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VICS Magnitude Comparator

Overall Introduction

The aim of the following three elements is to design, create and test a magnitude comparator
shown in the image below.

The objective will be carried out in three elements where element one will be concerned with
research into the various elements of the magnitude comparator to establish a thorough
understanding of each sub-system. Furthermore element 1 will cover the design, creation and
testing of a combinational logic system, consisting of a 4-bit adder, magnitude comparator and
8-bit adder, using VHDL and IP integration and implementation using the Nexys 4 DDR FPGA
board.

Element 2 concerns itself with the design, creation and testing of an instrument circuit
consisting of a load measuring cell and instrument amplifier producing an output of signal of
0-5v, which will be converted to an 8-bit signal through the use of an analogue to digital
converter. A secondary 8-bit signal will be created using LabVIEW, along with the 0-5v scaled
8-bit signal, will be compared using an 8-bit comparator using the ELVIS Il development board.

Finally, in element 3 the load value will be converted into an actual load value, which will be
fed into a data logger. The data will be extracted using .csv text files and presented on a
standard excel document.

This as an
interface with
the FPGA

Introduction covers most

Analog Input 2 bit Magnitude tasks.

representing load | Comparator in

(0-1000gms) | NIMultiSim

PLD Mode

Signal 1
Load Cell NI LabVIEW
Someparison Virtual NI ELVIS Unit . ’:"N"s\: ;02?:
Result Instrument ('vi') Signal 2

Set Load Cell
comparison
(0-1000gms)




Element 1

1.1 Research

The following research was carried out to enable a thorough understanding of the systems,
methods, software, hardware and instrumentation that will be utilised in the practical design,
construction and implementation of a combinational logic system on chip.

1.1.1 Digital design methods using VHDL and IP integration

VHDL (Very High-Speed Integrated Circuit (VHSIC) Hardware Description Language), is a
language used to describe the behaviour of digital circuits and is defined by |IEEE standards.
VHDL is utilised to design hardware, and has the ability to create test parameters to enable
thorough testing and behavioural analysis of the hardware. (Intel, 2017)

VHDL is a versatile hardware programming language; due to this versatility it is the preferred
language to use when programming FPGA (field programmable gate arrays), this is due to the
amount of logic gates and flip-flops that can be integrated in these systems. The traditional
method of drawing logic gates is not practicable; therefore, VHDL and Verilog are used.
(Haskell, 2009)

Xilinx have created the first plug and play IP integration design environment in their Vivado
design suite, this enables a graphical, correct-by-construction design development flow. This
is in the form of a re-usable block that contains a whole system instead of a single function.
By creating interconnectable sub-systems, the whole program is less complex and easily

interpreted. (National Instruments, 2021) c
00

d

expl
1.1.2 NI DAQmx anat
DAQ or data acquisition is the process of measuring analogi@signals in the form of voltage
or current derived by a sensor or fransducer, amongst mabit other physical properties, to
ascertain pressure, temperature or flow to name a few with a ﬁéﬁqputer. Figure 1 below shows
a typical DAQ system, consisting of a sensor, DAQ dewice and computer (National

Instruments, 2021). sup
port
Sensor DAQ Device ing Computer
ima
ge

A, e PAVAW

Figure 1 - Typical DAQ system (National Instruments, 2021)

NI DAQ was the first-generation multifunction data acquisition device driver from National
Instruments. NI DAQmx is the newest version of this driver, utilising a new architecture that is




not harmonious with the old DAQ driver versions and incorporates many new functions and
development tools. (National Instruments, 2021)

Figure 2 shows a typical block diagram that has been built using the DAQmx driver. This
example shows how complex systems can be illustrated, simulated and diagnosed on a

computer. Figure 3 gives a brief explanation of the icon functions.

AlD Al
.
physical channels L.
Difl

error cut

2§

Figure 2 - Block Diagram using DAQmx (National Instruments, 2021)

Labview Icon Function
task/channels in task out
Sets the task for the rest
rror n error out "
of the function.
DAQmx Start Task.vi

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

timeout

task out
'~ data
= efror out

erorin
DAQmx Read.vi

Reads single floating point
sample from each
channel, from one or
multiple inputs, analogue
or digital.

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

input terminal c
minimum value

maximum value
taskin

physical channels
name to assign
units i

ETOF i m—

custom scale name

DAQmx Create Channel.vi

task out

Qp=mmmme= (7OF QUL

Creates Channels to
measure voltage from
Elvis Il DAQ board for

instance

DAQmx Clear Task.vi
task in

EITOT i === error out

DAQmx Clear Task.vi

Releases resources that
are reserved in current
task, then clears the task.

wH )

Timer Block

Sets timing for
syncrhonisation within
the loop.

Figure 3 - DAQmx Block Diagram Icon functions (National Instruments, 2021)

Good explanations and example of main
DAQ function blocks in LabVIEW




1.1.3 Digital Magnitude Comparators

By comparing the magnitude of any two binary words, a magnitude comparator can determine
whether one binary word is greater than, less than or equal to another. This is particularly
useful in microcontrollers or CPU's, where binary numbers relate to process variables like
temperature or flow measurement as an example.

An example of a basic 1-bit digital comparator is illustrated in figure 4, this will aid in the
understanding of larger cascaded magnitude comparators.

A*DOF
-

s>

Figure 4 - 1-Bit Digital Comparator (Aspencore, 2021)

C=AB c=pA<B

:I).F o~ KB = AcB

E=AB == A>B

J U

Through the use of combination logic, the various input states of A or B can be compared and
represented on one of the three output terminals as A<B, A=B or A>B. The various states and
output values are shown in figure 5 truth table. From this it is clear to see that the magnitude
of each input is compared to the other, i.e. 1 or 0 (Ashenden, 2008).

OUtDUtS

B A A=B A=B A<B
0 0 0 1 0
0 1 1 0 0
1 0 0 0 : |
1| 1 0 1 0

Figure 5 - Digital Comparator Truth Table (Aspencore, 2021)

When B and A are both 0, or equal the A=B output is logic state 1, as for the inputs being
either 1 or 0, A<B or A>B will be at state 1 respectively and in the case of both inputs being 1,
A=B is true.




Figure 6 shows a 4-bit magnitude comparator logic diagram, constructed with logic gates to
carry out the comparison function. There are different logic gate combinations and
configurations that will achieve the same results.

>

B2 I
1 J
B ;\ i A<B
AD
BO
Sy

l{A<B)

Figure 6 - 4-Bit Magnitude Comparator (Dialog Semiconductor, 2018)

In this example the first block is responsible for the determination of the A>B condition by
using four AND gates into an OR gate, the second is for the A=B condition using XOR gates
into a AND gate and the third for A<B, using AND gates into an OR.

Figure 6 shows the truth table for the 4-Bit Magnitude comparator in figure 5, where all inputs
are compared and the resultant comparison output condition show.
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INPUTS
Comparning Cascading ouTPUTS

A3 B3 | A2 B2 Al B1 A0 BO A<B A=B A>B A<B A=B A>B
A3 >B3 X X X X X X 0 0 1
A3=B3 | A2>B2 X X X X X 0 0 1
A3=B3 | A2=B2 | A1>B1 X X X X 0 0 i
A3=B3 | A2=B2 | A1=B1 | AD>B0 X X i 0 0 1 |
A3=B3 | A2=B2 | A1=B1 | AO=B0 0 0 1 0 0 1
A3=B3 | A2=B2 | A1=B1 | AD=B0 0 1 0 0 1 0
A3=B3 | A2=B2 | A1=B1 | AO=B0 1 0 (1] 1 0 0
A3 <B3 X X X X X X 1 0 0
A3=B3 | A2<B2 X X X X 1 0 0
A3=B3 | A2=8B2 Al <B1 X X X 1 0 0
A3 =B3 A2 =B2 Al1=B1 AD < BO X X X 1 0 0

Figure T - 4-Bit Magnitude Comparator Truth Table (Dialog Semiconductor, 2018)

Magnitude comparators can be cascaded together to enable |larger than 4-bit binary numbers
to be compared, an example of two 4-Bit Magnitude comparators is illustrated in figure 8. The
most significant bits will initially be compared after which a sequence will be followed which is
set in the controlling device.

B7B6B5B4 A7ABASA4 B3B2B1B0O A3 A2 A1 AO
«— A<B I(A<B) F A<B I(A<B) [
4-Bit 4-Bit \(A=B)
<~ A=B Comparator I(A=B) A=B  comparator e
| A>B I(A>B) A>B 1I(A>B)

Figure 8 - Two 4-Bit Comparators Cascaded (Dialog Semiconductor, 2018)

Good explanations and examples of
the comparator
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1.1.4 Analogue to Digital Converters
Analogue to digital converters or ADC's enable varying amplitude sinewave signals, or
analogue signals to be converted into a binary value of 1 or 0, this is achieved through
sampling the analogue signal at defined intervals. The sampling intervals are known as the
sampling rate. ADC's have various resolutions and are govermed by the Nyquist criterion,
which states that the minimum sampling frequency has to be twice that of the highest sampled
analogue signal and is expressed as fy = 2f;,, where f,, is the input signal frequency
(Gudino, 2018).

Figure 9 shows an analogue signal, in blue, with a square wave in red following the waveform.
The square wave is the ADC sampling and quantising the analogue signal, where quantisation
is the approximation of the sampled waveform into a binary value at each step.

Amplitude/\Value

T T SECCITTY ECRIEITITIIT ST
= Analog input
s Dligital output ||

0.1 0.2 03 04 05
Time (s)

0.6 0.7 08 09 1

Figure 9 - ADC quantisation of an analogue signal (Gudino, 2018)

Good explanation with a
supporting diagram for
quantisation. Good use of
comparison table here.

Figure 10 shows the various architectures utilised to perform analogue to digital conversion.
It is apparent that the flash architecture is the fastest due to the lower resolution at the cost of
high power consumption and highest cost. SAR exhibits the best balance between resolution,
speed and cost (Dewesoft, 2020).

ADC Type Pros Cons Max Max Main Applications
Resolution Sample
Rate
Successive Good speed/resolution ratio No inherent anti- 18 bits 10MHz  Data Acquisition
Approximation
(SAR)
Delta-sigma High dynamic performance, H
(AT)
Dual Slope 00Hz Voltmeters
Pipelined GHz Oscilloscopes
Flash Fastest 10GHz  Oscilloscopes

Figure 10 - ADC Architecture - Speed vs. Resolution (Dewesoft, 2020)
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Successive approximation evidently exhibits the best all round performance with excellent
balance between speed and resolution and can convert a wide range of signals with very good
fidelity. SAR designs are cheap, stable and reliable and can be configured to operate in a low
end card that shares inputs as well as in multiplexed ADC devices that utilises individual ADC’s
for each channel. The drawback of SAR’s are the lack of anti-aliasing filters, but this can be
overcome by adding AAF to the input of the ADC by the DAQ system. (Dewesoft, 2020).

