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1.0 Element 1

1.1 Introduction

As stated in the Assignment Brief.

The Figure below shows a block diagram of a magnitude comparator. Signal 1 is to be
obtained from an analogue input to LabVIEW in the range of 0 — 5V representing a load
applied to an LCKD-1Kg Load Cell which will be converted to an 8 bit digital signal and
output to the FPGA via the NI ELVIS |l board. Signal 2 is to be obtained from a ‘set value in
LabVIEW in the range 0 — 1000gms, converted to an 8 digital signal and output to the FPGA
via the NI ELVIS Il board. (Jenkins, 2020)

8 bit Magnitude

|
Analog .lnput Comparator in
representing load NI MultiSim
(0-1000gms) PLD Mode

Load Cell NI LabVIEW |
Comparison < Virtual > NI ELVIS Unit | »
Result Instrument ('vi')

Nexys 4 DDR
FPGA Board

'y

Set Load Cell
comparison

(0-1000gms)

. . (Jenkins, 2020)
Avoid the first person terms

In Element 1 We will be Researching, Designing, Simulating and Testing the 8 bit Magnitude
Comparator, and Downloading to the Nexys 4 DDR FPGA Board and carrying out Practical
tests.

The requirements are to Design and Implement a combinational logic system using VHDL
and IP Integration using the Nexys 4 DDR FPGA development board.

Design and Simulate an 8-bit Magnitude Comparator in Multisim PLD mode, Analyze three
sets of test results below, equal to and above the ‘set' value.

The 4 bit adder and 4 bit comparator are

the initial designs




1.2 Research
1.2.1 Digital design methods using VHDL an IP integration

Within Digital design, VHDL is used in each process of producing a chip, from the design

pracess through to the testing process. VHDL (VHISC Hardware Description Language) is a

major hardware description language and is used on FPGA (Field- programmable gate

arrays) and ASIC (Application Specific Integrated Circuit) and many other Digital circuits.
d The program
environment is
Vivado from Xilinx

VHDL uses a language as shown below in figure 1, an example from a program calle
Labview. VHDL is used to Interface the FPGA board with Labview and develop a system
where it can be designed, Simulated and tested before implementation.

Fort (Actual_input
Dsired_input

signal Actual_
signal Desired
signal Error_g
signal Error d : =
signal Error integral
signal Errer : std log
signal Error diff gain :
egral ga
signal PID_control_buf : std_logi

Good example and correct
statement that it does make
possible the interface with
LabVIEW.

Figure 1 - VHDL language
(gate, 2020)

IP Integration is used to contain a full system which can be a single block which can be
reused. Which minimises the design process and the integration of more systems easily.
Using IP ( Intellectual Properties) design means that multible blocks can be used to form a
system which are connected together using a Feature found in Xilinx (Vivado) as shown
below in figure 2.

o whoww Good example of IP
— design
opi |
Figure 2 - IP Integration Xilinx example
(Xilinx, 2020)




1.2.2 NI DAQmx data acquisition used in Labview

Labview uses the NI DAQmx driver for data acquisition, the NI DAQmx driver is the updated
version of NI DAQ. NI DAQmx has many additional upgraded features but mainly the
advance in its performance.

Shown Below shown in figure 3 is a typal Labview block diagram using NI DAQmx :-

A Crake | [pAq e
rtwal Channel.vi | [Taski -

m mE

Figure 3 - Labview block diagram

(Instruments, 2020)

Above shown in figure 3 there are many communication blocks used to make up the NI
DAQmx, The process and common graphics described below.

The Add Icon below shown in figure 4 is where the Inputs X and Y and Inputted together and
Added together for the Output.

Figure 4 - Add lcon

The Analogue Input Voltage shown in figure 5 below measures voltage, where it creates
channels to measure voltage, the Al- voltage-basic can be used to scale the voltage using
excitation.

DAQmx Create Channel (Al-Voltage-Basic).vi

input terminal configuration
minimum value

maximum value

task in

physical channels

name to assign

units

task out

=== eITOr out

ETr i
custom scale name

Figure 5 - Analogue Input Voltage Icon




Analogue read icon is used to read the input channels values allowing data to be outputted
accordingly from different channels as shown below in figure 6.

DAQmx Read (Analog 1D DBL NChan 15amp).vi

task/c Is in task out
data

error out

timeout

error in =

Figure 6 - Analogue Read Icon

Clear task Icon releases the reserved tasks which are useful and clears the tasks that are
not. Icon shown below in figure 7.

DAQmx Clear Taskvi
task in

Errorin == error out

Figure 7 - Clear Task lcon

The Digital Input Icon shown below in figure 8 measures the digital input where the digital
input can be outputted as a single channel or can be separated into multiple channels.

DAQmx Create Channel (DI-Digital Input).vi

task in task out
lines ~ |

name to assign =~ |[
line grouping
errorn

error out

Figure 8 - Digital Input Icon

The Digital Output Icon shown in figure 9 has the same principle as the Digital input where
the output can be a single channel or separated into multiple channels.

DAQmx Create Channel (DO-Digital Output).vi

task in task out
lines r
. : error out
name to assign ~— | §

line grouping
EITOr I ==

Figure 9 - Digital Qutput Icon




Digital read icon shown below in figure 10 reads a single digital input channel of Boolean
values.

task/ch s in task out
ﬁ%%. data
error in = L error out

Figure 10 - Digital read lcon

The Write Icon writes an unsigned integer which is 32-bit and contains a single digital output
channel as shown below in figure 11.

DAQmx Write (Digital U32 1Chan 1Samp).vi

auto start

task/channels in -~ task out
data ~ number of samples written p...
&fror n wed” &= error out

Figure 11 - Write lcon

The wait Icon is used to synchranise, by waiting until the next millisecond multiple as shown
in figure 12 below.

Explanation covers the main
Wait Until Next ms Multiple relevant DAQ components

v needed for the system
millisecond multiple ‘:} ~

Figure 12 - Wait Icon

1.2.3 Digital Magnitude Comparators

Digital magnitude comparators are a combination of logic circuits used to compare two
binary words and tell which one is greater than the other or whether they are equal.

A series of gates are used to compare their input signals and produce the output signals
depending on conditions.

Below shown in figure 13 is an example of a 1-bit digital magnitude comparator.

10




Figure 13 - 1-bit Digital Magnitude Comparators

The truth table below shown in figure 14 shows the operation of the 1-bit digital magnitude
comparator shown above.

Inputs Outputs

B | a | a-B A=B A<B

0 0 4] 1 0

4] 1 1 a o

1 0 Q Q 1

1 1 Q 1 0

Figure 14 - 1-bit digital magnitude comparator truth table

A truth table as shown above is very useful as the same process is used to produce much
bigger magnitude comparators, by cascading to produce n-bit comparators.

Below shown in figure 15 is a 4-bit digital magnitude comparator, as you can see this is a
much bigger comparator and is made up by various AND,NOR and NOT gates.

L=

.|
eI

E
7
5
|

L

Figure 15 - 4 Bit digital magnitude comparator logic gates

As you can see in figure 15 above n-bit magnitude comparators can get quite big, and can
be even bigger where cascading is used, where a multiple of comparators are cascaded to

11




produce bigger comparator. This can be minimized by using multi-bit comparators as shown
below in figure 16.

Binary Binary
Inputs A Inputs B
Ag Ay Az Az Bg By Bz Bs
(LSB) (MSB) (Lse) (MSB)
A<B —»
4-bit Magnitude A=B |—» Comparison
Comparator B, Oututs

Figure 16 - Multi bit 4 bit magnitude comparator
(electronics-tutorials, 2018)

As shown in figure 16 above the multi bit comparator is used to compare multiple Binary
Inputs and BCD and output produce an output if A<B , A=B or A>B.

Magnitude Comparators can be cascaded together to produce n-bits, which means words as
much as 32 bits can be compared by connecting the Qutput of the first magnitude
comparator to the cascading input on the second magnitude comparator, as shown below in
figure 17 where to 4 bit magnitude comparators make up an 8 bit magnitude comparator.

A -

Word A A1 ——
LSBinputs 4; —a
Ay ——d 4-bit
Magnitude
LSBinputs | Comparator
By —
WordB By ——
LSBinputs By —f
By
A<B b—w
A=B —w
A>B |—» 4-bit
Magnitude
Ay ————— at .
woddA A NN Comparators are covered in
MSBinputs Ay ——————————» good detail.

Af—
MSB inputs
B ——»
Word B By ——————— A<B [—» g-pit

MSBinputs E:

A>B |— Outputs

Figure 17 - multi bit 8 Bit magnitude Comparator
(electronics-tutorials, 2018)

The 8 bit magnitude comparator above in figure 17 will compare both 4 bit comparators
together as an 8 bit comparator and produce output values for the 3 different conditions
A<B, A=B or A>B.
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1.2.4 Analogue to Digital Converters

ADC'’s (Analogue to digital converters) convert an analogue signal into digital, this is carried
out by sampling the signal to determine the resolution. ADC'’s are used to convert an

analogue signal into binary code which allows digital circuit to interface. The process shown
below in the block diagram in figure 18.

Continuous in time & Discrete in time & Discrete in time & Discrete in Time & Discrete in Time & Amplitude
Continuous in Amplitude Continyous in Amplitude Continuous in Amplitude Discrete in Amplitude Binary Fom
Analog | ] I I | . Digital
Signal SAMPLE HOLD QUANTIZE ENCODER Signal

Figure 18 - Analogue to Digital Conversion Block Diagram

(technology, 2018)

There are many different types of analogue digital converters, the most common being
Flash, Pipeline, SAR (Successive Approximation), sigma delta and integration. Shown below
in figure 19 are the 5 main types plotted on a graph, showing the trade of between
Resolution and Sampling rate. Each of these ADC's are used in different applications, due to

the various applications shown in the graph below needing different factors to work
efficiently.

i Industrial
/Maa surement

Data
/ Acquisition
High Speed
Instrumentation
Videc, if Sampling
Software Radio, etc

Resclution (bits)
>
L

& " “
Pipeline %,
M

===Current ‘
10 State of the Art b
{Approximate) “
]
8 -
1
Single Fidsh
L Event
Acquisition, \
4 - Video \

T T T T T T T T T
10 100 1k 10k 100k 1M 10M 100M  1G 10G
Sampling Rate (Hz)

Figure 19 - ADC Converters Sample rate vs Resolution

(scholar, 2005)
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Each of these ADC's have their Advantages and Disadvantages as shown below in the table
in figure 20.

Architecture  Advantoges Disadvantages

Flash ADC Very high speed Mot efficient for power and area

Low latency

Delta-Sigma High resolution Long latency
ADC Low noise Not suitable for channel multiplexing
Pipeline ADC Fast sampling rate Long latency
Moderate power consumption
SAR ADC Power and area efficient Less power efficient for very high
Low latency resolution

Suitable for channel

multiplexing

Figure 20 - ADC types Advantages and Disadvantages
(engineering, 2019)

The most common ADC used is the SAR (Successive approximation register), this is due to
being suitable for a wide range of applications. The SAR as shown in figure 19 has a wide
range of resolutions from 8- 20 bit whilst achieving a high sample rate.

Below shown in figure 21 is a basic design of a SAR ADC, and in figure 22 shows the
sampling time graph.

CONVERT Good work here. You have
mwwne | identified the relationship
I with resolution and sample
COMPARATOR OR BUSY rate which is determined by

the conversion process.

QUTPUT

Figure 21 - SAR ADC Block Diagram

SAMPLE X SAMPLE X+1 SAMPLE X+2

— K 1

CONVERSION TRACK/ | CONVERSION .. TRACK/
="7TMe ™ AcaUIRE [T TIME T ACQUIRE

“5eek__ XARKRANCRIN. o+~ XRARKRAON o+ XAXKAK

Figure 22 - SAR ADC sample time graph

(Kester, 2005)
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1.2.5 Load Cells

A load cell is widely used within Industry to measure the weight of silos, hoppers and much
more. Being a type of Transducer a loadcell converts force into an electrical signal, which is
read by a system to show the weight of a product or substance. As the applied force (weight)
changes the electrical signal changes accordingly.

There are many types of Loadcells used within Industry, one of the most common being the
LCKD range. The LCKD series is made up of a stainless steel construction, which makes a
good Robust loadcell which produces superior linearity and stability. The LCKD range
consists of loadcells which can measure from 1kg to 1000lb as shown below in figure 23.

2

Figure 23 - LCKD series range
{Omega, 2020)

The LCKD range uses an Excitation voltage of 5V Dc and output voltage of up to 2mv. Due
to resistance temperatures the LCKD uses a miniature circuit board housed within the  Good explanation
loadcells cable to compensate. of the transducer

load cell which is
This type of load cell uses a strain gauge construction where 4 strain gauges are used as./o, 011 10 the task

shown in figure 24 below, this is to achieve accurate readings and maximum sensitivity. As
shown in figure 24 a Wheatstone bridge uses two of the strain gauges for tension and the
other two used for compression, giving proportional readings when a weight is applied.

