical example
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2.6 Instrumentation and Signal Conditioning

An instrumentation system obtains data about a physical system either for the motive of
collecting information about a physical system or to be used for the feedback control of the
physical system. In the case of this portfolio, the instrumentation system would be made up
of an input transducer (Strain gauge load cell) and another component such as a digital

processor, computer, or micro-controller (Collins, 2012).

The signal that will be produced by the input would be low voltage, due to the low voltage
analogue signal it will have to be amplified and filtered to reduce background noise before
digitization (Oxley, 2020). In addition to amplifying and filtering the transducer may need to

be excited by an external voltage to produce a signal (Peterson Publications, 201 1)

There are many factors that can affect an instrument, however a signal conditioner impacts

the characteristics in relation to the selected transducer, such as:

e Sensitivity — This is the minimum amount of force needed to change the load cells
output. Due to the excitation and output voltage this can then impact the sensitivity.

« Resolution — This refers to the load cells capability to produce an output relative to
the detected change.

+ Noise — This can be produced by random non grounded electrical signals produces
by components that can impact the accuracy of the signal produced by the load cell.
This can be filtered via the signal conditioner (Williams, 2010).

* Span — The minimum and maximum values the input transducer can measure, hence
scaling.

« Linearity — Most instruments provide a linear output to change, however some
instruments provide a non-linear output such as thermocouples. Signal conditioning
can be used to process the values for a better linear response.

Good relevant characteristics identified. This could have included a block
diagram of a process involving instrumentation and signal conditioning

A good balanced research carried out on each topic area with good relevant
sources used. There are an appropriate number of sources researched for the
task.
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3. Design requirements

3.14-Bit Adder
To be able create the 4-Bit adder, smaller circuits were required to create the final form. The

smaller circuits consisted of 2 half adders to combined to make a full adder to cascade a

total of 4 full adders. A hierarchy example of this layout can be shown in Figure 31.

Firstly, a half adder was created, this is an electronic circuit that performs the addition of
numbers. The half adder can sum two single binary digits and present an output plus a carry
value (Techopedia , 2020).

Secondly, the two half adders were combined to create one full adder. The full adder can
add three binary digits where one is the carry, for example A, B and C-out or also known as

‘sum’.

Shown below is an example of how the 4-bit binary operates. C-in is used to receive the

carry from a previous stage, then A & B are summed and carried through to the next adder.

Ay B: Az B Al Bo Ao

Carry Carry Carry

Full G Full C: Full (& Full Cia
Adder [1 Adder [€—1 Adder [ Adder [&=

Design diagram is

C . - .
:r:1 identified here, and is
Sa S: S So
critical for the VHDL
Figure 12; 4-Bit Adder Operation design

Using this logic, the VHDL code was implemented in Vivado to create the half, full and then
finally the final 4-Bit adder.

Design Sources (2
v@a Fddembit(addembit} (Adder_4Bitvhd) (4)
> @ U1 :fulladd(Behavioral) (FullAddervhd) (2 VHDL hierarchy is recognised for the system.
> @ U2 : fulladd(Behavioral) (FullAdder.vhd
> @ U3:fulladd(Be
> @ U4 :fulladd(Behavioral) (FullAddervhd) (2)

oral) (FullAdder.vhd) (2

The VHDL program explanation is missing

ID VAAT 74

F}‘éure 13; Vivado 4-Bit Hierarchy
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Below shows the IP integrator design for the 4-Bit Adder.

adder4bit 0
cin [ >—— cin
a0 [ >——— a0
al [ >——=al  cout [ > cout

a2 [ »—— a2 s0
a3 [ »——— a3 s1

bo [ b0 s2 Good design layout of IP design component
b1 [ >—— bt s3

b2 [ >—=— b2

b3 [ >—— b3

adder4bit v1 0

Figure 14; 4-Bit IP Integrator Design

The left side shows the inputs which would be switches on the FPGA and the right side

shows the outputs where S0, S1, S2 and S3 are the LEDs. This can be further shown by the
Constraints constrains file used within the software, the relevant code has been highlighted and shown in

Figure 34.
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3.2 4-bit Magnitude Comparator
By using Multisim PLD mode, the circuit below was created. This shows that the switches

are linked to the binary number inputs and then the LEDs are linked to the appropriate

output description. Then using this PLD file it was transferred to VHDL code to be

implemented into Vivado.

You have identified that the VHDL for this cct has been
auto generated and used in Vivado

LEDO
—
SWO u1
I;hﬁ‘g B33 LED1
1 A1 A2 T ————
N B2, © 3 S ——
%. 2 & At
A% A0BT o N
I%:; Q';_ "1
3 A . ?0 G————— o LED2
Ca B0 — ——
L—';b. & B1 AL
T COMP_4

Figure 15; 4-Bit Magnitude Design PLD

Consta

nt values are identified

Using the code from Multisim, the IP design was created. The switches on the left, versus
the LED outputs on the right. Additionally, ‘A less than B’ is linked with ‘A greater than B'.

B3
B2
B1
BO
A3

Al
AD
AGTB
AEQB

o
o
o
O
o
o
o
o
D

D

Good explanation and IP design

B

— [ > OAGTB
[ oaEQB
> OALTB

B
B

Mag4Bit_0
B3

B2

B1

80

A3 OAGT
A2 OAEQ
A1 OALT
A

AGTB

AEQB

ALTBE

MandRit w1 N

Figure 16; 4-Bit Magnitude Comparator IP Design

The constraints file used for this circuit, is the same used in the 4-bit adder design.

This is true, however, it should be pointed out that the io
identifiers in the constraints file must follow the io
identifiers in the IP.
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3.3 4-bit adder with 4-bit Comparator IP design
The 4-Bit adder was combined with the 4-bit comparator.

Below shows the IP design of the circuit. The 4-Bit adder outputs connect to ports A0 to A3

and ALTB And AGTB are linked together. This is a good significant point, as this is consistent with the
constants in the Msim cct

adderdbit_0

al Or al  cout [ cout
a2 [———= a2 50—
a3 O—— a2 81—

[ - bl 52 -

b —= b1 83—

b2 [ - b2 R . .

b3 =8 Good combinational system design

MagdBit_0

o

adderdbit_v1

(I

C

=

|_/

A3 OAGTE =] OAGTE

A ———————————— =z OAEQR =) OAEQB

=

L At OALTE =5 OALTE

AEQB

“MagiBit_v1_0

Figure 17; Adder 4-Bit Combined 4-Bit Magnitude IP Design

In Figure 33 shows the constraints file, this shows the layout for the pins for the FPGA. The relevant
switched and LEDs have been highlighted.
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3.4 8-bit Magnitude Comparator
A PLD design was created on Multisim. This shows 2 4-Bit Magnitude Comparators

cascaded.

v s
:?i
= S
[==] =
g =

vy w
= =
b R vl

%?a?é?g?
bbb e
21ET
hgt.u

0

Figure 18; PLD 8-Bit Comparator

g
b
=

L

.+

wy w L
= = 2
AL
= >
e ~

L

2

=1

L]
>
-

2la

3%

41

s

.

LEDO
P 7 un
2l - LED1
[;‘% ‘ .
: LED2
4
B%\ b
N o
B U2
B A I,L Al NG
R e S comp_4
A
ri; A
[0 ] -
i Good design of cascaded 4 bit comparators
COMP_4

The constraints file for the 8-bit are the same as the other circuits created.
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4. Implementation

As shown from the design stages, the half adder was used to create a full adder and
cascaded 4 times. This created the 4-bit adder, using a virtual bus simulator the system
was then tested. Additionally using the virtual bus simulator, the 4-Bit Magnitude

Comparator was tested.

The 4-Bit Adder and 4-Bit Magnitude Comparator was implemented by downloading to
the FPGA NEXYS 4 DDR board. The constrains file shown in the appendix labelled the

switches and LEDs addresses.

Figure 19; Image of NEXYS 4 DDR

Good clear points for requirements
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5. Testing and Analysis

5.1 4 -bit Adder
The virtual bus method was used to test the system. Using the code created for the 4-Bit

adder it was then used in a online test bench generator. This created a VHDL code, where

the conditions could be altered shown in Figure 36.

Below shows the graphical table of results for the tests ran, the tests are shown horizontally

for the output for a, b, cout and sout.

adder4bit_tb_behav.wcfg
Q W a 9

Figure 20; 4-Bit Adder Test Results Good test results using virtual bus method

From the results, they were sorted into a table which shows each result and an expected

result.

Simulation Conditions & Results Cout and sum results

” . should be included.
Conditions a0 al a2 a3 b0 b1 b2 b3 cin  Result A ResultB Expected Result A Expected Result B The test results
Test1 10110001 0 13 8 13 8 waveforms show the
Test 2 11101010 0 7 5 7 5 cout carry bit set
Test 3 11010001 0 11 8 1 g when the sum exceeds
Test4 10111111 0 13 15 13 5 the 4 bitlimit
Table 1;Simulation Results 4-Bit Adder

Analysing the results, it shows that the circuit worked as intended by summing the inputs
and resulting the correct output. Additionally, the predicted and actual results compared well.

