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1 INTRODUCTION

The ultimate objective is to build a virtual weighing scale system that gives an indicator of the load’s
weight being over or under a set value. To achieve this, an FPGA (Nexus 4) will be programmed in
PLD using Multisim to develop the comparison function. To process the incoming and outgoing
signals read from and sent to the FPGA through the ELVIS Il board, an application will be developed
in LabView 2017 developed by National Instruments.

Good, concise introduction....




2 RESEARCH

2.1 WHATIs DAQMX?

DAQmx is National Instrument’s set of tools used for developing Data Acquisition Applications which
was released in 2003 (National Instruments Corporation, 2018). The tools used in the design for the
Analogue to Digital Converter are the following.

2.11 Create Channel

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

input terminal configuration
minimum value
maximum value

task in - task out
physical channels " ..........
name to assign —J error out

units
EIror in e
custom scale name

Figure 2.1: Al Voltage Basic

The Create Channel Tool is used to link to the connectors of the Elvis Il prototyping board. The
Analogue Voltage Input setting for the tool measures an external voltage source, with the
measurable range fixed with a minimum and maximum value.

DAQmx Create Channel (DI-Digital Input).vi

task in task out
lines

name to assign
line grouping
ErTOr in s

DG mx

u
&

vy | S error out

Figure 2.2: DI Digital Input

The Digital Input setting for the tool reads the ports on the board as lines, which can specify an
individual port or a range of ports. To read multiple individual ports, the user needs to add additional
channels for the other additional ports.

DAQmx Create Channel (DO-Digital Qutput).vi

taskin

lines

name to assign
line grouping
errorin

task out

error out

Figure 2.3: DO Digital Output

Functioning similarly to the Input setting of the channel, this version of the Channel writes to the
specified ports on the Elvis Il development board




2.1.2 Read

DAQmx Read (Analog DBL 1Chan 15amp).vi

task/channels in task out
data

= grror out

Error in =i

Figure 2.4: Analogue Single Channel/Single Sample

From an Analogue Input Voltage Channel, a voltage measurement with a single floating point is read
and passed on to be processed by a mathematical operation be it a formula or data type conversion.

DAQmx Read (Digital 1D Bool 1Chan 1Samp).vi
task/channels in

-~ tack out
§ - data

error in = = EITOr OUt

Figure 2.5: Boolean Single Channel/Single Sample

From a Digital Input Channel, a Boolean state is read and passed on to function to display the state,
and then processed for data logging.

213  Write

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

auto start -y

task/channels in : task out
data number of samples written p...
error in error out

Figure 2.6: Digital Unsigned 32-bit Integer write

This tool reads in the processed integer and writes to the lines specified in the Digital Output
Channel.

214 Add

Add

XDy

y

Figure 2.7: Add Function

Combines two inputs and joins values together into one output.




215 Feedback

Feedback Node

Stores data from one VI
execution or loop
iteration to the next.

Figure 2.8: Feedback Node

The Feedbhack Node is used to pass data from one DAQmx function to another.

2.1.6 Formula

Formula

error in (no error) error out

Formula 3
Kl ——p X1
H——— Result

Figure 2.9: Formula

The formula function reads in a variable as X1, which is then processed by a calculation derived by
the user and is then output to another function.

2.1.7 Number to Boolean Array

Number To Boolean Array

number —J#f= Boolean array

Figure 2.10: Number to Boolean Array

This function simply converts an integer to an array, the size of which is determined by the number
of bits found in the integer.

2.1.8 Round to Nearest

Round To Nearest

number —@— nearest integer value

Figure 2.11: Round to Nearest

This function rounds the input number to the nearest even integer, which would be required for
processing.




219 While Loop

While Loop

Figure 2.12: While Loop

The While Loop is used to execute any instructions contained within until a specified condition is
satisfied, be it a fixed duration in time or a manual stop instruction.

2110 Wait

Wait Until Next ms Multiple

i1

The wait function is required control the duration of the While Loop. With a longer wait, the
sampling rate decreases. The time set is measured in milliseconds.

millisecond multiple

Figure 2.13: Wait

2.1.11 Error out

error out contains error information. This cutput provides
standard error out functionality.

error out 1 (cluster of 3 elements)
TF] status (boolean (TRUE or FALSE))
@3 code (long [32-bit integer (-2147483648 to 2147483647)])
source (string)

Figure 2.14: Error out

This is used for fault finding in the code or system, which triggers when an unexpected state or value
is detected.