Internal
Temperature
Compensation
| AAAAAY
Internal
Bridge W
Balance T 1
o /‘1}_. i

Modulush 7"\ P N

Gauge ;
o o -§ Strain

Figure 24 - Wheat stone bridge
(Omega, 2020)
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1.2.6 Instrumentation and Signal Conditioning
Signal Conditioning is used to process an input signal from a transducer/ sensor and
manipulate the signal to meet the requirements of the next stage. This can be carried out in
many different ways to meet various requirements of the next stage. A few different signal
conditioning processes used are:-

Amplification — Which is used if the voltage signal needs to be Amplified to meet
requirements of DAQ.

Excitation — Excitation is where a transducer may need a separate power supply, an
excitation supply could either be a voltage or a mA current depending on the
transducer/sensor requirements.

Linearisation — This is needed when the signal from the transducer/ sensor doesn’t
correspond to actual measurement, linearity is used to ensure there is a straight line
relationship.

Cold Junction — Compensates for cold junction temperature in the software.

Filtering — A filter is used to reduce any noise errors within the signal, using high or low
pass filters.

Isolation — Prevents high voltage spike damaging other inputs or cther parts of the circuit by
isolating from one another

Figure 25 below shows how a signal conditioner is used within a circuit, between the
transducer/ sensor and the plant readings, showing the processes involved to get an
accurate and stable signal measurement reading.

Physical
Quantity

Analog Sign. amplmc: Digital Linearization
Sensor
Condioning Quantizer Filtering Scaling

Figure 25 - Signal conditioning system

(Onat, 2019)

Figure 26 below show another Signal conditioning system but with Excitation.
The stages of signal

o ' conditioning have been
’gt "E identified here and
I'OLTIGE CUﬁREHT VBLTAOE CUR!ENT — backed up W[th a good
TEMPERATURE—>-| explanation and
msp::z::'::s_:vlmsoucgn} VOI.HO'E | conimonmal ’[cnut&%vzn im ages.
LIGHT INTENSITY —# CURRENT

RESISTANCE

Figure 26 - Signal conditioning system with Excitation
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1.3 Design Requirements

A 4 bit adder is designed using Xilinx Vivado software using VHDL language. Firstly a half
adder is designed, as a 4 bit adder is made up of 4 Full Adders and a full adder is made up
using 2 Half adders as shown below in the structure.

Half Adder
. Full Adder —
Half Adder Hierarchy and inheritance have
Half Adder been identified
— Full Adder
4— Bit Adder — Half Adder
ANy Half Adder
T Full Adder
Half Adder
Half Adder
Full Adder

Half Adder

Figure 27 - 4 - Bit Adder construction

A Half adder is designed using a logic circuit and truth table as shown below in figure 29.
Firstly shown In figure 28 is a block diagram of a half adder, which shows it is made up of 2
inputs and 2 outputs with a logic circuit in-between.

A — L+ Sum's'

Half Adder

Camry ¢’

Figure 28 - Half Adder Block Diagram

(Circuitverse, 2019)

Figure 29 below shows the half adder Logic gate that's constructed and made up of an And
gate and an XOR gate.

A— _
) S=AB+AB
B y/

Figure 29 - Half Adder Logic gates
(Subham, 2014)
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A Truth table is then made up as shown in figure 30 below showing all possible input and
output combinations. And a Boolean expression can be derived.

- a0 oOo|r

- O 2 olw
o 2 a4 olwm
- o o oo

Figure 30 - Half Adder truth table

(Subham, 2014)

Full Adder

Once the Half adder is fully built a full Adder can then be made, as the full adder is made up
of 2 half adders as shown below in figure 31.

[
Half Adder | | Half Adder
| ASB (ASB)&Cin Sum
A . SUM — : sym | \AEEJEEINn Tl
HA I I HA
E 1A.B : Gin(ASB)
CARRY [ CARRY
| |
JU S —— ] | e e e Cor
O 21 =
Full Adder

Figure 31 — Full Adder construction Block Diagram

(tutorials, 2019)

The Full adder logic diagram consists of two half adders combined together with an added
OR gate as shown below in figure 32.

Figure 32 — Full Adder logic gates

(tutorials, 2019)
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As the logic gates show above, the full adder has 3 Inputs A, B and Cin. The Sum of the first
adder is fed into half adder(2). The C out on the First adder and second adder are fed into
the added OR gate. The Cininput is then fed into half adder(2) and for the C Out which is
combined of both a previous full adder (if there was one) and the Half adder (2) to give a C
out, Output.

A Truth table is then made up as shown in figure 33 below showing all possible input and
output combinations. And a Boolean expression can be derived.

Inputs Outputs
A B C-IN Sum C-Out
0 0 0 0 0
0 0 1 1 0
0 1 0 7 ; 0
0 1 31 0 2§
1 0 0 1 0
1 ] 3 0 1
1 1 0 0 1
. p ! 1 1 1

Figure 33 — Full Adder Truth table
(geeks, 2019)

A 4 bit adder can now be built by connecting 4 full adders together as shown below in figure
34.

4 bit adder design is

As; B A B A B, Ay Be
explained with good
images
. A B A B A B A B
our Full Cz Full C Full Co Full o
<{Cat Acder [+ —{Cot Adder [+ Adder C#[*—]C2 Acder S
SUM SUM SUM SUM
S: s; S, Sy

Figure 34 - 4 bit adder block diagram

Following the Design Requirements Using VHDL language and IP Integration in Xilinx
Vivado, the structure can be followed to design and Implement using the Nexys FPGA
development board.
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1.4 Implementation

1.4.1 Half Adder
Using Xilinx Vivado, the Half Adder is designed using VHDL language as shown below in figure 35.

1 library IEEE:
2 use IEEZ.STD LOGIC 1164.all;
use IEEZ.STD LOGIC unsigned.:ll;

entity halfaddsr is

port (a,b : in std logic;
s,c : out sta_lzgic}:

end halfadder;

10 architezture Bzhavioral of halfadder is

12 beqin
13 8 <= a xor b;
c <= a and b;

end Behavioral;

Figure 35 - Half adder VHDL code

Using the VHDL code for the half adder, the full adder can now be designed. This is done by
Duplicating the half adders VHDL code as shown in the Hierarchy shown in figure 36 below.

PROJECT MANAGER - full_adder_17.2

Sources T = 0 I X

Q = & + o
v Uesign Sources (1 r
v @& fulladd el al) (ful
W U1 halfadder(Bel 1) thalf
¥ U2: halfadder(Behavioral) (half

Figure 36 - Full Adder Hierarchy
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1.4.2 Full Adder
As shown below in figure 37 is the VHDL code for the Full Adder which is made up of the 2 half
adders as shown in lines 26 and 29.

a ¢ in STD LOGIC:
b i in STD_LOGIC;
11 h'l"l)__U'lv[('.‘
sut STD_LOGIC;
ut STD LOGIC
)?
end fulladd:
architezture Behavioral of falladd is
component halfadder
port |
» in STD_LOGIC;
b : in STD_LOGIC;
ut STD LOGIC;
ut STD LOGIC

eignal 21 1 ETD_LOCIC:
signal 22 : STO_LOGIC:
signal sl : STO_LOGIC;
begin Code is neat and tidy with a
01 s 1 fadder .
A ooy ood explanation
ha ‘edd

port map
A=>a, De>pD, C=> 31, 8 => 8L1);

: halfadder
port map |
a=>8l b=>:2in c=>c2, 3 =>p8):
cout <= €2 or =1;
end Behavioral:

Figure 37 - Full Adder VHDL code

1.4.3 4-Bit Adder
Using the Full Adder VHDL the 4-Bit adder can now be designed and Implemented. The 4 bit
adder is made up of 4 full adders, cascading from one full adder to the next one. As shown
below in figure 38, the Hierarchy shows the four full adders used to make up the 4-bit adder.

v [ Design Sources (3)
v @ - adder_4bit(adder_4bit) (4bit_Addervhd) (4)

> @ U1 :full_adder(Behavioral) (Full_Adder.vhd) (2)

> @ U2:full_adder(Behavioral)

> @ U3:full_adder(Behavioral) (Full_Adder.vhd) (2

> @ U4 :full_adder(Behaviora

Full_Adder.vhd

Full_Adder.vhd) (2

Figure 38 - 4-bit Adder hierarchy
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Also shown in figure 39 below is the Hierarchy where the two half adders are used to make
up a full adder, which is the same for U2, U3 and U4 full adders.

Design Sources
< @ = adder4bit
v @ U1 lulladd Be al) (¢ er vt

Source hierarchy is explained in
@ U1 halfadder

@ U2 haifadder good detail
» @ U2 fulladd§ t f
> @ U3 fulladdf
> @ U4 tilladd
Figure 39 - 4-Bit Adder Hierarchy
The 4-bit adder VHDL code is shown below in figure 40.
" . J . 24 architecture adderdbit of adderdbit is
1 library IEEE; : "
2 , use JEEE.std logic_1164.all; :¢ @ po
3 entity adderdbic is ; "
- - n
4 DCI'E{ 26 cin : in STD_LOGIC;
5 cin : in STD LOGIC: 30 cout : out STD_LOGIC;
=+ a0 : in STD_LOGIC; ST o g
7 al in STD_LOGIC: i) end component;
a2 in STD_LOGIC; i g-ﬁig
5 | a3 : in STD_LOGIC: S & =
1 begin
11 ;| b0 : in STD_LOGIC; St
- map(

12 bl : in STD_LOGIC;
13 b2 : in STD_LOGIC;

a0, b => b0, cin => cin, cout => cl,
s0);

» g U2 : fulladd
14 + b3 : in STD_LOGIC: port map(
15 a =>al, b =>bl, cin => cl, cout => ¢2,
=E a5 BL}E Code is neat and
1 cout : out STD_LOGIC; Sk ey o
= ¥ — 60) U : fulladd tidy with no
1 s0 : out STD_I.DGIC: i port map(
12 sl : out STD LOGIC: 48 a=> a2, b => b2, cin => c2, cout => c3, errors
- s => 82);
s2 : out STD_LOGIC; : U4 : fulladd
2 83 out STD LOGIC 51 | port map(
)z = 52 a => a3, b => b3, cin => ¢3, cout => cout,
= . ) 53 s => 83);
22 end adderdbit; 54() end adderdbit:

Figure 40 - 4-Bit Adder VHDL code
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1.4.4 4-Bit Comparator
The 4-Bit Comparator is a series of logic gates made up to compare 4 bit inputs. The
comparator compares the two sets on the 4 inputs which as shown in figure 41 is set A and
set B, with 3 outputs which are AGTB,AEQB and ALTB which correspond to the Nexys DDR
board.

Figure 41 - 4-Bit Comparator

1.4.5 4-Bit Adder and 4-Bit Comparator Combined
To download to the Nexys DDR board the 4 bit adder and the 4 bit magnitude comparator must be
combined. This is carried out by using IP Integration, as shown in figure 42 below both the adder and
comparator connected accordingly.

IP design is good and

magdbit_0
. backed up with an
3 - - B3 .
2 D u explanation
¢l & - B1
0 O [
- A3 OAGTE = {» oacTe
AEQE [ A2 OAEQE m———— ™% QAEQB
ALTB [T \ — - A1 QALTE = { oaLTE
acderdbit_0 [ - A0
et - AGTE
an & - cin ! - AECH
a0 [~ - a0 111l - ALTE
a - — 8l cout =
a2 [ - a2 o -
a O al e — T oout
b0 [ - bl 2 -
bt [ =L 5 -
b2 [ -2
b3 O - b3

Figure 42 - 4-Bit Adder and 4-Bit Comparator Combined

As shown in figure 42 group C values are fed straight into the 4-bit magnitude comparator.

The other 2 sets A and B are fed into the 4-bit adder which are both added together. These
values are then compared, and the outputs OAGTB, OAEGB and QALTB indicate whither

group C values are greater than, equal to or less than groups A and B combined.
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1.4.6 4-Bit Multisim Magnitude Comparator

To carry out simulation and testing of the 4-bit magnitude comparator it was built in Multisim’s PLD
mode as shown below in figure 43.

AGTB =0 AEQB =1 ALTB =0
Good design using PLD
SWO A0
O
SW1 A1
LEDO
SW2 A2 o
W3 A3 U1
SW4 BO BSAa LED1
o PO LN e e—— N
Tae  B1 o———] a2 -onuts
Lo -y E—
B1
W7 B2 A0, O— &
Fo S 51
%8—53 A — a LED2
% o
e AsTE
Atts
COMP_4

[ 1]

Figure 43 — 4-bit Magnitude comparator multisim PLD

4-Bit adder and Magnitude Comparator testing carried out on page 30.
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1.4.7 B Bit Magnitude Comparator

Using the tested 4-bit adder and comparator, this is then duplicated to make an 8-bit
comparator in Xilinx Vivado as shown in the Hierarchy in figure 44 below.