18




5.2 4-bit magnitude Comparator
Using the virtual bus method, this circuit was tested. There were 3 tests to be carried out

which was defined in the test bench VHDL code which was generated online and can be
viewed in the appendix under Figure 35. The tests were created to determine 3 states; A
less than B, A equal to B and A greater than B. Below displays the results from the Vivado
simulation. This shows the decimal values for A & B and where the output goes to state 1,

then shows the active output. Explanation is clear and consistent with results

th_Mag4Bit_behav.wclg
Q H a Q

Figure 21; 4-Bit Magnitude Comparator Results
Good tets results and displayed using the virtual bus method

The results were then tabulated for analyses and comparison for predicted and actual

values. Good table of results that
follow the actual results, and
Simulation Conditions & Results 4-Bit Adder Magnitude indicate the 3 conditions
Conditions a0 al a2 a3 b0 b1 b2 b3 Result A ResultB Output Expected A Expected Brigﬁjé&%g Output
Test 1 00010011 8§  12ALTB 8 12 ALTB
Test 2 10111011 3 13 AEQB 3 13 AEQB
Test 3 00110010 12 4 AGTB 12 4 AGTB

Table 2;4-Bit Magnitude Results

From the results, it shows that the 3 tests were successful. The predicted and actual values
were correct which shows that the operation of the circuit worked as intended.

19




5.3 4-bit Adder with 4-bit Comparator IP

Due to the circuit being created on Multisim PLD mode, the circuit was simulated before

implementing the code on the FPGA board. This would ensure that the circuit was

operational before further implementation. Using the simulator, the circuit was tested on 3

conditions as shown below.

x1

A0 Az

Al tald
o AZ B0 x3
e — T
r"—_' B1
(- = [ |
oy s RRE -
LEDO x1
i , 28V
u x2
Ba”? Len1
— AD a2 wels — .- o s
) AT Tiel I |
0 }- AZ 80”? P 2
= A3 = O asv
IF el - . . . .
i{ 81 come_a Good work in identifying the
— B2 Matthew Perry i [
3 = =i=1= T function of the 8 bit comparator
. = that will be used on the FPGA
x1
LEDO
= W a5y
. u1 | x2
[T} A0 BRAZBB E — —— ) 28w
. Al T ik |
—— Az s0™? — x3
1 — -
. A3 L ozew
L B0 ]
=1 B1 comMP_a
=}
. B2 Matthew Perry
- =3 E‘ — TEST 3

T

Figure 22; 4-Bit Magnitude Comparator Simulated Results

Good use of table to show results
obtained

Simulation Conditions & Results 4-Bit Adder & 4 Bit Magnitude

Conditions a0 al a2 a3 b0 bl b2 b3 Output
Test 1 0O 0O0O1 00 1 1ALTB
Test 2 1 01 1 1 0 1 1AEQB
Test 3 0 01100 1 0AGTB

Table 3;Simulated 4-Bit and 4-Bit Magnitude Combined

Expected Output
ALTB
AEQB
AGTB

From the tests, the results were tabulated. This shows that the simulated results and

predicted results were accurate.
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Once the simulation was carried out, the code was downloaded to the FPGA board and
tested under similar conditions. Below shows an image displaying the switch position and
LED result for test 1. Test 2, and 4 can be shown in the appendix under Figure 30 & Figure
32.

wrmm AT

s NEX'V_BQ
DIGILENT
> I 1
r 'Equal to' test result is correct
caEy l:_‘-nw!qunkra o o o ) L ol Tz I s [ Good illustration io settings
o lotlo|oleleli]|e]ele]|e| C‘lf-ll'-" " O \ o TEST
o C//’/CC.JLCQQCIOOC;OIIG( oS |Te=<2
1o Toizolololelel leleltlele[fleklelo | | [Fesc2
1 lodclololololo]t [olololvloloplo|t | ©|TSST W
3 | e | & 1 & S %ﬁ
Y % g
L] =3 [
< ¥ye &
v u- &

Figure 23; 4-bit Adder with 4-bit Comparator IP Actual Test3 1

From the test, the results were tabulated for comparison. This shows that the circuit
operated appropriately.
Test Conditions & Results 4-Bit Adder & 4 Bit Magnitude
Conditions a0 al a2 a3 b0 bl b2 b3 Output Expected Output

Test1 1 00 0 1 0 0O 0AEQB AEQB Good table of results
Test 2 01 000 0 1 OAELB AELB that follow the
Test 3 0 01 0 01 0 O0AGTB AGTB GCfUC_” results
Test4(CARRY) 0 0 0 1 O O O 1Carry Carry obtained from

practical tests
Table 4;4-Bit Adder with 4-Bit Comparator Test

Good indication of the carry bit here, proving the function of
the system when 4 bit limit is exceeded
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Test 4 shows the carry function for the circuit. Due to switches A3 & B3 being switched in the

closed position, this holds a decimal number of 16. As shown:
Good explanation

A3 =8,B3=8.A3 +B3 =16.

Because this is 4-Bit this shows 2* = 16. This means that 16 numbers can be represented
from 0 to 15. However, the biggest number that can be represented is 15 and the 16
requires a 5™ bit as shown 2° = 16. Therefore, LED 15 is active to show it is carrying a

number with a description of A equal to B.

Very good test example, proving
the carry operation

@

=o e paermc o 1o 1< 1 B TE N [R P R[Z sl 65
(@) lotlo e lololyv]|eleleleli |o|eole N |O \ o TEE %
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Figure 24; 4-bit Adder with 4-bit Comparator IP Actual Test 4

22




5.4 8-Bit Magnitude Comparator

The 8-Bit Magnitude Comparator was tested on Multisim PLD mode. As shown below:

8-BIT MAGNITUDE COMPARATOR

Good test results from simulation
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O r—
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LA LK,
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— oO—
s ar
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O
e AD 8-BIT MAGNITUDE COMPARATOR | .
Oor— O Ehjos --l»
3 a1 Test 2 w2
o - 4
w2
o= s —
[13] i A3 " P . S P E'
OCF— [©F ] = —
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[ A - -4
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Figure 25; 8-Bit PLD Simulated Test

This shows that the circuit operates appropriately by resulting in three different outputs

depending on the inputs.
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The code was then downloaded to the FPGA board, and then 3 tests were carried out
according to the table below. The test shown in the image is ‘Test 1’ whereas Test 2 and 3
can be found in the appendix under Figure 30 & Figure 32.

o »

o 3 .

—cwe o
;go.;. ey Good test result with
— ; the othwer 2 etst results
Tl =" . shown in the appendix
e. 4
a—_?sﬁ?_ OOOoll\OOGODtk|O
a=3 s=s6l010 o [olofe\ [t]elo]th |t [0|9]9] ©
A=192 &=31{\ ticlelelololole (2o L BABRK

LT

Figure 26, 8-Bit Test Practical

From the tests, it shows that the system works appropriately. A table was compiled of the
predicted and actual results to ensure the tests were accurate. Using the 8-bit provided a

larger range of inputs and essentially higher decimal numbers.

Results table of 8-Bit Comparator

Results |a7|ab [a5|ad|a3|a2|al|20[b7|bb|b5|b4|b3 |b2|b1|b0|Output Result |Predicted Result [Result A |Result B|Predicted A Predicted B
Test1 | 0/ 0/ 0/ 0] 0] 1) 1) 1/ 0] 0] 0] 0] O] 1| 1| 1JAEQB AEQB 7 7 7 7
Test2 | 0/ 0| 0] 0] 0] 0] 1) 1| 0] O 1) 1| 1) 0] 0] DJAGTB AGTB 3 56, 3 56
Test3 | 1| 1) 0/ 0] 0) 0] 0] 0] 0] 0] 0] 1| 1] 1| 1| 1ALTB ALTB 192 1 192 31

Table 5; 8-Bit Comparison Table Results Good use of table to organise results
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6. Evaluation

The prototype systems used within the element have been compiled together to build a
larger system. It can be seen from the half adder to full and then cascading 4 full bit adders
to create a 4-Bit adder.

The 4-bit comparator performed its function appropriately. This was shown through testing
the system under the three conditions: equal to, less than and more than. Additionally, the
carry function was included, it was shown that due to the system being a 4-Bit it can be
shown that 2* = 16. This means that 16 numbers can be represented from 0 to 15. However,
the biggest number that can be represented is 15 and the 16 requires a 5" bit as shown 2° =
16.

The 4-Bit system was essentially cascaded in Multisim to create an 8-Bit system while
changing some of the input and outputs. For example, for the lower order comparator the
A=B cascade input was connected to high while the other two cascading inputs A, B were
connected to low. The testing showed that the system was able to accurately determine the
three states: equal to, less than and greater to while counting the binary values.

Lastly, for future prototyping if the system included analogue input values an analogue to
digital converter would be required. These would include highly efficient comparators and the

number of comparators depend on the number of bits the ADC is converting.
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7.Appendix
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Figure 27; 4-Bit Adder & 4-Bit Comparator Test 2
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Figure 30; 8-Bit Comparator Test 2
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Figure 32; 8-Bit Comparator Test 3
4 bit full adder
fulladder
halfadder
halfadder Hierarchy as identified in the explanation earlier that shows all the
fulladder sub-components in the system
halfadder
halfadder
fulladder
halfadder
halfadder
fulladder
halfadder
halfadder

