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1. Introduction

This portfolio contains the design of a magnitude comparator where its operation is shown in figure
1. An analogue signal will be obtained from a load cell providing a 0-5V signal which is inputted into
the NI Labview Virtual Instrument which converts this into an 8-bit digital signal which outputs to the
FPGA via the NI Elvis Il board. The second signal will be attained from a set value in Labview between
the ranges of 0-1000gms, transformed into an 8-bit digital signal and outputted to the FPGA via the
NI ELVIS Il board. This portfolio is divided into three elements to enable a systematic approach to the
design, testing and implementation.

In element 1 research is conducted into the software and hardware that will be utilised for this
project. The programming packages used in this element will be Vivado and NI Multisim. In Vivado
using VHDL a 4-bit adder and a 4-bit magnitude comparator are designed and tested individually to
begin. Once the operation of each design is proven successful the two designs are combined to
produce a 4-bit adder comparator combinational logic circuit. Following this an 8-bit magnitude
comparator is constructed in MultiSim by cascading two 4-bit comparators. Both these circuits are
simulated and downloaded to the Nexys FPGA board. The outcomes are evaluated to ensure
progress to element 2 is achievable.

Good informative introduction

Analog Input 8 bit Magnitude
re res:‘ritu pload Comparator in
F[’G-lm(f;fmj NI MultiSim
PLD Mode
Sigmal 1
Load Cell NI LabVIEW |
Comparison |« i Virtual |« »  NIELVISUnit |« »{ ::x ;;D:
Result Instrument ('vi') ' Signal 2 i i
5
Set Load Cell
comparison
(0-1000gms)

Figure 1: Magnitude comparator to be designed
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2. Research

2.1 Digital design using VHDL

VHDL (very high speed integrated circuit hardware description language) is a highly capable
hardware descriptive language. Originally VHDL was used as a documentation and modelling
language which allowed performance of digital systems designs to be accurately quantified and
simulated. (Wakerly, 2006)

With the development of VHDL synthesis tools popularity in the commercial and enterprise sectors
grew stronger. Programs such as Vivado enable logic circuit structures to be written directly from
the VHDL behavioural description. Modest combinational circuits to complete microprocessor
system on a chip can be designed, simulated, and synthesised using VHDL. (Wakerly, 2006)

VHDL uses the principle of structured programming resembling that of Pascal and Ada programming
languages. VHDL code comprises of the entity being the modules input and output declaration and
architecture being the description of the module’s internal behaviour or structure. In VHDL the
entity declaration and architecture definition are separated. The entity declaration is defined as the
wrapper for the architecture concealing the information that is inside whilst providing the hooks
that the other modules will use. (Wakerly, 2006)

This is the basis of the hierarchy system design where a top level entity can instantiate other entities
while concealing the architectural information of the lower level entities from the higher levels. This
is shown graphically in figure 2. (Wakerly, 2006)

A good explanation of the structure
of the VHDL program.

entity A

VHDL

architecture A

Hierarchy 2w p
Y I Ve

entity B entity C / *
architecture B architecture C architecture D
b. L] 22 2

/ \ L A
entity E entity F //
architecture E architecture F

Figure 2: Graphical representation of VHDL structure.
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2.2 Digital design using IP integrator

Intellectual property (IP) are libraries of hardware descriptive language that are available for users.
IPs are available to ease the design process and enable quicker implementation. (Franz, 2021)

The Xilinx Vivado software possess a large IP library in the design suite and IP that can be used with
digilent boards. A snapshot of some of the available IP from Vivado's IP catalogue is shown in figure
3.

L Progctsummary X | £F IPCatalog X | Ouw x
| search: | Q-
il a1
wha | Name AXI4 Status License VLNV
= #® 2D Graphics Accelerator Bit Blodk Transfer AxXI4 Production Included logicbricks.c... -
|§ {F 3GPP LTE MIMO Encoder ANI4-Stream Production  Purchase ilioc, comip...
4F 3GPPLTE Turbo Encoder Production  Purchase
3; 4F 3GPP Mixed Mode Turbo Decoder AXI4-5ream Production Included
= |1 3GPP Turbo Encoder Froduction  Purchase
ﬂ IF 7 Serles FPGAs Transceivers Wizard Production Included
4, | £F 7 Series Integrated Block for PCI Express ANI4-Stream Production  Included
4 32-bit Initiator Target for PCI (7-5eries)
Lk &4-bit Inbiator Target for PCI (7-Series) .
1
.....

Accumulator

12,0 (Rev. 5)
jon:  The Yilinx LogCORE Accumulator can generate adder- subtractor- and adder jsublractor-based accumulators operating on signed
or unsigned input. Inputs range from 1 to 256 bits wide, and outputs, from 1 to 258 bits.

Status: Production

License: Induded

Change Log: View Change Log

Vendor: Miiroe, Ine.

WLV iliroc.comiipec_accum: 12,0

Repository:  C:/Xiirog/Vivado/2014.4/datajip

Figure 3: Vivado IP catalogue example.

IPs are not only available in the library but can also be created using Vivado's IP packer tool. The

benefit of creating an IP is that you can design schematically by physically joining the pins. This

method of implementation is quicker and less tiresome compared to typing each input and output

for module instantiation. (Franz, 2021) This is a good point about the purpose
and benefit if IP’s in Vivado. Good
supporting images.
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Figure 4: IP block example in Vivado
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2.3 NI DAQmx data acquisition used in Labview

The NI DAQmx is the current generation data acquisition driver provided by National Instruments
(NI). NI-DAQmx benefits from a complete new driver architecture and application programming
interface including new virtual instrumentation functions and improved development tools to
control NI DAQ devices. The NI-DAQmx delivers improved performance and ease of use for users
over the previous NI-DAQ. Traditional NI-DAQ is still available to support individuals that had
development application on NI-DAQ. (National Instruments, 2019)

Multifunction DAQ devices manufactured by NI have the capability to provide an assortment of data
acquisition and data generation operations. To program a DAQmx task the following sequential steps
are followed: create and configure task, start task, read or write data, stop task, clear task. (Essick,
2019)

Each of the tasks listed above can be carried out by the DAQmx icons shown in figure 5. Several
DAQmx icons are polymorphic Vis. Once a polymorphic VI has been placed on the block diagram the
associated polymorphic Vi selector including possible operational modes. The DAQmx Read.vi for
instance can be configured to perform an analogue or digital input by selecting the applicable option
on the Vis polymorphic selector. The DAQmx Read.vi can be configured in 50 different modes. By

configuring these icons a completed DAQmx task can be coded. (Essick, 2019) The NI DAQmx function has

been identified.

‘:LSearch *Customize" :TJ

|* Measurement I/O
L DAQmx - Data Acquisition

T[]
Task Const Channel Const

Triggering
[1=€] [ T=€] | EEIN
| & | | —FL| [ &3 ]

Channel Node Timing Node Triggering Node Read Node

| - o=
[T=€L] ]
Write Node DAQ Assist Real-Time Dev Config Task Config/Ctrl

%

Advanced

Figure 5: DAQmx icons

Page 8 of 39




A LabView block diagram including some of the DAQmx icons is displayed in figure 6.

physical channel
I: I:ll. <

—
nnn

Analeg 1D DBL _
NChan 15amp

stop

[s;:p I -

Figure 6: DAQmx block diagram

A brief description of the operation of these DAQmx icon operations is defined in the passage. To
obtain further detail of the operation of the icon in LabView “detailed help” provides a more in

depth resource.

DAQmx Create Channel (Al-Voltage-Basicl.vi

input terminal configuration
minimum value

maximum value

task in

physical channels -

name to assign =

units

Efror in

custem scale name

= task out

The “create channel” icon can measure Analogue, Digital
and counter 10 stipulated by its configuration.

error out

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

Detailed help
Figure 7: DAQmx Create channel icon

DAQmix Start Task.vi
task/channels in

errar in

Transitions the task to the running state to begin the
measurement or generation. Using this VI is required for some
applications and is optional for others,

The “Start task” icon inituates the sequence action needed

Terminal Data Type
to perform the required task.

=3 error out

Detailed help

Figure 8: DAQmyx start icon
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DAQmx Read (Analog 1D DBL NChan 1Samp).vi

task/channels in task out
timeout D%%,_— data
error in s error out

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

Detailed help

Figure 9: DAQmx Read channel

The “read channel” icon reads analogue, digital and counter |0 from the input source and

determined by its configuratuion.

DAQmx Clear Task.vi

task in
o
error in 2% pccocen @rrOr QUL

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

Detailed help

Figure 10: DAQmx clear task icon

The “clear task” icon clears the current task.

Components of the DAQmx
Né) used in the LabVIEW program

millisecond timer value

millisecond multiple

have been explained with a

Figure 11: DAQmx wait next ms multiple function
good working example.

The “wait until next ms multiple function” synchronises tasks in a sequence within the loop.
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2.4.1 Digital magnitude comparators

The digital comparator is a combinational logic circuit which is used extensively in the electronics
industry. Comparators are generally constructed with standard AND, NOR and NOT gates which
compare the digital inputs of the circuit and produce an output which is determined by the condition
of the inputs. (Electronics Post, 2015)

There are two variants of comparator being the identity comparator and the magnitude comparator.
The identity comparator compares the input and can only produce a single output. (Electronics Post,
2015)

The Magnitude comparators has three outputs which allows an arithmetic relationship between the
input words to be determined: equal to, greater than, less than. (Wakerly, 2006)

A simple single bit magnitude comparator is shown in figure 12.