Design Sources
~ @ - Add_Mag_Comp_wrapper(STRUCTURE) (Add_Mag_Comp_wrapper.vhd) (1)
Add_Mag_Comp_i: Add_Mag_Comp |_Mag_Con 1
v @ Add_Mag_Comp(STRUCTURE id_Mag [
> adder4bit_0 : Add_Mag_Comp_adderdbit_0_0 (4dd_Mag
mag4bit_0 : Add_Mag_Comp_mag4bit_0_0 LEY l

Figure 44 - 8 bit adder Vivado hierarchy

To carry out simulation and testing of the 8-bit magnitude comparator it was built in
Multisim's PLD mode as shown below in figure 45 where 2 4-bit comparators are connected

together.
AGTB =0 AEQB =1 ALTB =0

SW0 B,O A
D—B’1 SWE
SW1 D—m

B2 I:SWQ ¢ LEDO
quy‘ﬁ. A2 . AT ut . b3
C—pgy  swi0 0 - - FYL PN LED1

— & GT.

SW3 " A3 B6 ' 81 Oheam I
C— . swll A5 O L —x: omis [

B4 ¢ BS — B2 LED2
swa 0 o gahd o T _u
Lt ot u
sws B0 O— e |
D—Bg SW13 bt
SWE '_>_AB a3 uz2 A138

T o | S

gy Sma B2 ¢ Txn  owem | COMP_a

O — CAEQE . [—

8 bit magnitude comparator
using cascading IC’s in PLD
design mode is correct and
ready for implementation with
FPGA.

COMP_4

Figure 45 - 8-Bit magnitude comparator multisim PLD
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1.5 Testing and Analysis

Each stage is tested to ensure the design is correct and working as it should :-

1.5.1 4-Bit testing and Analysis
Using the VHDL test code obtained, Tests were carried out on the 4-Bit Adder using the test
bench mode. Firstly the test code shown in figure 46 was pasted into Vivado.

a0 <="1"

a1 <='0]

a2 <="0"

a3 <="0";

b0 <=1,

b1 <="0",

b2 <="0";

b3 <="'0";

cin <='0,
“;‘3'!2'.11.? S Good set of test data
al<="1",

a2 <="1"
a3<='0"

b0 <="'0";

b1 <="'0"

b2 <="1",

b3 <="'0"

cin <="0";
wait for 10 ns;

Figure 46 - Vivado test bench VHDL code

Run Synthesis was used to check for error which showed none, so Simulation was run and
the results shown below in figure 47.

Q H a @ X < 4 ¥

162.976 ns

Figure 47 - 4-Bit adder test bench simulation Very good test results using the
virtual bus method. The carry out bit
is set to logic 1 for the overflow bit.

The data arrays where converted into virtual bus, as you can see by the simulation above
the 4-Bit adder is working as it should. The input values a and b which are represented in
binary are varied and tests were carried out showing the output expected and simulated
results shown in Table 1 below.
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4-Bit Adder Results
A B Expected Simulated
Binary | Decimal | Cin | Binary | Decimal | Cin | Binary | Decimal | Cin | Binary | Decimal | Cin
0011 3 0 | 0101 5 0 | 1000 8 0 | 1000 8 0
0111 7 0 0101 5 0 1100 12 0 1100 12 0

Table 1 - 4-Bit Adder Test results

As the table above shows the simulated results are the same as the expected, which prove
that the 4-Bit adder is working correctly.

This now allows us to download to the FPGA Nexys 4 DDR board for further testing.

No test has been carried out for the 4
bit comparator using Vivado
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Using the FPGA board 3 further tests were carried out which were :-

A>B A=B A<B

On the FPGA board the output LEDs where used to indicate each test using AGTB,AEQB

and ALTB as derived below :-

A>B = AGTB = LEDO
A=B = AEQB = LEDI1
A<B = ALTB = LED2

This needs a heading to
explain what is being tested
and its purpose. This is the
4 bit adder and 4 bit

To test A equal to B the FPGA Nexys 4 DDR board is shown below infigure 48. comparator test using

FPGA.

e
T iy
NEXYS a = -
==

DIGILENT

1 s 7|5k |55 [s¢ [sas2|s1 |50
et |[== "o c3 |ealei cotla bLlb! |fo |adaziad ae
W= I 1
32
ser VARE | gum 8 SumM #
i) o;gogﬁioc‘c]lri‘ = REQRE
elt e|ele ol e - rr
w agll|e|e ] ! ACTE
3 lle|o|o|e|o|i 00{.‘-‘[\[0 = AeTé

Figure 48 - 4-Bit Adder FPGA Board Test A=B

eeo |%| aére

wo | 'l acag

|
co ) pere Good test result

As show in figure 48, the switches where switched on corresponding to a binary code in Set
value, sum A and Sum B shown in the table, Which illuminates LED 1 (AEQB) to show A is

equal to B.

As shown in table 2 below the (Sum of A + Sum of B = 4) which is equal to the set value of

Good use of table. The set value is

4,
AEQB Test1 A=B
Set Value | Sumof B | Sum of A
Binary 0100 0010 0010
Value 4 2 2

Table 2- Test 1 A=B
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To test A greater than B the FPGA Nexys 4 DDR board is shown below in figure 49.

£ XILINX
> 20

Good test result

Figure 49 - 4-Bit adder FPGA board test A>B

As show in figure 49, the switches where switched on corresponding to a binary code in set
value, sum A and Sum B shown in the table, Which illuminates LED 0 (AGTB) to show A is

greater than B.

As shown in table 2 below the (Sum of A + Sum of B = 8) which is greater than the set value

of 4.

AGTB Test2 A>B

Set Value | Sumof B | Sum of A
Binary 0100 0100 0100
Value 4 4 4

Table 3 - Test 2 A>B
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To test A Less than B the FPGA Nexys 4 DDR board is shown below in figure 50.

DIGILENT'

i

it |sie|sq |S€ ??sﬁsq'sasl.si 50

R K lc2 |caler [eelba|balbl Lo [adlatlod |ae
S | ]
é_¥ 1
) ser vAand | sum B Sum
) looof‘fﬂf'c‘-'r'lf| =
z’ olilele|elt |@ olo r]|o o =
_ D) ilalelelele|i|elelell @] =

o

Lég “1 AETE

Good test result
L& ALQl

iép |A| perB
ARLQE
AGTE

ALT &

Figure 50 - 4-Bit adder FPGA board test A<B

As show in figure 50, the switches where switched on corresponding to a binary code in set
value, sum A and Sum B shown in the table, Which illuminates LED 0 (ALTB) to show A is

Less than B.

As shown in table 4 below the (Sum of A + Sum of B = 4) which is Less than the set value of

8.
ALTB Test3 A<B
Set Value Sumof B | Sum of A
Binary 1000 0010 0010
Value 8 2 2

Table 4 - Test 3 A<B
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1.5.2 4-Bit Adder and 4-Bit Comparator combined testing

All Testing carried out on the 4-Bit Adder indicates that its working as it should and meets all
requirements.

The combine circuit shown in Figure 42 page 21 shows the 4-Bit Comparator combined with
the 4-bit adder.

Below in figure 29 shows the Magnitude comparator sim testing and the test bench data
below.

Figure 51 - Magnitude Comparator Sim Testing X
Good test results showing all 3

Test Bench Data :- states
B3 «="1";
B2 <="1%
B1<="0'
BO <='0%
A3 <="14
A2 <='0"
Al <="0;
AD <="0';
AGTB <= '0%;
AEQB <= '1";
ALTB <="0"; Test data is very good
wait for 100 ns;
B3 <='1% .
) B3 <="0";
B2 < : B2 <='1"
Bl<='0% Bl <= 'O
BO <=1 B0 <= 0"
A3 <="1’; A3 <='1%
Ad =15 A2 <='1;
Al <='07; AL <='0';
AD <=1 AD <='0';
AGTB <= '0'; AGTB <
AEQB <="1%; AEQB <="'1";
ALTB<="0"; ALTB <="0":
wait for 100 ns; wait for 100 ns;
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The 4-bit adder and the 4-bit comparator combined circuit is now downloaded to the FPGA
Nexys 4 DDR board for practical testing. As shown below a further 3 tests were carried out.

Practical Test 1

The Switches switched according to Test 1 Binary code as figure 51 shows. Which shows
that the sum of a and b are equal to B which is shown by lighting up Led 1 AEQB.

[ ]
s15|s14[s13 [s12 |s11|s10[so|s8|s7|s6|ss [s4 |s3|s2[s1]s0

cin| [acTe|acce[e2 [e2 [ei[eo[b3|b2[bi]bo]a3]a2]a1]a0
Inputs B b a
Test1| o] o] o [ 1 [1]o]ofofof1]o[ofo[1]o[o]|[ED1=AcaB
Test2| 0| 0| 0 | 1 |o|1|ojof1|1|o|ofo|o|1|o]||iED2-AGTB
Test3| 0|0 o | 1 |1]{1]1/ofjojof1|o]jo[1]o|0][tEDO=ALTB

Figure 52 - 4-Bit adder and Comparator combined Practical test 1

As Figure 51 shows practical Test 1, A=B works as it is designed to do so.
Practical Test 2

The Switches switched according to Test 2 Binary code as figure 52 shows. Which shows
that the sum of a and b are greater than B which is shown by lighting up Led 2 AGTB.
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Cin AGTB |AEQB|B3 (B2 |B1|B0|b3[b2|bl|b0[a3|a2|al|al

Test1| 0| O 0 1 1|/ 0|0|{0J0|1/0]0|J0|21|0]|0]|LED1=AEQB
Test2]| 0 | O 0 1 0 1|0 0|0O|0D|1|{0]| [LED2=AGTB
Test3| 0 | O 0 1 1(1(1]0j0f0|1|/0f0[1|0]|0]]|LEDO=ALTB

(=]
=
o

Figure 53 - 4-Bit adder and comparator combined practical test 2
As Figure 52 shows practical Test 2 A>B works as it should.

Practical Test 3

The Switches switched according to Test 3 Binary code as figure 53 shows. Which shows
that the sum of a and b are less than B which is shown by lighting up Led 0 ALTB.

These tests are repeats of
the above tests.

Cin AGTB |[AEQB|B3 |B2 |B1|BO|b3|b2|b1|b0|a3|a2|al|a0
Inputs B b a
Testl | O 0 0 1 1 0|0|0|J0O|1{0|0]0O|1|0]|0||LED1=AEQB
Test2 | O 0 0 1 0 1 /0|0|]1]|1]|0]0]O 0| |LED 2 = AGTB
Test3| 0| 0 0 il 111(1(0|/0|/0|1]0]J0|1|0(0]|[LEDO=ALTB

Figure 54 - 4-Bit adder and comparator combined practical test 3

As Figure 53 shows practical Test 3 A<B works as it should

Below shown in Table 5 is the 3 Practical tests and their outcomes for the combined 4-Bit
adder and Comparator.
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4-bit adder and 4-bit comparator combined Practical test results
Inputs B b a Qutputs
Ei[l AGTB | AEQB | Bit Value Bit Value Bit Value | ALTB
Test 1 0 0 1 1000 8 0100 4 0100 4
Test 2 0 0 1 0100 4 1100 12 0010 2
Test 3 0 0 1 1110 14 0010 2 0100 4

Table 5 - 4-bit adder and 4-bit comparator combined practical test results

As you can see from this table all aspects of the design is proven and shows that it's all

working as it is designed to do so.
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1.5.3 8-BIT TESTING AND ANALYSIS

To test the 8-Bit Magnitude Comparator it will be firstly built, simulated and tested on
multisim, then downloaded to the FPGA Nexys Board for Practical testing. There will be 3
tests carried out on each.

8-Bit Magnitude Comparator shown below in figure 54 :-

m
=}

AGTB

&

swl

1
L B ﬁ BEAGBTAT u1
B1 swl 1 —
st ; Al T‘[‘E‘P—;E —Ij
B2 swo 9 B4A4BS5AS i o EnE
sw2 [0} A2 ‘[ ‘[ 71— |
B3 gwin m_A‘i; ‘
swi j |_9
swd m_q: Ad atrn ALTB
BS  gwiz2 m_ni J cowrd ?
sw5
El-_;; swild lII_?
swh : |J Ab
BT swia E—A‘??
swi j |_§
swi5 m_?

COMP_a

Figure 55- 8-Bit Magnitude Comparator multisim test 1

To carry out these tests the switches in multisim are switched to correspond with the Binary
code to test the system and to test AGTB,AEQB and ALTB outputs are corresponding as
they should.