Figure 31; 4-Bit Adder Hierarchy
Example
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##Switches

set_property -dict { PACKAGE_PIN vie

#F LEDs

set_property -dict { PACKAGE_PIN H17
set_property -dict { PACKAGE_PIN K15
set_property -dict { PACKAGE_PIN 113
set_property -dict { PACKAGE_PIN N14
#set_property -dict { PACKAGE_PIN R18
#set_property -dict { PACKAGE_PIN V17
$set_property -dict { PACKAGE_PIN U17
#set_property -dict { PACKAGE PIN U16
#set_property -dict { PACKAGE_PIN V16
#set_property -dict { PACKAGE_PIN T15
#set_property -dict { PACKAGE_PIN Ul4
#set_property -dict { PACKAGE_PIN T16
#set_property -dict { PACKAGE_PIN V15
#set_property -dict { PACKAGE_PIN V14

set_property -dict { PACKAGE_PIN J15  IOSTANDARD LVCMOS33 } [get_ports { a8 }]; #I0_L24N_T3_RS@_15 Sch=sw[@]
set_property -dict { PACKAGE PIN L16  TOSTAMDARD LVCMOS33 } [get_ports { al }]; #I0_L3N_Te_DQS_EMCCLK_14 Sch-sw[1]
set_property -dict { PACKAGE_PIN M3  IOSTANDARD LVCMOS33 } [get_ports { a2 }]; #I0_L6N_T_D@B_VREF_14 Sch=sw[2]
set_property -dict { PACKAGE PIN R15  TOSTAMDARD LVCMOS33 } [get_ports { a3 }]; #I0_L13N_T2_MRCC_14 Sch=sw[3)]
set_property -dict { PACKAGE_PIN R17  IOSTAMDARD LVCMOS33 } [get_ports { b@ }]; #I0_L12N_T1 _MRCC_14 Sch=sw[4]
set_property -dict { PACKAGE_PIN T18  TOSTAMDARD LWCMOS33 } [get_ports { b1 }]; #I0_L7N_T1_D18_14 Sche=sw[5]
set_property -dict { PACKAGE_PIN U8  IOSTANDARD LVCMOS33 } [get_ports { b2 }]; #I0_L17N_T2_A13_D29_14 Sch=su[6]
set_property -dict { PACKAGE_PIN R13  TOSTANDARD LVCMOS3I3 } [get_ports { b3 }]; #I0_LSN_T@_DO7_14 Sch=sw[7]
#set_property -dict { PACKAGE_PIN T8  IOSTANDARD LVCMOSIE } [get_ports { SW8 }]; #I0_L24N_T3_34 Sch-sw[8]
#set_property -dict { PACKAGE_PIN U8 IOSTANDARD LVCMOS1E } [get_ports { SW9 }]; #I0_25 34 Sch=sw[9]

#set_property -dict { PACKAGE_PIN R16  IOSTANDARD LVCMOS33 } [get_ports { SW18 }]; #I0_L15P_T2_DQS_RDWR_B_14 Schesw[18]
#set_property -dict { PACKAGE_PIN T13  IOSTANDARD LVCMOS33 } [get_ports { SWil }]; #I0_L23P_T3_AB3_D19_14 Sch=sw[11]
#set_property -dict { PACKAGE_PIN HE  IOSTANDARD LVCMOS33 } [get_ports { SW12 }]; #I0_L24P_T3_35 Sch=sw[12]
#set_property -dict { PACKAGE_PIN U12  IOSTANDARD LVCMOS33 } [get_ports { SW13 }]; #I0_L26P T3_ABS_D24_14 Sch=sw[13]
#set_property -dict { PACKAGE_PIN U11  IOSTANDARD LVWCMOS33 } [get_ports { SW14 }]; #I0_L19N_T3_A@9_D25_VREF_14 Sch=-sw[14]

TOSTAMDARD LVCMOS33 | [get_ports { cin }1; #I0_L21P_T3_DQ5_14 Sch=sw[15]

TOSTAMDARD LVCMOS3I3 } [get_ports {
TOSTAMDARD LVCMOS33 } [get_ports {
TOSTAMDARD LVCMOS33 } [get_ports {
TOSTAMDARD LVCMOS33 } [get_ports {
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
IOSTANDARD
TOSTANDARD
IOSTANDARD
TOSTANDARD

58 }]; #10_L18P_T2_A24_15 Sch-led[8]

s1 }]; #I0_L24P_T3_RS1_15 Sch=led[1]

52 H; #10_L17N_T2_A25_15 Sch=led[2]

53 }]; #I0_L8P_T1_D11_14 Sch=led[3]
LVCMOS33 } [get_ports { ledd }]; #I0 L7P_T1_DB9_14 Sch=led[4]
LVCMOS33 } [get_ports { ledS }]; #I0_L18N_T2 A11 DI7_14 Sch=led[5]
LVCMOS33 } [get_ports { leds }]; #10_L17P_T2_Al4_D3@ 14 Sch=led[6]
LVCMOS33 } [get_ports { led7 }]; #I0_L18P_T2 A12 D28 _14 Sch=led[7]
LVCMOS33 } [get_ports { LEDE }]; #I0_L16N_T2_A15_D31_14 Sch=led[8]
LVCMOS33 } [get_ports { LEDY }]; #I0_L14N_T2_SRCC_14 Sch-led[3]
LVCMOS33 } [get_ports { LED1@ }]; #I0_L22F T3 485 DZ1_14 Sch=led[18]

LVCMOS33 } [get_ports { LED12 }]; #10_L16P_T2_CSI_B_14 Sch=led[12]
LVCMOS33 } [get_ports { LEDL3 }]; #I0_L22N_T3_AB4_D20_14 Scheled[13]

Figure 34; Constraints File 4-Bit Adder

##switches

set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property
set_property

-dict { PACKAGE_PIN
-dict { PACKAGE_PIN
-dict { PACKAGE_PIN
-dict { PACKAGE_PIN
-dict { PACKAGE_PIN
-dict { PACKAGE_PIN
-dict { PACKAGE_PIN U18
-diet { PACKAGE_PIN R13
-dict { PACKAGE_PIN T8
-dict { PACKAGE_PIN US
set_property -dict { PACKAGE_PIN R16
set_property -dlct { PACKAGE_PIN T13
#set_property -dict { PACKAGE_PIN H6
set_property -dict { PACKAGE_PIN U12
set_property -dict { PACKAGE_PIN U11
set_property -dict { PACKAGE_PIN V1

s
L16
M13
R15
a7
T18

## LEDs

set_property

set_property

set_property

#set_property
#eet_property
#5et_property
#zet_property
#set_property
#iset_property
#set_property
#set_property
#sct_property
#izet_property
#set_property
#set_property
set_property

-dict { PACKAGE_FIN H17
-dict { PACKAGE_PIN K15
-dict { PACKAGE_FIN 113
-dict { PACKAGE_PIN N14
-dict { PACKAGE_PIN R18
~dict { PACKAGE_PIN V17
-dict { PACKAGE_PIN U17
-dict { PACKAGE_PIN U16
~dict { PACKAGE_PIN V16
-dict { PACKAGE_PIN T15
-dict { PACKAGE_PIN U1d
-dict { PACKAGE_PIN T16
-dict { PACKAGE_PIN V1S
-dict { PACKAGE_PIN V14
~dict { PACKAGE_PIN vi2
-dict { PACKAGE_PIN V11

#set_property -dict { PACKAGE_PIN
#set_property -dict { PACKAGE_PIN
#set_property -dict { PACKAGE PIN
#set_property -dict [ PACKAGE PIN
#set_property -dict { PACKAGE_PIN
#set_property -dict { PACKAGE_PIN

R12
M16
N15
614
R11
N6

I0STANDARD
TOSTANDARD
10STANDARD
JOSTANDARD
T10STANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33
LVCMOS33
LWCMOS33
LVCMOS33
LUCMOS33
LVCMOS33
LWCMOS33
LVCMOS33
LVCMOS1E
LVCMOS1E

} [get_ports
} [get_ports
} [get_ports
} [get_ports
} [get_ports
} [get_parts
} [get_ports
} [get_ports
} [get_ports
} [get_perts

{ a8 }];
{8}l
{82}
{8}
{ b}
{B2}s
{b2}]s
{3 s
{ce}ls
{etil

#I0_L26N_T3 RSB_15 Schesw[@]
#T0_L3N_T@_DQS_EMCCLK_14 Schesw[1]
#L0_L6N_Te_DOE_VREF_14 Sch-sw[2]
#I0_L13N_T2_MRCC_14 Sch=sw[3]
#I0_L12N_T1_MRCC_14 Sch=sw[4]
#TO_L7N_T1_D18_14 Sch=su[5]
#10_L17N_T2_AL3_D29_14 Sch=su[6]
£T0_LSN_Te_De7_14 Sch=su[7]
#I0_L24N_T3_34 Sch-sw[8]

#T0_25_34 Sch=sw[9]

JOSTANDARD LWCMOS33 } [get_ports { €2 }]s #I0_L15P_T2_DOS_RIWR_B_14 Sch=sw[18]
TOSTANDARD LWCMOS33 } [get_perts { €3 }]; #I0_L23P_T3_A@3_D19_14 Sch=sw[11]
TOSTANDARD LVCMOS33 } [get_ports { 5WL2 }1; #I0_L24P_T3_35 Schesw[12]
IOSTANDARD LVCMOS33 } [get_ports { ALTE }]; #10_L28°_T3_4@8 D24_14 Sch=sw[13]
TOSTANDARD LVCMOS33 } [get_ports { AEQB }]; #I0_L19N_T3_489_D25_VREF_14 Sch=sw[14]
IOSTANDARD LVCMOS33 } [get_ports { cin }]; #I0_L21P_T3_DQS_14 Sch=sw[15]