. [Hjml__[:_;}_l__ﬁ =t

i -

.. [tbﬂ [i ) [ 2 e=bAB

Figure 12: Single bit magnitude comparator

The truth table for this combinational circuit is shown in table 1.
Table 1: 1 bit magnitude comparator

Inputs Outputs

The comparator cannot distinguish between either the two “0” or two “1” bits as the output A=B is
supplied when either A=B=0 or A=B=1. The output state for A=B resembles that of the EXNOR logic
so this is why EXNOR gates are implemented in the design of comparators to compare their
respective pair of bits. (Electronics Post, 2015)
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2.4.2 Multi bit Magnitude comparator

The 4-bit comparator is a variant of a multi bit magnitude comparator. With this magnitude
comparator a 4-bit word on input A and B are compared and an output is obtained.

Binary Binary
Inputs A Inputs B

Y

Ao Ar Az A; Be

4-bit Magnitude
Comparator

(LSB) (MSB)  (LSB) (MSB)

A<B |—»

A=B |—»
A>B

Figure 13: 4-bit magnitude comparator

Comparison
Outputs

Cascading comparators enables larger bit comparator to be created. Cascading is achieved by
connecting the inputs of a comparator with the output of another comparator. This is shown in
figure 14. By cascading two 4-bit comparators an 8-bit comparator is constructed. (Wakerly, 2006)

8-bit magnitude comparator

Word A —
LSH inputs  A; -
Ay - 4 bt
Magnitude
LS Binputs Comparator
O
Waoed B -
LS8 inputs B -
-
A<B -
Sl -
BBl 4-bit
Magn tude
4 Comgara
h'.'-:!d A g "
MSB nputs 4 ————— =
B —
MSE irguts
By ———— o
Word B B——————= A<B
MSB inputs By ————————————»f A-8
By — -] AxB

— &bt
—e Woird

|+ Outputs A comprehensive explanation of

Figure 14: 8 bit magnitude comparator

the magnitude comparator and a
good example of a practical design
circuit

The comparator operates by comparing the highest order bit first and moving down to the next
lowest bit. It operates in this method to produce the quickest result. Magnitude comparators are
utilised significantly in ADC and arithmetic logic to execute diverse arithmetic processes. (Electronics

Post, 2015)
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2.5 Analogue to digital converters

An analogue signal is that of a continuous variable changing gradually over a variety of values. The
analogue value produced by say a sensor is a scaled value of the quantity it represents. The
Analogue to digital converter (ADC) converts an analogue signal to a digital format. A digital signal is
required for microcontrollers and these signals allow for mathematical operation. The digital signals

are also easily transmitted and stored. (Bolton, 2015) . )
Good explanation with good source

ADCs sample their input at discrete values of time which can cause error if the sample rate is below
the Nyquist rate. The Nyquist rate is twice that of the highest frequency of interest. Any values
below this can incur some signal loss. (Bolton, 2015)

The resolution of the ADCis determined by the word length. The word length of n bits of full scale
analogue input is VFS divided into 2n bits. ADC experience non-linearity error due to physical
imperfections which cause their output to deviate from the linear function of their input. This can
typically be 0.5 of the least significant bit. (Bolton, 2015)

ADCs come in several forms with the most commonly available being the successive approximation,
ramp and flash. The flash ADC produces the fastest performance compared to the other variants.
The settling time specifies the time taken by a converter to produce a word after the inputted
analogue signal. A successive approximation converter typically has a conversion time of 1 to 10uS

for the 8-bit variant. (Bolton, 2015)
The explanation here is very good and

there are points that demonstrate a good
understanding

16
14 -
12

10

ADCresolutdon (ENOB)

100k iMm 10M 100M 16

Figure 15: Comparison of ADCs resolution and sample rate
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2.6 Load cells (namely LCKD-1kg)

Load cells are a type of sensor which converts force into an electrical signal which changes
proportionately with the applied force. The strain gauge load cell is commonplace where the load
cell body is a stiff spring that deforms in reaction to the applied force. The strain gauge is the sensing
element which is bonded to the load cell body which produces the output signal. (Forge Logic UK,
2021)

The sub-miniature load cell LCKD series feature a rugged all stainless steel construction. The range is
shown in figure 16. With a versatile operating range of 1 kg to 1000lbs. The LCKD-1Kg has a
maximum capacity of 1 Kg. (Omega, 2021) The full data sheet can be found in Appendix A.

« Calibr™
N -
LCKD-5, o

shown actual size.

i L s .

\ (S | “- R
LCKD-100,
. shown actual size.
N
TR
LCKD-500, shown
actual size.

Figure 16: Omega LCKD load cell range
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2.7 Instrumentation and signal conditioning

The raw value of a sensor generally must be conditioned for it to be suitable for use in control
systems or displays. Signal conditioning is referred to the conversion of the output from the sensor
into a suitable form for signal processing. (Bolton, 2015)

The strain gauge is an example where signal conditioning is required. The resistance across the strain

gauge varies by the strain exerted. This resistive output is converted to a voltage using a potential

divider circuit. A constant voltage is supplied across the stain gauge and another resistor in series.

Here the output signal is the voltage across the series resistor. If the resistance of the stain gauge

changes the fraction of the supply voltage across the series changes. The simple potential divider

circuit provides an output voltage which is proportional to the fraction resistance produced by the

strain gauge. (Bolton, 2015) To provide improved accuracy the Wheatstone bridge method can be

implemented shown in figure 17.

The bridge circuit is correct
and these are commonly
supplied with a sensor.
However this would probably
have an instrument amplifier
as a stage in the signal
condition process.

Figure 17: On the left potential divider circuit on right Wheatstone bridge circuit
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3. Design requirements

The 4-bit adder will be constructed from 4 full adders which contain two half adders.

3.1 Half adder

The half adder has two inputs being A and B and two outputs being sum and carry. The truth table
for the half adder is shown in figure 19. The circuit is an EXOR gate which is in parallel with an AND
gate. The EXOR gate relates to the sum output while the AND gate relates to the carry out output.
(Coates, 2021)

A%—\
SUM
o) > ruEEEmE
0 0 0 0

0 1 1 0
CARRY 1 0 1 0
1 1 0 1

Figure 18: Half adder truth table
Figure 19: Half adder logic diagram

3.2 Full adder

To produce a full adder two half adders are cascaded with the addition of an OR gate. The output of
the sum is supplied to the input of the following adder and the carry out bit of both adders are
supplied to an OR gate. The full adder’s logic diagram and truth table is shown in figure 20.

Carry in
A | B (S sum Garty . -_\)D_ o
0 oo | o B TI,_/] -
oo 1|1 ]o
0 1 0 1 0
0 1 1 0 1
1l]ofo|1]o
1 ] 1 0 1
1 1 0 4] 1
1 1 1 1 1

Carry out

Figure 20: Full adder truth table and logic circuit
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3.3 —4-bit adder
A 4-bit adder involves the cascading of four full adders. The carry out output of the individual full
adder is connected to the Cin of the following adder. The S output is the sum value calculated by the

adder.
The process for the creation of

the 4 bit adder is explained and
clearly understood

Az Bs Az B2 A1 B Ao Bo
&2 | Funl Adder | 2| Full Adder [ C1 | Full Adder | C0 | Full Adder | Cin
D A c B A A
S3 S2 S1 So

4-bit Ripple Carry Adder

Figure 21: 4 bit adder block diagram (Singhal, 2021)
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4 Implementation

4.1 Half adder

The half adder code which is written in VHDL is shown in figure 22.

1 library IEEE;
2 use IEEE.STD_LOGIC 1164.all;
3 use IEEE.STD LOGIC unsigned.all;

entity halfadder is
€ port (a,b : in std logics
s,c : out std logic):
end halfadder;

architecture Behavioral of halfadder is

begin Layou
13 3 <= a xor b; tof
_ c <= a and b; code
_ is
end Behavioral;
good

Figure 22: Half adder VHDL code

4.2 Full adder design

Using the half adders code twice a full adder is constructed. The hierarchy structure of the full adder
is shown in figure 23. The code written to combine the half adders to produce a full adder is shown
in figure 23.

v Design Sources (1
v @ =t fulladd(Behavioral) (full_addervhd) (2)
@ U1 halfadder(Behavioral) (half_adder.vhd)
@ U2:halfadder(Behavioral) (half_addervhd

Figure 23: Hierarchy structure of full adder
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library IEEE;
use IEEE.std logic 1164.al11;
7 entity fulladd is
4 | port(
51 a: in STD_LOGIC;
€ , b : in STD_LOGIC;
7 . cin : in STD LOGIC:
g out : out STD_LOGIC:
s : out STD LOGIC

.
H

end fulladd;
12 : architecture Behavioral of fulladd is
13 component halfadder

0

14 | port (
15+ a : in STD_LOGIC;
16 | b : in STD_LOGIC:

17 c : out STD LOGIC;
18 | s : out STD LOGIC
19+ );

20 end component;

22 + signal cl : STD_LOGIC;

23 | signal c2 : STD_LOGIC;
24 signal sl : STD_LOGIC;
25 | begin
26 (=) Ul : halfadder
27 port map(
28 a=>a, b=>Db, c=>c¢cl, s =>3l);
29[ U2 : halfadder
. port map(

310 a => sl, b =» cin, ¢ => c2, 8 => 8);
32 ! cout <= c2 or cl;
end Behavioral;

Figure 24: VHDL code displaying inherited half adders
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4.3 — 4-bit adder design

The 4-bit adder structure includes four full adders. The hierarchy structure is shown in figure 25.

v @ .. adder4bit(adder4bit) (4b_adder.vhd) (4)
> @ U1 :fulladd(Behavioral) (full_addervhd)
> @ U2 :fulladd(Behavioral) (full_adder.vhd)
> @ U3 :fulladd(Behavioral) (full_adder.vhd)
> @ U4 :fulladd(Behavioral) (full_addervhd)

S

&

4 bit adder created from 4 full adders
which are in turn made up of 2 half
<) adders is explained here

™

J

Figure 25: Hierarchy structure of 4- bit adder

The full adders combined to produce a 4-bit adder VHDL code is shown in figure 26.