(Add the write to file function)

You didn't add the 'write to measurement file'!

Good detail on DAQmx icons which is what the
brief asked for...




2.2 DiGITAL MAGNITUDE COMPARATORS
Required for the design is an 8-bit comparator, used to compare two 8-bit words and determine
their equality. To build an 8-bit, two 4-bhit comparators are used.
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Figure 2.15: Logic gate layout inside the 4-bit comparator

TR

?

By consulting a datasheet for a CMOS 4-bit comparator, a design is available for a 12-bit cascaded
comparator, which can be modified into an 8-bit by removing the third comparator from the design
(Nexperia, 1990).

Good schematic diagram shown but how does it
work?




GND = I > B
Vep —{1a=8
GND —] la <8
HC/HCT 86
AQ =4 AD
Al — A1
It A2= a2
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B1—{81 Qu>8 la>8
B2=—{B2 Q=B la=8
B3 —83 Q,<8B Ia<t
HC/HCTBS
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Y e —— .
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AR

AD

o AlD
ticaet | A1

4 of B8
mch word Be

810
B

Figure 2.16: 12-bit Magnitude Comparator modified to 8-bit

2.3 ANALOGUE TO DiGITAL CONVERTERS

Often a Controller (FPGA, Microcontroller, PLC) needs to control an analogue device which could be
a motor or speaker for example. In the current age of computing, all internal processing is
exclusively a digital process, so there needs to be some form of conversion to allow analogue signals
to be processed.

To convert an analogue signal to a digital value, an ADC is used to convert the magnitude of an
analogue voltage signal into a discrete digital value. Some of the more common ADCs available are
8-bit (28 = 256 levels), 10-bit (2'° = 1,024 levels) or 16-bit (2'° = 65,536 levels), so with a higher bit
value, the more accurately an analogue signal can be converted to digital.

The converted value is a ratiometric value (Applied Measurements Ltd., 2018), meaning that when
using a 10-bit ACD, a voltage of 0 to 5V covers a range of 0 to 1,023.

ADC Resolution  ADC Reading

- Good
System Voltage Voltage Measured

So, assuming an input voltage of say 3.14V is measured, the digital value represented is 642
(rounded down) assuming a 10-bit ADC is used.

5 3.14

1023 x

1023
5

X 3.14 = x = 642

AN O

Should be shown as (Vin / Vref) * numberd

of bits In this case (3.14/5) * 1024 = 6431t
S 7
(
0

1




2.4 LoAD CELLS

For the system under design, a Sub-Miniature Industrial Compression Load Cell manufactured by
Omega (1KG model) is considered. The design of the Load Cell is manufactured from stainless steel
and is thermally compensated by a circuit contained in the cable linked to the cell, ensuring an
accurate reading (OMEGA Engineering inc., 2018).

COLOR CODE
RED = +EXC BLACK = -EXC
GREEN = -QUTPUT WHITE = +0UTPUT

Figure 2.17: LCKG load cell

In 1843, English physicist Sir Charles Wheatstone developed what is known as the Wheatstone
Bridge Circuit. When pressure is applied to the strain gauges, which are typically in pairs of two,
resistance is altered. When compression is applied to the grid of the strain gauge, the area thickens,
and the resistance is decreased. The change in resistance is normally linear, so a ratiometric relation
between pressure and resistance should be consistent (Window, 1992).

Internal
Temperature
Compensation
AAAAAY Tension increases resistance
Internal Grid 44—
Bridge (:\
Balance J 7 w
. \‘ oF ey g
Modulus '\S -
Gauge : / ©  intem £ O
- ) Output BaaTdEQ — 5 Measured
— . anl:s 5 “:_‘} resistance
SN
Bridge Balance_—~ . Jemperature | 5
Rassiar S Input o~ Resistor Figure 2.19: Strain Gauge

Figure 2.18: Wheatstone Bridge Circuit

An amplifier would also be used with the Wheatstone Bridge to scale up the small signals produced
by the Strain Gauges to produce a more measurable signal, which in turn is sent to a measuring
device (FPGA, PLC, Microcontroller etc). Using a 5V excitation voltage instead of 3.3V improves the
signal to noise ratio, however when increasing the voltage, self-heating can become an issue, so it is
important not to reach the practical limit of the device (Frank Wenner, 1924).