TOSTANDARD LVCMOS33 } [get_ports { DAGTB }]; #I0_L18P_T2_A24_15 Sch=led[8]
I0STANDARD LVCMOS33 |} [get_ports { OAEQB }]; #I0_L24P_T3_RS1_15 Sch-led[1]
TOSTANDARD LVCMOS33 } [get_ports { OALTB }]; #I0_L17M_T2_825_15 Sch=led[2]
LOSTAMDARD LVCMOS33 } [get_ports { led3 }]; #I0_L8F_T1_D11 14 Scheled[3]
TOSTANDARD LWCMOS33 } [get_ports { ledd }]; #I0_L7P_T1 DOo_14 Sch=led[4)
TOSTANDARD LVCMOS33 } [get_ports { ledS }1; #I0_L18N_T2_A11_027_14 Sch-led[5]
TOSTANDARD LVCMOS33 } [get_perts { leds }]; #I0_L17P_T2 Al4 D38 14 Sch=led[s]
TOSTANDARD LVCMOS33 } [get_ports { led7 }]; #I0_L18P_T2_A12_D28_14 Sch-led[7]
TOSTANDARD LWCMOSSS } [get_ports { LEDS }]; #I0_L16N_T2_A15_D31_14 Sch=led[a]
TOSTANDARD LVCMO533 } [get_ports { LED9 }1; #I0_L14N_T2 SRCC 14 Sch=led[9]
TOSTAMDARD LVCMOS33 } [get_perts { LED1® }]; #I0_L22P_T3_ABS D21 _14 Sch=led[18]
TOSTANDARD LVCMOS33
IOSTANDARD LVCHOS33
TOSTANDARD LVCMOS33
IOSTAMDARD LVCMOS33
TOSTANDARD LVCMOS33 }

———

[get_ports { LED1Z }]; #I0 L16P T2 CSI_B_14 Sch=led[13]
[Bet_ports { LED13 }]; #I0_L22N_T3_AB4_D28_14 Sch=led[13]
[get_ports { LED14 }]; #I0_L2EN_T3_AB7_D23_14 Sch=led[14]
[get_perts { cowt }]; #I0_L21N_T3_DQS_ABS_D22_14 Sch=led[15]

TOSTAMDARD LVCMOS33
LOSTAMDARD LVCMOS33
TOSTAMDARD LVCMOS33
LOSTAMDARD LVCMOS33
TOSTAMDARD LVCHMOS3S
TOSTAMDARD LVCMOS33

[get_ports { LEDIS B }];
[get_ports { LED16 G }];
[get_ports { LEDIER }];
[get_ports { LEDI7 B }]1;
[get_ports { LEDI7 G }];
[get_ports { LED17 R }];

#I0_LSP_T8_DB6_14 Sch=led16 b
#10_L16P_T1_D14_14 Sch=ledlf_g
BT0_L11P_T1_SRCC_14 Sch=ledi_r
#I0_L15N_T2_DQS_ADV_B_15 Sch-led17_b
#I0_@_14 Sch=ledl7 g
#I0_L1IN_T1_SRCC_14 Sch=ledl? r

Figure 33; Constraints File 4-Bit Adder & 4-Bit Mag
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LVCMOS33 } [get_ports { LED11 }]; #I0_L15N_T2_DQS_DOUT_CSD_B_14 Sch=led[11]

[Bet_ports { LEDI1 }]; #I0_L1SN_T2_DQS_DOUT_€50_B_14 Sch-led[11]

Good indication of active
io referenced from main
report




EEE.5td_logic 1164.a11;
use IEEE Wameric Std.all:

entity adderdbic tb is
end;

architecture bench of adders

component adderdbit

pore( ben
a3 in STO_LOGIC:
= ¢in,
4 o =,
& d wal,
& g =
5 @ =8
b o=,
bl =bl,
B,
B ow b,
b 0L = oouE,
end cemponenty o =,
signal cin: ST_LOGIC; R
signal a0: STD_LOGIC: 2w,
signal al: STO_LOGIC: 0 w8l
signal a2: STD_LOGIC: ‘
signal a3: STO_LOGIC:
signal bo: STD_LOGIC:
signal bi: STD_LOCIC:
$TO_LOGIC:

signal b2

Figure 36 4-Bit Adder Test Bench Conditions

stiraali

waltTs
=ena processs

Figure 35; 4-Bit Adder Magnitude Test Bench

begin
—— EDIT Adar
B3 <= *1':
B2 <— *1°%z
Bl —=— *O°*;:
BO —<— *O¥*7»
AS =— "1z
A= =— *TOvy
Al == TO";>
AOD == TOv>z
AGTEB == *0"7
RAEOR =— T1*>
ATTEB == *0O":
wair foxr 100 n=:
B3 <= “17=
B2 <= "1"=
Bl == "0O":>
BO <= *1%7
A3 <= T1"r
BT Ce= Y1 Y
A1l ~=<=— TO"r
F i R
AGTEB == "0<r
AEOR == 17>
ALTB == *0";7
wailt Tfor 100 nSr
BS == *O">
B2 == *17%:>
Bl == *O":>
BO == *O"=
A3 <=— *L7z
A2 == ©T1"-=
Al == TOv" 7z
AO <= TO%=
AGTEB == "O"r>
AFEQB = *1%=>
ALTEB =— "O"r>
wait for 100 nisr
EDTT Add

iz i 05 al <= '1":
56 « al <= "0";
a2 ¢="1";
a3 ¢="1";
8 bM<= "1";
109} Bl <= '1%;
0L + B2 <= '1%;
102 D3 <="1"
103 « cin <= "0";
104 ; wait for 100 as;

o 105 ¢ wage:
L
107 ]
L
l03(=  end process;
110
111
L12(= end:
1! b2 <= '0%
20 b3 <=Ly
cin <= 0%;
wait for 100 naz
ad <= 17
= anatazalaizatacon - = e aecdaedd
Sstimpli here

Test data is referenced from
report

This is the 4 bit mag comparator test data, it is correctly
referenced in the report despite having an incorrect heading

identifier here!

Good range of test data used for both test bench applications

The 4 bit adder VHDL listing is missing and tere is no

explanation of the program in this section!
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1. Introduction

This element will consist of designing the LabVIEW Vi that will interface to the field
programmable gate array which contains the 8-Bit Magnitude Comparator that was designed
in Element 1. This comparator will compare the output between 2 8-Bit digital signals and
indicate three states.

The first signal will be produced by an analogue input into LabVIEW with a voltage range of
0 to 5, this will be the signal that represents the load applied to the 1Kg load cell. This signal
will be converted to an 8-Bit digital signal and sent to the FPGA.

The second signal will be produced within LabVIEW using the ‘set’ function, this will range

from 0-1000 grams and converted to an 8-Bit digital signal and sent to the FPGA.

Each step of the process will include the design procedure and testing to ensure the system
performs as intended. Additionally, before the full system is constructed, two prototypes will
be carried out to assist the completion of the final product by expanding familiarity and

knowledge abolt the system. A good descrptive introduction that

demonstrates a good understanding of the
requirements in this element




Prototype 1; 8-bit ADC Comparator

An 8-Bit ADC with a virtual analogue input was created on LabViEW Vi. Below shows the
block diagram that was created for the system to function.

115
5Ho} l
T Devay an [oj—tmet |
: 55
'—“[ i A -+
Al Voltage ~ AnalogDBL _| ansiogue }
- l'ith:n 15amp ""E"""
—, :m 2 ny i
[hgte t @
ﬁE e
[ i
[ I_
‘ i ) Good effort with this
Formuls ';:' i prototype using virtual
L . U instruments
i o .. -
| 1 ¥
% Devd/portD/inel:T [+~ [ I —
[:“.,ml Output - Digitel U32 ==
1Chan 15amp |

Figure 1; 8-Bit Design

o

From the diagram, it can be shown that there is an analogue input with a read function that

displays the incoming voltage. It is then processed within a formula block using the equation:

(52) 256
— | *
5

Where:
X1- Analogue Input Signal
5 — Max Voltage Scale

256 — 8-Bit Resolution

Good identification of function with recognition of
resolution abilities

Once the formula is completed, the digital value will then be displayed.




The system was tested with 3 various voltage inputs between 0 to 5V as shown:

Test 1

Figure 2; 8-Bit ADC Test 1

Test2

Figure 3; 8-Bit ADC Test 2




Test3

Analogue Value Result |
1.04 53
Arra

saafely walv  Fesults and front

e - e panel design

STOP

Figure 4; 8-Bit ADC Test 3

From the testing, a table of results was documented as shown: Results are organised in good

8-Bit Test Table order in the table

Analogue Voltage Input Binary Value Result Predicted Result
Test1 5V 11111111 255 255
Test2 2.63V " 01100001 134 134
Test3 1.04V 10101100 53 53

Table 1; 8-Bit Test Table
The circuit operated as intended, where the voltage applied was converted to a binary value.
The binary values can also be confirmed by converting the binary numbers to decimal

numbers as shown:

How to Calculate Binary to Decimal
BinaryValue 1111 1 1 1 1
Decimal 124816 3264 128

Table 2; Converting Binary to Decimal
As shown:

Test1:1+2+4+8+16 +32 + 64 + 128 =255
Raw values are idnetified and the significance for

Test2:0+2+4+0+0+0+0+128 =134 )
further resolution tests

Test3:1+0+4+0+16+32+0+0=53




Prototype 2; 10 & 12-Bit ADC Comparator
10-Bit

Firstly, a 10-bit ADC Comparator was designed using LabVIEW Vi, due to it being 10 bits, it

has a larger resolution. Shown below is the block diagram for the system.

Mumeric Value

]
il

Slide

L Sadss i

Formula

 — —

Boolean Value

4 [FE]

|

stop

stoef} -

Figure 5; 10-Bit Block Diagram

A slider was used with a range of 0-5 which would simulate the analogue voltage input, this
will be read and then processed within a formula block which will use the equation:

(X) 1023
—]x
5

Where:
X — Analogue Input Signal
5 — Max Voltage

1023 — Resolution 10-Bit

Good implementation of resolution expansion




Three tests were conducted on the system that implemented 3 values ranging from 0-5
using the slider.

Test 1
3
Ay
T O000000000,
stop|
B R PR VI VI VI R R VI Y Y R B
Figure 6; 10-Bit Test 1
Test2
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Figure 7; 10-Bit Test 2
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bit resolution

Figure 8; 10-Bit Test 3

The results were compiled into a table for analysis shown below.