1 ' library IEEE; 1| library IEEE;
2 | use IEEE.std logic 1164.all: 2 . use IEEE.std logic_1164.all;
3 = entity adderdbit is 3 [+ entity adderdbit is...
4! port( 24
5 ! cin : in STD LOGIC: 25 ) architecture adderdbit of adderdbit is
€' a0 : in STD_LOGIC; -
7' al : in STD LOGIC: 27 ) component fulladd...
& ' a2 : in STD_LOGIC; -
o -3 : in STD-LDGIC‘ 37 signal cl : STD_LOGIC;
8 . a3 : H -
! - 38 signal c2 : STD_LOGIC;

L N . 35 signal c3 : STD LOGIC;
11 7 kO : in STD_LOGIC: -

12 + bl : in STD LOGIC; L )
\ - — 41 begin
b2 : in STD_LOGIC; -

s W

45 a => al, b => b0, cin => cin, cout => cl,
46 () s => 80);
47 U2 : fulladd

1 b3 : in STD_LOGIC; 430 U1 : fulladd
. 44 port map (
16 cout out STD_LOGIC: 15

12 | s0 : out STD_LOGIC;

19 sl : out STD_LOGIC: 42 ' port map(

20} =2 : out STD_LOGIC; 49 a => al, b =>» bl, cin => cl, cout => c2,

21 . s3 : out STD LOGIC 50() 8 => s8l);

22 1 ); s1C) U3 : fulladd

23 (=) end adderdbit; 52 port map (

' 53 ! a=>a2, b=>Db2, cin => c2, cout => c3,
540 s => 82);
552 U4 : fulladd
56 port map(
57 a => a3, b =»> b3, cin => c3, cout => cout,
58 (= 8 => 83);
€05 end adderdbit; Good layout of code for the 4 bit
6l adder with the architecture made
Figure 26: 4 bit adder VHDL code up 4 full adders with sum and

carry variables set.
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4.4 — 4-bit magnitude comparator design

The 4-bit magnitude comparator VHDL code is shown in figure 27.

€[+ entity COMP 4 NI is...

architecture BEHAVIORAL of COMP_4 NI is

26 begin

27) PROCESS (RO, BO, Al, A2, A3, Bl, B2, B3, AGIB, RAEQB, ALTB)
28 BEGIN

29 if A3>B3 then OAGTB<='l';

30 OAEQB<="0";

3l OALTB<="0";

3z elsif A3<B3 then CAGTB<="0';

33 OREQB<="0";

34 OALTB<="1";

elsif A3=B3 then
if A2>B2 then OAGTB<="1";
OREQB<="0":
OALTB<="'0":
39 elsif A2<B2 then OAGIB<='0";
CAEQB<="0":
1 OALTB<="1";
elsif A2=B2 then
if RA1>Bl then OAGTB<="1':;
OREQB<="0";
5 CALTB<="0";
6 elsif Al<Bl then OAGIB<='0':
7 OREQB<="0";
OALTB<="1";
L elsif Al=Bl then
D if A0>BO then OAGIB<="1';
CAEQB<="0";
CALTB<="'0";
elsif AO0<BO then OAGIB<="0";
CAEQB<="0";
OALTB<="1":
elsif AO=B0 then
5 if AGTB="1" and AECB="0' and ALTB='0' then OAGTB<='1":
58 OAFQB<="0":
59 OALTB<="0";
elsif ALTB='1" and REQB="0" and AGIB="1"' then OAGIB<="0';
1 CAEQB<="0";
62 ORLTB<="0";
63 elsif AEQB="'1" and AGTB='0' and ALTB="0' then OAGIB<="0";
64 OREQB<="1";
&5 QRLTB<="0";
elsif ALTB='1' and AEQB='0' and AGIB='0' then OAGTB<="0';
67 QAEQB<="0";
68 ORALTB<="1";
69 elsif AEQBE="1' then ORGTB<="0";
70 OREQB<="1";
71 CALTB<="0";
72 elsif ALTB="0" and AEQB="0" and AGIB='0" then OAGIB<="1";
73 OAEQB<="0";
74 ORLTB<="1";

I N O T O S T

end if;
end if;
end if;
end if;

g0 @ end ify
END PROCESS;
#nd REABVTORAT.:

Figure 27: 4-bit magnitude comparator VHDL code
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4.5 Combination of 4-bit adder and 4-bit comparator

The 4-bit adder and 4-bit magnitude comparator were packaged using the IP integrator. The IP
designs were combined with the adder outputs being connected to the magnitude comparators
inputs.

mag4dbit 0
@ D o —> 0AGTB
2 D a2
cl @ a1
0 O i
AEQB [OD— A3 0AGTE ——
ALTB [D—1 -1 —— A2 DAEQA =
- OALTE
al [ adderdbi_0 ) N; Sl # oAt
=0 D .l — AGTB i OAeas
! ‘:;' — aEos
| S R ALTB D cout
5: B a2 0 ) mag4bit vi1 0
a. a3 s1
b0 > b0 B —
vl > b1 P S—
3 8 ‘: The IP design integration shows the
b P .
an B connections of the 2 IP's which enables
adderdbil_vi_0 a more complex design of SOC systems.

Figure 28: Combination of 4 bit adder and 4 bit magnitude comparator

Sources ?2 008 X
Ql x| ¢ 0 b
~ [= Design Sources (1)
~ @ - Add_Mag_Comp_wrapper(STRUCTURE) (Add_Mag_Comp_wrappervhd) (1)
w o8 Add_Mag_Comp_i: Add_Mag_Comp (Add_Mag_Comp.bd) (1)
~ @ Add_Mag_Comp{STRUCTURE) (Add_Wag_Comp.vhd) (2)
» TF W adderdbit_0: Add_Mag_Comp_adder4bit_0_0 (Add_Mag_Comp_adderdbit_0
> 1F @ mag4bit_0 : Add_Mag_Comp_magdbit_0_0 (Add_Mag_Comp_magdbit_0_0x
» = Constraints (1)
b Simulation Sources (1)
> Utility Sources

Hierarchy  IP Sources Libraries Compile Order

Figure 29: Combinational logic 4-bit adder and magnitude comparator hierarchical structure
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4.6 — 8-bit magnitude comparator

The 8-bit magnitude comparator was constructed in the simulation package MultiSim. By cascading
the 4-bit mag comparator with another 4-bit mag comparator an 8-bit mag comparator was
constructed. The circuit shown in figure 30 is designed in PLD mode to enable downloading to the

Nexys DDR board.

w0 BO LEDO
k & U1 —
L SW8 A? BTA,T J o3
SW1 = Oo— BGAG 5 a3 OAGTE LED1
5 ews At o L e D

. B2 i“ § Bsﬂf.s B LED2
swz2 . [ Ad . 4 . e
O : A2 B4 —] Al D

By 0 ¢ l :
SW3 _)—A‘s BO
cE— SW1l o |-
SW4 8_4 C— A3 u2 —— auTe
O Y sz M a2%% ¢
BS Sy & B2 O L— A3 ORGTE COMP_4
sws 0 o— POIPSS il SN —
C B6 SW13 AoB1 A
SW6 :>—A'6 BO ¢ ——— 4
C— B:T swid o1 — |
SWT co— n AGTB
o sns N 1 —] ance Good design of the 8 bit
s S— [ 0] comparator using PLD
COMP_4

Figure 30: MultiSim 8-bit magnitude comparator constructed in PLD mode.
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5 Testing, analysis and implementation

Following the design process testing and analysis was carried out to ensure the design met the
specification. To produce the simulation test bench code was obtained from the testbench website
foundin appendix B and inputted into the test bench of the project with the resulting bitstreams.

5.1 4-bit adder simulation testing

Figure 31: Simulation result for 4-bit adder.

Good result and good use of the virtual bus
method for testing arrays

The test bench code can be found in figure 32. The table of result for the expected and simulation
results is shown in table 2.