Firstly test 1 was carried out on Multisim to test A is Equal to B as shown above in figure 54.
Using Binary code shown in Table 6 below, showing values used for the tests and also the
expected and actual outcome.

Test1
A B Expected | Actual
Binary | 11001000 | 11001000 A=B A=B
Value 200 200 A=B A=B

Table 6 - 8 Bit comparator test 1 results A=B

As Table 5 shows above, the 8-Bit comparator works as it should as the Actual results are
the same as the Expected result being A=B. Also shown in Figure 54, AEQB LED is Lit
indicating this is correct.
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Test 2 is carried out on the 8-Bit Magnitude Comparator to test A is greater than B. As
shown in figure 55 below the Binary Code is used and the Output AGTB Led has lit.

swi

swi

sw2

sw3

swd

swi

swh

swi

Test 2 was carried out on Multisim to test A is more than B as shown above in figure 55.

m
=

ke

oly

L

[}
-]

i
i

swi

swil

swil

swi2

swil

swid

swis

o B

A

G

-3
o -0

e

B
freeet

0 Z%

=
=

BGABBTAT

B4A4B5AS

BZAZB3A3

I

BOAOB1A1

I

Figure 56 - 8-Bit Magnitude Comparator Multisim Test 2

AGTB

AEQB

ALTE

Using Binary code shown in Table 7 below, showing values used for the tests and also the
expected and actual outcome.

Test 2
A B Expected | Actual
Binary | 10101010 | 01010100 A>B A>B
Value 170 84 A>B A>B

Table 7 - 8-Bit comparator test 2 results A>B

As Table 6 shows above, the 8-Bit comparator works as it should as the Actual results are

the same as the Expected result being A>B. Also shown in Figure 55, AEQB LED is Lit

indicating this is correct.




Test 3 is carried out on the 8-Bit Magnitude Comparator to test A is Less than B. As shown
in figure 56 below the Binary Code is used and the Output ALTB Led has lit.
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B4A4B5A5|

:E.D
B2A2B3A3 vz
IS ¢ [ COMP_4
BOAOB1A1 [8= : 3z
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Figure 57 - 8-Bit magnitude comparator multisim test 3

AGTB

AEQB

ALTB

Good set of test results of 8 bit

comparator which enables the
PLD design to continue

Test 3 was carried out on Multisim to test A is Less than B as shown above in figure 56.
Using Binary code shown in Table 8 below, showing values used for the tests and also the
expected and actual outcome.

Test 3
A B Expected | Actual
Binary | 00001000 10110101 A<B A<B
Value 8 181 A<B A<B

Table 8 - 8-Bit Comparator test 3 results A<B

Good use of table

As Table 7 shows above, the 8-Bit comparator works as it should as the Actual results are
the same as the Expected result being A>B. Also shown in Figure 56, AEQB LED is Lit

indicating this is correct.
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As the Simulated tests are all working as they should be the 8-Bit comparator has now been
redesigned as shown in figure 57 below. This is done by using PLD mode so that the inputs
and output switches and LEDs correspond with the FPGA Nexys 4 DDR board for practical

testing.

BO
SWO & A0
D—B‘_I SWE
SWL D_A‘1
B2 e LEDO
sW2 O Ui -
kg A2 AT
—— - sWlD B7 .
~ B3 o AB . ¢ lis ancos LED1
SW3 & D_AIZ’; B6 B3 a —{
b 11 ' SR S— Ai E
B4 le BSA,F) e LED2
swa o — Y Vet SRRRRREREE PN
D—B‘s sW12 ¢ L———48
sws 55 O—J A
=— SW13 AGTE
, ) o o LEQE .
SW6 B< DJAS B3A3 U2 . ALTE
O SW14 A2 U ss .
- Ao - coMP_4
s O PO Sl |- R ‘
o SW15 ADB1 B2 i
. o .
L BO ¢ 4
L —
E A0
[ 0] s PLD design is good
1 AEGE
n ALTB
COMP_4

Figure 58 - 8-Bit comparator multsim PLD design

The board was then connected and the program downloaded ready for testing.
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8-Bit Magnitude Comparator Practical tests

Practical Test 1 is carried out using the same values shown in Table 6, and the switches
switched on the Nexys board to correspond as shown below in figure 58.

$15 | 514 | 513 S12|S‘11 S10| 59| 58| 5756 | S5 54153 S2[(s1]%S0

Good test result

SETB SETA
Test1 1 0 1 o|/0l0O0j1]1|0f0jJ1[0]O0]0O LED 1 =AEQB
Test 2 L 0 1 0|]1]0 1/0j1]j0[1]0]0O LED 2 = AGTB
Test 3 0 1 0o|j0|loOoj]1]0]J1]1]j0f1]0]1 LEDO=ALTB

Figure 59 - Practical Test 1 Nexys Board

As shown above AEQB Led 1 is lit proving that the A is equal to B and is working as it

should.
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Practical Test 2 is carried out using the same values shown in Table 7, and the switches

switched on the Nexys board to correspond as shown below in figure 59.

Good test result

s15| 514 | 13| 512 [ s11|s10| 59| s8] s7|s6 | 55|54 s3] s2] s1]s0
SETB SET A
Test1 | 1 [ 1] o] o]1]ofoJo[1[1]o]o]1]0 0| [LED1-AFQB
Test2 | 1 | 0] 1] o] 1]of1]o0 1lola1]of1 LED 2 = AGTB
Tet3 0| o] o]l o]l 1]o]olol1]olala1]o]1 LED 0=ALTB

Figure 60 - Practical Test 2 Nexys Board

As shown above AGTB Led 2 is lit proving that the A is greater than B and is working as it
should.
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Practical Test 3 is carried out using the same values shown in Table 8, and the switches
switched on the Nexys board to correspond as shown below in figure 60.

Good test result

515 [ s14 [ s13] s12 [ s11[s10] so] s8] s7][s6]ss5]sa[ s3] s2]s1]s0
SETB SETA
Test1 | 1 [ 1 [ o]o][1]ofofJo[1[1][o]o][1]o[o]o]| [LED1=AFQB
Test 2 1 0 0 1 0 0j0j1{0,1]0 LED 2 = AGTB
Test3 [0 [ o o] o[ 1] ofoflo[1]ofa[1]o]l1]o]1] [Do=ALTB

[y
[

[

o

Figure 61 - Practical Test 3 Nexys board

As shown above ALTB Led 2 is lit proving that the A is Less than B and is working as it
should.

All 3 Practical tests carried out above Prove the design and build of the 8-Bit magnitude

Comparator works as it should. Also shown below in table 9 are the expected, simulated and
Practical test results which prove the process.

8-Bit Magnitude comparator Test Comparison Result table
A B
Bit Value Bit Value | Expected | Simulated | Practical | Good use of table to
Test1 | 11001000 | 200 | 11001000 | 200 A=B A=B A=B evaluate the overall
Test2 | 10101010 | 170 | 01010100 | 84 A>B A>B A>B test results
Test3 | 00001000 8 10110101 | 181 A<B A<B A<B

Table 9 - Practical test on Nexys board results

41




1.6 Evaluation

A combinational logic system was researched, designed, Implemented and tested using
VHDL and IP integration and the Nexys 4 DDR FPGA development board. Incorrect use of capital

letters
This Was done by Designing a Half adder using the VHDL language in Xilinx Vivado, Using

the Half adder duplicated a full adder was created as shown in the Hierarchy. This was then
simulated and ensured warking correctly before creating the 4-Bit adder and 4-Bit
Comparator.

The 4-Bit adder was also created using the VHDL language in Xilinx Vivado, This was
created by cascading 4 full adders. Simulated tests were carried out using bitstream to
ensure it was successful before downloading to the FPGA Nexys 4 DDR board for practical
testing. On the Nexys board 3 tests were carried out by using Switching the switches
according to the Binary code to prove the system is working correct, which was successful.

As the 4-Bit adder tested Successful the 4-bit adder and 4-bit comparator were |P integrated
and connected and added into an IP wrapper. This was then downloaded to the Nexys
board and 3 Practical tests carried out which were successful.

The 8-bit magnitude Comparator was then Created in Multisim and simulated. Using the
binary code to Input interactive 1/0 bits accordingly and testing each to light the correct Led.
Which was proven to be successful proving the system was designed and implemented
correctly before practical testing. It was then downloaded to the FPGA Nexys 4 DDR board
and 3 further tests carried out to ensure working correctly, which also was proven to be
successful.

Each of the stages were simulated and tested and all where successful, proving the design
and implementation stages to be correct which now provides the working 8-Bit Magnitude
Comparator block within the main assignment objective magnitude comparator.

Despite some
grammatical

errors the
evaluation
covers the
element task
outcomes
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2.0 Element 2

2.1 Introduction

This should be LabVIEW
Element 2 consists of designing, building and testing an instrument circuit in matlab which will
replicate a Loadcell which measures 1000gms over a 0-5v range. This will be tested by using labview
by firstly generating a signal using the ADC in the range of 0-5v that represents the load from 0- 1000
grams and converted to an 8 bit digital signal and output to the FPGA.
Secondly tested using a signal from a set value in labview, within its range of 0-1000gms and also
converted to an 8 bit digital signal and output to the FPGA.

The labview interface will be designed and built for the 8 bit comparator using the ELVIS 11
development board and 3 tests carried out and analysed for three different set points as shown

below.

- Below set value Good informative

introduction
- Equal to set value

- Greater to set value




2.2 Design Requirements

2.2.1 Load cells and Signal conditioning

In Figure,,,, below shows a unity gain amplifier which has a chosen 4v input on the negative side and
a bv input on the positive side of the amplifier. The unity gain amplifier construction as shown below
is made up of 2 circuits, one side is the amplifiers which act as buffers and an amplifier on the right
hand side which used as a differential which explains the 2 inputted voltages. These make up the
Unity gain amplifier circuit which ensures the output to stay the same as the inputted magnitude.

Only
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vee V-300V last
- VlD—Fl 2BEpV stage
Virms) 300V
Vidcr 380V . N i i
Ve 27 is theys 23
. Wigck 200V
_Mtyv. frea) 23.8 iz
10k0) i
W~ vss gar
here.

Of"'\ Wth%

20k00 % 200 10k @lopwu is
AN~ —AA—] T Lo only
10kQ Vl s ¥ due
vee  to the

300
bom LRSIt
K 3.
th:? 3 ﬁ“y

V(freq): 25?7 Te

s. The
volta
ges
prove
Figure 62 - Unity Gain Amplifier the

&8V

10k

—AAA—

|||-

dvee

Instrumentation Amplifier

Because the feedback resistors and input resistors are equal the %é)ln is the difference between the 2
inputs as shown below in figure 63 with a unity gain of 2.

in
o ' this
Virms): 3.00 V
Vi(dc): 300V < m’g& y
Vifrea) 257 kHz et 20021
Vigek 200V
i AAA, Vifreq) 23.8 kHz
10kQ
T av vis
[+ (O] Unity gain is identified here
L
- _.'\,J\,‘\,——-— - \""\.ﬁ

10k @ OP37AJ”
1 —AAA—e -r T

Figure 63 - Unity Gain Output voltage
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As researched in Element 1 the amplifier shown in figure 62 can be used alongside the LCKD loadcell,
which as researched the a loadcell works by the changes in resistance as the weight is increased on
the loadcell face. As shownin figure 64 below is a multisim model of an instrumentation Amplifier
and a circuit representing the LCKD loadcell LCKD-1KG.

vcc Vss

v.zsy

[12v] v vesroy

Widek 250
e -

V2B
Wip-pE 335 1V
W 128 i

50 %

iRy | vide

S e
W2 vi (v

p——o o—

$349.250

Load Cell LCKD - 1KG Instrumentation Amplifier

Figure 64 - Simulated load cell and Amplifier circuit

As shown in figure 64 the circuit is produced to simulate the operation of the loadcell and the
instrument amplifier. The loadcell is altered to simulate a weight added to the face of the loadcell by
altering the potentiometer values by increasing the resistance in one corner and decreasing the
opposite corner in a diagonal format which will simulate the loadcell being loaded and the output
weight being increased.

The gain required for the circuit shown in figure 64 above can also be calculated as shown in the
calculations shown below.

2X20K

Buffer gain=1+ oK 5
. ; ) 2000 x10% Gain needed is
Differential Amp Gain = —oxio - 100 identified by buffer
gain and the diff
amp gain

Amplifier Gain =100 x 5 = 500

Using the circuit shown in figure 64 in multisim, the loadcell and the amplifier circuit will be tested

and signal conditioning carried out in section 2.4 where the loadcell resistor values will be altered to

simulate different ranges of load, with the potentiometer values set to 50% as an initial 0 gram

output.
Good reference to test and analysis further
in report
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2.2.4 10and 12 bit ADC

Using Labview, a 10 bit resolution analogue to digital converter is designed as shown below in figure
65 using the formula in the formula block :-

x1 x1
(5)><2 (5)><1024

Analogue Input

bz

10 Bit Digital Qutput

G-code is correct with

correct formula
Analogue Input
Boolean Value

— (]

g
‘8

Figure 65 - 10 Bit ADC

An operator screen was created with a slider to adjust the analogue input values from a range of 0 to
5 as shown below in figure 66 so testing could be carried out at various different analogue input
values. A 10 bit ADC has a range from 0to 1023 Boolean value which is altered by the analogue input

value on the slider to give the desired output value which is shown in section 2.4 testing and
analysis.