Figure 11 illustrates a typical SAR block diagram and functions as stated by Dewesoft; “An
on-board DAC creates an analog reference voltage equal to the digital code output of the
sample and holds a circuit. Both of these are fed into a comparator which sends the result of
the comparison to the SAR. This process continues for “n” successive times, with “n” being
the bit resolution of the ADC itself, until the closest value to the actual signal is found”
(Dewesoft, 2020).

Research demonstrates a sound
Start conversion knowledge with ADC’s

Successive approximation
register (SAR) and
control logic
Comparator
¥
ey ) f—————— Digitalized output
Sample-and-hold N bits
amplifier !
.
DAC

Reference voltage

Figure 11 - Typical SAR Block Diagram (Dewesoft, 2020)
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1.1.5 LCKD Load Cell

A load cell (Figure 11) is a device or transducer that measures force that is exerted onto it and
produces a voltage, which is relative to the amount of force exerted. The principle of operation
is that there are four strain gauges in the form of a Wheatstone bridge (Figure 13) which
balances two legs of a bridge circuit. When the force is applied to the strain gauge the
deformation is measured and produces an electrical signal or voltage. (HBM, 2020)

Figure 12 shows the LCKD series sub miniature load cell, with a range from 1kg to 1000 Ibs,
which is constructed from stainless steel and features temperature compensation, whilst
operating on a 5v DC supply. (OMEGA, 2021)

Explanation relevant in this
portfolio. A good understanding
demonstrated here.

Figure 12 - LCKD Load Cell (OMEGA, 2021)

The Wheatstone bridge acts as a two parallel voltage divider circuits, where in the case of
figure 13, R1 and R2 are a pair and R3 and R4 are a pair. The increase in forge applied to the
strain gauge, causes resistance variations in the Wheatstone bridge between the two pairs of
voltage dividers, this produces the measured output relative to amount of force applied.
(Transducer Techniques, 2020)

Figure 13 - Wheatstone bridge (Transducer Techniques, 2020)
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1.1.6 Instrumentation and Signal Conditioning

Signal conditioning usually consists of amplification, electrical isolation, linearization, cold
junction compensation and excitation. Signal conditioning is utilised to change a type of
electronic signal into another form, to enable it to be read by conventional instrumentation

(Omega, 2021)

Table 1 show an example of the functions that are carried out by a load cell signal conditioner.

Load Cell Signal Conditioner Functions

Signal Conversion

Technique Purpose Stages involved in the signal
Filtering Used to reduce noise on load cell signal conditioning process are
Analogue to digtal conversion takes place to enable identified

modern data evaluation

Amplifying

Eitherincrease resolution or signal to noise ratio to
achieve amplification

Linearisation

Detects unusual voltage from the cell output and
structures the signal accordingly

Excitation

Similarly to RTD's, strain gauges need an external
source to operate

Table 1 - Load Cell Signal Conditioning (Omega, 2021)

15




1.2 Design Requirements

1.2.1 4-Bit Adder

A 4-Bit adder was created by firstly creating a half adder and then combining the two half-
adders to create a full adder after which four full adders were combined. The combinational
logic was designed and implemented using Xilinx Vivado software and the VHDL programming
language.

Figure 14 shows the logic diagram for a half adder, utilising an XOR and AND gate in a parallel
configuration. In this case ¥ is the low order output or SUM and C,,,; is the carry out. A half
adder is very useful for adding one binary digit (Kuphaldt, 2007).

A \} >
/] Z
=

I~ Cout

S

Figure 14 - Half Adder Logic Diagram (Kuphaldt, 2007)

Figure 15 illustrates the truth table for the half adder, with the four input variations and output
results

A[B[Z[Cou
0/ojo0] 0
0[1[1] 0
1[0[1] 0
1[1/0] 1

Figure 15 - Half Adder Truth Table (Kuphaldt, 2007)

A ladder logic representation can be seen in figure 16.

L, L,
A B z
| | | |
| || A
A B
| | |
[ /r
A E (e
| | | | |
|| [ A

Figure 16 - Half Adder Ladder Logic (Kuphaldt, 2007)
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To construct a full adder, two half adders can be cascaded together, as shown in figure 17.
Here the second half adder has the carry bit into it as well as 3 from the first half adder, this
enables the addition of more than one binary bit.

A_ %
A =

Sl Vo
il p

Figure 17 - Full Adder (Kuphaldt, 2007)

The full adder truth table can be seen in in figure 18.

0 0 0 0
0 1 1 0
0 1 9 1 0
0 1 1 0 1
1 0 0

—
L= =
-

(=T = T

Figure 18 - Full Adder Truth Table (Ashenden, 2008)

By cascading four full adders a 4-BIT adder can be created as shown in figure 19.

% 9% 5 x, Y, X, Yy X Ya
[ | [ | | [ |
_.fl full :'::1___(.-_1 full ‘i___ G full 1’"1 full _(n
adder adder adder adder ‘?7
| | | |
Sn S”_] sr SI Si]

4 bit adder components have been
identified here. .
Figure 19 - 4-Bit Adder (Ashenden, 2008)
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1.3 Implementation
1.3.1 Half Adder

Figure 20 shows the behavioural architecture build for the half adder.

half addervhd = half adder TB.vhd Untitled 1 x 2 0

C:/Users/loure/half_adder/half_adder.srcs/sources_1/new/half_adder.vhd

Q - * BB X J B 9 L
library IEEE; A

use IEEE.STD _LOGIC 1164.all;
use IEEE.STD LOGIC unsigned.all;

halfadder is

in std_logic;

ut std_logia)
#nd halfaddes;

tacture Behavicral of halfadder is

<= & and b;

Figure 20 - Half Adder Build

1.3.1.1 Half Adder Testing and analysis

Once the half adder was built, a behavioural simulation was carried out as shown on figure
21.

half addervhd  + half_adder TB.vhd Untitled 1 x P A it b T xivd
I i/ Ioure/hall_sdder Ml _addersrcs/sim_ | /rew/hall r_TB.vh
C/Users/loure/Mal!_adder/half_adder srcs/sim_1/new/hall_adser_TEvhd C/usens/loure/hall_sdder/ail_sddersrci/sim_ inew/hail_adder_T8.vhd
Q - 4 B b X ¥4 =

Q - X 8B B X N E Q

libracy ieee;

s+ iess.std_logic 1164.all;

halfadder wnd thy

ap (o =

efy_th_halfadder of th_halfadder is

Figure 21 - Half Adder Behavioural Simulation
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The behavioural simulation results are shown in figure 22.

SIMULATION - Behavioral Siimulation - Functional - sim_1 - cf_th haifadder

Untitled 1

QO M & a X & H M

SIMULATION - Behavioral Simutation - Functional - 5im_1 - €fg_th_ haifadder

Untitied 1

10,000 ns

SIMULATION - Behavioril Simulation - Functional - sim_) - cfg_th_haltac

Figure 22 - Half Adder Simulation Results

The same tests were carried out for the full adder and found to behave as desired, therefore
the 4-bit adder was built by combining four full adders that consisted of two half adders each,

figure 22 shows the 4-Bit adder construction in the Vivado VHDL software.

19

A good assumption made
here as the full adder will
be tested in the 4 bit
adder.




1.3.2 4-Bit Adder Design

The four bit adder shows a more complex design, with the half adder inheritance apparent. By
combining the four individual full adders, a 4-Bit adder is constructed.

Sources i
aQ = | & |+

Design Sources

® 2. adderdblt/adterdbit) (adder 4bitvhd

® U1 : fullacd(Benavioral) (Full_Addervha) (2)
@ U1 ; halfadderBenavioral) (half_addervhd
@ U2 halfadder(Behay vhd!
@ U2 fulladd{Behavioral) (Full_Addervhd) (2)
@ U1 : hatfadder(Be al) (half_adder.vh
® U2 : hatfadderifenay alf_addier.vhd
® U3 fulladd (Behavioral) (Full_Adder.vhd) (2)
@ U1 : halfadder{Behavioral) (half_adder.vhd,
@ U2: halfadder(Beha al) (half_adder.vhd!
@ U4 fulladd(Behavioral) (Full_sddervhd) (2)
@ U1 halfadder vioral) (half_addervhd
@ U2 halfadder(Behaviorn
adder_4bit
IP-XACT (1

component.xml

Figure 23 - 4-Bit Adder Design

arto
Figure 24 shows the logic layout of the 4-Bit adder, @ﬁ@fé

Hierarchy
and
inheritance
has been
identified
which is an
essential

ports as well as the port maps, with all operations helq,g,ryy}qfﬁgnstraint files.

hardware descriptions and

A well-structured
program with the full
adder components
clearly shown

BLOCK DESIGN - adder_4bit BLOCK mgmmmg
Diagram  x Address Editor  »| Adderdxde x| adder_4bit.vhd ¢ || Diagram x| Address Editor x| Adderfxde x| adder_4bit.vhe
=
F / r 4 74 JSsources_1/new! T -]
C:fUsers/loure/adder_4bit/adder_abitsrcs/sources_1/new/adder_4bitvhd 3 C/Users/loure/adder. dbit/adder dbit srcs/sources_1/new/adder dbitvhd
Bla i B B X N B Q =
i i i &la X B B X N/ ®E Q
= library IEEE} 5
| sae IEZE,std logic 1164,all; = : in STO_XOGIC:
3 entity adderdbit is i Sout @ out STD_LOGIC;
= port ( 3 i out STD_LOGIC
in : in SYD LOOIC; A Vi
* 1 im STD_LOGIC; end component;
= in STD_LOGIG; @
-1 1 in STD_LOGIC: 2 signal =1 : STD LOGIC;
8 = p
= i in STD_LOGIC; -4 signal <2 : STD _LOGIC;
= £ signal : STD_LOGIC;
. in [
z & 4
z 7 o ¢ bBegin
in =
in %
- fulladd
ut STD LOOIC BOXE mipy
a => al, b => b0, ein => ecin, eccut => ¢l,
s => s0);
] fulladd
port map(
3 a => al, b= bkl, gin => gl, cout => 2,
¥} a = all;
end addertbit; j fulladd
ct map(
architecture adderdbit of adderdbit is a=>a2 b= b2, ecin => &2, cout => &3,
s => a2);
component fulladd . fulladd
pert § B i
in STD LOGIC; v P o i 2
in $TD_LOGIC: a b = b3, cin &> c3, cout > cout,
: im STD LOGIC; a => al)
at STD_LOGIC;
< end adderdbit;

Figure 24 - 4-Bit Adder VHD Coding
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1.3.2.1 4-Bit Adder Testing and analysis

The 4-Bit adder diagram is shown in figure 25, showing outputs and inputs matching the
coding.