Table 2: Table of results 4-bit adder

Set A Set B Expected result Actual result
Bin Dec | Cin Binary | Dec | Cin Sum Cout Value | Sum Cout | Value
1101 | 13 0 1000 | 8 0 5 1 21 5 1 21
0011 | 3 0 0101 |5 0 5 0 5 5 0 5
1011 | 11 0 1000 | 8 0 3 1 19 3 1 19
1101 | 13 0 0111 |7 0 4 1 20 4 1 20

Good use of tables
Under simulation the expected and simulated result produced the expected results.
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: process

= 'l

B3
B2 <= '0";
Bl <= '1';
BO <= "0";
A3 <= "1";
A2 <= "0";
68 Al <= "1";
69 RO <= '0";
70 AGTB <= '0";
AEQB <= '1';
72 ALTB <= '0";
wait for 100 ns;
74 B3 <= '"1";
- B2 <= '0';
Bl <= '1l";
BO <= '0";
L3 <= "0";
79 A2 <= "'1";
Al <= '0';
81 AQ <= "1";
AGTR <= '0';
83 REQB <= "'1';
84 ALTE <= '0';
wait for 100 ns;
B3 <= '0";
87 B2 <= '"1";
Bl <= '0';
BO <= "1";
A3 <= '1';
1 22 <= '0';
2 Al <= '1';
A0 <= '0";
AGIB <= '0';:
REQB <= '1';
ALTB <= '0';

wait for 100 ns;

wait;

end process;

10 end tb;

Figure 32: Test bench

code for 4-bit adder
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5.2 4-bit mag comparator testing

Repeating the process but with the 4-bit comparator the simulation produced the result shown in
figure 33.

h_COMP_4_NI_behay.wcly®

Q W a a X o« W oM o= = o 9
595,308 s

Figure 33: 4-bit magnitude comparator resuft

Go
od
The test bench code is shown in figure 34. tes
t
sh
Table 3: Table of result 4-bit magnitude comparator ow
Set A SetB Inputs 1€ Output
Bin Decimal | Bin Decimal | AGTB AETB LTB Expected | Actual
1010 10 0101 5 0 1 R OAGTB OAGTB
0101 5 0101 5 0 1 il OAEQB OAEQB
0101 5 1010 10 0 1 B OALTB OALTB

Good use of tables
The simulated produced the same result as the expected result.
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2 @] B3 <= '0";
O B2 <= '1';
4 @] Bl <= '0";
s O BO <= '1';
O A3 <= "1";
O A2 <= '0';
@] Al <= "1';
g O AD <= '0";
@] AGTB <= '0';
1 O REQB <= '1';
2 O ALTB <= '0';
O 'wait for 100 ns;
s O B3 <= '0';
' O B2 <= '1';
O Bl ¢= '1';
O BO <= '0';
O A3 <= '0';
- O A2 <= '1';
O Al <= '0';
1 O R0 <= '1';
2. O RAGTB <= '0';
O REQB <= '1';
O . ALTB <= '0';
5 O wait for 100 ns;
€ O B3 <= '0';
7 O B2 <= "1';
O BL <= '0';
5 O BO <= '1';
5 O A3 <= '1';
E O A2 <= '0';
O Al <= "1';
O A0 <= '0';
s O AGIB <= '0';
51 O AEQB <= '1';
61 O ALTB <= '0';
7+ O wait for 100 ns:

Figure 34: Test bench code for 4-bit magnitude

comparator
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5.3 — 4-bit adder comparator combinational logic practical testing

0

£ XILINX.

Figure 35: 4-bit adder comparator combinational logic test 1 = A=B

S15 | S14 | S13 | S12 | S11 | S10 | S9 S8 | S7 S6 | S5 | S4 | S3 |S2 S1 S0
olz2]z 2(s|als|s 8|82 8|23 |5|E|f
o o (=] =]
A I
o
1 Set value Sum “B” Sum “A” > | > | >
[n] m 5
= | 8| @
0 1 0 0 0 0 1 0 0 0 1 0
4 2 2
Table 4: 4-bit adder comparator combinational logic result test 1 = A=B
Result SumA+B 4
Set value C 4
A=B
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Figure 36: 4-bit adder comparator combinational logic test 2 = A<B

S15 | S14 | S13 | S12 | S11 | S10 | S9 S8 | S7 |S6 | S5 |S4 |S3 S2 | S1
S| 2| & 2| c|elsle 8|le 8| 3”2 2|3|5|5 &
w ool o = ]
M I
o
1 Set value Sum “B” Sum “A” > | > | »
o | o5
s | 8| @
1 1 1 1 0 0 0 1 1 1 0 1
15 1 13
Table 5: 4-bit adder comparator combinational logic result test 2 = A<B
Result Sum A +B 14
Set value C 15
A<B
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Figure 37: 4-bit adder comparator combinational logic result test 3= A>B

515 [ 514 [s13 [s12 [s11 [s10[s9 [s8 [s7 [s6 [ss [sa [s3 [s2 [s1 [so
oclzlz] [a]e|elslelclele] zalz]8]5|5]|5
ws)] 8 (=] = ]
KA I
o
1 Set value Sum “B” Sum “A” 3 > | >
m —
_|
3|8 |=
1 0 0 1 0 1 1 0 0 1 1 1
9 6 7
Table 6: 4-bit adder comparator combinational logic result test 3 = A>B

Result Sum A +B 13

Set value C 9

A>B
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5.4 - 8-bit magnitude comparator simulation

The 8- bit magnitude comparator was simulated in MultiSim by changing input values. A series of

test were conducted to prove correct operation.

[} 20
[ A1 .

GT ET LT

7
i

]

E—O A2 Al
— U1 i
B3 ia — — =
e L gt 2
o B a BAEB—;; comp_4
BS scte
o A5 i
. [}— COMP_4
[F— A6
— =[-[]
BT
[cF— A7
[

Figure 38: 8-bit comparator simulation test 1 A=B

=
=
= s
=
2 s
P
e

Figure 39: 8-bit comparator simulation test 2 A<B
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Figure 40: 8-bit comparator simulation test 3 A>B
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5.5 — 8-Bit magnitude comparator practical testing

The 8-Bit magnitude comparator design was downloaded to the Nexys FPGA board.

Figure 41: 8-bit magnitude comparator practical result Test 1 - A=B

S15 | S14 | S13 | S12 | S11 | S11 | S10|S9 (S8 |S7 |S6 |55 S3 |S2 |50
(=] o (=] (=] o o (=] (=] o o (=] (=] o o (=] — — —
m m m
() (o) o
o = r
AHE
_|
s | B|®
Result A value
B value

Table 7: 8-Bit magnitude comparator result —A=8B
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Figure 42: 8-Bit magnitude comparator practical result test 2 - A<B

B A
S15|S514 | S13 | S12 | S11 |S11 |S10|S9 | S8 |S7 |S6 | S5 |S4 S3 |S2 | SO

() (o) o
[==] = [
! 0 25|z
_|
s |8 | =

Result A value 0

B value 1

A<B

Table 8: 8-Bit comparator practical result test 2 — A<B
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Figure 43: 8-Bit magnitude comparator practical result test 3 - A>B

B
S15|S14 | S13 | S12 | S11 | S11 | S10|S9 [SB |S7 |S6 |S5 |S4 S3 |S2 | SO
(=] (=) (=] (=] (=) (=] (=] = (=] o (=] (=] (=] (=] (=) (=] — — —
m m m
e o (e
o = M
° 5% |8
—
| 6| =
Result A value 0
B value 1
A>B

Table 9: 8-Bit magnitude comparator practical result test 3- A=B
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6. Evaluation

The research conducted provided the background knowledge required to perform the tasks of
element 1. The VDHL hierarchy structure understanding was imperative for the design of both the 4-
bit adder and 4-bit comparator. IP integration ungquestionably streamlined the combination of the
two designs to produce the 4-bit adder comparator combinational logic design. Further research was
performed into NI DAQmx, ADCs, load cells, instrumentation and signal conditioning which will be
beneficial for the next elements.

The 4-bit adder contains 4 full adders where the full adders contain two half adders. This is the
premise of the hierarchical inheritance of the VHDL structured program. The 4-bit adder functioned
as expected in simulation and practical testing on the Nexys FPGA board. Following this the 4-bit
magnitude comparator was constructed, simulated, and tested practically. With the systems
functioning as intended they were IP packaged and combined in a separate program. This was
downloaded to the Nexys FPGA and functioned as expected.

The 8-bit comparator was constructed in Multisim by cascading two 4-bit magnitude comparators.
The design was constructed in PLD mode to enable the program to be downloaded to the FPGA
board. The logic performed as expected concluding all design operated as required.

The objectives achieved in this element have provided an insight into adder and magnitude
comparator design. These designs are the basis of ADC conversion with will be implemented in the
system design.

Good evaluation which relates to the

next stage in element 2.
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6. Appendix

Appendix A

Subminiature Industrial = OMEGA

Compression Load CeII
Standard and Metric Models

Compression
0-2.2 Ib to 0-1000 Ib
0-10 to 0-5000 N

1 Newton = 0.2248 Ib

1 daNewton = 10 Newtons
11b =454
1t=1000ag=2204|b

LCKD/LCMKD Series

Small in size but not in jormance,
OMEGA's LCKD/LCMKD Series
compression load cells are designed
to measure load ranges from 1 kg to
1000 Ib. Rugged all stainless steel
construction and high-performance
sirain gages ensure superior
linearity and stability. Temperature
compensation is achieved through a
miniature circuit board in the cable.
These cells are igned to be
mounted on a smooth, flat surface.