When selecting a Load Cell (or any component), it is vital to refer to the specifications in the
accompanying data sheets, as there are many factors that can adversely affect the measurements
taken by the device. Factors to consider include Humidity (corrosion of wire), Lead-Wire Effects ({1),




Temperature and Overloading. Temperature can alter the property of the material (rigidity,
conductivity) and consequently result in altered sensitivity. Lead-Wire Effects refer to the length of
the wire between the measuring device and the Load Cell, which in effect would add to the
resistance, this can however be compensated for mathematically through software. When
Overloading, the elasticity of the materials that make up the load cell could be permanently
deformed, resulting in an inaccurate resistance per load produced.

Very good detailed research carried out on the type of load cell
used in the assignment




3 DESIGN OF ASSIGNMENT REQUIREMENTS

3.1 8-BIT COMPARATOR

The first element to be designed was the 8-bit Comparator, of which there is a sim and FPGA
version. The sim version was used for testing to ensure that the design would work in the final
application, and the FPGA version is the same with the interactive Boolean variables replaced with
inputs and the probes/indicators replaced with outputs.

The 8-bit comparator is built from two 4-bit comparators as found from the design found in
research,

8-bit Comparator Sim Version

Bo

CAGTB
GAEQB
AZ CALTS

B2

!
L]
iy
C

B3

CAGTE

: e
w
om
%‘ [ %]
e e
Lriey-1+
oo
I3
53
W
e
R
[
i

KR B4 " Bﬁﬁ:\l)— a ComP_4
F—— %
B5 o
: |—<> AS ALT
e ] ¢ r COMP 4
Lb— A6
] : =[-T=
B7
O— A7
[CF——

Figure 3.1: Simulation version of 8-bit Comparator
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8-bit Comparator Board Version

CAGTE

C——0

OALTE
C— SW10 A2

fir

C— u1 Eé
SwW3 B3 J
Y swi1 A3 Bgz_i— 8 oases e
C——0 Al OMLTE ALTE
w .
SW4 B4 Al
[ — swiz A4 B@@: a0 o
D O S = BO
sws  B5 A
C— SW13 A5 ALTE
- 3 COMP_4
sWe  B6
O SW14 A6
E el—|o
sWw7 BT
Co— SW15 AT
C—o

swo B0
o swWe A0
[===0 LEDO LED1 LED2
swi  B1 U2
Oo—-< sw9 A1

Figure 3.2: Downloadable version of FPGA 8-bit Comparator

The outputs for the Nexus 4 board used by the FPGA program are identified in a file called

MultiSim.xdc. The file ties the ports, switches, and displays from the board to names that are readily

more usable in programming.