Diagram adder_4bit_tb.vhd adder_4bitvhd
QA = xX|Q|Q + E c o = Default View v
cn [ ——
0 [D—
adderdbit 0
al [»
L—= dn —> cout
a2 [ »—— 20 ) L
— s0 IP design is correct
a3 ) al cout
b0 @ i ’—L) 51
[: — a3 $1.— »
b1 [ - b0 2 - —iD s
b1 s3 -—————————{::} s3
b2 [ o
b3 > - b3

Figure 25 - 4-Bit Adder Diagram

Figure 26 shows the test bench code that will be used for the simulation and testing. The
expected result is to add two 4-bit binary numbers.

a0 <= '1";
<= '0";
i
o
g
bl <= '0";
b2 <= "0";
b3 <= '0';
cin <= '0";
wait for 10 ns;

al <= "1";
al <= '"1'; Good set of test data
a2 <= '1";
a3 <= '0';
b0 <= '0";
1 bl <= '0';
82 ! b2 <= '1';
. b3 <= "0";

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

Figure 26 - 4-Bit Adder Test Bench Code
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In figure 27 the simulation results are shown, it is clear to see that the code is functioning as
required, with the binary addition being successful.

Objects th_adderdbit_behav.wefg®
a o Q WM a g X « M M
o - o -. _

cin i) Logic

al 1 Logic LELCR 0. 000 ne 500.000 ne 1,000,000 ne

Name
3 al 0 Logic 0
a2 1 Logic 13
ai 1 Logic 7
b0 1 Logic
b1 1 Logic 4
b2 1 Logic
b3 0 Logic
cout 1 Logic
4 50 0 Logic
1 ] Logic
52 1 Logic
53 ] Logic

Figure 27 - 4-Bit Adder Test Simulation Results
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1.3.3 4-Bit Magnitude Comparator

A 4-Bit Magnitude comparator was created, as shown in figure 28. The output from the 4-Bit
adder is connected to the comparator with outputs OAGTB and OALTB set low and OAEQB
set high. With this configuration the comparator will determine if the A is greater than B, A is
less than B or if A and B are equal. To achieve the combination of the two systems were IP
integrated using the IP wrapper function.

2D COMP_4_NI_0
a D 83 Good design with FPGA Pmod
L~ B2
orts allocated
cl [ B1 p
—= B0
© B A3 OAGTB | 1D OAGTB
A2 OAEQR ——— > OAEQB
— Al OALTB
e i T L—D oALTB
AGTB
AEQB [ > AEQB
adder4bit_0 ALTB
i COMPANIVI 0
« a0
a3 D ' al COUt —y
bo D —— a2 s0
i a3 sl ¢
b1 D——I L b0 2
| b1 3
b2 D | b2
b3 [ ' b3
an [ adderdbit_v1 0
a0 O———
al OD——
a2 OD———

cout J

Figure 28 - 4-Bit Magnitude Comparator
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1.3.3.1 4-Bit Magnitude Comparator Testing and analysis.

Using the same methods as before, the 4-Bit magnitude Comparator test bench was
constructed to enable analysis of the system.

-

~ ~ 4 M 1 N:tun M

The 4 bit comparator VHDL was generated
gfrom the PLD design. This must be stated.

S

]
oS Q Wn

Figure 29 - 4-Bit Magnitude Comparator Behavioural Simulation Code

i
The simulation results in figure 29 shows the greater than, less than and equal to sequence,
indicating the comparator is fynctioning correctly.

Figure 30 - 4-Bit Magnitude Comparator Simulation Results . . .
Test indicates correct operation of

comparator
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1.3.4 8 Bit Magnitude Comparator

To enable the creation and testing of the 8-Bit magnitude comparator Multisim is used.

Figure 34 shows the two 4-Bit magnitude comparators cascaded in Vivado, before being
converted to PLD and uploaded to Multisim

Design Sources (1
~ ® = Comp_Adder_wrapper(STRUCTURE) (Comp_Adder_wrapper.vhd) (1)
[ Comp_Adder_i : Comp_Adder (Comp_»A 1

v @ Comp_Adder(STRUCTURE) (Comp_Adder.vhd) (2
v TF il COMP_4_NI_0 : Comp_Adder_COMP_4_NI_0_0 (Comp_Ad
~ @ Comp_Adder_COMP_4_NI_0_0(Comp_s

@ UO: COMP_4_NI(BEHAVIORA

| adderdbit_0 : Comp_Adder_adderdbit_0_0 (Com erdbit_0_0xc
~ @ Comp_Adder_adder4bit_0_0(Comp_Add 0_0_arch) (Co ide erdbit_0_0.vi 1
v @ UO: adderdbit(adderdbit
» @ U1: fulladd(B ora | The
> @ U2:fulladd(Behavioral) (Fu fU//
> @ U3 : fulladd(Behavioral) (Full_Adder.vhd P
» @ U4 : fulladd(Behavioral) (Full_Adder.vhd) (2) desi
Constraints (1 gn
com
Figure 31 - 4-Bit Adder & 4-Bit Mag Comparator pone
Figure 32 shows the cascaded comparators uploaded to Muﬁ‘|§im.
hier
arch
BO 26 A€ AT u1 LEDO
SWO Fe A0 n{ yitill s
o o ? B4A4B5AS(f]
A1 T T ?! =
SW9 x
swz B2 D_A??
o SW10 .,
sz B3 D—;PJ B2A2B3A3 u2 f azap
e sW11 ‘[ Ll onrs |
swa B¢ D—;’; BOAOB2A1 L i gas COMP_4
i sW12 B2
T | | ST
Bl
I:)—q> SW13 " 20
B6 o 5] 2
SWE A6 AGTE
S sw1s 1] e PLD design is correct
SW7 AT n
SH— sw1d COMP_4

Figure 32 - 8-Bit Magnitude Comparator
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1.4 Testing and Analysis

1.4.1 4-Bit Magnitude Comparator

The 4-Bit Magnitude comparator was converted to PLD and uploaded to the Nexus 4DDR test
board. The switches marked S15 — SO are labelled and the resultant LED tag is illuminated
below the switch allocations. By selecting the switch high or low position, the intended binary
sum can be achieved. The results are shown below on the results table. The switches in figure
33 are arrange to produce binary number 0011 (3) for the set point, 0001 for A & 0010 for B,
resulting in the comparator adding A & B values to give 0011 (3), therefore energising LED 1
— OAEQB ( A equal to B), as expected.

ANALDG
DEVICES

XILINX

sis|sialsi3lsiz]s11ls10[s9]s8 |s7[se|ss [s4sa [s2 [s1]s0
— =
I:IIIJ n
51 & Clo|o|g 3ls=322=E 2
E| < | w
SR K=
LED O (0AGTB) LED 1 (0AEQB) LED 2 (OALTB)
Figure 33 - Test 1 - 4-Bit Magnitude Comparator
Practical test 1 results.
Set Value SUMA SUM B Total LED
TEST1 0011 (3) 1 2 3 OAEQB

Table 2 - Test 1 results 4-Bit Magnitude Comparator
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In test 2 (figure 34) the C switches are arranged in a manner that produces binary number
0100 (4), with A=0100 and B = 0100, as expected the comparator energises LED 0 (OAGTB),
as the combined value for A & B is 8, which is greater than the set point of 4. Results are
shown in table 3.

&£ XILINX.

AMNAL
DEVICES

R al

»
P
»
”
i

-
il ¥
. -

515|514 5131512 511|510 |59 |58 |57 |56 |55 |54 |53 |52 |51 |50

] Test indicates the sum value is
E et siolclalgszg2eze greater than set value.
E pr
S EIRE
LED O (0AGTE) | LED 1 (0AEQB) LED 2 (0ALTB)

Figure 34 - Test 2 - 4-Bit Magnitude Comparator

Practical test 2 results.

Set Value SUMA |SUMB | Total LED
TEST1 0011 (3) 1 2 3 OAEQB
TEST 2 0100 (4) 4 4 8 OAGTB

Table 3 - Test 2 Results - 4-Bit Magnitude Comparator
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Test 3 (figure 35) results confirmed that the 4-Bit Magnitude Comparator is functioning
correctly with the set point set to 1001 (9) and the combined value of A and B being 5. LED 2
(OALTB) energised as expected, as 5 is less than 9 as shown in table 4.

-

£ XILINX.

o> [

-y

$11{S10|59 |58 |57 |56 |S5 |54 |53 |52 |51 (S0

s15(s14|s13|s12
Si=] . )
ol ow Test indicates the sum value is
51 & R B BsiB= B B B B B R R less than set value.
< | wud
o| o

LED 0 (0AGTB) LED 1 (OAEQE) LED 2 (0ALTB)

Figure 35 - Test 3 - 4-Bit Magnitude Comparator

Practical test 3 results.

Set Value SUMA |SUMB |Total |LED
TEST1 0011 (3) 1 2 3 | OAEQB
TEST 2 0100 (4) 4 4 8 | oAGTE o
TEST 3 1001 (9) 2 3 5 OALTB feoc‘;.‘i;s ¢ of tables in this

Table 4 - Test 3 Results - 4-Bit Magnitude Comparator

The three tests conducted confirms that the 4-Bit magnitude comparator is functioning as
intended.
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1.4.2 8-Bit Magnitude Comparator

Similar tests will be carried out on the 8-Bit magnitude comparator. Test 1 was conducted with
switches S15 - S8 is designated to input B and S7 — S0 to input A. Both switches A and B are
configured to produce a binary value of 00000111 (7), this results in LED 1 (OAEQB)
energising, indicating that the values are equal. This confirms the correct operation of the
system.

T
— - - & ! e - e
515|514(513|512|511/510 (59 |S8 st

B A i

LEDO(0AGTe) | LED1{oAE@B) | LED2(0ALTS) Z
Figure 36 - Test 1 8-Bit Magnitude Comparator ;C

In test 3, input A is configured to give the binary value 128 and:B to give 49, this resulted in
LED 2 (OAGTB) to energise, which is comrect as A is larger than B, therefore this test confirms

correct operation. s
A
B
Tes
t
LR " A " A A A A A i i it ind
s1s|s14]s13s12|s11/s1059 |s8 |57 |56 |55 |54 s3 52 [s1 |so icat
B A es
LEDO(oAGTB) | LED1(0akaB) | LED2 (0ALTE) | A>

Figure 37 - Test 2 8-Bit Magnitude Comparator
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Test 3 resulted in LED 2 (OALTB) energising as expected, as input A is set to binary value 5
and B to value 9. This test concludes that the system is functioning as expected.