A_u_alo_gyg ln_put Boolean Value
1.03352 211.458
10 Bit Digital Output
a /| Test is good for 10 bit
resolution
Analogue Input

0 o5 1 15 4125 3 35 4 45 5

Figure 66 - 10 bit ADC front screen
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Using Labview, a 12 bit resolution analogue to digital converter is designed as shown below in figure
67 by changing the formula in the formula block to :-

x1 12 x1
— X 2% =] %4096
5
Analogue Input
pfiZs]
o 12 Bit Digital Output
A=
1 ' G-code and
e formula are correct
Analogue Input . —_ v
s —b Forrrfula _Eunlea_n Value
Wt Result e N
stop
B
L el @

Figure 67 - 12 Bit ADC

With the 12 bit ADC the formula shows, the possible output Boolean value is increased to 4096 with
a range from 0 to 4095. The Front screen was altered to accommodate this by adding the 2 extra
digital output LEDs as shown below in figure 68.

Analogue Input Boolean Value

12 Bit Digital Output

900000000000
-

Analogue Input

Figure 68 - 12 bit ADC front screen
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2.3 Implementation
2.3.1 8 bit ADC implementation

As the testing shows in section 2.4, the 10 bit ADC and 12 bit ADC worked as they should which
allows the 8 bit ADC to be implemented and tested on the Elvis Il board.

As shown below in figure 69 an 8 bit ADC was created which has a Boolean value output of 256 with
a range from 0 to 255 maximum value.

To allow the labview to be compatible with the Elvis Il board extra components were added into the
block diagram as shown in figure 69 below.

T
Analog DBL _
1Chan 15amp

[ Devi/aio [

Analogue Input

- ]
E—— Digital Output
.
| Fomus | G-code is correct with
’ , >y - all data i/o configured
Digital Value

N[

[ Dev/portD/linel:7 [~} fimn

EZ:I

Digital Output | 13"951-'1'&12 - & stop
J S @(@ 5

B

ElTrL

one channel for all lines ¥ m

Figure 69 - 8 bit ADC labview

As the 8 bit ADC is designed to be compatible and tested on the Elvis || board the front screen is

designed to show the Digital output Led lights and input and output values but no adjustable slider
as shown in figure 70 below.

Analogue Input Digital Value
0 0

Digital Output

90000000
+ |

stop

Figure 70 - & bit ADC front screen
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This is because with the Elvis Il board an Instrument control panel was downloaded with labview and
the analogue input determined by using the potentiometer shown below in figure 71 which adjusts
the input value for testing.

Marnsa LI Manual

Voltage Voitage

Figure 71 - 8 bit ADC instrument control panel labview

50




2.3.2 Magnitude comparator

Once the 8 bit ADC was fully tested and working as it should, a magnitude comparator was designed
and implemented as shown in the labview block diagram in figure 72 below.

Analogue input

bl

Al Analog DBL
1Chan 15amp

—_— errof out
Formula 2 Load input (grams) :

v bz

Digital U32 _
" [1Chan 15amp

one channel for all lines |

oy

Formula 3

Set load cigital eutput correct with all the

| [
G .
Pl ,;, function blocks for the
DA - i
- DAQ implemented
N :
Digital Input ~ Digital 1D Bool _ | =
1Chan 1Samp movor guk 3

one channel for all lines 7|

o L @ I@

Figure 72 - Magnitude Comparator labview block diagram

As shown in figure 72 there are 4 formula blocks with 4 different formulas used as shown below :-
Formula block 1 to scale 100 grams with 5V :- (X1/5) x 1000
Formula block 2 to scale 5V with 8 bit resolution :- (X1/5) x 256

Formula block 3 to shift bits over & places :- X1 x 256 /1S /s how the

16 bits get

Formula block 4 to scale input signal to grams (0-1000)2AX4/4606) x 256 Formula block functions are
FPGA single identified
channel

The lower block diagram within the circuit has no formula block but is used to return the digital input

result from the FPGA Magnitude Comparator.
Good

explanation
for return
51 data result

G-code program looks




As shown below in figure 73 the screen was developed which shows the LED indicators and 3
different values. The Analogue input value shows the value which is selected via the pontentiometer

for testing. The load input shown in grams which is representing a load value weight and a set load
value.

The LED indicators show the load cell digital output value, the set load digital output value and the
Array value which indicated weither the output is greater than, less than or equal to.

Good design

Figure 73 - Magnitude comparator front screen labview

To implement and test the magnitude comparator the Elvis Il board and the FPGA Nexys board are
used using the PLD circuit designed in multisim in figure 55 element 1. The FPGA Nexys board and

Elvis Il are connected together following the pin allocations on the PMOD ports as shown below in
figure 74.

. FPGA ports are identified

L S S ———

Tatvw § ewupne DDA Foma e g1 g et

Pona 14 [y Pempa IO [y ] Prevad NDAL

Figure 74 - PMOD Pin allocation
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2.4 Testing and Analysis
2.4.1 Load cells and Signal conditioning

Load cell testing and signal conditioning testing carried out over a range of resistance percentage
ranges from 50% to 100% and values recorded. Below shows 3 tests carried out and the rest shown
in appendix 5.1.

Resistor values all set to 50% which shows a Ov output (as close as) as shown in figure 75 below.

vec  vss
[ 12V a2v

vIsy
Vinat T4

i 2000k
visr280y vss

Vives) 183 T
) :

2y
Wil 751 b

2000kQ

Load Cell LCKD - 1KG Instrumentation Amplifier

Figure 75 -50%,50%, 50%, 50% loadcell test
Resistor values set to 70%, 30%, 70% and 30% with an output of 1.99v as shown in figure 76 below.

vcc Vss

T v v

VEE

2000k
Vss

Load Cell LCKD - 1KG Instrumentation Amplifier

Figure 76 - 70%, 30%, 70%, 30% loadcell test
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Resistor values set to 100%, 0% and 100% and 0% which give an output of 5.00V as shown in figure

77 below.

vce  vss

12v -12v VEE

Load Cell LCKD - 1KG

All tests carried out are shown in table 10 below.

v.zanv
Wip-5l: T4 gV
Virms): 248V
Widek 248

Wifral 17.4 ke

VARY
Vg2 3T
irms): 459V
Widey 450
Wiireq) 259 khz

2000kQ
Vss

Instrumentation Amplifier

Figure 77 - 100%, 0%, 100%, 0 % loadcell test

Signal Conditioning simulated results

Good test results and table of
resultant values. Good reference

to further test results in appendix

% Resistance Grams Voltage
50 0 0.0129
55 100 0.487
60 200 0.987
65 300 1.49
70 400 1.99
75 500 2.49
80 600 2.99
85 700 3.49
a0 800 3.99
95 900 4.49
100 1000 4.99

Table 10 - Load cell test table
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Using the results in table 10 above a graph was plotted to show the response with the output
voltage compared with the loadcell weight in grams, as shown in figure 78 below.

Load Cell Output

Good resultant linear graph

Voltage (Vout)
w

0 100 200 300 400 200 600 700 800 900 1000
Load (Grams)

Figure 78 - Load cell output Linear graph

Which shows the graph being linear and showing as the load increases the voltage output increases
proportionally.
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2,4,2 10 bit and 12 bit ADC testing

To test the 10 bit ADC, the slider on the main front screen was firstly set to 2.5 which is an analogue

input signal of 2.5v. As shown in figure 79 below it proves that the correct digital output LED
illuminates and the Boolean value corresponds with a value of 511.5.

Analogue Input

Boolean Value
e

511.5

10 Bit Digital Output

Figure 79 - 10 bit ADC 2.5v input

The slider was then adjusted to input a 5v signal as shown below in figure 80, which shows all the
digital LED lit corresponding to the input signal and Boolean value of 1023.

Analogue Input

Boolean Value
5

1023

10 Bit Digital Output

» 0000000000
|

Analogue Input

Figure 80- 10 bit ADC 5.0v input Good set of results for 10 bit ADC with

max value stable
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To test the 12 bit ADC, the slider on the main front screen was firstly set to 2.5 which is an analogue
input signal of 2.5v. As shown in figure 81 below it proves that the correct digital output LED
illuminates and the Boolean value corresponds with a value of 2047.5.

Analogue Input Boolean Value
25 2047.5

12 Bit Digital Output

900000000000

Analogue Input
1 y 5 5 I Y e ety T s e B e T
0 05 1 15 2 25 3 35 4 45 5

Figure 81 - 12 bit ADC 2.5v input

The slider was then adjusted to input a 5v signal as shown below in figure 82, which shows all the
digital LED lit corresponding to the input signal and Boolean value of 4095.

Analogue Input Boolean Value

5 4095

12 Bit Digital Output

.
’ DODDDDDD0DOD0D0

Analogue Input

O O O O

0.5 1 15 2 25 3 35 4 45 5

Figure 82 - 12 bit ADC 5v input
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2.4.3 8 bit ADC testing

To test the 8 bit ADC the Elvis Il board was used alongside the front screen showing the digital
output indicator LEDs and Digital value. The instrument control potentiometer was set to 2.5 volts
and as shown in figure 83 the Digital output LEDs correspond to the Digital value of 127.

—_—
STOP

e o o i
Figure 83 - 8 bit ADC testing 2.5v

As shown below in figure 84 the Elvis Il board corresponds to the Digital output value and Led
indicators.

FERBBREN

Figure 84 - 8 bit ADC testing Elvis Il board 2.5v
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The Potentiometer was then adjusted to 5.00v which as shown below in figure 85 the Digital value
shows 255 and the Led indicators correspond.

Analogue | ¢
[;.”314

ilu

stop

STOP ‘

Figure 85 - 8 bit ADC testing 5v

As shown below in figure 86 the Elvis Il board corresponds to the Digital output value and Led
indicators.

Good set of results
for the 8 bit
comparator with
virtual input

Figure 86 - 8 bit ADC testing Elvis Il board 5v
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2.4.4 Magnitude comparator

To test the magnitude comparator the FPGA Nexys board was connected to the Elvis Il board
following the Pinout shown in figure 74 as shown below in figure 87.

Good image of
equipment setup

Figure 87 - Magnitude Comparatar Nexys/ Elvis Il board

Three tests were carried out, ensuring the correct Led indicator lit on both the front screen and the
Elvis Il board, corresponding to the input to show the possible outputs which are either less than,
equal to or greater than.
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Firstly the set load value was set to 300 grams, the potentiometer on the Elvis Il board was then

adjusted to select a load input value of 228.373 grams, which is less than the set load value of 300.
As shown the magnitude comparator Indication LED lights up correctly showing less than, on both
the front screen shown in figure 88 and the Elvis Il board as shown in figure 89 below, proving the

system working as it should.

Figure 88 - Magnitude comparator less than test front screen

FuNIRUTLIN

Figure 89 - Magnitude comparator less than test Elvis Il board
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The set load value remained at 300 grams and the potentiometer on the Elvis |l board was then
adjusted to select a load input value of 515.622 grams, which is more than the set load value of 300.
As shown the magnitude comparator Indication LED lights up correctly showing greater than, on

both the front screen shown in figure 90 and the Elvis Il board as shown in figure 91 below, proving
the system working as it should.

Figure 90 - Magnitude Comparator front screen greater than test

~ = W
i e

“q

Figure 91 - Magnitude comparator Elvis Il board greater than test
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The set load value remained at 300 grams and the potentiometer on the Elvis || board was then
adjusted to select a load input value of 298.201 grams, which is more or less equal to the set load
value of 300. As shown the magnitude comparator Indication LED lights up correctly showing Equal
to, on both the front screen shown in figure 92 and the Elvis Il board as shown in figure 93 below,
proving the system working as it should.

Figure 92 - Magnitude comparator front screen test

A good set of results
which indicate the
correct operation of
the system

Figure 93 - Magnitude comparator Elvis Il equal to test
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2.5 Evaluation

Within element 2 an instrument circuit was designed and tested using multisim, simulating a load
cell which measured 1000 grams weight load over a 0-5v range. This was tested across a range of
different resistor percentages which simulated different loads. A table was produced and as shown
in figure 78 a graph was produced showing it was linear, as the load increases the voltage increases
proportionally.

Using Labview 3 ADC circuits were designed and tested which generated a signal using the range 0-
5V, representing the load from 0 — 1000 grams.