& EAProghMulisimihubiSimadc - Notepad + + X
Fle [t Semch View Encoding Langusge Setings Tack Macio Run Plugins Window 7 X
diEE s B sk c g txHEH 51 FIBAs D) cir
= MeSam e 3
1 ¥ .xdc for the Nexysd DDR Rev. C ~
## To use it in a project
3 ## - uncomment the lines corresponding to used pins
4 ## - rename the used ports (in each line, after get_ports) according to the top level signal names in the project
& ## Clock signal
1 set 'properry -dict { PACKAGE_PIN E3 TIOSTANDARD LVCMOS33 | [get_ports CLK10OMHZ): #10_L12P_T1_MRCC_3S Sche=clkl00mhz
1 _clock -add -name : i 10.00 -waveform (0 5} [get_ports CLKLOOMHZ]:
##switchas
13 set property { PACKAGE PIN J15  IOSTANDARD LVCMOS33 ) [get ports 5WO0]; #I0_L24N_T3_RS0_15 Sch=sw[0]
4 set_property { BACKAGE PIN L16  IOSTANDARD LVCMOS33 | [get_ports SW1]: #I10 L3N TO DOS _EMCCLK 14 Schesw(1])
15 set_property { PACKAGE_FIN M13 TIOSTANDARD LVCMOS33 ) [get_ports 5W2): 410 "LEN_TO_DOB VRF.F‘ 14 Sch=sw(2]
16 set_property { PACKAGE_PIN R15  IOSTANDARD LVCMOS33 ) [get ports SW3):; #I0_L13N T2 MRCC_ 1-'- Sch=aw([3]
I set_property { PACEAGE_PIN R17 IOSTANDARD LVCMOS33 | [get_ports SWi]: 410 L12N_T1_MRCC_14 Sch=sw[4]
set_property { PACKAGE_PIN T18  IOSTANDARD LVCMOS33 } [get_ports 5W5):; #I0_LTN_T1_D10_14 Sch=sw(5]
set_property { PACEAGE_PIN U18 IOSTANDARD LVCMOS33 | [get_ports SWé]: 410 L17H_T2_A13_D29_14 Sch=sw[E]
set_property - { PACKAGE_PIN R13  IOSTANDARD LVCMOS33 ) [get_ports SW7); #I0_LSN_TO_D07_14 Sche=sw([7]
21 set_property { PACKRGE_PIN T# TOSTANDARD LVCMOS18 ) [get_ports SWE): #I0 L24N T3 34 Sche=sw(8)
2 set_property - { PACKAGE_PIN U8 IOSTANDARD LVCMOS18 ) [get_ports SW9]; #I0 25 34 Sch=sw([9)
23 set_property { PACKAGE_PIN R1€  TOSTANDARD LVCMOS33 ) [get_ports SW10); #I0_L1SP_TZ DQS_RDWR_B_14 Sche=sw([10]
24 set property { BACKAGE PIN T13 IOSTANDARD LVCMOS33 ) [get_ports SWll); #I0_LZ3P T3 _AD3 D19 14 sch=sw[11]
25 set_property { PACKAGE_PIN Hé TOSTANDARD LVCMOS33 ) [get_ports SW12); #I0_L24P_T3_35 Schesw[12]
26 set property { PACKAGE_PIN U12 IOSTANDARD LVCMOS33 | [get_ports SW13); #I0_L20P "T3_AOB_D24_14 Sch=sw[13]
27 set_property { PACKAGE_PIN Ull  IOSTANDARD LVCMOS33 ) [get ports SW14]; #I0_L19N_T3_A09 D25 VREF_14 Sch=sw[14]
28 set_property -dict { PACKAGE_PIN V10  TOSTANDARD LVCMOS33 | [get_ports SW1S]; #I0_L21F_T3_DQS_14 Sch=sw[15]
1 4 LEDs
2
} set property -dict ( PACKAGE_PIN H17 IOSTANDARD LVCMOS33 | [get_ports LEDO); #I0_L1SP_T2 A24_15 Sch=led[0]
34 set_property -dict { PACKAGE_PIN K15 IOSTANDARD LVCMOS33 ) [get_ports LEDL); #I0_L24F_T3_RS1_15 Sch=led[1]
15 set_property -dict { PACKAGE PIN J13 IOSTANDARD LVCMOS33 | [get_ports LED2); ”U_L.HN_TE_A25_J.5 Sch=led[2]
G set_property -dict { PACKAGE_PIN N14  TOSTANDARD LVCMOS33 ) [get ports LED3]i #10_LSP_TL D1l 14 Sch=led(3]
I set property -dict | PACKAGE PIN R19 IOSTANDARD LVCMOS33 |} [get_ports LEDM); #I0_LTP T1_D0O9_ 14 Sch=led([4]
I8 set property -dict { PACKAGE PIN V17 IOSTANDARD LVCMOS33 ) [get_ports LEDS); #I0 L18N T2 All D27 14 Sche lea!SI
4 _=at nroperty -dict (| PACKAGE PTN I117  TOSTAMDARD LUCMOSII 1 [aet Ot . LEDAL 410 e T2 I.! mn 14 Srhuis u -
umnumue length: 10,786  lines : 143 54:0]0 wmov-s[(klﬂ uTF-8 NS

Figure 3.3: xdc file

Very good detailed design shown for simulation and
downloading to the FPGA
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3.2 SIGNAL CONDITIONING CIRCUIT

To observe the characteristics of the Load Cell to be used, a Multisim model was built for simulation
purposes, to determine the ratio grams to volts.

vcc

| oPITAY

AVSS

A
40k 10k

10k .
] OP3TAd

40KD 10k0) lvec

vss
* ?55&0

e 8
V2 et
T’ﬂ OPITAJ

avee

Figure 3.4: Multisim version of a Signal Conditioning Unit

As can be seen in Figure 4.1, A Wheatstone bridge as found through research in section 2.4, was

built using potentiometers to simulate the strain gauges by alternating the resistors pairs’ ohms by
percentages of 1.4(). Linked to the simulated Load Cell is the Signal Conditioning Unit itself, which is

made from three OpAmps and scales the signals to measurable levels that can be more accurately

processed (2mV/V). The simulated circuit should produce a voltage range of OV to 5V in proportion
to Og to 1000g. The gain in the design is determined through the following equation.