515|5141511512|511 510|59 |SS 57 |56 |SS |S4 |53 52 |S1 |Sﬂ

B A
LEDO(oAGTe) | LED1(oacqs) | LED2(0AL) |

Figure 38 - Test 3 8-Bit Magnitude Comparator

1.5 Evaluation

e O

C
The research conducted enabled a thorough understanding of the underlying principles
associated with the design, build and testing of the systems. Thef use of VDHL language and
IP integration proved to be a building block of the adder, 4 and 8-bit magnitude comparator.
IP integration enabled the 4-bit magnitude comparator to be constructed by combining a 4-bit

adder and comparator. A
<

Once the 4-bit magnitude comparator was designed, built ancbtested, an 8bit magnitude
comparator could be constructed. This highlights the versatility of this system, where
cascading systems together, through the use of IP integration,'larger bit capacities can be
achieved. The hierarchy and inherent building block design ensures these systems are robust,
as long as the initial design stages are executed, simulated and tested using Vivado.

The testing of the systems concluded that they all functioned correctly, therefore the overall
design requirements were met and the project was an overall success and that the magnitude
comparators are now ready to be integrated into an ADC.

Good
evaluation.
The role of
the FPGA
could have
been
included.
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Element 2

2.1 Element 2 Introduction

In this element of the portfolio, an instrument measuring system will be designed, built and
tested using Multisim, with the aim of the circuit to weigh 1000 grams of weight over a 0-5v
range.

This will be achieved by converting an analogue signal into 8-bit digital signals which will be
compared to digital setpoint signal to ascertain if they are equal to set value, greater than set
value or less than set value. The comparison signal will originate from a load cell, as covered
in element one research and be conditioned and scaled to be 0-5v analogue signal.

This instrument circuit amplifier will be constructed using OP37AJ operational amplifiers
(virtual) using the National Instruments’ Multisim software for simulation and testing. The load
cell is constructed using four fixed value resistors and four variable resistors, which simulate
the individual load cells, excited by a 5-volt supply and arranged in a manner that will act as a
Wheatstone bridge, as described in the research part of element 1.

The potential difference between the load cell output terminals V1 and V2 are fed into the
comparator arranged op-amps in the instrument amplifier circuit where a scaled 0-5-volt output
is produced.

The produced analogue signal will be converted to 8-Bit binary, after which it will be fed to the

comparator.
Introduction covers most reqirements

2.2 Design Requirements

The circuit will be required to function form a 5-volt supply and be capable of measuring 1000g
with the load cell output scaled to 2mV per volt, which will resultin a full load output of 10mV,

derived by the following equation; SszmV/V = 10mV, after which the scaled value needs to
be conditioned to enable a 0-5V final output.

The complete circuit can be seen in appendix figure 1 in which both elements are clearly
distinguishable with the load cell on the left and the ampilifier for signal conditioning on the
right.

2.2.1 The Load Cell and Signal Conditioning
2.2.1.1 The Load Cell

The load cell is shown in figure 39, in which the arrangement of resistors clearly indicates a
Wheatstone-Bridge configuration, with fixed resistors R11, R13, R14 and R15, all at a set
value of 349.25Q and the four variable resistors notated as R8, R9, R10 and R12.
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The Wheatstone-Bridge operates through the variation of diagonal pairs of variable resistors,
i.e., pair 1 - R8 and R10 and pair 2 R9 and R12, with the differences in resistance pairs
resulting in a differential voltage created on output pins V1 and V2 which is fed to the signal
conditioning element of the circuit. The resting state resistance of the variable resistors is 350
Q.

VEE 5V
RE R9
1.40 50 % 1.4Q 50 %
Key=A Key=B
R11 R14
349.250 349.250
< <
V2 Vi
—% —
R13 R16
349.250 349.250
R12 R10
>1.40 50 % >1.40 50 %
Key=B Key=A

]

Figure 39 - Load Cell Construction

2.2.1.2 Signal Conditioning

The signal conditioning element will be responsible for receiving the load cell differential
voltage from outputs V1 and V2, which will require a buffer amp or voltage follower with a
suitable gain to increase the voltage before being fed to the differential op amp, which will
have a suitable gain as well. The combination of these three op amps and associated circuit
components will create the instrument amplifier, which will satisfy the project objectives.

Appendix figure 3 shows the buffer amplifier configuration which will be elaborated upon. As
previously discussed, these two op amps will apply the most gain to the load cell output signal.
The gain set through the use of the correct resistors labelled as R5, R6 and R7 and is

RSRLRG. It is clear that through the use of this
7

resistor configuration unity gain cannot be achieved, R5 and R6 will normally have the same
resistance value with the loadcell differential voltage output apparent across R7. This
configuration will ensure that both operational amplifier gain settings are the same and
therefore will not change the relationship of voltage produced across V1 and V2.

Thi
Appendix figure 4 shows the differential op-amp with urg*yfy;gg;n which will be elaborated upon.
The voltages fed into R1 and R2 are still identical to the Ipag ¢ell differential voltages produces,

high gain

calculated using the following equation; A =1 +
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with gain applied by the buffer amp. The values for R1, R2, R3 and R4 are all the same at
1KQ, therefore it is clear that this amp will provide unity gain. The gain calculation is as follows;

A=-2asR; =Ryand R3 = R,.

The output voltage can now be determined through the use of the following formula;
R3

Vou = (V2 — Vl)xa

The combination of these two circuits will create the instrument amplifier, as shown in
appendix figure 5. The combined gain calculation to achieve the required 0-5V output from the
maximum 10mV output from the load cell requires a circuit gain of 500, which is derived

through ﬁ = 500. This gain will we achieved through ensuring the buffer amp has a gain

of 400 and the differential amp a gain of 100. , Required gain is idnetified
This should be

To achieve the required gain from the amplifiers oY% tuning is required and carried out by
varying the resistor pair values accordingly. This h&s fe&hcafiied out and the correct resistors
have been selected using standard value resistors O8faihitBaHe&hart can be seen in appendix
figure 6. 100

Figure 40 shows the differential amplifier isolated from the amplifier circuit; this isolation
enables the amp performance to be analysed to ensure correct operation.

The inputs are loaded with 6 volts on the negative terminal and 7 volts on the positive terminal,
which results in 1 volt output with unity resistance. The differential amp (OP37AJ) can be seen

to have equal input and feedback resistances, therefore applying unity gain.

A good explanation

. . R R 22K
Gain calculation V,,,, = ~fecdback — 7 _ == _

Rin Rin 22K
B Loaa Cell Instrument Amp unity gain - MUlTisim - [Load Cell InStrument AMmp unity gai *] - [m] *
ﬁ'] File Edit View Place MCOU Simulate Trapsfer Jools Beports Qptions Window Help
0" B ® ¥ Y[ e s — @ - -
g L PR ELHpyEA~MY SR 00 thd e ®

1]
= Principle of unity gain is realised

i :

=

=

20kQ g 40kE) :

AN =

L =
— - d‘

y \J'C.C
Instrumentation Amplifier

<

P Load Cell Instrument Ame unity aain | I~

Figure 40 - Differential Amp Isolated for Tuning
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Testing will be carried out to ensure the circuit is functioning correctly. Test results will be
illustrated in section 2.4 and evaluations carried out accordingly.

2.2.2 Prototypes — 10 and 12-Bit ADC

The following prototypes will evaluate 10 and 12-bit ADC's utilising the 0-5v DC signal created
by the instrument amplifier, disregarding the frequencies of the instrument output signal. The
operating principles have been covered in element 1 and will therefore not be covered again.

2.2.2.1 10 Bit Analogue to Digital Converter

The ADC is created using LabVIEW software from National Instruments and is shown as well
as the HMI panel in figure 41 below and consists of an analogue input, scaled representation
of the input, formula block and 10-Bit digital output as well as a number to Boolean array

shown in figure 42.

[ 40C ressioticn 1064. 1254 Fromt Pane
T W r——

& & 1) [Tisppacatonton + | far e Biv e

Analogue Input Boolean Value
o o

£ 10 bit Digital Output
9000000000

Analogue Input

i 030 180 150 200 18 1 1% 4 4% S

| STOP I

o

Figure 41 - 10-Bit ADC

a
Fin Gm Vew Pojecr Opmms Tosk wiedow Help -
@ WM §E | Uptipkatmfon «| lor 5 - B A e
-,
e
nateger et
10 b sl Cutput
il
x| -— ﬂ!
[ Fomnels | Brokevee
B
=
- =1 =

The equation configuration command, figure 42, enables the ADC formula to be entered for
10-Bit resolution and takes the form of; VL(Z") , where X; = formula block analogue input,

ref.max

Vyefmax = ADC maximum scale and the resolution in bits as n.

Formula

Formula

error in (RO ermor) sessss
%1 » |
" Result

1
]

= errof out

Uses a calculator interface to create mathematical formulas. You can
use this Express V| to perform most math functions that a basic

This Express V1 is configured as follows:

Formula: (X1/5) * 1023

Number To Boolean Array

10 bit ADC design is correct

number —sE53 Boolean array

Converts an integer or fixed-point number to a Boolean
array, If you wire an integer to number, Boolean array
returns an array of 8, 16, 32, or 64 elements, depending on
the number of bits in the integer. If you wire a fixed-point
number to number, the size of the array that Boolean
array returns equals the word length of the fxed-point
number. The Oth element of the array corresponds to the
least significant bit of the two's complement
representation of the integer.

Figure 42 - Formula Block and Number to Boolean Array Description
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Referring to figure 43, X is the analogue input signal, 5v is the maximum scale and 1023 is
the ADC resolution as 10-Bit.

B3 configure Formula

x1/5)* 1024 1
Input Label Home Backspace Clear End
X1 X1
0 @ € = log In miod min
B D Pi sqrt log2 ep rem max
x4 x4 7 8 g / sin abs
% x5 4 5 B - cos it
X6 x5 1 2 3 tan sign
X7 X7 0 E * ( )
n = More Functions ~

Figure 43 - 10-Bit ADC Formula Block

Testing of the 10-Bit ADC is conducted in section 2.4.2, which confirms correct operation.

2.2.2.2 12 Bit Analogue to Digital Converter

The 10-Bit ADC has now been changed to 12-Bit Resolution but manipulating the formula
block once again, as shown in figure 44.