Firstly a 10 bit ADC was designed using the correct formula and tested by adjusting the input from
2.5 volts to 5.0 volts and ensuring the Led indicators corresponded with the analogue input value
and the Boolean value.

The formula was changed for the 12 bit ADC but was also designed and tested the same way as the
10 bit ADC.

The 8 bit ADC was designed to be tested with the Elvis Il board. The instrument control panel
software was used to adjust the input voltage using a potentiometer instead of the slider used with
the 10 and 12 bit. The 8 bit ADC was tested by also selecting a 2.5v input and a 5.0v input ensuring
the LED indicator lights on the front screen and the Elvis Il board correspond to the input value and

Boolean value. comparator is

on the FPGA.
The Magnitude comparator was then designed in labview)/hg FPGA nexys board was connected to

the Elvis Il board following the correct pin out and was/testédshyselecting a set point value of 300
grams and by adjusting the potentiometer it was testetf @vsfe3 different values which illuminated
the Magnitude comparator LEDs corresponding to the analogue input value wither the load input
value is less than, greater than or equal to the set point value.

All design, implementation and testing was carried out and all proved to be successful, all values and
indication LEDs corresponded to the selected input value and minimal errors throughout Element 2.

With the exception of
a minor error /
confusion issue the
evaluation is good
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3.0 Element 3

3.1 Introduction

In Element 3 the Labview design in Element 2 will be adapted to output the actual load cell value in
grams over its full range. The comparison values will be used and produced in the form of data

logging files.
This will then be used to produce a graph showing actual load over the range for a period of time.

Good

introductio
n
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3.2 Design Requirements

The magnitude Comparator circuit constructed in element 2 is modified to meet requirements of
element 3, with the 5 added write to measure blocks added as shown below in figure 94.

er out
=

[one cranne for ot bnes <H "z

Tigits 10 oot
1Chan 15amg

L0

The G-code is neatly

Figure 94 - Element 3 labview block diagram

These write to measure blocks are added to record data automatically to a csv text file. Each write to

measure file has its own function as shown below :-

File 1 :- Used to log the time line and load in grams
File 2 :- Logs the test value

The Front screen is designed with a Load input slider added as shownf)elow in figure 95.

Figure 95 - Element 3 front screen panel

67

w

E
File 3,4 and 5 :- Is used to log and scale comparator condition values by using the information data,
wither the Input load is less than the set load, equal to the set load orgreater than the set load

e

i

- X ® Q 3 Q

designed and has
no errors.

Good design of front panel




3.3 Implementation

The labview design from Element 2 is altered and the write to measure files added as shown in
figure 94 above. These files are configured to record the data as a text file by selecting text (LVM).

Firstly file 1 and 2 as shown in figure 96 are configured using the configuration window as shown in
appendix 5.2.

Figure 96 - file 1 and 2 write to measure files

File 3,4 and 5 as shown in figure 97 below are configures using the configuration window as shown
in appendix 5.3.

Figure 97 - File 3, 4 and 5 write to measure files

All write to measure files are configured the same way automatically create the lvm text file which
records the values to be plotted on the excel graph. Except for file 1 which is configured to produce a

time column for the analogue input as the x value.
A good breakdown of the design
implementation
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3.4 Testing and Analysis

Testing the magnitude comparator with the added load cell value and automatic data logging is

carried out at 3 different applied loads, showing the front screen indication and logged data in graph

form in excel.

Firstly the set point was set to 200 grams and as shown below in figure 98. the potentiometer was

then adjusted to change the load input to equal the set load value which as shown in figure 98 below

the magnitude comparator equal to led indicator is lit and the set load and load cell digital indicators

are corresponding.

With the exception of
grammatical errors the
explanations are good

Good test result

Figure 98 — 200 grams load input, front screen , equal to

The potentiometer is then adjusted to set the load input to be less than as shown in appendix 5.4
and adjusted to be greater than as also shown in appendix 5.4 . During this testing, all the data
values are logged as shown in appendix 5.5. Using this data an excel graph was produced as shown
below in figure 99.
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Figure 99 - 200 grams data log graph

Greater than

176
183
190
197
204
211
218
225
232
239
246
253

POt Value

As shown in figure 99 above, the graph shows the data over 253 mili seconds, It can be seen that
the dark blue line is the 200 gram set point value and the potentiometer value is the light blue line.
As the potentiometer is set to equal the gray line shows that the load input is equal to the setpoint,
and as the potentiometer is set to less than the orange line rises to 200 grams. As the potentiometer
is set to greater than 200 the light blue line rises and the less than (orange line) and the equal to
(gray line) both go to zero and the Greater than line which is the yellow line rises to 200 grams. This
proves that the magnitude comparator is working as it is designed to do.
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The set value was then increased to 500 grams and the potentiometer adjusted to change the load
input to equal the set load value. As shown in figure 100 below the magnitude comparator equal to
led indicator is lit and the set load and load cell digital indicators are corresponding.

Good test result
despite the small
error indicated

Figure 100 - 500 grams load input, front screen , equal to

The potentiometer is then adjusted to set the load input to be less than as shown in appendix 5.6
and adjusted to be greater than as also shown in appendix 5.6. During this testing, all the data values

are logged as shown in appendix 5.7. Using this data an excel graph was produced as shown below in
figure 101.
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Figure 101 - 500 grams data log graph

In the graph above shown in figure 101 for the 500 grams set point, it can be seen by looking at the
light blue line the set point value is 500 grams, The potentiometer is firstly set to less than the set
point value which shows the orange line at 200 grams. When the potentiometer is set to equal to,
the orange line which is less than goes to 0 grams and the grey equal to line rises to 200 grams.
When the potentiometer is risen to over 500 grams it can be seen as the yellow greater to line rises
from 0 to 200 grams. These tests prove that the magnitude comparator is working as it is designed
to do.
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The set value was then increased to 700 grams and the potentiometer adjusted to change the load
input to equal the set load value. As shown in figure 102 below the magnitude comparator equal to
led indicator is lit and the set load and load cell digital indicators are corresponding.

Good test result

Figure 102 - 700 grams load input, front screen, equal to

The potentiometer is then adjusted to set the load input to be less than as shown in appendix 5.8
and adjusted to be greater than as also shown in appendix 5.8. During this testing, all the data values

are logged as shown in appendix 5.9. Using this data an excel graph was produced as shown below in
figure 103.
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Figure 103 - 700 grams data log graph

In the graph above shown in figure 103 for the 700 grams set point, it can be seen by looking at the
light blue line the set point value is 700 grams, The potentiometer is firstly set to less than the set
point value which shows the orange line at 200 grams. When the potentiometer is set to equal to,
the orange line which is less than goes to 0 grams and the grey equal to line rises to 200 grams.
When the potentiometer is risen to over 700 grams it can be seen as the yellow greater to line rises
from 0 to 200 grams. These tests prove that the magnitude comparator is working as it is designed
to do.
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3.5 Conclusion and Recommendations

In Element 3 the magnitude comparator circuit in element 2 was re designed and further functions
added to output the actual load cell value in grams. It was proven that the system worked as it
should through 3 different load values by selecting a greater to than value, less than value and an
equal to value for each. The data from each was successfully logged automatically and values
obtained to produce a graph for each on excel, which proved also that the magnitude comparator
design and implementation was successful as the correct comparator value was selected coinciding

with the difference between load and set point value.

Although proven to be a success it could be recommended that to improve the resolution and
accuracy of the system the number of bits could be increased from an 8 bit to a 16 bit. Allowing the

set point value and load value to be alot closer and accurate.

A reasonable
evaluation
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5.0 Appendix
5.1 Load cell and signal conditioning testing
Resistor values set to 55%, 45%, 55% and 45%

vcc vss

I 12v =12V VEE

Load Cell LCKD - 1KG

Resistor values set to 60%,40% 60% and 40%

vcc vVss

12v -12v VEE

Load Cell LCKD - 1KG

W4T
Wip-g: 198 0

2000kQ it 27
M
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20k
20kQ
a2y
{dc): 248 v
2000kQ VS EeE
Instrumentation Amplifier
V. BET
Vo soas | 2000KQ g
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20k0
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20kQ

v:zaav
Vie-pl: 285V
VCC vimay 248w
WVidcy 248V
Vifregi 234 bz

S2000k0

Instrumentation Amplifier
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Resistor values set to 65%, 35%, 65% and 35%

vccC Vvss vasv
12V v Vimat. 81 i
Wi 50V
Vifreq): 24.5 kHz

35%

. Vifrea -

349, ko

v.zav
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Resistor values set to 75%, 25% 75% and 25%
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VEE vy 21
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Resistor values set to 80%, 20% 80% and 20%

vcc Vss

12v =12V

VEE

Load Cell LCKD - 1KG

Resistor values set to 85%, 15% 85% and 15%

vce  vss
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2 v1 ©
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Resistor values set to 90%, 10% and 90% and 10%

vcc Vss

12v I -2v

VEE

Load Cell LCKD - 1KG

Resistor values set to 95%, 5% and 95% and 5%

vcc vss

12v -12v VEE
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V280V
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Wirms): 250V
Vidck 250
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@2 v ©

Load Cell LCKD - 1KG

vy
WadeHol
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J000kD | s mvw
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. \.'\p-oluu .‘~|.\\.l
Vesese  2000kQ Viah ity
4040 VSS Vifreqh 227 ki
®

Instrumentation Amplifier

Full set of test
results for
instrument
amplifier
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5.2 Element 3 write to file command window, file 1 and 2

Configure Write To Measurement File [Write To Measurement File]

Filename

CAUsers\liam_\Documents\LabVIEW Data\test1.lvm

Action

® Save to one file
[] Ask user to choose file

(®) Ask only once

_) Ask each iteration
If a file already exists
() Rename existing file
() Use next available filename
() Append to file

File Format

(@ Text (LVM)

() Binary (TDMS)

() Binary with XML Header (TOM)
(O Microsoft Excel (xlsx)

B Lock file for faster acces
Segment Headers

(0) One header per segment

(@) One header only

() No headers

X Value (Time) Columns
() One column per channel
(@) One column only

() Empty time column

() Overwrite file i
Delimiter
Tabulator
O Save to series of files (muktiple files) @Tebu
() Comma
Settings..
File Description
Advanced...
0K Cancel Help
E Configure Write To Measurement File [Write To Measurement File2]
Filename File Format
CAUsers\liam_\Documents\LabVIEW Data'\test2 hvm (@ Text (LVM)
(C) Binary (TDMS)
(C) Binary with XML Header (TDM)
(O Microsoft Excel (xlsx)
Action B Lock file for faster access
Heade
®) Save to one file S "
[[] Ask user to choose file () One header per segment
) Ask only once (@) One header only
O Ask each iteration (O No headers
1f 2 file already exi X Value (Time) Columns
(®) Rename existing file () One column per channel
(0) Use next available filename () One column only
(O Append to file (@) Empty time column
Overwrite fil
(O) Overwrite file .
Tabulator
(O Save to series of files (multiple files) ®
() Comma
Settings...
File Description
Advanced
OK Cancel Help
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5.3 Element 3 write to file command window, file 3,4,5

& configure Write To Measurement File [Write To Measurement File3]

Filename
C\Users\liam_\Documents\LabVIEW Data\test3.vm | (g

Action
® Saveto one file
[[] Ask user to choose file
®) Ask only once
D) Ask each iteration
If a file already exists
(@) Rename existing file
() Use next available filename

File Format

(@) Text (LVM)

() Binary (TDMS)

(C) Binary with XML Header (TDM)
() Microsoft Excel (xlsx)

£ Lock file for fast
Segment Headers

(C) One header per segment
(®) One header only

() Mo headers

X Value (Time) Columns
(C) One column per channel
(C) One column only

O Append to file (®) Empty time column
() Overwrite file .
Delimiter
Tabulator
() Save to series of files (multiple files) @
(C Comma
Settings
File Description
Advanced...
OK Cancel Help
& configure Write To Measurement File [Write To Measurement Filed]
Filename File Format
C:\Users\liam_\Documents\LabVIEW Data\testdvm | [ @ Text (LVM)
() Binary (TDMS)
(") Binary with XML Header (TDM)
(O Microsoft Excel (xlex)
Action [ Lock file for faster access
(®) Save to one file S
[] Ask user to choose file (O One header per segment
(@) One header only
() No headers
1f a file alread X Value (Time) Columns
(®) Rename existing file () One column per channel
() Use next available filename (O One column enly
() Append to file (@) Empty time column
Overwrite fil
O Overwritefile Delimiter
Tabulator
(O Save to series of files (multiple files) @
() Comma
Settings.
File Description
Advanced
0K Cancel Help

84




E Configure Write To Measurement File [Write To Measurement File5]
Filename

C:\Users\liam_\Documents\LabVIEW Data\testi.vm | @

Action

(®) Save to one file
[[] Ask user to choose file
®) Ask only once
teration
If a file already exists
(@) Rename existing file
() Use next available filename

(O Append to file
() Overwrite file

(O Save to series of files (multiple files)

Settings.