R,

Ga

Gain = (1 B

This design has a gain of nearly 500.

Figure 3.5: Amplifier Circuit

. 2Ry ) R3
in=(1+ —
( (Rgam ) RZ

2 x 40kQy ) 555k0)
( ) = 4995

10k8 10k

Good design shown but why is a gain of
500 required?
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3.3 THELABVIEWWI

The LabVIEW Virtual Instrument (vi) would go through many versions during development. The first
version of the vi was developed to handle the Analogue to Digital conversion. An Analogue Channel
was set up to read in the measured voltage between OV and 5V, which was then processed by the
first Formula (x; /5 x 256) which would convert the analog voltage to a digital value and 8-bit binary
number to be displayed on the Front Panel. The Calculated result would also be sent to Lines 0 to 7
on the Digital Port of the Elvis Il prototyping board. On the front panel, there is a Stop pushbutton to
end the while loop and a wait function that would set a half second wait period before running

another loop.
Analog DBL
|'|(han 15amp T . Analogue Input

=)
3 ) i i
Formula Formula 2
N X1 U i
Result e Result »
|——t
Digital Value

i)

Digia U32
u 1Chan 15am,
P Dev3/port0/linet:T

one channel for all lines |

. Hal

Figure 3.6: First Iteration {ADC)

000 o

ém/}//}/}/

Figure 3.7: First Iteration (ADC) Front Panel
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Building on the previous version, a 2™ Formula was added to change the measured input voltage

into a measurement in grams (x, /5 % 1000), with the measurement displayed to the Front Panel. (x1/5)*1000

A User-set control was added, which allowed a set-point to be added for comparison purposes. That

set point was fed into the 3" Formula (x; /1000 X 256) to be converted into a binary number (after  (x7/5)*256
rounding) and to be fed into the 4" Formula. The 4" Formula took the processed integer and

multiplied it (x; X 256) which had the effect of bumping along the integer, so that it could be added

to the result of the 1 Formula and fed back to the Digital Output as a 16-bit number on lines 0 to

15.

Returning the result from the 8-bit comparator via lines 21 to 23, the 3-bit binary number was
displayed on the Front Panel. Good

The design also had clear functions added for successive loops, and error indicators added for fault
finding.

error out 2
. ﬁ._ :

-

Formula 4

| | et o || |
SﬂLUJd(g;F 1 [P | ,| Set Load Output
i ~
EITWL I
[
] BB oy errerout 1
@ =I5
| lm L1
F h : TEL
e T ,ﬁ,.a
el ¥ 5 L

(Digital Output ]

2
nputiod 5]
L
Sphzt
)

L

Comparator
(e rﬁl ey erorout 3
.................... 2 -- .

jlal Input 7 Digitel 1080l _]
(Derportinel 13 ] o [Chen 1Samp

Figure 3.8: Addition of Digital Input, Comparator and Gram Conversion

Good LabVIEW design shown but formulae shown
incorrect!
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Good
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4 ANALYSIS OF SIGNAL CONDITIONING CIRcUIT, NI LABVIEW AND
MULTISIM SIMULATED RESULTS

4.1 SIGNAL CONDITIONING CIRCUIT

The Load Cell used in the design is the LCKD-1KG (OMEGA Engineering inc., 2018) model, and from
the specifications of the cell detailed in the table below, a simulated circuit was built as shown in
Figure 4.1. To simulate a load pressing on the Load Cell, the A resistors have their resistance
increased as the B resistors have their resistance values lowered.

vee
M
o ]
a [N
LR

_[— ’/’