10-Bit Test Table
Analogue Voltage Input Binary Value Result Predicted Result . se of table to

Test1 5V 1111111111 1023 1023 o rganise results
Test2 2.5V " 0000000001 511.5 512
Test3 1.46V " 0011010010 300 300

From the table, it can be shown that the system operated as intended, similarly to the 8-Bit
however it has a larger resolution. Test 2 was incorrect by 0.5 due to the scaling error, in the
future an amplifier could resolve this issue. Each test can be converted from the binary value

to a decimal value to further prove the accuracy of the operation.

As shown:
Test1:1+2+4+8+16 +32 + 64 + 128 + 256 + 512 = 1023
Test2:0+0+0+0+0+0+0+0+0+512=512

Reslolution raw data is identified
Test3:0+0+4+8+0+32+0+0++256 +0 =300

This shows that the binary value is accurate.
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12-Bit
The 10-Bit circuit was modified to process 12-Bits. This created a larger resolution for the
system as shown 212 = 4096 in comparison to the previous 1023. The circuit was the same
as the 10-Bit however, the formula block was modified to:
X 4096
(s)x
12 bit resolution is implemented and

identifies the methods LabVIEW uses to
expand resolution

Where:

X — Analogue Input Signal
5 —Max Voltage

4096 — Resolution 12-Bit

The system was tested under 3 simulated analogue input signals at different scales. This will
be a low, medium and high input to see the resolution and processing.

Test 1
Mo Vabse :’“
ey
¥ OO
||
=
e
Fiqure 9; 12-Bit Test 1
Test2

Figure 10; 12-Bit Test 2
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Test3

The results of the tests were documented in a table below for analysis.

B —
Aty

s
(e Taw i~ 1- 1- Jeelael- L- Jewles]- ]

-[E
e

L T T I - VI A R B VI TR R I VI TR TR T R

Figure 11; 12-Bit Test 3

12-Bit Testing Table

Simulated Analogue Value Binary Result Result
Test1l 5V '111111111111 4095
Test2 4.0051V "000010110011 3280

Test3 1.99617v
Table 3; 12-Bit Test Table

This shows that the system operated as intended with accurate results, the only discrepancy

was test 3 with a 0.13 error between the decimal result and expected result.

"110001100110 1634.87

The binary value can be proved to be correct by

Test1:1+2+4+8+16+32+ 64 + 128 + 256 + 512 + 1024 + 2048 = 4095
Test2:0+0+0+0+16+0+64+128+0+ 0+ 1024 + 2048 = 3280
Test3:1+2+0+0+0+32+64+0+0+512+1024 +0 =1635

12

Expected Result

Are the LED's Correct?
4095 Yes
3280 Yes
1635 Yes

Good test results and use of front
panel instrumentation

Good table of results

Raw data is identified




2. Design requirements

2.1 Load cells & Signal Conditioning

2.1.1 Instrument Amplifier
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Figure 12; Visual Representation of Instrument Amplifier

Above displays an instrumentation amplifier with unity gain. This circuit is made up of a
buffered differential amplifier with three resistors linking the two buffer circuits together. It
can be noted that all resistors are of equal value apart from the 20KQ (Rgain). It can be
shown that the instrument ampilifier is disconnected from the amplifier part of the circuit. The
circuit has unity gain, meaning the input will be the same level as the produced output. The

inputs have an applied voltage of 3 and 4V and the amplifier output with unity is 1V.

This circuit has the advantage of having high input impedances on the V1 & V2 inputs and
an adjustable gain that can be set by a single resistor (All About Circuits , 2021).

Good clear explanation
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2.1.2 Instrument Amplifier with Bridge for Load Cell Sensor

The instrument amplifier previously describe will be coupled with the Omega LCKD load cell.
This load cell will be used to determine how much force is being applied on a given point.
This will produce a change in resistance that enables the calculation of how much weight is

applied.

Using the data obtained from the Omega Data sheet shown in Data Sheet 1 the following

table was created.

Omega 1Kg Load Cell Data
Excitation 5Vdc, 7Vdc Max
Output 2mV/V Nominal
Max Output 5V x2mV =10mV
Table 4; Omega Load Cell Data

The load cell will be zero grams (0V) at 50% on all resistors. The cell will be loaded
completely 1000 grams (5v) at 100% and 0% resistor settings in opposite corners.

Instrument amplifier:
Good practical resitor values for

Buffer gain = (1 + (2 = 20k)/10k) = 5 gain calculation
Diff amp gain = 6000K /60K = 100

For the amplifier to correctly condition the signal a gain of 500 is required. This is proven

below.
Gain required: You have identified the link with
At 1KG and 5V excitation V2 - V1 = 10mV the instrument and instrument
amplifier. The resistor values
At1KG Vout = 5V chosen have given the correct

gain required for signal

GainG = 5/0.01 = 500
conditioning

The test result evidence from the amplifier is missing. However, the results from the test are
recorded in the table of values, and the linear graph is produced from the results.
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2.1.3 LabVIEW

LabVIEW will be used along side the magnitude comparator for the interfacing of the system.

Below shows the block diagram that was designed for the system. Each function has been

commented on in black that provides an explanation of its purpose within the system.

Analogue in 0-5V

8-bit from Analogue

Input

E Anslogue Input
Reading Input . Displaying Input
Volts
obL |
1Chan 15amp
_,—» Converts to grams
n Retukt
ADC | I ™ =
[ Fomds | | Formula2 |
Load Cell Digital Output
R m Binary LED to 8-

bit

Sa

16-bitoutto FPGA

wtror out 2
r..! I 1"3
Tak

Set Load Value Comparison (Grams)
—

Good identification of

=<

Input from FPGA
Comparator 3 Bit

>

I rogram functions
=1 > program fi
e 5et Load Digasl Output
Select Set Value e g
~ Convert to Binary
T Rndnl Input ]
£ Hor out
gt npa 4 ' el

Magnitude Comparttor Result

STOP
Convert to Binary

v

Figure 13; LabVIEW Block Diagram

The block has been divided into 3 sections that handle different parts of the system, the

upper layer is the 8-Bit input from the analogue signal, the middle sends the 16-bits to the

FPGA and the bottom is the input comparison received from the FPGA.
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There are 4 formula blocks also used within the system, there functions are described below:
e Formula - This is used to convert the analogue input into a digital output. This is
done by dividing the analogue input by the maximum analogue input and then
multiplying the figure by 256 which represents the resolution to convert it to binary.
This value is then fed into the digital output that represents the grams value using an
8-Bit word.

(A nalogue Input

T ) * 256 = Grams

¢ Formula 1 - This is used to convert the analogue input into a gram value (ADC). This
is carried out by dividing the analogue input by the maximum input and multiplying by
1000.

(Analogue Input
5

) * 1000 = Grams

¢ Formula 2 — This is used to convert the set gram value into a digital 8-Bit word
output. This is done by dividing the set gram value by the mac gram value and then
multiplying it by the resolution of the word.

(Set Gram Value

) * 256 = Digital 8 Bit word
1000

¢ Formula 3 - This is used to shift bits 8 places.

Additionally, the blocks that have been created have also been added to the main panel
which displays the input (set) and outputs (read).

Good explanation of program functions with the 8 bit data shift left, which is critical
for the function of the 8 bit mag comp
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3. Implementation
3.1 FPGA to Elvis | | MYDAQmx Connections

Below shows the Multisim program of the circuit which has labelled connections from the

FPGA to the Elvis || MYDAQmMx connections.

JBO B0

o JAD AD
O— Jco
-.IH‘. B1 uz o GT
C— JA1 A1 7 —
o PH s |
B, — N — EQ
JB2 B2 F— ]
C Az A2 A fs " 12
O u Bt—1 3 —= 0
JB3 B3 A3 —
(- JA3 A3 g x%n
= B x; = —ia
JBe B4 HT‘ : o
O— Jas AM off - )
O— »
JBS  BS -
JAS AS =
me b = COMP 4
a8 3 - =
- ; JC Connections — ELVLIS | | Prototype
C— JAE A
= g=8 B .
g7 BT JC0-JC2-D10 21 - D10 23
c JAT AT
O P1-P3-P22-P24

JA Connections — ELVIS | | Prototype:

JAO-JA7 -—>D100-D107

ELVIS | | Prototype

P1-P4 P7-P10 P
D10 21-23

Connected to LED’s: 0-2

B Connections — ELVIS | | Prototype
Board:

BO-JB7 = D10-D1015

P1-P4 P7-P10 PO - P16

Good work here. The interface connections are
identified for the DAQ and FPGA board. This shows
Figure 14; Multisim Connections that you have read and understood the tech data
of the FPGA and DAQ development boards
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Below shows the PMod port connections with a table displaying in assignments. These
connected are arranged in a 2x6 right angle and are 100mm female connectors that fit a
standard 2x6 male pin header. Each port can provide two 3.3VCC signals (pin 6 & 12) and
two ground signals (pin 5 &11) and lastly 8 logic signals.

VCC GND 8 sgnals
—_—

PG 3t Pmod port configuration is identified for

Pin1
Pin 1z - [B]E]E]aE]E]E] o .
ROCO0O0E use with interface connections

Figure 20 PAMOD connector; front wew, o looded on PCB

Table 5. Nexys4 DDR Pmod pin assignmaents.