SPECIFICATIONS
Excitation: 5 Vdc, 7 Vdc maximum
Output: 2 mV/V nominal
5-Point Calibration:
0%. 50%. 100%. 50%, 0%
Linearity: 0.25% FSO
Hysteresis: +0.25% FSO
Repeatability: =0 10% FS0
Zero Balance: +2% FS50
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% FSOFC
Safe Overload: 150% of capacity
Uitimate Overload: 300% of capacity
Bridge Resistance: 350 2 minimum
Full Scale Deflection: 0.001 o 0.003"
Electrical Connection: 1.5m E:'}
4-conductor insulated cable wit!
temperature compensation board
Weight: <14 g (<0.5 0z)
Protection Class: IP54

\“\_.

LCKD-500, shown v
actual size. . -

RED = +EXNC

BLACK = £XC
GREEN = QUTPUT WHITE = +OUTPUT

D1 D2 H B c F R
56 22 3.0 0.76 10 13 (%]
1kgto 50 | (0.38) | (0.09) | (0.12) [ (0.03) | (0.04) | (0.05) | (0.25)
] 13 30 38 051 15 1.3 13
10010250 b | (0.50) | (0.12) | (0.15) | (0.02) | (0.06) | (0.05) | (0.5)
il i B4 078 25 13
(025) | (0.03) | (0.10) | (005) [ (4)
MODEL NO. COMPATIBLE METERS
LCKD-1KG DPFiS, DP41-S, DP25B-
D-5 DPiS, DP41-5, DP25B-|
D-10 DPFiS, DP41-S, DP25B-
LCKD-25 DPiS, DP41-S, DP25B-S
LCKD-50 DPiS, DP41-S, DP25B-S
LCKD-100 DPiS, DP41-S, DP25B-S
LCKD-250 DPiS, DP41-S, DP25B-5
LCKD-500 DPiS, DP41-5, DP25B-S
LCKD-1000 DPiS, DP41-S, DP25B-§
N Ib MODEL NO. COMPATIBLE METERS
10 295 LCMKD-10N DP41-S, DP25B-S, iSeries
20 4.5 LCMKD-20N DP41-5, DP25B-5, iSeries
50 11.2 LCMKD-50N DP41-5, DP25B-5, iSeries
100 225 LCMKD-100N DP41-S, DP25B-S, iSeries
200 45 LCMKD-200N DP41-5, DP25B-5, iSeries
500 112 LCMKD-500N DP41-S, DP25B-S, iSeries
1000 225 LCMKD-1KN DP41-S, DP25B-S, iSerias
2000 450 LCMKD-2KN DP41-8, DP25B-S, iSeries
5000 1124 LCMKD-5KN DP41-S, DP25B-S, iSeries
Comes complele with 5-poini IS T -iraceable calbrabon and 58 K2 shunl dats.

Examples: LCKD-1KG. 1 kg capacity load cell

Ordering

LEKD-25, 25 Ib capacity load cell.
LCMKD-10N. 10 Newfon capacily load call.
LCMKD-2KN, 2000 Newton capacity load cell
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1. Introduction
This element evaluates unity gain of instrument amplifiers and an instrument amplifier with bridge for
a load sensor. Unity gain was found when the input and output provide an equal relationship. The
instrument amplifier with bridge for load cell sensor was tested and the linear response was obtained.
Prototypes of the 10- and 12- bit ADC were constructed showing the improvement in accuracy by the
increase in resolution. A prototype of an 8-bit ADC with a virtual analogue input was constructed
where the results were shown on the panel and on the NI Elvis board. The magnitude comparator
which was previously developed in element 1 on the Nexys 4 DDR FPGA board was implemented with
the LabVIEW program and a series of test were conducted to establish equal to, greater than and less
than. A conclusion was established detailing that the tasks are preliminary prototypes leading to the

final element.
Use the introduction as the

future tense for the element
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2. Load cells and Signal Conditioning

2.1 Unity gain of instrument amplifier

An instrument amplifier with unity gain in shown in figure 1. The concept of unity gain is the notion
that the input and output should be equal in relationship. To achieve unity gain, the gain of the
amplifier must match the output to attain a magnitude comparable to that of the input.

Good example of the op amp
at unity gain

,’Vt'('.
Instrumentation Amplifier

Figure 1: Schematic of unity gain amplifier

The amplifier circuit as shown in figure 1 will be simulated to resemble the Omega LCKD load cells.
The Omega LCKD load cells were evaluated in element 1. To simulate force on the load cells the
potentiometers were adjusted representing the alteration in the load cells value. Loading the amplifier
was simulated by increasing opposite resistor values and decreasing the opposing resistor values. With
a value of 50% on all potentiometers the load cell will signify zero grams. Conversely with 100% and
0% potentiometer configuration on opposing corners this will represent full load of 1000g.

To accurately condition the signal of the amplifier a gain value of 500 was needed. This was
demonstrated with the following calculations:

@1000g and 5V excitation (V2 - V1) = 10mV
@1000g (Vout) = 5V

Gain (G) = 5V/0.01mV = 500
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To achieve the desired gain value of 500 the resistor values are modified to obtain a gain of 5 for the
buffer amplifier and a gain of 100 for the differential amplifier. The calculation with the modified
resistor values are shown below.

Buffer Gain

Diff Amp Gain

1+(2 % 60k)

30k

30000

30

5

100 Gain of
amplifier
is

An overall gain of 500 is obtained for the instrument amplifierim%@tg the combination of the buffer
and differential amplifier gain.

The instrument amplifier resistor values were modified as per the calculations and illustrated in figure

2.

vcc Vss

12v 12v VEE

349.250

gaw.zsn

Wz v

«LAQ 50 %,

>349.250

A | Vida): -15.5 my
3000k02 Vitesa 2.3 kHz
VBT
.
{ v
® ~L
AN — -

ka5 OP37AJ e

Load Cell LCKD - 1KG

Figure 2: Instrument amplifier MultiSim schematic.

AN AAA— S

Bhil A 30k0 !—1 (T "
i

wvee

3000k02

Instrumentation Amplifier

To simulate the loading effect of a 100g increment from Og to 1000g a 5% increment was applied to
the opposing potentiometers and a 5% deduction was applied to the others. The resultant simulations
can be reviewed in appendix 9.1 with the results tabulated in table 1.
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Table 1: Results for simulating force on the load cell

% Resistance Grams | Voltage Linearity error Voltage error
removed
50 0 0.0199 0.0199 0
55 100 0.48 0.02 05
60 200 0.98 0.02 1
65 300 1.48 0.02 15 Good table of
values
70 400 1.98 0.02 2
75 500 2.48 0.02 25
80 600 2.98 0.02 3
85 700 3.48 0.02 35
90 800 3.98 0.02 4
95 900 4.48 0.02 4.5
100 1000 4.98 0.02 5

The table shows that the increase of load has produced a comparable output for the varying load
determining an accurate signal conditioning model. The increase of 5% with the potentiometers
simulating 100g of force produces a 0.5V increase in relation with the output. There is negligible error
present ranging from 0.0199 — 0.02V which can be attributed to leakage and is exhibited during all
setpoint and can consequently be disregarded. The signal conditioning is graphically depicted in figure
3 where the resolution of 100g=0.5V is shown with a linear response to full scale of 1000g=5V.

Load cell resolution

4.5
4
35
= 3
35 G
= 00
= 2 d
15 lin
1 ea
0.5 r
0 &r
0 100 200 300 400 500 600 7080 800 900 1000
Simulated applied load (g) h
fr
Figure 3: Simulation results displaying response of load cell o
re
su
Its
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3. Analogue to digital converter

3.1 10-bit ADC

Utilising the Labview software an ADC of 10-bit resolution was constructed. The program is shown in
figure 4 with the formula block shown in figure 5. The range of the analogue input is 0-5. A 10 bit word
contains 1024 bits so a range of 0-1023. To analyse the performance of the 10 bit the slider on the
panel was slid to full scale and half scale. With full load of 5V applied all 10 bit digital output indicators
illuminate representing a Boolean value of 1023 which is full scale shown in figure 6. Reducing the
analogue input to half being 2.5 the resultant Boolean digital output illuminate producing a Boclean
value of 511.5 shown in figure 7.

Analague Input 10 bit digital output

123]
DELL]
" ¥ b o211
Formula
Analogue input " Boolean Value
3 Result o bzl
—= 1 Lite

Figure 4: 10 bit ADC LabVIEW program

E Configure Formula

The formula block for the 10-bit ADC is /5024

(X1/5)*1024.

1024 — Resolution 10 bit

Input Label Home Backspace Clear

5 is max scale (Analogue) a_x
= © e - log In mod

X1 —Analogue input signal el L = = BB =
A4 x4 7 8 9 ! sin
X5 X5 4 5 6 * cos
X | |x6 1 2 3 e
X7 X7 ] E - (
X8 X8

More Functions

Help

Figure 5: Formula block for 10 bit ADC
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Analogue Input Boolean Value
5 1023

10 bit digital output

LR I

Analogue input

stop

Figure 6: 10-bit ADC with analogue input of 5 showing full scale

Analogue Input Boolean Value
25 5115

10 bit digital output
7l
Analogue input

N N O

0 0.5 1 15 2 25 3 35 4 45 5

stop

Figure 7: 10-bit ADC with analogue input of 2.5 constituting half scale

Good design method for 10 bit ADC with
max value held
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3.2 12-bit ADC

The ADC’s resolution was increased to 12 bits to analyse its effects. Two further digital bits have been
added to the panel with a resolution of 4096 bits. The modified formula block is illustrated in figure 8.