B configure Foemula

01/5) * %05 |
]l
ADC set
Imput Label Heme Backspace Clear End .
(o n
- L = L] in mod min
BE (o ; . formula
X r " gt log2 -p rem max
block
7] 4 7 i 9 n abe
X% iy 4 5 & cos nt
PO 1 2 3 tan sign
xr 0 |3 . 0 ]
X L More Functions
s

Figure 44 - 12-Bit ADC 4095 Boolean Value

The formula now shows 4095 resolution, with the same maximum scale 0-5v analogue input.
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Figure 45 shows the HMI amended to show the extra 2 lights in the array, 12 lights represent
12-Bits, the circuit construction stays the same.

B8 | B3 2DC reschution Wbt 1264 Block Disgram - o X
Fle Edt Wiew Project Operste Took Window Help TTHE File Edit View Project Operate Took Windew Help TR
> B W [ 3pt ApplcateonFont ~ | Sov mv 5+ GH - . !Jimqf o & Ny Ewme Vipt Applicaton Font_ ~ | f T G+ BN o, ;I_IE-‘]
|
Analogue Input Boolean Value
Analogus gt
2578 2112 =
12 bit Digital Output 12 it Bigitl Cutput
900000000000 =&
T . 2
| i | Eocksn Vs
Analogue Input r M
LR IRE IR IRT R BTN RO AR R
o =

‘ Ui '

12 bit ADC design is correct

« S P |

Figure 45 - 12-Bit ADC

Tests were carried out to confirm correct operation and can be seen in section 2.4.3, which
confirms the 12-Bit ADC is functioning correctly.

2.2.2.3 8-Bit Analogue to Digital Converter

In line with the objectives, an 8-Bit ADC with a range of 0-5V will be utilised, which will enable
the seamless connectivity of the loadcell and instrument amplifier as well as the 8-Bit
magnitude comparator.

Building upon the knowledge gained so far on ADC's, the ADC circuit used in section 2.2.2.1
and 2.2.2.3 will be altered by adding an analogue circuit as shown in figure 46. A 0-5V
analogue input is shown in to top left corner with the voltage limits clearly visible. The data
read block reads the voltage which is fed t the formula block. Once the formula has been
executed, the result is rounded and fed to the DO port, ready to be connected to the 8-Bit
magnitude comparator.

The addition of a variable power supply on the analogue input enables testing of the formula
block which is configured with the equation % (256), as shown in appendix figure 18.
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8 bit ADC design with formula block
is correct. All the io DAQ function
blocks are configured

A o
AnalogDBL || ansicgueiner
= 1Chan 15amp pech
+ iz - ‘{Fiﬂ
o {um
Digtal Ve
Formula
] . b
= o D) 4
L Dev3/portQ/linel:7
e channel for all lines 7] [ m
Digital U32 |
1Chan 15amp .
s1or
m . JTFL

Figure 46 - 8-Bit ADC with Analogue I/P and Digital Output

Figure 47 shows the 8-Bit ADC and associated circuitry, the variable power supply as well as
the HMI front panel which will be used to confirm correct operation.

The variable power supply is incorporated in the LabVIEW software and will act as a virtual
input and simulate the loadcell and instrument amplifier output.

] -]
G Ve Pt Cvmme Taon Wedon Wi T G Ve Pt Opends ook Wedea bl
S8 B W [ ieimnton + | e T e B . \ vE DB BN § B [ Peshepicneaton | lae T e G

D =

Test for 8 bit ADC is
good which proves

program
configuration

Figure 47 - 8-BIT ADC Circuit, HMI and Variable Power Supply

Testing of the 8-Bit ADC was carried out in section 2.4.4, where a conclusion can be made
that it functions as intended.
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2.3 Implementation

2.3.1 8-Bit Magnitude Comparator

Further development carried out on the 8-Bit magnitude comparator created in element one
enables the comparator to be connected to the inputs and outputs of the Nexys4 DDR FPGA
board, the modifications can be seen in figure 48. The changes consist of data set B connected
to the JB connector, data set A is connected to JA connector and the LED output signals
connected to JC connector. All changes are made on Multisim.

B8 Comp_8bit PLD2 using Pmod connectars - Multisim - [Comp_Bbit_PLD2 using Pmod connectors *]

W& File Edit View Place Simulate Trapsfer Tools Reports Options Window Help
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Ready to download to Nexys4DDR
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o—o A0 AD
o o]
JB1 B1
o Jal1 A1
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Je2 B2
C— a2z A2
ot u1
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[ — Be FE ALt 1€ Camnectns ELVE PRzt
— B4 < B2 1C0-XC2.060 2100 23
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o O—— wEEEE—— omp
PLRPreiD PP is correct
1B Connections - ELVIS i Pratatype
nemen e with static
variables
identified
I 68 Comp_Bbit_PLD2 using Pmad connectors ‘| and set

Figure 48 - 8-Bit Magnitude Comparator Modified

Figure 49 shows the Nexus4 DDR PMOD ports front view.
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Figure 49 - Nexys4 DDR FPGA Pmod Ports
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Figure 50 shows the complete program used in LabVIEW, the addition of three more formula
blocks and a digital input apparent. The DO block needed to be amended to utilise 16 outputs
instead of 8 as before, this will enable two sets of 8-Bit data to be sent to the Nexys4 DDR for

comparison.

The DI block added enables the three Nexys4 DDR board inputs, greater than, equal to and
less than to be received through lines 21-23, port 0.

Finally each formula block has its own formula which will enable the conversions and scaling

to take place.

Explanation gives an

overview but the
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>
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Figure 50 - Final LabVIEW Program

Table 5 illustrates the equation held in each formula block ad what function it serves.

Good use of table.

Formula Block Name
Formula Formula 2 |Formula 3 Formula 4
. X X X
Equation | 21 21 1 256 X, (256
= (1000) | Z5(256) | 750(256) | Xu(256)
Voltage Analogue |Reference Boolean
Function |input voltage setpoint value
conversion [coversion |conversion conversion
Table 5 - Formula Block Functions Formul
a block
4 needs
to be
explain
39 ed in
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Figure 51 shows the ELVIS Il board and Nexys4 DDR board assembled ready to test the
system. The boards are connected with short jumper wired connectors, Micro USB for Nexys4
DDR power supply and the potentiometer used to change the magnitude comparator state.

Good image of equipment setup

Figure 51 - NI ELVIS Il Board with Nexys4 DDR Board Setup

Figure 52 shows the panel view HMI created using LabView. The HMI| has been designed to
function in an ergonomic manner, which shows the set load value, analogue input, load input,
set load DO, load cell DO, actual value and result derived from the magnitude comparator.

[ofe “ea @

[i[ea @ aa

Front panel design is good

4

AN Y]

Figure 52 - Panel View HMI

The complete system has been tested with results and test procedure published and analysed
in section 2.4.5.
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2.4 Testing and Analysis

2.4.1 Load Cell and Signal
Test results for the combined circuit is shown in figure 53 with the table of results illustrated in
Table 6.

The test is carried out by varying the resistors in opposing pairs, i.e., top left and bottom right
increases whist top right and bottom left decreases, which will simulate an applied weight and
therefore produce a differential voltage on outputs V1 & 2. When all resistances are equal
distributed at 50%, the load cell simulated weight will be equal to zero and with 100% / 0%
distribution the weight will be 1000g.

The response is linear and matches the expected results very closely, where each 5%
increase in resistance of opposing variable resistors result in a simulated increase of 100
grams of weight on the cell, which produced an increase of 0.5v output.

The small discrepancies in expected and simulated result highlighted in table 6 are apparent
throughout the measurements which is shown to be 0.01V initially. The real error voltage only
becomes apparent once the 0g weight is simulated, the resultant voltage is -0.00587v, which
leads to a conclusion that the circuit error is -0.00587v throughout the measurement range
and therefore can be negated, or compensated for. The lack of resolution of the higher voltage
outputs, results in the error to seem higher than it actually is.

Simulated Results

6.00

8

Good resultant linear graph which
shows that the error is acceptable

g8 8 8

Output Voltage (v)

2

0.00
0 100 200 300 400 500 600 700 B0DO 900 1000

Simulated Weight (g)

Figure 53 - Testing - Load Cell Circuit Linear Response Graph

It is clear to see that the tests results confirm the correct operation of the circuit, with an
increase of 100g resulting in an increase of 0.5v, which satisfies the objectives of this section
of element 2. Further evaluation and analysis carried out confirm that the resistor values
derived were correct, resulting in an appropriate amount of gain being applied at the correct
stages of the circuit.
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% Resistance Expected Result Simulated Result Error (v)
Applied (Q) |Weight (g)| Output Voltage (v) | Weight (g)| Output Voltage (v)

100 1000 5.0 1000 4.99 -0.01
95 900 4.5 900 4.49 -0.01
90 800 4.0 800 3.99 -0.01
85 700 3.5 700 3.49 -0.01
80 600 3.0 600 2.99 -0.01
75 500 2.5 500 2.49 -0.01
70 400 2.0 400 1.99 -0.01
65 300 1.5 300 1.49 -0.01
60 200 1.0 200 0.994 -0.006
55 100 0.5 100 0.494 -0.006
50 0 0 0 -0.00587 -0.00587

Table 6 — Testing - Load cell Circuit Test Results

2.4.2 10-Bit ADC testing

Figure 54 shows the first test conducted on the 10-Bit ADC. Here the range programmed, in
line with the objective, is 0-5, with the maximum Boolean value attainable with 10-Bit resolution
being 1023. From the results show a conclusion can be made that the 10-BIT ADC is
functioning correctly at full scale or 5v analogue input.

Analogue Input Boolean Value

5 1023 Go
od

10 bit Digital Output test

* O000000000 o

Analogue Input sho
ws

000 050 100 150 200 250 300 350 400 450 500

the
ma
X
val
ue

hel
Figure 54 - Testing 10-Bit ADC - Full Scale d

s1opP

Table 7 shows the corresponding truth table, which confirms éﬁg’rect operation.
ady
1+2+4+8+16+32+64+128+256+512 = 1023 - Correct f
the
ma|
1 2 4 8 16 32 64X 128 256 512
1 p ] 1 1 1 1 1ra 1 1 1
w
Table 7 - Testing - 10-Bit ADC Truth Table - Full Scale val
ue
42 is
set
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Good table of results




Figure 55 shows the analogue input at approximately 2.5v, with the matching Boolean value
close to 50% of the range.

Analogue Input Boolean Value
2521 516

10 bit Digital Output

¢ = . - . - - -
99000000000
. = L o AT LS|

Analogue Input

Good test showing value at half
SToP way point.

Figure 55 - Testing 10-Bit ADC - 50%
Table 8 shows the corresponding truth table, which confirms correct operation.
4+512 = 516 - Correct

1 2 4 8 16 32 64 128 256 ]
1 0 0 0 0 0 0

Table 8 - Testing - 10-Bit ADC Truth Table - 50%

—r

Vie f.max

The results can be check with the equation

Figure 55 = 232(1023) = 515.7966 rounded to give LED array output of 516.