Pmod JA Pmod JB Pmod JC Pmod JD Pmod XDAC
JAL:C17 JB1:Da s H 4 JD1: H4 JXADCY: A13 (AD3F)
JAZ: D18 1B2: F16 Jcafe JD2: HY JXADCZ: A5 (AD1OP)
JAZ:E18 B3:G16 Jc3: 12 J03: G JXADC3: B16 (AD2P
Ad: G17 184: H14 IC4: G6 D4: G3 IXADC4: B8 (AD1 1P
JAT:D7 JB7:EV6 IC7:E7 JO7: H2 IXADCT: A14 (AD3N)
JAB:E17 JBa:F13 JCB: )3 J08: G4 JXADCE: A16 (AD1ON)

JA%:F18 1B9: G13 IC9: J4 IXADCS: B17 (ADZN)

I GIE JB10: H16 JC10: E6 D10 F3 JXADCI0: ATE (ADY IN)

Figure 15;Pmod Connections

Below shows an image that described the layout of the components on the Nexys DDR

board.
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s OLED display 26 HDRAMI INpUt CoOnMnector

Figure 16; Nexys DDR Layout
(Digilient, nd.)
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Below shows the configuration of the Nexys 4 DDR board connected to the Elvis
board. On the Elvis board, the potentiometers are shown that will be used to change

the input which will give the appropriate output dependent on the magnitude.

ood clear
“evidence of the

1INy |

Figure 17; Complete Layout DDR
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4. Testing and Analysis

4.1 Instrument Amplifier
The system will be tested to show that the signal conditioning has worked appropriately and

provided an accurate output. The table below shows the testing which was carried out at

increased intervals of 0.5V which was done by altering the resistance values.

Instrument Amplifier and Signal Conditioner Testing
Resistance Voltage (Included Error) Filtered Voltage Grams

50 0.041 0 0

55 0.541 0.5 100

60 1.04 1 200

65 1.54 1.5 300

70 1.92 2 400

75 2.54 2.5 500

80 3.04 3 600

85 3.54 3.5 700

90 4.04 4 800

Good results obtained

95 4.54 45 900 from test procdure. The

100 5.04 5 1000

test evidence of the inst
amp is missing

Table 5; Instrument Amplifier Testing
From the results, it can be shown that the circuit operated as intended. It can be shown that
there was an approximate 0.04V error before the signal was conditioned, however once it
was filtered the voltage was clean providing exact increments. Additionally, from the results
a graph was created for visual representation.

Filtered Voltage Versus Grams Output

5 Good linear graph
that indicates the
correct operation of
instamp

Filtered Voltage
w

0 100 200 300 400 500 600 700 800 900 1000

Grams
Figure 18; Graph showing filtered voltage versus grams oufput.

This shows a linear response between voltage (load applied) and grams (weight).
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4.2 Digital Magnitude Comparator

The digital magnitude comparator will be tested for the 3 output conditions which are equal
to, less than and greater than. This will be done by setting a value of 845 grams on the
LabVIEW Vi and comparing it to the analogue input which is provided by manually adjusting
the potentiometer.

3 Vivieble Power Supphes - ..

Sweep Settings
Sppysowte  Srivoltage  sup
Supgly - [ -12.00 b2ilv 0.28 il v
Stpvokage  Step el
0.00 |y 1000 12 g

Erstrumant Cantral
Device
Dey3 faELVIS IT)

Rn Swetp  Siop e

Figure 20; Digital Magnitude Comparator Test 2
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3 Variable Power Supplies .. — =

LabVIEW

Load Cell Set Output

::wmv ::o: 30 p..OO‘OO )(y lgood test results

anglevidence. Front
Set Load Value Comparison (Grams) .
eas Load Call Digital Output paheél layout is very

= || " QDODROD] il

Magnitude Comparitor Result

InirumentCori 1%0 D..
3 N STOP
o S < = >

Hf
lé’
& i

Figure 21; Digital Magnitude Comparator Test 3

Test 1 a voltage of 4.31V was applied to the system to be compared to the set value of 845
grams. This gave the output condition of greater than, because when converted the result
was 861. Test 2 a voltage of 4.21V was applied which resulted in the equal to and lastly test
3 avoltage of 4.1V was applied that resulted in a reading of 820 which was then less than.

. . . Good explanation and
While conducting the testing, the results were documented as shown below: results

Digital Magnitude Test Table

Set Value Analogue InputV Converted Input Result Are LED's Operational?
Test1 845 431V 861 Greater Than Yes
Test 2 845 421V 842 Equal To Yes
Test 3 845 4.1V 820 Less Than Yes
Table 8; Digital Magnitude Comparator Testing Good use of table of values

This shows that the system is operational and accurate for its intended purpose.
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5. Evaluation
Good informative reasons

given here
During this element, three prototypes have been designed, tested and analysed. By
completing the prototypes, it gained an understanding of how the LabVIEW Vi and Elvis
board works. Additionally, each prototype had a larger bit which increased the resolution of
the system and was converted by using the formula block and modifying the equation.

By converting the analogue input to digital data it enabled the system to compare the data
via the digital magnitude comparator. Additionally, the signal produced by the analogue input
was processed via a signal conditioner. Then the comparator was able to determine 3 states
which were less than, greater than and equal to dependant on the values.

From the testing completed in Table 6, it showed that the system was successfully
operational.
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7. Appendix

Subminiature Industrial .= OMEGA

Compression Load Cell
Standard and Metric Models syt

Compression - Calibratiy

0-2.2 Ib to 0-1000 Ib N Lrovided

0-10 to 0-5000 N ckos, S

1 Newton = 0.2248 Ib

1 :::‘aN:ngl‘m = 10 Newtons .’————

1lb=

1 t= 1000 kg = 2204 Ib Lexoe, Lirger tham: actunt sise

L] _1 ﬁ}_ M RADIUS
I
LCKD/LCMKD Series W T
LK 8 e L e
COLOR CODE
RED = +EXC BLACK = ‘EXC
GREEN = -OUTPUT WHITE » +OUTPUT
Dimensions: mm (inch

CAPACITY D1 D2 H .E Cc F R
o ! 95 T2 30 | 0. 7.0 T3 %]
Snﬁelizl G'aI\ lSIZLB t:(ul not hI.:1K;;i[?rforr_mlnl::la. 1kgto501b | (0.38) | (0.09) | (0.12) | (0.03) | (0.04) | (0.05) | (0.25)
o s LCKD/LCMKD Series N 13 30 | 38 | 051 5 T3 13
::oampmsmnh:gd cells ar';%“ﬁf?“d 10010250k | {0.50) | (0.12) | ©.15) | (0.02) | (0.08) | ©05) | ©5)
ma"'o"f'ﬁ’ "’I‘I"g;‘ﬂ m mgm 10 51 X} 0.76 -2 13 01
- Rugged al 8SS S| 500101000 b | (0.75) | (0.24) | (025) | (0.03) | (0.10) | (©O5)| (4)

construction and high-performance
strain gages ensure superior STANDARD MODELS
linearity and stability. Temperature To Order

compensation is achieved through a

miniature circuit board in the cable.
These cells are designed to be b N MODEL NO. |
mounted on a smooth, flat surface. 22 98 LCKD-1KG DPiS, DP41-S, DP25B-S
5 22 LCKD-5 DPiS. DPA41-S. DP258-S
10 46 LCKD-10 DPiS, DP41-S, DP25B-§
SPECIFICATIONS 25 11 LCKD-25 DPiS. DP41-S, DP258-S
Excitation: 5 Vdc. 7 Vdc maximum 50 222 LCKD-50 DPiS, DP41-S, DP25B-S
Output: 2 mV/V nominal 100 445 LCKD-100 DPiS, DP41-S, DP25B-S
::N;E:m:o‘% - [ 250 1112 LCKD-250 DPiS. DP41-5, DP258-S
%, 50%, 500 2294 LCKD-500 DPiS, DP41-S, DP25B-S
Linearity: :0.25% FSO 1000 | a4e8 LCKD-1000 DFiS, DP41.5, DP256-S

'ﬁ"“'l”"u;u’“?ﬁ?uf%o METRIC MODELS

- e MODEL NO. METERS

Operating Temp R : N b COMPATIBLE
5410 121°C (-65 lv%ﬂ 10 2.25 LCMKD-10N DP41-S. DP25B-S. iSeries
mggm‘g,‘gw= 20 45 LCMKD-20N DP41-5, DP25B-S, iSeries
L r [, i ) 50 11.2 LCMKD-50N DP41-5, DP25B-S, iSeries

Span: tﬁ,{“&ﬁ‘: EFSOFC 100 225 LCMKD-100N DP41-5, DP25B-5, iSeries

2Zero: +0.009% FSOFC 200 45 LCMKD-200N DP41-S, DP25B-S, iSeries
Safe Overload: 150% of capacity 500 112 LCMKD-500N DP41-5, DP25B-S_ iSaries
Uttimate Overload: 300% of capacity 1000 225 LCMKD-1KN DP41-S, DP25B-S, iSenes
Bukdge Ruslalatcn: 350 O minku 2000 450 LCMKD-2KN DP41-S. DP25B.S, iSeries
Full Scale Deflaction: “‘1”; :fﬁ")m' 5000 | 1124 LCMKD-5KN DP41-S, DP25B-S, iSeries
4-conductor insulated cable with Comes “""""'Em,;,':. i'g%:‘f{",‘;“m ,mw R e 00 13 ot et
Sumpacaiune atfapanaatun baard LCKD-25, 25 ib capacily foad ceil. '
Weight: <14 g (<0.5 0z) LCMKD-10M, 10 Newton capacity load ceil
Protection Class: IP54 LCMKD-2KN, 2000 Newton capaciy load cefl,

1
Data Sheet 1; Omega Load Cell Good relevant source evidence

(Omega Engineering , 2020)
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Figure 1; NI LabVIEW Design

Figure 2; Write to Measurement File Configuration

Figure 3; Directory for saved write files.
Figure 4; Graph of Logged Data
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1. Introduction

This element will consist of adapting the NI LabVIEW design to output the load cell value
displayed in grams over its full range, while also including the comparison outputs in the
form of data logging files. The data logging files will be transferred to Microsoft Excel to
create a graph to analyse the response and outputs over a period of time.