= Configure Formula
4096 — Resolution 12-bit
5 — Max Scale Analogue (X1/5)"4095

X1 — Analogue input signal

Input Label Home Backspace Clear End
X1 X1
%2 %2 e - log In med min
T a Pi sqrt log2 eXp rem max
X4 X4 7 8 9 / sin abs
X5 | |X5 4 5 6 E cos int
X6 | |x6 1 2 3 - tan sign
X1 | |x7 0 - E + ( )
- x More Functions

Cancel Help

Figure 8: Formula block for 12-bit ADC

Again, full scale and half scale are analysed. With an analogue input of 5 being full scale all 12-bit
digital output indicators llluminate with a Boolean value of 4095 this is shown in figure 9. With half
analogue input being 2.5 the corresponding digital output indicator illuminate with a Boolean value of
20475 this is shown in figure 10.
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Analogue Input Boolean Value
5 4095

LN O

Analogue input

0 0.5 1 1.5 2 25 3 35 4 45 5

stop

Figure 9: 12-bit ADC with analogue input of 5 showing full scale

Analogue Input Boolean Value
25 2047.5

12 bit digital output
Fa
- FEEFEFFFEE

Analogue input

stop

Figure 10: 12-bit ADC with analogue input of 2.5 constituting half scale

Good design of 12 bit ADC with max

value held
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3.3 &bit ADC

lllustrated in figure 11 an analogue input, an 8-bit Boolean digital output, and the Boolean value was
produced on the panel. A potentiometer is utilised to control the analogue input voltage. A virtual
input was configured. The formula configured in the block diagram is shown in figure 12.

= =
File Edit View Project Operste Took Window Help File Ect View Project Operste Took Window Help
*@@n ? BB ON T 0T T [ Powe Supshes- %
I LabVIEW
0.00V
Bl
Analogue input Result )
100015 51

Boolean value

o . — L

[ Devi/pontiinen [

Diggtal Dutput ]

stop
Figure 11: 8-bit ADC LabVIEW program
B Configure Formula
X1- Analogue input signal
(X1/5)°255
5 — Max voltage scale
{ 255 — 8-bit resolution
i Input  Label Home Backspace Clear End
i x| [0
I e - log In mod min
3 %3 Pi sqrt log2 exp rem max
A4 X4 7 8 L] ! sin abs
X5 s 4 5 6 * €05 int
X6 X6 1 2 3 - tan sign
xT x7 0 E + ( 1
i X
| i 8 More Functions w0
i
Cancel Help

Figure 12: Formula block for 8-bit ADC
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The LabView program is configured so that the NI Elvis board will display the Boolean values alongside
the panel in the software. The values of 1V, 2.5V and 5V were tested shown in figures 13-18 and the
digital boolean values on the panel corroborated with the boolean values on the NI Elvis Il board.

Fle Edit View Poject Operste Tools Window Help 7 File Edit View Project Operste Took Window Hep
- ™
23 @n ! BRON G E T [ o suppiin- . — %
1 LabVIEW

Analogue input Result |

100015 5

Boolean value

i Dl portiylines

[Digital utpast 7]

NE
© > l«

Figure 13: Analogue value of 1V showing a Boolean value of 51 displayed on panel.

Figure 14: Analogue value of 1V showing a r::ofean value of 51 displayed on NI Elvis Il board
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B Uit -]
I Edit View Project Opente Took Window Help Fie [di View Project Openste Tools Window Help
2 @n ) PR @N G K T

Analogue Input Result
250834 ]
=
Boolean value FESET RESET
A
e Swesp settrg Bt
fi Oev 1/ pertl el 7 [ -
- et o
e =)
B e S Help
[ (o]~ mllel L

< » e 3

Figure 15: Analogue value of 2.5V showing a Boolean value of 128 displayed on panel.

Figure 16: Analogue value of 2.5V showing a Boolean value of 128 displayed on NI Elvis Il board
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o -]
File Edt View Poject Operste Tocls Window Help i :Fik Edit View Project Operste Took Window Hep
23 @N 2O GH T

| 53 Vieiable Powsr Supplies - -

Analogue input Result 1
49858 25 |

Boolean value RESET RESET
CER | o | | | s S P

[one channel for sl lines.

stop
—!

Le > ]« 3

Figure 17: Analogue value of 5V showing a Boolean value of 255 displayed on panel.

Figure 18: Analogue value of 5V showing a Boolean value of 255 displayed on NI Elvis Il board

Good test and analysis of the 8 bit
ADC with DAQ board and virtual
input.
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4. Nexys 4 DDR FPGA board

The Nexys 4 DDR FPGA programmable board is operated as a magnitude comparator in this portfolio
and collaborates with the Labview program. The Nexys board is configured with the NI Elvis Il board
adhering to pin allocations shown in figure 19. The Nexys board component layout is illustrated in
figure 20.

VCC GND 8 mgrals
Pnb_ W b P 1

pe 12 - [B]E]E]E]E]E] - Interface ports identified on
000000 FPGA

Figure 30 PAACD commectons, fromt waw, o ioaded on BCB

Table 5. Nexys4 DOR Prod pin assignments,

Pmod JA Pmaod JB Pmod JC Prmod JD Pmod XDAC
miC7 JB1:Dne XK JON: e FXADC1: A3 (ADIF)
AxDs BxFie KEFo JD2:H1 IXADC2: A1S (AD10F)
JAX:E1B JB3:Gle X302 J03:G1 DADC3: B16 (ADZP)
JALG1? JBa: HIA Ka:Ge JOu: G3 DADC4: B18 (AD11P)
JAT:D17 Jer:Eve KrE7 JO7: M2 BADCT: A4 (ADIN)
JAR:EN? JB&:F13 Kkl JOg: G4 DADCE: Ao (AD1ON]
JAs:F18 JBG13 K la MO G2 IXADC: B17 (ADZN)
%G8 Bi:H16 XKixee JON:F3 PADCIx AYS (ADNIN

Figure 19: Nexys 4 DDR Pin layout

-
a &
n

“ -

g "

“

' "

" i
Callout Comparart Drscription Catonnt [ S —
' Paetr sebect jumpet el Batbery hewdin " FIGA ot
2 Sharedt UART ITAG USS post " CFU st uthon (o ot coves
3 Extermal confiquration pamger (501 U5 " Aniog vl Pmad pant (KADC
4 P portis] s Pragramening mode jumper
3 Maraghans w uchs commectes
o P SUpphy best posntts " [ pre——
' LD (18 " [ TS
s e e » Etharmat connecton
? L n U5 bt st
1 FTAG pert for (optianal extermal cable n P28 pragramming port actony use!
" Frox puhenstnn B Forn vt
" Tempensture sensor » Power ot

Figure 20: Nexys 4 DDR component layout
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5. Magnitude comparator practical

The resulting connection linking the Nexys 4 DDR FPGA as the magnitude comparator and the NI Elvis
Il board is shown in figure 21. The potentiometer will enable the analogue signal to be varied to cycle
through the magnitude comparator states.

Good image showing
equipment setup

Figure 21: Practical setup comprising NI Elvis Il board with Nexys 4 DDR as magnitude
comparator
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6. LabVIEW

The LabVIEW program configured to function with magnitude comparator is shown in figure 22. Four
formula blocks are present, and their function will be clarified in the passage.

Arsiogus Input

l; Dev2/port/linelk15 |+

og DBL
1Chan 15amp

Formula 2

I

lone channel for all lines |

Load input (grams)

2

|
Digital Output ~

% Devd/portl/line2 1:22 [+]

Digtal UR | §r——o——
1Chan 15amp

SatLoad Ve for comparion (g1

lone channel for all lines

Digital Input ~

Digital 1D Bool _|
1Chan 15amp

Magniude Comp Resuss

Figure 22: LabVIEW program
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EEEE BF
- T8 31

- §apr B

le £4

Figure 23: Formula block 1

Converting the analogue input into grams is performed by formula block 1 as shown in figure 23. The
analogue input is divided by the maximum value of 5 and multiplied by 256 to produce the binary

value. The output of this formula block is supplied to the digital output which signifies the gram value
utilising the 8-bit word.

-
e T
b EIEE bl
i B 1

[P

Figure 24: Formula block 2

Converting the analogue input to a gram value is performed by formula block 2. The analogue input

value is divided by the maximum analogue input value and subsequently multiplied by 1000 to
produce the gram measurement.
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it s

W B coniiquen Frmuia
Do 2% I
T gt Label Home Backapec: =3 i
W@
gt Dt 7
=15 e ey n med | | mn
— L st ] =p rem | [
| 7 a 1 7 - .
B |n ] ] [ o L]
| 1 2 El n san
W (x [ E { 1
3 E e Mors Fenctions o
[igital g ]
Foes| o] [ | [

= LB
Figure 25: Formula block 3

Converting the set gram value into an 8-bit digital word output is performed by formula block 3 as
shown in figure 25. The set gram value is divided by the max gram value and subsequently multiplied
by the resolution.