File Description

File Format
(@) Text (LVM)
(O Binary (TDMS)
(O Binary with XML Header (TDM)
() Microsoft Excel (xlsx)
Lock file for faster access
Segment Headers
(O One header per segment
(@) One header only
(O No headers

X Value (Time) Columns
(O One column per channel
(O) One column only

(®) Empty time column
Delimiter

(@) Tabulator

(O Comma

oK Cancel

Full set of 'write file'
configurations
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5.4 200 grams front screen test

Less than :-

Greater than :-

86

These results complete
the set for the tests for
200grm setpoint.




5.5 200 grams data values

Set Point Less than Equal to G::::‘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 | 191.495483
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 | 1592.206114
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 | 158.148239
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 1901672 196.317422
200.000000 0.000000 200.000000 0.000000 2.001525 198.276718
200.000000 0.000000 200.000000 0.000000 2102111 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 2.401952 195.739269
200.000000 0.000000 200.000000 0.000000 2.501900 158.308837
200.000000 0.000000 200.000000 0.000000 2.600604 158.244598
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 3.402776 | 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 3.703456 | 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 3.903330 | 198.116120
200.000000 0.000000 200.000000 0.000000 4.004052 | 194.165409
200.000000 0.000000 200.000000 0.000000 4.104085 | 198.212479
200.000000 0.000000 200.000000 0.000000 4.205225 | 192.302473
200.000000 0.000000 200.000000 0.000000 4.303626 | 198.244598
200.000000 0.000000 200.000000 0.000000 4.403838 | 194.904160
200.000000 0.000000 200.000000 0.000000 4.504271 | 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 4.805322 | 191.403124
200.000000 0.000000 200.000000 0.000000 4.907335 | 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 5.306218 | 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 | 196.349542
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 | 196.959814
200.000000 0.000000 200.000000 0.000000 6.309176 | 199.079708
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 | 193.169702
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 | 191.499483
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 7.411088 | 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

88




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 8415054 | 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 | 197.409489
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 9.918141 -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 2540711

200.000000 200.000000 0.000000 0.000000 10.318630 | 19.820926
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 11.119720 | 26.212680
200.000000 200.000000 0.000000 0.000000 11.220667 | 32.540198
200.000000 200.000000 0.000000 0.000000 11.321802 | 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 11.622161 | 33.086227
200.000000 200.000000 0.000000 0.000000 11.723169 | 33.503779
200.000000 200.000000 0.000000 0.000000 11.822512 | 25.730890
200.000000 200.000000 0.000000 0.000000 11.922485 | 32.379601
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200.000000 200.000000 0.000000 0.000000 12,024469 | 31.126945
200.000000 200.000000 0.000000 0.000000 12122249 | 26.244800
200.000000 200.000000 0.000000 0.000000 12.223512 | 28.717992
200.000000 200.000000 0.000000 0.000000 12.322817 | 33.150466
200.000000 200.000000 0.000000 0.000000 12422844 | 32.861391
200.000000 200.000000 0.000000 0.000000 12523312 | 29.392499
200.000000 200.000000 0.000000 0.000000 12623670 | 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 13023429 | 32.026287
200.000000 200.000000 0.000000 0.000000 13.124415 | 27.625933
200.000000 200.000000 0.000000 0.000000 13.224447 | 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 13528462 | 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 14033035 | 32.765033
200.000000 200.000000 0.000000 0.000000 14132918 | 32.540198
200.000000 200.000000 0.000000 0.000000 14.233478 | 32.732914
200.000000 200.000000 0.000000 0.000000 14332058 | 32.604426
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 14634320 | 26.533874
200.000000 200.000000 0.000000 0.000000 14734059 | 28.428917
200.000000 200.000000 0.000000 0.000000 14834046 | 32.572317
200.000000 200.000000 0.000000 0.000000 14934025 | 26.951426
200.000000 200.000000 0.000000 0.000000 15033969 | 32.893511
200.000000 200.000000 0.000000 0.000000 15134138 | 32.732914
200.000000 200.000000 0.000000 0.000000 15234126 | 32.604436
200.000000 200.000000 0.000000 0.000000 15.334138 | 26.790829
200.000000 200.000000 0.000000 0.000000 15434286 | 32.283243
200.000000 200.000000 0.000000 0.000000 15534545 | 28.814350
200.000000 200.000000 0.000000 0.000000 15634486 | 26.180561
200.000000 200.000000 0.000000 0.000000 15.734686 | 32.668675
200.000000 200.000000 0.000000 0.000000 15835149 | 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 | 44392251
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 | 87.592864
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 17.537181 | 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
200000000 0000000 0000000 200000000 19.944A19 | 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 | 349.689201
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 20544150 | 387.879824
200.000000 0.000000 0.000000 200.000000 20644174 | 392537225
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 | 414539451
200.000000 0.000000 0.000000 200000000 | | 21447474 | 414218250
200.000000 0.000000 0.000000 200000000 | | 21547695 | 414.154010
200.000000 0.000000 0.000000 200000000 | | 21647659 | 413575849
200.000000 0.000000 0.000000 200000000 | | 21.747313 | 407.023358
200.000000 0.000000 0.000000 200.000000 | | 21.846745 | 407.601518
200.000000 0.000000 0.000000 200000000 | [ 21.947234 | 413543729
200.000000 0.000000 0.000000 200000000 | | 22.047562 | 413.640089
200.000000 0.000000 0.000000 200.000000 22.147565 | 413.543729
200.000000 0.000000 0.000000 200000000 | | 22.247513 | 406.670037
200.000000 0.000000 0.000000 200000000 | | 22.346489 | 414.346731
200.000000 0.000000 0.000000 200000000 | | 22.447221 | 413415249
200.000000 0.000000 0.000000 200.000000 | | 22.547064 | 408404520
200.000000 0.000000 0.000000 200000000 | | 22.647369 | 408.854200
200.000000 0.000000 0.000000 200000000 | | 22.748431 | 408.240280
200.000000 0.000000 0.000000 200000000 | | 22.849438 | 406.702157
200.000000 0.000000 0.000000 200000000 | | 22.950443 | 413.736449
200.000000 0.000000 0.000000 200000000 | | 23.047717 | 414.410071
200.000000 0.000000 0.000000 200000000 | | 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 | 410331723
200.000000 0.000000 0.000000 200.000000 | | 23.551570 | 407.280318
200.000000 0.000000 0.000000 200000000 | | 23.649306 | 413.640089
200.000000 0.000000 0.000000 200000000 | | 23.750353 | 411.359565
200.000000 0.000000 0.000000 200000000 | | 23.851361 | 413.607969
200.000000 0.000000 0.000000 200000000 | | 23.951402 | 411.070484
200.000000 0.000000 0.000000 200000000 | | 24.051248 | 413.672209
200.000000 0.000000 0.000000 200000000 | | 24.151465 | 413.672209
200.000000 0.000000 0.000000 200.000000 | | 24.250788 | 414.089770
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200.000000 0.000000 0.000000 200.000000 24.352150 | 411.102604
200.000000 0.000000 0.000000 200.000000 24.451737 | 407.248198
200.000000 0.000000 0.000000 200.000000 24551274 | 413.447369
200.000000 0.000000 0.000000 200.000000 24.650333 | 406.702157
200.000000 0.000000 0.000000 200.000000 24.751405 | 413.575849
200.000000 0.000000 0.000000 200.000000 24.851234 | 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 25.153891 | 411.488045
200.000000 0.000000 0.000000 200.000000 25.253514 | 412.483767
200.000000 0.000000 0.000000 200.000000 25.354045 | 413.511609
200.000000 0.000000 0.000000 200.000000 25453374 | 413.607569
200.000000 0.000000 0.000000 200.000000 25.555375 | 409.657202
200.000000 0.000000 0.000000 200.000000 25.655661 | 414.250370
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5.6 200grams front screen test

Less than :-

Greater than :-
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5.7 200 grams data values

Set point Less Than Equal To G.:_f‘:t:r 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 1.7085659 | 474.058083
500.000000 200.000000 0.000000 0.000000 1.808811 | 474.025963
500.000000 200.000000 0.000000 0.000000 1909078 | 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 | 474315045
500.000000 200.000000 0.000000 0.000000 2911746 | 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 3.212545 | 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 | 473961723
500.000000 200.000000 0.000000 0.000000 4013678 | 474668368
500.000000 200.000000 0.000000 0.000000 4.1155949 | 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 4414743 | 474572007
500.000000 200.000000 0.000000 0.000000 4515035 | 474.250805
500.000000 200.000000 0.000000 0.000000 4616280 | 474347165
500.000000 200.000000 0.000000 0.000000 4.717551 | 474.443526
500.000000 200.000000 0.000000 0.000000 4.816814 | 474525330
500.000000 200.000000 0.000000 0.000000 4.918208 | 474557450
500.000000 200.000000 0.000000 0.000000 5.019353 | 474.989570
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 5519684 | 475.921057
500.000000 200.000000 0.000000 0.000000 5.619951 | 475.985297
500.000000 200.000000 0.000000 0.000000 5.720218 | 475921057
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 | 487612828
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 | 492848434
500.000000 200.000000 0.000000 0.000000 7.322479 | 493.169636
500.000000 200.000000 0.000000 0.000000 7422761 | 493.137516
500.000000 200.000000 0.000000 0.000000 7.522011 | 493.169636
500.000000 200.000000 0.000000 0.000000 7.621274 | 493.490839
500.000000 200.000000 0.000000 0.000000 7.723547 | 492944794
500.000000 200.000000 0.000000 0.000000 7.821808 | 493.458719
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500.000000 [ | 200.000000 0000000 | | 0.000000 7.923078 | 494.358087
500.000000 | | 200.000000 0.000000 0.000000 8022342 | 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 8322142 | 496.991951
S00.000000 200.000000 0.000000 0.000000 8122418 | 196.767109
500.000000 | | 200.000000 0.000000 0.000000 8525681 | 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 9524338 | 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 | 499.529455
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 | 499465214

97




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 | 499.272492
500.000000 0.000000 200.000000 0.000000 13.334474 | 499.336733
500.000000 0.000000 200.000000 0.000000 13.433741 | 499.079770
500.000000 0.000000 200.000000 0.000000 13.534006 | 498.822808
500.000000 0.000000 200.000000 0.000000 13.635274 | 499.529455
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 14.336139 | 541.928340
500.000000 0.000000 0.000000 200.000000 14.437411 | 544851300
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 19.043663 | 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 19.445734 | 587.378857
500.000000 0.000000 0.000000 200.000000 19.546001 | 587.282495
500.000000 0.000000 0.000000 200.000000 19.647269 | 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 19.948068 | 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
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5.8 700 grams front screen test

Less than :-

Greater than :-
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5.9 700 grams data values