[ [z T OP3TAJ 555K12
5.0V AVES vss

—

_‘?.«Q 50 % 5140 50% e i ]\_‘
Key=A Key=t é A0K0 10KQ T
+

10Ky r ] -
?uo,zm Sm8.250 | | | orwras
AN~ At
vz Vi A0k 10k aVCC
A } vss .
+ gsssm
?uum 349.250 |
1 -
=, ?.m 50% a0 S0% vi o
Key=B [™SKay=n T
1 1 OP37AJ
l LVCC

Figure 4.1: Instrumentation Amplifier

During the simulation, the resistance values were altered in 5% increments, with the Voltage level
on Vout recorded in Table 4.1, and the Data was plotted in Figure 4.2.
Resistors = Resistors Vout Load

A B V) (g)
50 50 0 0
55 45 0.496 100
60 40 0.996 200
65 35 1.5 300
70 30 1.99 400
75 25 2.49 500
80 20 2.99 600
85 15 3.49 700
90 10 3.99 800
95 ] 4.49 900
100 0 4.99 1000

Table 4.1: Vout according to Load




The plotted data showed a linearity between Output Voltage and applied Load. The linear line could
be down to the ‘ideal’ characteristics of the components used, however the simulated results are
acceptable.

Vout over Load

4.5
35

2.5

Vout (V)

15
0.5

0 200 400 600 800 1000
Load (g)

Figure 4.2: Vout over Load
Good, correct graphical analysis

roduced
4.2 8-BIT COMPARATOR P

In running the 8-bit Comparator, fixed values of 135 and 131 were chosen, along with their binary
values. The interactive constants would be configured to the binary values to trigger the
comparisons to be identified.

8-bit Comparator Sim Version
BO
| |—0 AOQ
L— .
B1 u2
| |——° Al 7
. O s =
AZ
A A
= - om— . w &: b
CF—o A3 V1 S P =
ot
B4 N
m_—‘o At . k i COMP_4
o— =
B5 a1
o}—e A5 i
6 IZI ’7 COMP_4 Good
[ Ac
! ; sl-]=
B7
| |——o AT Tested Value of 131 = 10000011 on A
III . Against Value of 135=10000111on B
Aless Than B

Figure 4.3: A Less Than B
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8-bit Comparator Sim Version
BO
O}——o AD
—
B1 u2
O}——e Al 7
— a2 ‘e 1.
A B
O e
A3 aa1B
L— 5% =8
B4
] i COMP_4
o
B5
F— A5
o Good
B6
}— AB T
BT
L}— A7 Tested Value of 135 = 10000111 on A
I : I Y Against Value of 135 = 10000111 on B
A Equal ToB
Figure 4.4: A Equal to B
8-bit Comparator Sim Version
BO
CF—— AD
o
B1 u2
0F— A1 7
, B
oF— A2 g "
[ " Ag n
B3 43 o o i
[ f—— A3 2 e i
m—o B % 2 ontis Ain
O—pr— ==
] B a aﬁﬁb_ o COMP_4
O F——o A —
B5 et
G }F— AS ALTe
o—— Good
. r COMP_4
oF—- AB I
B7
o A7 Tested Value of 135 = 10000111 on A
II|_° Against Value of 131 = 10000011 on B
A Greater Than B

The results from the simulation proved to accurate enough to continue with running on the board.

Figure 4.5: A Greater Than B

Correct simulation analysis carried out
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4.3 THE LABVIEW VI
The test involved for the ADC involved inputting a value for the Analogue Input and reading the
calculated Digital Value and Binary Display.

Test 1 result is confirmed as % x 256 = 69.632

4

Analogue / Digital Comverter | o ul
Eicousipuy Digital Value
136 | 69.5838 Ii- 1 .@.
8 Bit Digital Output p
I Deeesess _ B
B
[ stop | !

Figure 4.6: ADC Test 1

Test 2 result is confirmed as % X 256 = 143.872

Analogue  Digial Conveter , =
Analogue Input Digital Value B -
281 143.766 L -r.i‘ 1 ..@-
8 Bit Digital Output ——
bl U i
B L
[ stop | ! =,

iy =

| . s v g

P £ B A H PSR AE

Figure 4.7: ADC Test 2
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Finally, Test 3 result is confirmed as % x 256 = 190.976

[ frrnns e Gt Comeaner et Compmen - Sopy s BeckBoagam

2 B T T l!;l'

Analogue / Digital Comeerter| a - é-‘
Analogue Input Digital Value ;
3.73 190.892 L -@_ 1 [ .E.—
& Bit Digital Output uv..u“ :
I poooeses u i
B - e
[ stop | .
B ﬁ -

j o g

AR RN ER BN

Figure 4.8: ADC Test 3

The binary result for all three tests we accurate representations of the digital value. While the
manually calculated value differed slightly, the issue may have been with rounding of digits.