The introduction demonstrates a clear understanding of requirements




1. Design requirements

The NI LabVIEW Design used in Element 2 was adapted to be able to log the data. The load

input in grams will be sent to a write file and also the set load value will be sent to a write file.

From the magnitude comparator result an array is used to send a result to the write

measurement file. Dependent on the magnitude, the system will use the number value of:

300 — Greater than

This is a good idea for scaling the output log values

200 - Equal to

100 - Less than

This means that the system will be able to log historical data of the inputs and outputs over a

period.

ﬁ o e
— | e
e,
=g —
3 Good program|adaptation for data
; ; 5 ———
. g logging capabilties
[ 3k Rl .
i@ B @ &
E->
@l‘!ﬁ-'-
E=HO 1[\3

Figure 1; NI LabVIEW Design




Below shows the write to measurement file configuration, this selects where the data will be
saved and how the data will be arranged.

B Configure Wrte To Measurement File [Wite To Measurement File]

Filename File Format
HALabVIEW Data\test! vm =% ®) Text (LVM)
") Binary (TDMS)
) Binary with XML Header (TOM)
) Microsoft Excel (xds)
Action ] Lock fike for
(® Save to one file Segment Honders
[[] Ask uses to choose file ) Dne header per segment
®) Ack " ®) One header only
Ask each Reration () No headers
If a file already exists X Value (Time) Columns

(@ Rename existing file () One column per channel

() Use next svadable filename (@) One column only

(O Append to file () Empty bme column
(O) Overwrite file
Delimiter
x (e) Tabulstor
() Save to senes of files (multiple files)
() Comma

Figure 2; Write to Measurement File Configuration
The write to measurement files record the data in specific text files, below shows the

directory of the files.

USB Drive (D) » YEARS » VICS » Datalogginglabview

~

v U g
-
F st 02/02/2023 19:15 LVM File 28
Good identification of data file
) write requirements
ftwe

Greater than Equal to Less than

Load Set Point Load Input

Figure 3; Directory for saved write files.

This shows what measurement is saved in which file and what measurement write file block
is being implemented for each document. Each file can be opened which displays the

appropriate data, this can be seen under the appendix under Figure 5,Figure 6,Figure
7,Figure 8 & Figure 9.




2. Implementation

The system was ran using LabVIEW vi, the set point of the load was set to 900 on the front
panel. The potentiometer was varied which varies the load cell input value in grams that
created an output of 3 conditions.

There are minor grammatical errors in the text
content




3. Testing and Analysis

The system was set to a set point of 900, then using the potentiometer the input voltage was
varied 3 times. The results were manually documented into a table meanwhile the data was
being logged to the text files.

Magnitude Comparator
Setpoint Load Cell Input Magnitude Result LED Magnitude Result Correct Displays on frontpanel? ~ G00d table of
Changel 900 916 300 5 Yes results
Change 2 900 900 200 = Yes
Change 3 900 875 100 < Yes

Table 1; Test Table

The table displays that the front panel was correctly comparing the magnitudes and
displaying the correct read values.

Using the data from the logged files, it was arranged appropriately in Microsoft Excel to
produce a graph.

Data Log
1000 =

200 - 1 —

800 -+
700 -

600 -

Good graph that demonstrtaes
500 4 the correct functioning of the
data log system. The scaling
factors are evident and the

Weight (Grams)

400 -

300
graph shows the timing of the
changes in the conditions.

200 -

100 o

Time (Seconds)

Sensor Data Setpoint Less Than Equal To — Greater Th?n

Figure 4; Graph of Logged Data

This shows the input data in orange against the setpoint in grey. At the bottom of the graph

the corresponding outputs go high during the period that is appropriate.




5. Conclusions and Recommendations

In conclusion, the system was successful. The system was able to log 5 types of data which
were the setpoint, load cell input and the 3 comparison descriptions. Meanwhile the system
was accurately converting the input and comparing it to the setpoint and outputting the

correct description.

An improvement that could be implemented in the future would be to change the write to
measurement configuration. At present, the data is written to a text file and then manually
transferred to Microsoft Excel. However, the LabVIEW Vi software allows the block to write
directly to Microsoft Excel which would reduce the time taken to record and display the data

conveniently. A good recommendation that can be achieved using available functions in
the LabVIEW ATE.




7. Appendix

habVIEw Measurement
Writer Version 2
Reader Version 2
Separator Tab
Decimal Separator
Multi Headings No
X Columns No

Time Pref Absolute
Operator MP2108€7
Date 2023/02/02
Time 15:15:10.30173%2158508300761
*++End of Header***

Channels 1
Samples 1
Date 2023/02/02
Time 19:15:10.3017392158508300781
¥X_Dimension Time
X0 0.0000000000000000E+0
Delta_X 1.000000
**+*End_ of_ Header***
X_Value Untitled Comment
300.000000
300.000000
300.000000

Figure 5; Text File Greater Than

Channels 1

Samp les 1

Daze 2023/0Z2/02

Time 16:15:10.2017252158508200781

K Dimension Time

X0 0. 00000 0000 000 000 0E+0

Delta X 1.o000000

AMAEnd_of Headert '

K Value Untitled Comment
0.000000

.00o000

- 000000

-oooo00

-o0o000

ooooo0

.oo0000

-000000

cooooo

-oooo0o

.coo000

- 000000

000000

- 000000

.cooo0o

- 000000

000000

-cocoo0

-000000

cooooo

-000000

.000000

200 . 000 000

200 . 000 000

200 . 000 000

200. 000000

0000000000000 000000

Figure 6; Text File Equal To
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'-ﬂwl“ Mo ra reseesT |

i teer Werxicam =
Heuscter Werrselcmn >

S ratar  Tei

Descimme | Sesseratoar -

Mot s Thewsc]sregas By

N Cealumwrom Mo

Tames Fres EEvsec: |t e

Cipses ramtcar MPE1OEA T

hate P[00

Tamme 19:15:130.5300 rSEE1 5853830058
s enend_c1® _ Mevmcherr = "

Crueserees | 3 |
Tomwwps | eu 1
Mhate 2AXZS2S02
Tarme 19:15:2130.307 rSUF1SESOESOOMED
3 [l reesvim 3 cm ERl
xa DL IIIIDIIITIDIIDIIIIIN 4 ]
Dhee | w3 3 . DO
“Eaptred o3 Mewscher s s
M’ W 1l uses Ut 3t Jeacd Cowrrresit

.. OITD

2. D00000

2. 2020020

.00

3. 000000

. 3D2300

.. OO0

2. 200000

3. 000000

O .. o000

s P e e

2. 20020020

2. OO0

3. 000000

3. 000000

. DIOIO0

. D2D0D000

2. 202320

3. OO0

. 20020

[ P e e e ]

2. DOODO0

3. 000000

3. 000000

. DIDID

2. D00000

2. 2002000

.00

O 000000

[P e e

. OO0

2.200000

2._000000

3. 230300

. DODDD

2. 20020020

. DOODDD

3. 000000

123 . 333D

1DV

12D D000

132222230

103 SO0

12D .02

1322 . D]

Figure 7; Text File Less Than
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ILabVIEIi Measurement
Writer Version 2
Reader Version 2
Separator Tab
Decimal Separator
Multi_Headings No
X Columns No
Time_Pref Absolute
Operator MP2108€7
Date 2023/02/02
Time 19:15:10.295457417445951171%9
#4+End of Header***

Channels 1

Samples 1

Date 2023/02/02

Time 15:15:10.255457417445551171%

X Dimension Time

X0 0.0000000000000000E+0

Delta X 1.000000

4#4+End of_ Header***

X Value Untitled
S00.000000
S$00.000000
S00.000000
500.000000
900.000000
S00.000000
S500.000000
500.000000

Comment

Figure 8; Text File Set Load

Separator Tab

Decimal Separator

Multi Headings No
X_Columns OCne

Time_Pref Absolute
Cperator MP2Z108€7

Date 2023/02/02

Time 19:15:10.32122802734375
***End of_ Header***

Channels 1

Samples 1

Dace 2023/02/02

Time 19:15:10.32122802734375

X Dimension Time

X0 0.0000000000000000E+0
Delta X 1.000000
4Y4'End of_ Header***

X _Value Untitled Commentc
0.000000 S1€.974570
0.098511 517.00€€52
0.155805 S51€.2813%€0
0.2%9%05 515.721815
0.3%9302 91€.139400
0.499€73  915.€25450
0.€00171 Sle€.84€082
0.€%2€02 S51€.010812
0.7%5094 S1€.€21229
0.8%283€ S1€.4€0€19
1.00071€ 91€.043034
1.099€55 S517.1€7301

Figure 9; Text File Input Load & Time

Data from og files is evident here and the scaling factors can be

identified
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Table 2; Logged Data in Excel

LabVIEW Measurement
Writer_Version
Reader_Version
Separator
Decimal_Separator
Multi_Headings
o]
0.098511
0.199805
0.299905
0.399302
0.499673
0.600171
0.698602
0.799094
0.898836
000716
099655
199853
301092
401631
502362
601516
701779
202065
200849
2.00074
2.10066
204838
301727
402902
503068
602191
703782
201501
2.90289
003366
103738
203078
302722
401942
504073
605906
703349
802963
204984
4.00666
4.104623
4.209475
4.306302
4.405931
4.507679
4.605118
4.705316
4.805022
4.907153