=

I corvigure Fomass

-

EEE=ang
C o r
o ] -u;t: I:el Hame Backspace: Chear End
= " - Lol In ol min
"

a B syt gl -p e .
[ 7 ' f i -

" W[ 4 5 5 . e nt
&= = e [ i Fi f tin n

Lx o 1] E L4 { 1

Eoszpaine =2 1]

v | ? ] Mars Functiens =
gt s 7 Sgal 10 Boal |
Vohan T e s

el [ £

@0

g
3
<

|z #
Figure 26: Formula block 4 la
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7. Testing and Analysis
To evaluate the functionality and performance of the program a potentiometer was utilised to alter
the analogue input which replicated the load cell. Three tests were performed on the prototype to
assess the performance of the magnitude comparator. The set load was set at 300 and the load input
was varied to provide equal to, less than and greater than. All three tests produced the expected
results with all states shown in figures 27-29.

+ =
Figure 27: Equal to displayed on panel
3 i 3 sy 8 o
T — =
|
Figure 28: Less than displayed on panel
(B mmctrasy o o =
Y X T ’ 1%

Figure 29: Greater than displayed on panel

Goo
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8. Evaluation

This element has demonstrated the concept of signal conditioning to obtain a digital binary value for
an analogue signal. Increasing the ADC bit value increases the accuracy of the converted signal to
produce a more faithful representation of the input signal. Converting the analogue signal to a
representative digital value enables logical comparison to be performed through a magnitude
comparator. This is the fundamental notion of all computer and control systems. The practical
implementation of an ADC with a magnitude comparator was achieved through the collaboration of
the Nexys 4 DDR FPGA and Labview Elvis Il boards. This prototype exhibited a simple system but the
fundamental concepts of all control systems.

Good

evaluation
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9.1 Appendix
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vcc Vss
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1. Introduction
In this element the LabVIEW program that was produced in element 2 was further developed to
provide data logging application. This element encompasses the magnitude comparator developed
on the FPGA board in element 1 and the LabVIEW program developed in element 2. The datalogging
enabled the comprehensive testing of the prototype and a graphical depiction of the states of the
comparator in comparison to the raw analogue voltage. A conclusion was produced detailing the
success of the magnitude comparator prototype utilising LabVIEW and how the accuracy of the
system could have been enhanced by the implementation of an ADC of higher bit construction.

This should
be in the
future
tense
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2. Design requirements
A Labview program was constructed to enable logging data established on the magnitude
comparator. Figure Lillustrates the program containing the additional file write blocks. These write  7erx fi/e js just
files permit the logging of data over a specified time into a separate text file within a database. The rjtten to o
logging is advantageous as the input signal obtained from the potentiometer and the output of the  text file not a
comparator can be traced beside the desired setpoint and a historic trend can be viewed. The write database.
to measurement file block obtains the signal from their inputs and save the data to the instructed
location. The filel block acquires a signal from the potentiometer which simulates the load; file2
block is constant as the setpoint is its input.

G-code design is correct
and has all the correct
function write blocks

o

Figure 1: LabVIEW program containing data logging elements

An extract from filel is shown in figure 2 displaying the saved data within. Being the File1 data the
increasing time is captured in the left column with the analogue voltage of the potentiometer
variable in the right column. File3, file4 and file5 log the comparator states being less than, equal to
and greater than. The configuration of the logged data location is shown in figures 3-7. The format
required to save the files was text LVM file. Filel was the only block that required a time column for
the x value and was unnecessary for the other blocks. The comparator output was scaled by 200
prior to logging of the data to produce a presentable graphical depiction for evaluation.

Explanation is correct
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) teett - Motepad

File Edit Format

LabVIEW Mea
Writer_Vers
Reader_Vers.
Separator
Decimal_Sep
Multi_Headi
¥_Columns
Time_Pref
Operator
Date 282
Time 11:
*x*End_of_H.

Channels
Sanmples 1
Date 202
Time 11:
X_Dimension
xa Q.0
Delta X 1.0
***End_of_H
X_Value Unt
. 000000
@,299254
9.500914
8.982974
1.202471
1.582768

View Help
surement
ion 2
fon 2
Tab
arator
ngs Mo
One
Absolute
Gareth
1,/04,/29
36:20.4970297813415527344

leader®=®
1

1,/04/29

36:20.4970297813415527344
Time

000000000000000E+8

00209

eader®**

itled
858,
855,
859,
B57.
857.
B58.

Comment
223844
238532
733561
228073
806263
320209

Figure 2: Data log information
obtained from Filel

m Configure Write To Measurement File [Write To Measurement File]

Filename File Format
Ci\Users\Gareth\OneDrive\Documents\HND\ (= (@) Text (LVM)
SGEES007 VICS\Element 3\Text files\text1.vm () Binary (TOMS)
() Binary with XML Header (TDM)
(O Microsoft Excel (xlsx)
Action &1 Lock file for fast:
ent Heade:
(®) Save to one file Segm *
[] Ask user to choose file (O One header per segment
. One header only
®) Ask only once
_) Ask each iteration @B
1f  file already exi X Value (Time) Columns
(® Rename existing file (0) One column per channel
() Use next available filename (@ One column only
(O Append to file () Empty time column
Overwrite fil
() Overwrite file Delimiter
Tabulator
(O Save to series of files (multiple files) @
() Comma
Settings..
File Description
Advanced.
oK Cancel Help
Figure 3: Configuration of data log data for Filel
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& configure Write To M File [Write To M
Filename

C:\Users\ Gareth\ OneDrive\Documents\HNDA
SGEES007 VICS\Element 3\Text files\text2.vm

Action
@ Saveto one file
[ Ask userte choose file

® Ask only once

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

(C) Save to series of files (multiple files)

File2]

File Format

(@) Text (LUM)

) Binary (TOMS)

() Binary with XML Header (TOM)
() Microsoft Excel (.xsx)

M Lock file fo
Segment Headers

aster ac

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

()Mo headers.

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

(@) Empty time column
Delimiter

(@ Tabulator
) Comma

oK Cancel Help

Figure 4: Configuration of dota log data for File2

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

Filename

A\UsershGareth\ OneDrive\Documents\HND'
SGEES007 VICS:\Element 3\ Text files\text3.vm

Action
(®) Save to onefile
[[] sk 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
() Overwrite file

(O Save to series of files (roultiple files)

Settings...

File Description

File Format

(@) Text (LVM)

(O Binary (TDMS)

(") Binary with XML Header (TDM)
(O Microsoft Excel (xlsx)

(C) One header per segment
(®) One header only
() No headers

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

(@) Empty time column
Delimiter

(®) Tabulator

() Comma

Advanced...

oK Cancel Help.

Figure 5: Configuration of data log data for File3

Page 7 of 12




Filename

Ci\Users\Gareth\OneDrive\Documents\HNDY
SGEES00T VICS\Element 3\ Text files\textd vm

Action

(®) Save to onefile
[ Ak user b choose file

k only once
) Ask each iteration
If a file already exists
(@) Rename existing file
() Use next available filename
(O Append to file

& configure Write To Measurement File [Write To Messurement Filed]

=

File Format
@ Text (LVM)
() Binary (TOMS)
(C) Binary with XML Header (TOM)
(O Microsoft Excel (xlsx)

Lock file for faster a
Segment Headers

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

(7)Mo headers

X Value [Time) Columns.
() One column per channel
() One column only

(@) Empty time column

Action
®) Save to one file
D Ask user to choose file

nly once

sk each iteration
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

() Binary with XML Header (TDM)
() Microsoft Bxcel {xlsx)

[ Lock file for faster 2

Segment Headers

() One header per segrment
(@) One header only

() No headers

X Value (Time) Columns
(") One column per channel
(7) One column only

(@) Empty time column
Delimiter

(@) Tabulatar

() Comma

OK Cancel

Owerwrite fil
o e Delimiter
) Tabulat
(O Save to series of files (multiple files) © Tabuiztor
() Comma
Settings...
File Description
Advanced..
Ok Cancel Help
Figure 6: Configuration of data log data for Filed
| 3 Configure Write To Measurement File [Wiite To Measurement File5)
Filename File Format
C:\Users\ Gareth\OneDrive\Documents\HND (= (@) Text (LVM)
SGEES00T VICS\Elernent 3 Text files\test5.hm () Binary (TOMS)

Help

Figure 7: Configuration of data log data for File5

Page 8 of 12

Text
file
confi
gurat
ions
are
corre
ct




3. Testing and analysis
To test functionality and correct operation the potentiometer was varied to obtain different
analogue inputs values which were compared with the setpoint by the magnitude comparator.
Three setpoint were selected being 200, 500 and 700.

3.1 Desired value of 200g

The data log was obtained, and a graphical depiction of the states was produced and shown in figure
8. The graphillustrates that the analogue input was increased from zero to below 200 with the
yellow trend showing less than from the setpoint of 200. Increasing the analogue voltage to 199.979
produced the equal to state indicated by the blue trend. Increasing the analogue voltage further
produced the greater than state shown by the green trend. The equal to panel view is shown in
figure 9 where the set load and load cell are the same.

200g Set Point Data Log

250 Good resultant
€ 200 graph from text
5 & -
e file data
=
B 150
o
=
100
50
0
C N O WMOWmO®MOoOWwOoweoINOoOINOINOW W™ IB - O = O = O = O
SoAddrNAMdeddf i nNddrrotdadacScddadcme<s vy

15
1

Time (seconds)

= Analogue Input Set Point Less Than ===fqualto — ===Greater Than

Figure 8: 200g setpoint comparator results

Set Load Value for comparion (grams)
Analogue Input .
1.00 ,IIOCI
Load Input (grams) Set load ‘
199.979 Jolooe0c000 Good front panel design
Load grams
—
Magnitude Comp

5 Load Cell Digital
r 0@ Jo00000000

Figure 9: 200g setpoint equal to state
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3.2 Desired value of 500g

Again, the data was obtained following the same method as previously discussed and the graphical
illustration of the states are shown in figure 10. The analogue input was set below the desired value
and the less than state was obtained from the magnitude comparator illustrated by the yellow
trend. Increasing the analogue voltage to the desired set point of 500 the equal to state was
acquired as shown by the blue trend. Increasing the analogue voltage beyond the desired value of
500 resulted in the greater than state illustrated by the green trend. The equal to panel view where
the set load and load cell are of the same value as shown in figure 11.