Convert back to an analogue signal,

515.79
1023 (5) = 2.5209v Calc is good for proof

Results in an error 0.00003v which is negligible.
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2.4.3 12-Bit ADC testing

Figure 56 shows the input is set to approximately 50% with the resulting Boolean value

matching. The truth table in table 9 conforms that the operation is correct.

a B3 40¢ seschation 10b%_12b6k.» Hack Diegram o =
Fie (80 View Prosct Opeste Tooh Window Help 0T Fle Bt Verw Project Operste Took Window Halp
& @ i I | Vgt Apphcation Fort ~ | So= v EEr @B -l A ,:lItHE—I @ @My I o | Vptapphosnfon - | for T 09~ B -, )IE]
Analogue Input Boolean Value )
o
2578 2112 b

| 12 bit Digital Outpu_t . teh
900000000000

Analogue Input

oo Gl 1 1% A0 2% A0 3% 40 AW S0

| oe l

Figure 56 - Testing - 12-Bit ADC 50%

64+2048 = 2116 - Correct

1 2 4 8 16 32 64 128 256 512 | 1024 | 2048

0 0 0 0 0 0 1 0 0 0 0 1

Table 9 - Testing - 12-Bit ADC Truth Table - 50%

= —(2m)

ref.max

The results can be checked with the equation %

Figure 56 = 227%(4095) = 2111.382 rounded to give LED array output of 2112

Convert back to an analogue signal,

2111.382

W (5) = 2.5775v

Results in an error 0.00046v which is negligible.

Figure 57 shows the 12-Bit ADC full-scale test, with 5v on the analogue input the output shows

a Boolean value of 4095, with the results confirmed in the truth table in table 10.




Boolean Value
4095

Analogue Input
5

12 bit Digital Output
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Figure 57 - Testing - 12-Bit ADC 100%
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1+2+4+8+16+32+64+128+256+512+1024+2048 = 4095 - C?g‘gct
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Table 10 - Testing - 12-Bit ADC Truth Table - 100%

2.4.4 8-Bit ADC testing

calcu
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n
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The image shown in figure 58 illustrates both tests carried out on the 8-Bit ADC with the
variable power supplies set to 2.56V and 4.90V respectively.
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Figure 58 - Testing - 8-Bit ADC 2.56v & 4.90v
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Good practical test using virtual input

signal from virtual P.S.
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The first digital output is 132 derived from a 2.57V virtual input and the second is 251 derived
from a 4.90V virtual input. To confirm these values are correct and therefore the ADC is
performing correctly the truth tables below were used.

4+128 = 132 - Correct

1 2 4 8 16 32 64 128
1 0 0 0 0 1

Table 11 - Testing - 8-Bit ADC Truth Table - 50%

There is a small error apparent calculated to be 0.008V, which is negligible.

1+2+8+16+32+64+128 = 251 - Correct

4 8 16 32 64 128
0 1 1 1 1 1

Table 12 - Testing - 8-Bit ADC Truth Table - 100% o
A good test indicating

There is a small error apparent calculated to be 0.002V, which is negligible. a small error which is
acceptable.

In conclusion all three ADC worked as required, albeit some very small errors which were
calculated and found to be insignificant.

2.4.5 Magnitude Comparator Testing

The complete program tests carried through manually adjusting the input load with the
potentiometer enabled three states to be evaluated, where the setpoint loads of 400, 200, and
200 has been used with the potentiometer loads varied greater than, equal to and less than
to simulate the load cell circuit operation.

Test images can be seen below in figures
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Less Than proven with the load input set lower than the setpoint value.
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L © & remotedekicp googlecomupport =B G *»0
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Figure 59 - Testing - Magnitude Comparator - Less Than

Equal to proven with the load input value set equal to the setpoint value
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Figure 60 - Testing - Magnitude Comparator - Equal To
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Greater than proven with the load input value set greater than the setpoint value
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[
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Figure 61 - Testing - Magnitude Comparator - Greater Than

The three tests conducted in the images above confirm that the complete system is functioning
correctly. Seamless integration between the 8-Bit ADC and 8-Bit Magnitude comparator has
been proven to be a success.
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2.5 Evaluation

The researched load cell theory proved to be valuable during the simulation setup and testing
of the load cell, of which the 0-10mv signal was successfully conditioned to 0-5v using the
instrument amplifier. The stability, accuracy and repeatability of the measuring cell circuit was
more than acceptable, proven by the linear response graph, with no self-excitation of the
amplifier or any noise of concern. The two prototype analogue-to-digital converters were found
to be very effective in converting the 0-5v analogue signal to a binary value, with the LabVIEW
software making the task very user-friendly. Some error was apparent, but found to be
insignificant.

The successful creation of the 8-Bit ADC enabled the progression onto the next element, the
combination of the load cell circuit, 8-Bit ADC and 8-Bit magnitude comparator. The magnitude
comparator was easily adapted to integrate into the ELVIS Il board and the tests results
confirmed that the whole circuit functioned as intended, exhibiting stability and insignificant
error.

In conclusion, it has been deemed possible to create ADC scaling within LabVIEW, using the
formula blocks provided in the program, to successfully compare values.

Further improvements to the system could include using dedicated connector cables and
ensuring that the environmental impact of creating the system is kept to a minimum, through
the selection of low-carbon footprint components.
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Element 3

3.1 Element 3 Introduction

Element 3 concems itself with data recording and storage. Through the addition of data
recording blocks or dataloggers, the LabVIEW circuit used in element 2, can be adapted to
record 5 parameters from the system.

The parameters to be recorded are; Load input (grams), Set load comparison (grams), Load
input less than set load, Load input equal to set load and load input more than set load. The

stored data will be obtained from the system through using CSV text files. )
Introduction covers the

practical task

3.2 Design Requirements
The recorders feed the comparator binary values through multipliers which increase the gain
by 200 for each data stream.

The datalogger file configuration screen can be seen in figure 62 below. The block allows the
user to select the save location, format (text, binary, excel etc.), header allocation and the
option to rename or overwrite existing files.

B configure Wete To Messurement Frle [Wite To Messurement File]
Flenume File Format
He\LabVIEW Data' test).hom [~ @) Text LVMD
" Banary (TOMS)
() Bimary with XML Header (TOM)
) Microsoft Excel (i

Action

(# Save to one fie oy Pty
[ Ask user to choese file 2w Knpcter e Sageamt
: e Tex
) Na headers t
1 e lready exists X Vadue (Time) Cobsmns fl/e
#) Rensme existing file ) One cobumn per channel
") Use nest avalable flename @) One cobumn saly con
) Append to file ) Empty teme column i
) Overwiite fie = ﬁgu
@ Tabulator rati
() Save to series of files [multiple fles) "
() Comma on
File Description exa
mp
le
oK Cancel Felp s h 0
Figure 62 - Datalogger Block Configuration ws
the

For the purpose of this element, the configuration in figure 62 will be used, where the save
location is designated as H:\LabVIEW Data\test1.lvm, wheregthe files will be stored as text
files to be manually converted to excel which will enable alf saved data to be graphically
represented. Appendix figures 19-23 show the file configuraticarof all four dataloggers.

an
Appendix figure 24 shows the Ivm files saved in the approprigte location, confirming that the

save address has been implemented correctly. file
ext
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3.3 Implementation

Figure 63 shows the datalogger elements added to the established comparator circuit on
LabVIEW.

The addition of the dataloggers enables the potentiometer analogue input and comparator
outputs to be saved for future scrutiny.
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Figure 63 - Full Program

The individual elements of the program are elaborated upon below.

Referring to figure 64, File 1 is a .lvm text file and logs load input value as numeric value,
where file 2 reads the setpoint integer (load setpoint comparison) in grams.

———— ] Functions off//e.7
L= R et and 2 are explained
. |

Figure 64 - File 1 and 2

Referring to figure 65, the first block is the converter that converts Boolean to integer, the
second is the index array for elements 0,1 & 2 (these are from inputs 21, 22, 23). These values
are multiplied by 200 to aid in graph scaling.
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Figure 65 -File 3, 4 & 5

The Data logger blocks functions are; File 3 (less than), File 4 (equal to), File 5 (Greater than)

dek e

Individual File settings can be seen in appendix Files 3-5 are explained

Image 66 below shows the sample timer, to ensure a reasonable amount of data is sampled
(in milliseconds). Too low = too much data / too high = not representative.

o]

Timer function is explained

Figure 66 - Sample Timer

See appendix figures 25-29 for .lvm samples from datalogging on file 1,2,3,4,5.
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3.4 Testing and Analysis
The first test conducted is the 200g simulated setpoint. Figure 67 shows the data logger test
result graph — see appendix figure 30 for data logs.

Data Log with set point at 200 grms

350

300

200 1]

150

100

s pAnalogue input s Satpgint LessThan — es=Equal to Greater Than

Figure 67 — Testing - 200g Setpoint Log Graph R

The graph in figure 67 shows the analogue input (orange line), which is the simulated weight
to initially be below the setpoint of 200, when set at 133.62g, with the yellow (less than) line
at a high value which is correct. Thereafter the yellow line drops off to a low value and the blue
(equal to) line goes high, which is when the setpoint matches the simulated load value, which
is correct. Finally, the blue line drops to a low value, at which poiral the green line goes high to

indicate the simulate value is higher than the setpoint. n

Front panel display test results confirm correct operation in line \ﬁrith the data log graph. Note

that there is a small error of 2.966g on the simulated weight valug during the equal to test.
r

Equal to Less than a  More than
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The second test conducted is the 500g simulated setpoint. Figure 69 shows the data logger
test result graph — see appendix figure 31 for data logs.

500g Setpoint Log Results
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Resultant
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is good

100

m—fnalogue Input  ==——Setpoing LessThan  sesmfqualTo — sss=Greater Than

Figure 69 — Testing - 500g Setpoint Log

The graph in figure 69 shows the analogue input (orange line), which is the simulated weight
to initially be below the setpoint of 500, when set at 341.723¢g, with the yellow (less than) line
at a high value which is correct. Thereafter the yellow line drops off to a low value and the blue
(equal to) line goes high, which is when the setpoint matches the simulated load value of 500g,
which is carrect. Finally, above 500g, the blue line drops to a low value, at which point the
green line goes high to indicate the simulated value is higher than the setpoint, which is
correct.

Front panel display test results confirm correct operation in line with the data log graph. Note
that there is a small error of 2.099g on the simulated weight value during the equal to test.
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Figure 70 - Testing - 500g HMI Test Good set of
results on
front panel
indicating all 3
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The third test conducted is the 700g simulated setpoint. Figure 71 shows data logger test
result graph — see appendix figure 32 for data logs.