B

il Ll il el

N NN N NN N

bl bl el bl bl Ll el F el Eell b

Tab

No

916.97457
917.006692
916.81396
915.721815
916.1394
915.62545
916.846082
916.010912
916.621229
916.460619
916.043034
917.167301
916.653351
916.556985
916.396375
916.97457
915.689693
916.235766
916.97457
916.524863
897.829937
897.187501
897.444476
896.705674
896.930527
897.476597
896.255968
897.315988
897.476597
897.605085
896.930527
897.412354
896.962648
897.315988
897.315988
897.155379
882.893307
874.638021
875.18409
875.537429
874.79863
876.051377
874.573778
875.569551
875.216212
874.477413
874.638021
875.633794
875.18409
875.023482

13

200
900
200
200
900
500
200
200
200
500
9S00
200
900
900
200
200
200
900
9S00
200
900
9S00
200
900
200
200
9S00
200
900
200
200
9S00
200
900
200
200
9S00
200
900 100
200 100
200 100
9S00 100
200 100
900 100
9S00 100
900 100
S00 100
200 100
200 100
9S00 100
200 100
S00 100
200 100
200 100
9S00 100
200 100

0OO0O0OO0OO0OOCOOOCOOOCOOOOOOOOOOOOCOOOOOOOOOOOOOOOO

Good table of data values

000000 OQ0OQO0OO0OOO0OO0OOO0OO0OO0OOOO

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

0000000000000 O0OO0OO0OO0OOQ

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

0O 0000000000000 OO0OO0ODO0OO0OO0OODOD0O0OO0DOO0OO0COOOCOO




0 Varisksle Power Suppis - ..

Smeep Setings
Supply Source  StartVoltge  Step

Supoly - | 12.00 |8 v 0.25 3V
Stop Voltage Step Interval

0.00 v 1000 18] ms:
Sotrent
BenpiEvs D

Fun Twesp  Shop el

= | [T | [&]

Figure 10; Panel Image Good design for test
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2024421

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Instructor

PAGE 1

PAGE 2

Text Comment. Good detailed table of contents

PAGE 3
Text Comment. Good detailed list of figures
Text Comment. Good list of tables
PAGE 4
Text Comment. An appropriate introduction
PAGE 5
Text Comment. Good significant points with suporting ref sources, and image example
from your own design.
PAGE 6

Text Comment. Some minor grammatical errors
Text Comment. Good informative explanation and image

Text Comment. The main significant function blocks have been identified here



PAGE 7

Text Comment.

Main blocks have been identified and explained which indictae a good

understanding of requirements from LabVIEW and DAQmx

PAGE 8
Text Comment. Good example and ref source
PAGE 9
Text Comment. Grammatical error
Text Comment. Good example.
Text Comment. A very good example pf a commonly used method of ADC
Text Comment. This title is offset a little here
PAGE 10
Text Comment. Good explanation relative to task
Text Comment. Good practical example
PAGE 11
Text Comment. Good relevant characteristics identified. This could have included a
block diagram of a process involving instrumentation and signal conditioning
Text Comment. A good balanced research carried out on each topic area with good
relevant sources used. There are an appropriate number of sources researched for the task.
PAGE 12
Text Comment. Design diagram is identified here, and is critical for the VHDL design
Text Comment. VHDL hierarchy is recognised for the system.
Text Comment. The VHDL program explanation is missing
PAGE 13

Text Comment.

Good design layout of IP design component



Text Comment. Constraints

PAGE 14
Text Comment. You have identified that the VHDL for this cct has been auto generated
and used in Vivado
Text Comment. Constant values are identified
Text Comment. Good explanation and IP design
Text Comment. This is true, however, it should be pointed out that the io identifiers in
the constraints file must follow the io identifiers in the IP.
PAGE 15
Text Comment. This is a good significant point, as this is consistent with the constants in
the Msim cct
Text Comment. Good combinational system design
PAGE 16
Text Comment. Good design of cascaded 4 bit comparators
PAGE 17
Text Comment. Good clear points for requirements
PAGE 18
Text Comment. Good test results using virtual bus method
Text Comment. Cout and sum results should be included. The test results waveforms
show the cout carry bit set when the sum exceeds the 4 bit limit
PAGE 19

Text Comment. Explanation is clear and consistent with results

Text Comment. Good tets results and displayed using the virtual bus method

Text Comment. Good table of results that follow the actual results, and indicate the 3
conditions required



PAGE 20

Text Comment.
used on the FPGA

Text Comment.

Good work in identifying the function of the 8 bit comparator that will be

Good use of table to show results obtained

PAGE 21
Text Comment. 'Equal to' test result is correct
Text Comment. Good illustration io settings
Text Comment. Good table of results that follow the actual results obtained from
practical tests
Text Comment. Good indication of the carry bit here, proving the function of the system
when 4 bit limit is exceeded
PAGE 22
Text Comment. Good explanation
Text Comment. Very good test example, proving the carry operation
PAGE 23
Text Comment. Good test results from simulation
PAGE 24
Text Comment. Good test result with the othwer 2 etst results shown in the appendix
Text Comment. Good use of table to organise results
PAGE 25
PAGE 26

PAGE 27

Text Comment.

Text Comment.

Good final IP design

'Less than' test is successful, and clear io configuration



Text Comment. 'Greater than' final test is successful and completes the 3 test
requirements

Text Comment. Test for 8 bit comparator is correct. This indicates a successful tets for
ALTB condition.

PAGE 28
Text Comment. Good test results for the AGTB condition
Text Comment. Hierarchy as identified in the explanation earlier that shows all the sub-
components in the system
PAGE 29
Text Comment. Good indication of active io referenced from main report
PAGE 30
Text Comment. Test data is referenced from report
Text Comment. This is the 4 bit mag comparator test data, it is correctly referenced in
the report despite having an incorrect heading identifier here!
Text Comment. Good range of test data used for both test bench applications
Text Comment. The 4 bit adder VHDL listing is missing and tere is no explanation of the
program in this section!
PAGE 31
PAGE 32
Text Comment. A very good range of sources used in the research
PAGE 33
PAGE 34
Text Comment. Good detail in the table of contents
PAGE 35

Text Comment. Extensive list of figures



Text Comment. Good use of tables for results

PAGE 36
Text Comment. A good descrptive introduction that demonstrates a good understanding
of the requirements in this element
PAGE 37
Text Comment. Good effort with this prototype using virtual instruments
Text Comment. Good identification of function with recognition of resolution abilities
PAGE 38
PAGE 39
Text Comment. Good evidence of test results and front panel design
Text Comment. Results are organised in good order in the table
Text Comment. Raw values are idnetified and the significance for further resolution
tests
PAGE 40
Text Comment. Good implementation of resolution expansion
PAGE 41
PAGE 42
Text Comment. Good set of test results for 10 bit resolution
Text Comment. Good use of table to organise results
Text Comment. Reslolution raw data is identified
PAGE 43

Text Comment. 12 bit resolution is implemented and identifies the methods LabVIEW
uses to expand resolution

PAGE 44




Text Comment. Good test results and use of front panel instrumentation
Text Comment. Good table of results

Text Comment. Raw data is identified

PAGE 45
Text Comment. Good clear explanation

PAGE 46
Text Comment. Good practical resitor values for gain calculation
Text Comment. You have identified the link with the instrument and instrument
amplifier. The resistor values chosen have given the correct gain required for signal
conditioning
Text Comment. The test result evidence from the amplifier is missing. However, the
results from the test are recorded in the table of values, and the linear graph is produced
from the results.

PAGE 47
Text Comment. Good identification of program functions

PAGE 48
Text Comment. Good explanation of program functions with the 8 bit data shift left,
which is critical for the function of the 8 bit mag comp

PAGE 49
Text Comment. Good work here. The interface connections are identified for the DAQ
and FPGA board. This shows that you have read and understood the tech data of the FPGA
and DAQ development boards

PAGE 50
Text Comment. Pmod port configuration is identified for use with interface connections

PAGE 51

Text Comment. Good clear evidence of the system configuration



PAGE 52

Text Comment
amp is missing

Text Comment

. Good results obtained from test procdure. The test evidence of the inst

. Good linear graph that indicates the correct operation of inst amp

PAGE 53
PAGE 54
Text Comment. Very good test results and evidence. Front panel layout is very good and
displays the required values
Text Comment. Good explanation and results
Text Comment. Good use of table of values
PAGE 55
Text Comment. Good informative reasons given here
PAGE 56
Text Comment. Good relevant sources used
PAGE 57
Text Comment. Good relevant source evidence
PAGE 58
PAGE 59
Text Comment. There could be more detail with the contents
PAGE 60
Text Comment. Good list of figures
Text Comment. Good use of tables
PAGE 61

Text Comment.

The introduction demonstrates a clear understanding of requirements



PAGE 62

Text Comment. This is a good idea for scaling the output log values

Text Comment. Good program adaptation for data logging capabilities

PAGE 63
Text Comment. Good identification of data file write requirements

PAGE 64
Text Comment. There are minor grammatical errors in the text content

PAGE 65
Text Comment. Good table of results
Text Comment. Good graph that demonstrtaes the correct functioning of the data log
system. The scaling factors are evident and the graph shows the timing of the changes in
the conditions.

PAGE 66
Text Comment. A good recommendation that can be achieved using available functions
in the LabVIEW ATE.

PAGE 67

PAGE 68

PAGE 69
Text Comment. Data from og files is evident here and the scaling factors can be
identified

PAGE 70
Text Comment. Good table of data values

PAGE 71

Text Comment. Good design for test
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