500g Set Point Data Log

700
600
500 — /
g
gdm
S 300 Good resultant graph
S
200
100
0
qSuanuaunou g anQN AU QUanHuderiiuY YD Y
COrENNMNMTTNUNOORROONNOC O NNMMTITNNOOR~R00NN OO
Ml At T AT Al ATl Al S A A S NN
Time(seconds)
— fnalogue INput  =====Set Point  es==less Than =====fqualto ===CGreater Than

Figure 10: 500g setpoint comparator results

Good test on front panel

Figure 11: 500g setpoint equal to state

Page100f12




3.3 Desired value of 700g

The data was obtained following the same method as previously discussed and the graphical
illustration of the states are shown in figure 12. The analogue voltage was set below the desired
value of 700 producing the less than state from the magnitude comparator shown by the yellow
trend. The analogue input voltage was increased to 700 which produced the equal to state from the
magnitude comparator shown by the blue trend. By increasing the analogue voltage beyond the 700
setpoint the greater than state was produced as illustrated by the green trend. The equal to panel
view where the set load and load cell are the same is shown in figure 13.

700g Set Point Data Log
1000

900

800 /_

700

500 —

500

400 Good resultant graph

300

200

100
1]

Load(g)

b= el Ll Ll Lkl L e Ll Ll Dl bt el Uil it A bt b g L= L Lo L L L ot e G OO OO G
=1=1 « ~ =11 o <f ~

Time(seconds)

Set Point

—nput Less Than e==—=Equalto ===Greater Than

Figure 12: 700q setpoint comparator results

Figure 13: 700g setpoint equal to state
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4. Evaluation

This element practically demonstrated the conversion of an analogue signal to digital by means of an
ADC and comparing this digital data with a magnitude comparator which was developed in element
1 of this portfolio. It was found that varying the analogue data achieved the three states set in the
magnitude comparator being equal to, less than and greater than. It was observed that the
magnitude comparator would signal equal to state when the setpoint and input value were similar
but not exact. The prototype would benefit from using an ADC of higher bit value. As the ADC was an
8-bit model in the program the raw data was exposed to quantization error which produced
suboptimal accuracy due to the lower resolution. As this was a prototype the accuracy was not of

great importance however with application requiring a higher degree of accuracy an enhanced ADC
bit level would be required.

Good evaluation

Page12 of 12




Portfolio

GRADEMARK REPORT

FINAL GRADE

/4o

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2
Text Comment. Good table of contents for element 1
PAGE 3
Text Comment. Good list of figures
PAGE 4
Text Comment. Good use of tables
PAGE 5
Text Comment. Good informative introduction
PAGE 6
Text Comment. A good explanation of the structure of the VHDL program.
PAGE 7
Text Comment. This is a good point about the purpose and benefit if IP's in Vivado. Good
supporting images.
PAGE 8

PAGE 9

Text Comment.

The NI DAQmx function has been identified.




PAGE 10

Text Comment. Components of the DAQmx used in the LabVIEW program have been
explained with a good working example.

PAGE 11

PAGE 12
Text Comment. A comprehensive explanation of the magnitude comparator and a good
example of a practical design circuit

PAGE 13
Text Comment. Good explanation with good source
Text Comment. The explanation here is very good and there are points that
demonstrate a good understanding

PAGE 14

PAGE 15
Text Comment. The bridge circuit is correct and these are commonly supplied with a
sensor. However this would probably have an instrument amplifier as a stage in the signal
condition process.

PAGE 16

PAGE 17
Text Comment. The process for the creation of the 4 bit adder is explained and clearly
understood

PAGE 18
Text Comment. Layout of code is good
Text Comment. The initial hierarchy for the system starts here and is identified

PAGE 19

PAGE 20

Text Comment. 4 bit adder created from 4 full adders which are in turn made up of 2
half adders is explained here



Text Comment.

Good layout of code for the 4 bit adder with the architecture made up 4

full adders with sum and carry variables set.

PAGE 21
Text Comment. It should be mentioned that the VHDL code here was created by the
Multisim circuit design PLD
PAGE 22
Text Comment. The IP design integration shows the connections of the 2 IP's which
enables a more complex design of SOC systems.
PAGE 23
Text Comment. Good design of the 8 bit comparator using PLD
PAGE 24
Text Comment. Good result and good use of the virtual bus method for testing arrays
Text Comment. Good use of tables
PAGE 25
Text Comment. This is the test bench data for the comparator not the adder
PAGE 26
Text Comment. Good test showing all 3 states
Text Comment. Good use of tables
PAGE 27
Text Comment. Correct data for test bench
PAGE 28
PAGE 29
PAGE 30

Text Comment.

Very good set of test results



PAGE 31

PAGE 32
Text Comment. Good set of results from Msim 8 bit comparator
PAGE 33
PAGE 34
PAGE 35
Text Comment. Good results for the 8 bit comparator
PAGE 36
Text Comment. Good evaluation which relates to the next stage in element 2.
PAGE 37
PAGE 38
PAGE 39
Text Comment. Good number of relevant sources
PAGE 40
PAGE 41
Text Comment. Good table of contents
PAGE 42
Text Comment. Good list of figures
Text Comment. Good use of table for test analysis
PAGE 43
Text Comment. Use the introduction as the future tense for the element
PAGE 44

Text Comment. Good example of the op amp at unity gain



PAGE 45

Text Comment.

Gain of amplifier is identified

PAGE 46
Text Comment. Good table of values
Text Comment. Good linear graph from results
PAGE 47
PAGE 48
Text Comment. Good design method for 10 bit ADC with max value held
PAGE 49
PAGE 50
Text Comment. Good design of 12 bit ADC with max value held
PAGE 51
PAGE 52
PAGE 53
PAGE 54
Text Comment. Good test and analysis of the 8 bit ADC with DAQ board and virtual
input.
PAGE 55
Text Comment. Interface ports identified on FPGA
PAGE 56
Text Comment. Good image showing equipment setup
PAGE 57

PAGE 58

Text Comment.

Good G-code design




PAGE 59

PAGE 60

Text Comment. Formula block 4 is not explained. This function is to multiply the first 8
bits by 256 which converts it to 16 bit. The next 8 bits are added using the + block.

PAGE 61

Text Comment. Good tests shown on front panel

PAGE 62

Text Comment. Good evaluation

PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67

PAGE 68

PAGE 69

Text Comment. Full range of instrument amplifier test

PAGE 70

PAGE 71

PAGE 72

Text Comment. List would be more informative and organised with subdivided
categories with more details.

PAGE 73

Text Comment. Good list of figures

PAGE 74

Text Comment. This should be in the future tense




Text Comment

Text Comment

Text Comment

. Tetx file is just written to a text file not a database.

. G-code design is correct and has all the correct function write blocks

. Explanation is correct

PAGE 75
PAGE 76
PAGE 77
Text Comment. Text file configurations are correct
PAGE 78
Text Comment. Good resultant graph from text file data
Text Comment. Good front panel design
PAGE 79
Text Comment. Good resultant graph
Text Comment. Good test on front panel
PAGE 80
Text Comment. Good resultant graph
Text Comment. Good front panel test
PAGE 81

Text Comment.

Good evaluation

GRADING FORM: CSG-RUBIC

GARETH WILKINS



RESEARCH-INFORMED LITERATURE

[

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

KNOWLEDGE AND UNDERSTANDING

8/10

[

y‘ E1-Design and use of magnitude comparator with
digital inputs has been created with good
explanations. There is a minor error with test data
for the 4 bit adder where the 4 bit comparator test
data is referred to. Test methods used are good
and followed a logical sequence. 7.5/10 E2- The
LabVIEW design for the analogue load cell input is
explained and the design is a good effort. The 16
bit word operation for the fpga is not explained.
The shift right and add parts are missing and this is
the key to how the data bits are organised for the
fpga. The design is operational but needs to be
explained further. 6.5/10 E3-Dat logging has ben
fully explained and a good knowledge of this
section is demonstrated. 8/10

ANALYSIS

22/30

[

y‘ E1-Test and results are very comprehensive . The
evaluation covers the main issues. Apart from an

18/25




error with incorrect data for test bench for 4 bit
adder. 3/5 E2-The results from LabVIEW are
comprehensive and detailed. The evaluation needs
to be in future tense.. 7/10 E3-Results from the
data logging section are very detailed. Th
evaluation covers good points but needs to be in
future tense. 8/10

PRACTICAL APPLICATION AND DEP.

(

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
development sections were tested at specific
stages to prove design prototypes. The data was
shifted right and added successfully. 3.5/5 E3-Data
logging using LabVIEW methods has ben designed
and tested for operational requirements. 8/10

SKILLS FOR PROFESSIONAL PRAC.

[

4 Reportwas good 1 1 /1 5