700g Setpoint Log Results
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Figure 71 - Testing - 700g Setpoint Log Graph

The graph in figure 71 shows the analogue input (orange line), which is the simulated weight
to initially be below the setpoint of 700, when set at 447.495g, with the yellow (less than) line
at a high value which is correct. Thereafter the yellow line drops off to a low value and the blue
(equal to) line goes high, which is when the setpoint matches the simulated load value of 500g,
which is correct. Finally, above 700g, the blue line drops to a low value, at which point the
green line goes high to indicate the simulated value is higher than the setpaint, which is correct

Front panel display test results confirm correct operation in line with the data log graph. Note
that there is a small error of 1.408g on the simulated weight value during the equal to test.
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Figure 72 - Testing - 700g HMI Test Results are
correct for all
3 condition
on front
panel
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3.5 Conclusion and Analysis

The tests conducted confirms that the element objectives have been met. The 8-Bit ADC
successfully converted the analogue weight signal to a digital signal, after which the
magnitude comparator successfully distinguished between the setpoint value and simulated
weight value and ascertained if the simulated weight is less than, equal to or higher than the
setpoint value. The data logging elements were added and tested and found to be
functioning correctly, with an appropriate sampling interval to represent an accurate dataset.
This element has highlighted how data logging can be implemented into industrial or
manufacturing systems to improve reliability, efficiency and control.

Error has been evident throughout the system, starting with very small errors in the load cell
signal conditioning element, which was deemed to be insignificant. Care must be taken to
ensure the aforementioned error does not become amplified, when further elements are
added to the design. Furthermore, quantisation error was apparent during the datalogging
tests “equal to” simulation, this is due to the 8-Bit resolution of the ADC. Further
improvements to the system can be made through utilising an ADC with higher resolution,
like the 10-bit prototype, which would require further circuit amendments.

Good evaluation
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Overall Conclusion

The research conducted enabled a thorough understanding of the basic principles needed to
achieve the goals of the three elements completed. Knowledge gained on the integration and
programming of Elvis Il and Nexys4 DDR boards to communicate with each other and accept
analogue input signals can be applied to work environments as fransferrable skills.

The programming of the boards using LabVIEW and Multisim illustrates the versatility of these
systems and thereby their usefulness in industry. The manner in which the boards are
programmed enable a visual link to be established to the user which greatly increases the
understanding of the topic.
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4. Appendix

Appendix - Element 2

v

2 ¥EE

B REUIe =T Instrumentation Amplifier

Appendix Figure 1 - Multisim Circuit of Load Cell and Amplifier

Measuring Cell Specifications

SPECIFICATIONS OF LCKD-1KG
Excitation: 5 Vdc, 7 Vdcmax
Output: 2 mV/V nominal
5-Point Calibration: 0%, 50%, 100%, 50%, 0%
Linearity: +0.25% FSO
Hysteresis: +0.25% FSO
Repeatability: +0.10% FSO
Zero Balance: +2% FSO
Operating Temp Range: -54 to 121°C (-65 to 250°F)
Compensated Temp Range: 16 to 71°C (60 to 160°F)
Thermal Effects:
Span: +0.018% FSO/°C
Zero: +0.009% FSO/°C
Safe Overload: 150% of capacity
Ultimate Overload: 300% of capacity
Bridge Resistance: 350 (2 min
Full Scale Deflection: 0.025 to 0.076 mm (0.001 to 0.003")
Electrical Connection: 1.5 m (5') 4-conductorinsulated cable with temperature compensation board
Weight: <14 g (<0.50z)
Protection Class: IP54

Appendix Figure 2 - Measuring Cell Specifications
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Buffer amplifier configuration

b <2 ilZ\f _!ngl'i'v

oV
R7 R6 10k0
To diff op-amp —
10k R6 10kQ e

& V2
2 4

vCc

Appendix Figure 3 - Buffer Amp Configuration

Differential op-amp with unity gain

V500V

v 245;!68 Vip-p): 24.0 aV
Vip-p) v Virms): 5.00 V
Virms): 2.48 V — N\ Vidc): 5.00 V
Vidcy 248V 2200 Vifreq) 26.2 kH;

Vifreq): 27 4 kHz

O]

A~
2.2kQ

2.2kQ

V.25V
Vip-p): 124 pV
= Virms) 250 V
Vidge) 250V
Vifreq): 24.2 iHz

Appendix Figure 4 - Differential Op-amp - Unit gain
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Combined circuit

vcc Vss

TRV A e
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Appendix Figure 5 - Combined Load-cell and Amplifier Circuit

Standard Resistor Value table

Standard Resistor Values (+5%)
1.0 10 100 1.0K 10K 100K 1.0M
1.1 11 110 1.1IK 11K 110K 1.IM
12 12 120 1.2K 12K 120K 1.2M
1.3 13 130 1.3K 13K 130K 1.3M
1.5 15 150 1.5K 15K 150K 1.5M
1.6 16 160 1.6K 16K 160K 1.6M
1.8 18 180 1.8K 18K 180K 1.8M
20 20 200 20K 20K 200K 2.0M
2.2 22 220 2.2K 22K 220K 2.2M
24 24 240 24K 24K 240K 2.4M
2.7 27 270 27K 27K 270K 2™
30 30 300 10K 30K 300K 3.0M
33 33 330 313K 33K 330K 33M
36 36 360 36K 36K 360K 3.6M
3.9 39 390 39K 39K 390K 3.9M
4.3 43 430 4.3K 43K 430K 4.3M
4.7 47 470 4.7K 47K 470K 4.7M
3.l 51 510 5.1K 51K S10K 5.1M
5.6 56 560 5.6K 56K S60K 5.6M
6.2 62 620 6.2K 62K 620K 6.2M
6.8 68 680 6.8K 68K 680K 6.8M
7.5 75 750 7.5K 75K 750K 7.5M
] 82 820 8.2K 82K 820K 8.2M
9.1 91 910 9.1K 91K 910K 9.IM

Appendix Figure 6 - Standard Resistor Value Table (Kuphaldt, 2007)
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Load Circuit test results

Circuit testing
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Appendix Figure 7 Load Cell Testing 5V
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95-5 4.49V
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Appendix Figure 8 - Load Cell Testing 4.5V
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Appendix Figure 9 - Load Cell Testing 4V
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85-15 3.49V
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Appendix Figure 10 - Load Cell Testing 3.5V
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Appendix Figure 11 - Load Cell Testing 3V
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75-25 2.49V
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Appendix Figure 12 - Load Cell Testing 2.5V
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Appendix Figure 13 - Load Cell Testing 2V
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65-35 1.49V
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Appendix Figure 14 - Load Cell Testing 1.5V
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Appendix Figure 15 - Load Cell Testing 1V
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55-45 — 494mV

) File Edit View Place MCU Simulate Transfer Tools Reporis Options Window Help =|=%
D=0 SR " AEEEDEE: SYrm=e- (¥ x-«x- fe? == aaqq”
rwd xPEEBELgrEEsRYTEED (%S| DA G0 DG b ou| s &ineacie

*
o
29
=
=
veeC  vss -
T v e, ) 245V =
[
V4 =
Vioeak s =
Vivea 21 =
“
-
® .
=
a
&
Load Cell LCKD - 1KG 4
Vireqx —

Appendix Figure 16 - Load Cell Testing 0.5V
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8-Bit ADC Formula Block equation

E Configure Formula

X1/3) * 256
Input Label Home Backspace Clear End

X1 x
e 2 e " leg In mod min
B B Pi sgrt log2 ep rem max
x4 X4 7 8 [] /! sin abs
X5 x5 4 5 6 = £08 nt
X6 X& 1 2 3 5 tan sign
Xi_||x 0 - E + ( )
X = More Functions v

Appendix Figure 18 - 8-Bit ADC Formula Block Equation

Appendix Element 3
Data Logger file configurations;

File 1
u Configure Wrte To Measurement File [Write To Measurement File]
Filename File Format
HALSbVIEW Date\test1lvm = @ Test (LVM)
() Binary (TDMS)

() Binary with XML Header (TDM)
(O Microsoft Excel {uxlsx)

Action & Lock file for faster access
5 t Head
(®) Save to one file EAp ok
[[] &sk user to choose file (O One header per segment
Ak onlibonce (@) One header only
each iteration () No headers

X Value (Time) Columns

If a file already exists
(@) Rename existing file () One column per channel
() Use next available filename (@) One column only
() Append to file () Empty time column
() Overwrite file
Delimiter
®) Tabulator
() Save to series of files (multiple files) @
() Comma

Settings...

File Description

oK Cancel
Appendix Figure 19 - Data Logger File Configuration File 1

File 2
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|3 Configure Write To Measurement File [Write To Measurement File2]

Filename

H:ALabVIEW Data\test2 hem

Action

® Save to one file

[]Ask user to choose file

sk each rteration
If a file already exists
(@) Rename existing file
() Use next available filename
() Append to file
() Overwnte file

() Save to series of files (multiple files)

Settings...

File Description

=

File Format

(@) Text (LVM)

() Binary (TDMS)
() Binary with XML Header (TDM]}
(O Microsoft Excel (adsx)

| e for faste

Segment Headers

(7) One header per segment
(@) One header only

() Mo headers

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

(@) Empty time column
Delimiter

@ Tabulator

() Comma

oK Cancel

Appendix Figure 20 - Data Logger File Configuration File 2

File 3

E Configure Write To Measurement File [Write To Measurement File3]

Filename

H:\LabVIEW Data\testd v

Action

®) Save to one file

[[] Ask userto choose file

®) Ask only ence

Ask each iteration

If a fille already exists
@) Rename existing file
(0) Use next available filename
(0 Append to file
() Ovenwite file

(T Save to series of files [multiple files)

Seftings..