Set Point Less than Equal to G::::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 | 587.410578
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 1.507073 | 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 2.407405 | 587.314616
700.000000 200.000000 0.000000 0.000000 2507674 | 587.218254
700.000000 200.000000 0.000000 0.000000 2.606936 | 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 2.907737 | 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 4.110938 | 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 4.513007 | 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 4.814928 | 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 5.214874 | 587.218254
700.000000 200.000000 0.000000 0.000000 5.317147 | 587.571581
700.000000 200.000000 0.000000 0.000000 5.416410 | 587.282495
700.000000 200.000000 0.000000 0.000000 5.515675 | 586.832807
700.000000 200.000000 0.000000 0.000000 5616946 | 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 | 588.149751
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 7.421749 | 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 0000000 7924094 | AR13 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 | 634.242501
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 | 653.419004
700.000000 200.000000 0.000000 0.000000 9.125281 | 655.956549
700.000000 200.000000 0.000000 0.000000 9.224544 | 658.975506
700.000000 200.000000 0.000000 0.000000 9.323806 | 661866782
700.000000 200.000000 0.000000 0.000000 5.424073 | 664.147362
700.000000 200.000000 0.000000 0.000000 9.525342 | 665.881888
700.000000 200.000000 0.000000 0.000000 59.624609 | 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 9.927413 | 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 10.427743 | 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 | 650.807708
700.000000 200.000000 0.000000 0.000000 11.030349 | 692.124667
700.000000 200.000000 0.000000 0.000000 11.131659 | 691450127
700.000000 200.000000 0.000000 0.000000 11.231888 | 691.418006
700.000000 200.000000 0.000000 0.000000 11.332149 | 691.257401
700.000000 200.000000 0.000000 0.000000 11.432415 | 691931541
700.000000 200.000000 0.000000 0.000000 11.531680 | 691.899820
700.000000 200.000000 0.000000 0.000000 11.631947 | 652413755
700.000000 200.000000 0.000000 0.000000 11.733216 | 691.835578
700.000000 200.000000 0.000000 0.000000 11.832484 | 691578611
700.000000 200.000000 0.000000 0.000000 11.932750 | 693.248500
700.000000 200.000000 0.000000 0.000000 12.032011 | 695.433126
700.000000 200.000000 0.000000 0.000000 12.132277 | 655.947061
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700.000000 200.000000 0.000000 ] 0.000000 12.233558 | 696.685844
700.000000 200.000000 0.000000 0.000000 12.333814 | 696.589481
700.000000 200.000000 0.000000 0.000000 12.433078 | 696.782206
700.000000 200.000000 0.000000 0.000000 12.534347 | 696.814327
700.000000 200.000000 0.000000 0.000000 12634614 | 697.007053
700.000000 200.000000 0.000000 0.000000 12.733878 | 696.750085
700.000000 200.000000 0.000000 0.000000 12.836277 | 697.167658
700.000000 200.000000 0.000000 0.000000 12.935414 | 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 14.336226 | 699.319764
700.000000 0.000000 200.000000 0.000000 14.438414 | 699.512489
700.000000 0.000000 200.000000 0.000000 14.535671 | 700.026425
700.000000 0.000000 200.000000 0.000000 14.636943 | 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 14.939747 | 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 | £99.191280
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 | 659.576731
700.000000 0.000000 200.000000 0.000000 17.048357 | 695.159159
700.000000 0.000000 200.000000 0.000000 17.146667 | 6599.255522
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 | 6595.191280
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 | 699.512489
700.000000 0.000000 200.000000 0.000000 17.849513 | 658.484618
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 | 6599.769457
700.000000 0.000000 200.000000 0.000000 18.453094 | 699.384006
700.000000 0.000000 200.000000 0.000000 18551355 | 695.062796
700.000000 0.000000 200.000000 0.000000 18.652625 | 699.480368
700.000000 0.000000 200.000000 0.000000 18.750888 | 659.223401
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 | 695.191280
700.000000 0.000000 200.000000 0.000000 19553061 | 699.705215
700.000000 0.000000 200.000000 0.000000 19.653320 | 699.094917
700.000000 0.000000 200.000000 0.000000 19.755560 | 658.998554
700.000000 0.000000 200.000000 0.000000 19.852818 | 699.480368
700.000000 0.000000 200.000000 0.000000 19953084 | 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 | 658.934312
700.000000 0.000000 200.000000 0.000000 20.455421 | 700.187030
700.000000 0.000000 200.000000 0.000000 20.553683 | 659.865820
700.000000 0.000000 200.000000 0.000000 20.653949 | 655.416127
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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 20954751 | 700.026425
700.000000 0.000000 200.000000 0.000000 21.057022 | 700.283393
700.000000 0.000000 0.000000 200.000000 21.155282 | 702.467620
700.000000 0.000000 0.000000 200.000000 21.256563 | 714.769970
700.000000 0.000000 0.000000 200.000000 21.355817 | 723.442655
700.000000 0.000000 0.000000 200.000000 21.457090 | 726.108705
700.000000 0.000000 0.000000 200.000000 21558354 | 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 22.161990 | 802.075433
700.000000 0.000000 0.000000 200.000000 22.262233 | 805.223330
700.000000 0.000000 0.000000 200.000000 22.361493 | 806.765158
700.000000 0.000000 0.000000 200.000000 22.461758 | 814.024601
700.000000 0.000000 0.000000 200.000000 22.561021 | 831.081109
700.000000 0.000000 0.000000 200.000000 22.662291 | 852.988019
700.000000 0.000000 0.000000 200.000000 22.762561 | 865.001513
700.000000 0.000000 0.000000 200.000000 22.860820 | 866.928814
700.000000 0.000000 0.000000 200.000000 22962098 | 866928814
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 23.361150 | 866.318502
700.000000 0.000000 0.000000 200.000000 23.462505 | 866.671840
700.000000 0.000000 0.000000 200.000000 23561684 | 866.029407
700.000000 0.000000 0.000000 200.000000 23663960 | 866414867
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 23.962761 | 866.768205
700.000000 0.000000 0.000000 200.000000 24.063017 | 866.768205
700.000000 0.000000 0.000000 200.000000 24.164290 | 866.736084
700.000000 0.000000 0.000000 200.000000 24.264555 | 866.639719
700.000000 0.000000 0.000000 200.000000 24363818 | 866.382745
700.000000 0.000000 0.000000 200.000000 24.466090 | 866.382745
700.000000 0.000000 0.000000 200.000000 24.566361 | 866.543354
700.000000 0.000000 0.000000 200.000000 24665624 | 866.607557
700.000000 0.000000 0.000000 200.000000 24.765932 | 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 24.967428 | 866.671840
700.000000 0.000000 0.000000 200.000000 25.065773 | 866.511232
700.000000 0.000000 0.000000 200000000 25.168965 | 866.671840
700.000000 0.000000 0.000000 200.000000 25.267234 | 866.511232
700.000000 0.000000 0.000000 200.000000 25.368492 | 866.511232
700.000000 0.000000 0.000000 200.000000 25.466753 | 866.511232
700.000000 0.000000 0.000000 200.000000 25.570167 | 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 22870828 | 866.446989
700.000000 0.000000 0.000000 200.000000 25.971124 | 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

Raw data example
from text files
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1809812

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

038100

Instructor

PAGE 1

PAGE 2

PAGE 3

Text Comment. A good level of detail in the table of contents

PAGE 4
PAGE 5
PAGE 6
Text Comment. Good list of figures
PAGE 7
Text Comment. Avoid the first person terms
Text Comment. The 4 bit adder and 4 bit comparator are the initial designs
PAGE 8

Text Comment. The program environment is Vivado from Xilinx

Text Comment. Good example and correct statement that it does make possible the
interface with LabVIEW.

Text Comment. Good example of IP design

PAGE 9




PAGE 10

PAGE 11
Text Comment. Explanation covers the main relevant DAQ components needed for the
system

PAGE 12

PAGE 13
Text Comment. Comparators are covered in good detail.

PAGE 14

PAGE 15
Text Comment. Good work here. You have identified the relationship with resolution
and sample rate which is determined by the conversion process.

PAGE 16
Text Comment. Good explanation of the transducer load cell which is relevant to the
task

PAGE 17
Text Comment. The stages of signal conditioning have been identified here and backed
up with a good explanation and images.

PAGE 18
Text Comment. Hierarchy and inheritance have been identified

PAGE 19

PAGE 20
Text Comment. 4 bit adder design is explained with good images

PAGE 21

PAGE 22

PAGE 23

Text Comment. Code is neat and tidy with a good explanation



Text Comment. Source hierarchy is explained in good detail

Text Comment. Code is neat and tidy with no errors

PAGE 24
Text Comment. IP design is good and backed up with an explanation
PAGE 25
Text Comment. Good design using PLD
PAGE 26
Text Comment. 8 bit magnitude comparator using cascading IC's in PLD design mode is
correct and ready for implementation with FPGA.
PAGE 27
Text Comment. Good set of test data
Text Comment. Very good test results using the virtual bus method. The carry out bit is
set to logic 1 for the overflow bit.
PAGE 28
Text Comment. No test has been carried out for the 4 bit comparator using Vivado
PAGE 29
Text Comment. This needs a heading to explain what is being tested and its purpose.
This is the 4 bit adder and 4 bit comparator test using FPGA.
Text Comment. Good test result
Text Comment. Good use of table. The set value is compared against the sum of A+B.
The A=B term is misleading.
PAGE 30

PAGE 31

Text Comment. Good test result




Text Comment. Good test result

PAGE 32
Text Comment. Good test results showing all 3 states
Text Comment. Test data is very good
PAGE 33
PAGE 34
Text Comment. These tests are repeats of the above tests.
PAGE 35
Text Comment. The table is good and shows the test data with results.
PAGE 36
PAGE 37
PAGE 38
Text Comment. Good set of test results of 8 bit comparator which enables the PLD
design to continue
Text Comment. Good use of table
PAGE 39
Text Comment. PLD design is good
PAGE 40
Text Comment. Good test result
PAGE 41
Text Comment. Good test result
PAGE 42

Text Comment. Good test result



Text Comment. Good use of table to evaluate the overall test results

PAGE 43
Text Comment. Incorrect use of capital letters
Text Comment. Despite some grammatical errors the evaluation covers the element task
outcomes
PAGE 44
PAGE 45
Text Comment. This should be LabVIEW
Text Comment. Good informative introduction
PAGE 46
Text Comment. Only the last stage is the unity gain here which is only due to the
resistor values. The voltages prove the operation in this mode.
Text Comment. Unity gain is identified here
PAGE 47
Text Comment. Gain needed is identified by buffer gain and the diff amp gain
Text Comment. Good reference to test and analysis further in report
PAGE 48
Text Comment. G-code is correct with correct formula
Text Comment. Test is good for 10 bit resolution
PAGE 49
Text Comment. G-code and formula are correct
PAGE 50

Text Comment. G-code is correct with all data i/o configured



PAGE 51

PAGE 52
Text Comment. G-code program looks correct with all the function blocks for the DAQ
implemented
Text Comment. This is how the 16 bits get input to the FPGA single channel
Text Comment. Formula block functions are identified
Text Comment. Good explanation for return data result
PAGE 53
Text Comment. Good design
Text Comment. FPGA ports are identified
PAGE 54
PAGE 55
Text Comment. Good test results and table of resultant values. Good reference to
further test results in appendix
PAGE 56
Text Comment. Good resultant linear graph
PAGE 57
Text Comment. Good set of results for 10 bit ADC with max value stable
PAGE 58
Text Comment. Good set of results for 12 bit ADC with max value stable
PAGE 59
PAGE 60

PAGE 61

Text Comment. Good set of results for the 8 bit comparator with virtual input



Text Comment

. Good image of equipment setup

PAGE 62
PAGE 63
PAGE 64
Text Comment. A good set of results which indicate the correct operation of the system
PAGE 65
Text Comment. comparator is on the FPGA. LabVIEW handles data transfer
Text Comment. with the exception of a minor error / confusion issue the evaluation is
good
PAGE 66
PAGE 67
Text Comment. Good introduction
PAGE 68
Text Comment. The G-code is neatly designed and has no errors.
Text Comment. Write files are identified and explained
Text Comment. Good design of front panel
PAGE 69
Text Comment. A good breakdown of the design implementation
PAGE 70
Text Comment. with the exception of grammatical errors the explanations are good
Text Comment. Good test result
PAGE 71

Text Comment

. A good resultant graph for the 200grm setpoint



Text Comment.

Good explanation of graph

PAGE 72
Text Comment. Good test result despite the small error indicated
PAGE 73
Text Comment. Good resultant graph
PAGE 74
Text Comment. Good test result
PAGE 75
Text Comment. Good resultant graph
PAGE 76
Text Comment. A reasonable evaluation
PAGE 77
PAGE 78
Text Comment. A good number of relevant sources
PAGE 79
PAGE 80
PAGE 81
PAGE 82
PAGE 83
Text Comment. Full set of test results for instrument amplifier
PAGE 84
PAGE 85

PAGE 86




PAGE 87

Text Comment. Full set of 'write file' configurations

PAGE 88

Text Comment. These results complete the set for the tests for 200grm setpoint.

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

PAGE 108

PAGE 109




Text Comment. Raw data example from text files

GRADING FORM: CSG-RUBIC

LIAM GEORGE 0

RESEARCH-INFORMED LITERATURE

[

y‘ Research section has covered all requirements 6/1 0
with a minor error. Good relevant sources used.

KNOWLEDGE AND UNDERSTANDING

[

y" E1-Design and use of magnitude comparator with 21 /30
digital inputs has been created with good
explanations. There are some minor confusions in
the explanations . Test methods followed a logical
sequence. 7/10 E2- The LabVIEW design for the
analogue load cell input is explained and the
design is a good. The 16 bit word operation for the
FPGA is partly explained. The shift 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. 6.5/10 E3-
Dat logging has ben fully explained and a good
knowledge of this section is demonstrated. 7.5/10

ANALYSIS

[




y‘ E1-Test and results are very comprehensive . The 1 7/25
evaluation has minor errors / confusions. The main
sections are covered. 3/5 E2-The results from
LabVIEW are comprehensive and detailed. There
are some minor confused points made in the
evaluation. 6.5/10 E3-Results from the data logging
section are detailed and a reasonable evaluation
for this section. 7.5/10

PRACTICAL APPLICATION AND DEP.

[

y‘ E1-Prototypes for the comparator have been
designed using logical methods. PLD design 1 4/20

methods used were successfully implemented
using the FPGA board. 3/5 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. 7.5/10

SKILLS FOR PROFESSIONAL PRAC.

[

y" Reportis in a good logical sequence and presented 1 0/1 5
well. There are grammatical errors.