File Description

[~

File Format

@ Text (LVM)

() Binary (TDMS)
() Binary with XML Header (TDM)
() Microsoft Excel (xds)
[A Lock file for faster ace

Segment Headers

() One header per segment
(@) One header only

(J) No headers

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

@) Empty time column
Delimiter

C.:n Tabulator

() Comma

QK Cancel

Appendix Figure 21 - Data Logger File Configuration File 3

File 4
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& Configure Write To Measurement File [Write To Messurement Filed]
Filename

HALBOVIEW Datatestd hn @
() Bamary (TOMS}
) Binary with XML Heades (TOM)
2 Microsoft Excel (o)
Action Lock flefor fast
® Save to crefile Segment Headers

() One header per segment
(@) One header orily

[ sk user to chacse file

(03 No headers
Wafle ki X Vabue (Time) Columens
(@) Renme existing file () e calumn per channel
e rest available Filename () e colummn andy

() Append to file @) Emoty time column

) Overwita il

0 vite file (i
@ Tabulator
(O Save to series of files (multiple files)

() Comma
PV
L3 Cancel Help

Appendix Figure 22 - Data Logger File Configuration File 4

File 5

I Configure WWrite To Measurement File [Wirite To Measurement Files]

Flename File Format

HALabVIEW Data\test Lhm - @ Teat (VM)
() Binary (TOMS)
() Binary with XML Header (TOM)
() Microsoft Excel ()

®) Save to one file Segment Headers

] Ak usr to chosse fila () One header per segment

% (8) One hesder only

(Mo headers

e X Value (Time) Cohsmns
@ Rename existing file () One column per channel
(T Uze mext svailable filensme: (0} One cokumn anly

() Append to file @) Empty time calurmn

() Overwrite file e

@) Tabulst
() Save to series of files (muttiple files) \? o
{0 Comma
Settings.

File Description

oK Cancel Help

Appendix Figure 23 - Data Logger File Configuration File 5

Raw data for datalogging - Generated text files

Name Date modified

| testl.vm 2/05/2021

|| test2.lvm 2

[ ] test3.vm 2/05/2021 0

| ] testd.vm 02/05/2021 01:14
[ testS.vm 02/05/2021 01:1

Appendix Figure 24 - Raw data for datalogging - Generated text files
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File 1 sample

s S N R

22 X _Value Untitled Comment
23 0.000000 297.944125
24 0.299572 298.104724
25 0.601009 300.674308
26 0.900495 298.779240
27 1.200737 298.072605

- - . w e - oa

Appendix Figure 25 - Data Log File Sample - File 1

File 2 Sample

HEIE Sz o |8

22 X_Value Unticled

23 300.000000
24 300.000000
25 300.000000
26 300.000000
27 300.000000
28 300.000000

Appendix Figure 26 - Data Log File Sample - File 2

File 3 sample

1 3 ) e 3 3
67

0.000000
&3 200.000000
69 200.000000
70 200.000000
71 200.000000
72 200.000000
73 200.000000
74 200.000000
75 200.000000
786 200.000000

Appendix Figure 27 - Data Log File Sample - File 3

File 4 Sample
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Bliest1 lvm dlﬂleszrvm d]ﬂteﬁ}m | Etestdvm 3

48 200.000000
4€ 200.000000
47 200.000000
418 200.000000
490 200.000000

Appendix Figure 28 - Data Log File Sample - File 4

File 5 sample

97 200.000000
G 200.000000
5 200.000000
10 200.000000
101 200.000000
102 200.000000
103 200.000000
104 200.000000
105 200.000000
1086 200.000000

0

Appendix Figure 29 - Data Log File Sample - File 5

Raw value
samples of text
file data
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Load Cell 200g data log
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Appendix Figure 30 - Load Cell 200g Data Log
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Load Cell 5009 data log
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Appendix Figure 31 - Load Celfl 500g Data Log

Load Cell 700g data log
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Appendix Figure 32 - Load Cell 700g Data Log
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1809797

GRADEMARK REPORT

FINAL GRADE

09 100

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2
PAGE 3

Text Comment. A good level of detail in the table of contents
PAGE 4
PAGE 5

Text Comment. A comprehensive list of figures

Text Comment. An extensive appendix with all test requirements
PAGE 6

Text Comment. This as an interface with the FPGA

Text Comment. Introduction covers most tasks.
PAGE 7

Text Comment. Good explanation but needs a supporting image
PAGE 8

PAGE 9

Text Comment.

LabVIEW

Good explanations and example of main DAQ function blocks in




PAGE 10

PAGE 11
Text Comment. Good explanations and examples of the comparator
PAGE 12
Text Comment. Good explanation with a supporting diagram for quantisation. Good use
of comparison table here.
PAGE 13
Text Comment. Research demonstrates a sound knowledge with ADC's
PAGE 14
Text Comment. Explanation relevant in this portfolio. A good understanding
demonstrated here.
PAGE 15
Text Comment. Stages involved in the signal conditioning process are identified
PAGE 16
PAGE 17
Text Comment. 4 bit adder components have been identified here. .
PAGE 18
PAGE 19
Text Comment. A good assumption made here as the full adder will be tested in the 4
bit adder.
PAGE 20

PAGE 21

Text Comment. Hierarchy and inheritance has been identified which is an essential part
of understanding for this design system.

Text Comment. A well-structured program with the full adder components clearly
shown




Text Comment.

Text Comment.

IP design is correct

Good set of test data

PAGE 22
Text Comment. A clear test result using virtual bus method. Test indicates the carry
Cout set for sum > 15 for 4 bit.
PAGE 23
Text Comment. Good design with FPGA Pmod ports allocated
PAGE 24
Text Comment. These settings are identified from the PLD design
Text Comment. The 4 bit comparator VHDL was generated from the PLD design. This
must be stated.
Text Comment. Test indicates correct operation of comparator
PAGE 25
Text Comment. The full IP design components hierarchy are identified here.
Text Comment. PLD design is correct
PAGE 26
Text Comment. Test indicates the sum value is equal to the set value
PAGE 27
Text Comment. Test indicates the sum value is greater than set value.
PAGE 28

PAGE 29

Text Comment.

Text Comment.

Test indicates the sum value is less than set value.

Good use of tables in this section




Text Comment.

Text Comment.

Test indicates A=B

Test indicates A > B.

PAGE 30
Text Comment. Test indicates A < B.
Text Comment. Good evaluation. The role of the FPGA could have been included.
PAGE 31
Text Comment. Introduction covers most regirements
PAGE 32
Text Comment. This should now be high gain
PAGE 33
Text Comment. Required gain is idnetified
Text Comment. This should be buffer amp gain of 5 and op amp gain of 100
Text Comment. A good explanation
Text Comment. Principle of unity gain is realised
PAGE 34
Text Comment. 10 bit ADC design is correct
PAGE 35
Text Comment. 12 bit ADC set in formula block
PAGE 36

PAGE 37

Text Comment.

12 bit ADC design is correct




Text Comment. 8 bit ADC design with formula block is correct. All the io DAQ function
blocks are configured

Text Comment. Test for 8 bit ADC is good which proves program configuration

PAGE 38
Text Comment. PLD design of 8 bit comparator is correct with static variables identified
and set
Text Comment. FPGA Pmod ports are identified
PAGE 39
Text Comment. Explanation gives an overview but the operation is not explained
Text Comment. Good use of table.
Text Comment. Formula block 4 needs to be explained in more detail a this block is the
key to the data transfer to the FPGA 8 bit comparator
PAGE 40
Text Comment. Good image of equipment setup
Text Comment. Front panel design is good
PAGE 41
Text Comment. Good resultant linear graph which shows that the error is acceptable
PAGE 42
Text Comment. Good table of results
Text Comment. Good test which shows the max value held steady. If the max raw value
is set at 1024 the max value of the system will overshoot.
PAGE 43

Text Comment. Good test showing value at half way point.

Text Comment. Calc is good for proof



PAGE 44

PAGE 45
Text Comment. Good test for 12 bit ADC indicating how LabVIEW handles the ADC arrays
by a simple calculation and expansion of array.
Text Comment. Good practical test using virtual input signal from virtual P.S.
PAGE 46
Text Comment. A good test indicating a small error which is acceptable.
PAGE 47
Text Comment. Test is correct for value less than setpoint of 400grms
Text Comment. Test is correct for value equal to setpoint of 200grms
PAGE 48
Text Comment. Test is correct for value greater than setpoint of 200grms
PAGE 49
PAGE 50
Text Comment. Introduction covers the practical task
Text Comment. Text file configuration example shows the x axis set and file extension of
vm
PAGE 51
Text Comment. The 'write files' have been implemented into the main program
correctly.
Text Comment. Functions of file 1 and 2 are explained
Text Comment. Array and scaling function for graph is explained
PAGE 52

Text Comment.

Files 3-5 are explained



Text Comment.

Timer function is explained

PAGE 53
Text Comment. Resultant graph is explained
Text Comment. Good set of results for comparator settings
PAGE 54
Text Comment. Resultant graph for setpoint @ 500grms is good
Text Comment. Good set of results on front panel indicating all 3 conditions
PAGE 55
Text Comment. Resultant set point is correct for setpoint @ 700grms
Text Comment. Results are correct for all 3 condition on front panel
PAGE 56
Text Comment. Good evaluation
PAGE 57
PAGE 58
PAGE 59
Text Comment. Good number of relevant sources
PAGE 60
PAGE 61
PAGE 62
PAGE 63
PAGE 64
PAGE 65

PAGE 66




PAGE 67

PAGE 68

Text Comment. Full testing of amplifier is present
PAGE 69

Text Comment. 8 bit ADC formula block configuration
PAGE 70
PAGE 71

Text Comment. Text file configurations are demonstrated
PAGE 72
PAGE 73

Text Comment. Raw value samples of text file data
PAGE 74
PAGE 75
PAGE 76

Text Comment. Text files raw data samples
PAGE 77
PAGE 78

GRADING FORM: CSG-RUBIC

LOURENS BRITS

RESEARCH-INFORMED LITERATURE




y"’ Research section has covered all requirements in
reasonable detail. There are sections where
images would have supported the explanations.
Good relevant sources used.

KNOWLEDGE AND UNDERSTANDING

6/10

[

y"’ E1-Design and use of magnitude comparator with
digital inputs has been created but explanations
are not clear in parts. The 4 bit comparator PLD
design is missing. Test methods used are good and
followed a logical sequence. 7/10 E2- There are
parts missing for the instruments amp and minor
errors. The LabVIEW final design for the analogue
load cell input is not explained in detail. The 16 bit
word operation for the FPGA is not explained. The
shift left and add parts are missing and this is the
key for data transfer. 6/10 E3-Data logging has ben
fully explained and a good knowledge of this
section is demonstrated. 710

ANALYSIS

20/30

[

y“‘ E1-Test and results are good . The test for the 4 bit
comparator is missing but all other tests are
present. 3/5 E2-The results from LabVIEW are
correct. There are some minor errors in the
explanations of amplifier gains section. 6.5/10 E3-
Data logging using LabVIEW methods has ben
designed and tested for operational requirements.
7.5/10

PRACTICAL APPLICATION AND DEP.

17/25

(



y"’ E1-Prototypes for the comparator have been
designed using logical methods. PLD design 1 5/20

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

SKILLS FOR PROFESSIONAL PRAC.

[

y“‘ A good structure to the report and logical
sequence to the tasks.. 1 1 /1 5