Very good understanding shown in 8 bit ADC
conversion
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5 PRACTICAL BUILD AND TEST VIA NI ELVIS BOARD

The Desktop running the LabVIEW vi was linked via USB to the NI ELVIS Il developing board, which in
turn had the Prototyping board slotted into it. The Nexus 4 FPGA Board was placed on top of the
Prototyping Board’s Breadboard component and connecting leads were connected between the
Nexus 4's Ports as specified in the PLD file, and the appropriate Digital Input and Output pins as
specified in the LabVIEW vi. The Nexus 4 then had the Final version of the generated .bit file
downloaded for processing the 16-bit binary numbers coming from the Prototyping Board and
sending back the 3-bit binary number. When running the LabVIEW vi, a fixed set-point was set and
the virtual power supply within the National Instruments’ Toolkit was set to values less than, equal
to, and greater than and recorded.

- -am-l"“m L=

L E.r-'“‘-‘-‘"“ c

qﬂ*
1

VD

ST
MRR T

'
CcOM

Figure 5.1: Physical Build

Good pictorial evidence shown and
explained well 21




8-bit Comparator FPGA Version

JAO BO
— JRO AD > - )
O Py JC0 Jel Je2
JAL B1 u2
[— JB1 A1 ?7
[ S aBo—u e
% 182 s [—
JA2 B2 o as g o
C— O JRZ A2 A ?_ Al
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a3 B3 "
oo 3 A3 e | — ] Mk
D b OALTE ALTE
Jnd B4
COMP_4
C— JBA A4
C—
ans  BS ] feae
o— JBS A5 ALIE
£
o COMP_4
JAG B6
[ < JB6 A
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JAT BY
O ol JB7 AT
o :

Figure 5.2: Amended 8-bit Comparator

How was this transferred to the FPGA?
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6 ANALYSIS OF NI LABVIEW / FPGA RESULTS

6.1 FPGA

Using the PLD file from Figure 3.2, a standalone practical test was carried out using the same settings
from Section 4.2 and monitoring the output via three LEDs on the Nexus 4 board. The same results
were yielded

Figure 6.1: A Less Than B
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ETT e

L -Iﬂu hH

Figure 6.3. A Greater Than B

You should have explained that the switch setting were the same as the
simulated switch settings in the simulation in MultiSim
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6.2 LABVIEW

The first test for the Practical Build was to set a fixed set-point of 346 grams and adjusting the Load

via the adjustable virtual power supply and observe the changes. To identify a ‘Less Than' result, a
load of 107 grams was chosen which yielded the following result.

533.35mV
Input Load(g) = —=y X 1000 = 106.67g

[ttt & k]
e

Figure 6.4: Less Than

An ‘Equal To’ result was yielded by setting the load as 327 grams.

1.74V
Input Load(g) = T 1000 = 348g

Analogue / Digital Converter

Figure 6.5: Equal To

25




The following Greater Than result was procured by setting the Load as 739 grams.

3.71V

Input Load(g) = 7 x 1000 = 742¢g
Analogue / Digital Converter EM
Input Load (g) Actual Load Output O '::
[ NS o~
Setload(g) SetLoad Output b V)
Comparator - e
STOP
* H«I :
Eﬂurs|
F—|dF |aF

i
Figure 6.6: Greater Than

There is a slight discrepancy between the manually calculated result of the analogue input and
LabVIEW’s conversion of the analogue input, however the discrepancy is slight, possibly due to the
supply’s virtual setting (PC) differing from the physical supply of the ELVIS || Development board.

Excellent set of results and analysed very
well




7 ADAPT DESIGN TO FIT NEW PURPOSES OR APPLICATIONS

It would be useful to be able to record the weight over time with a weighing system. This feature is
simple enough to implement to the existing design. Individual results are recorded using a Write to
Measurement File tool. The first file contains columns for time and the Measured Load. The second
file contains the set-load. The final three files contain the comparative states, which are multiplied
by 200 to give a discernible value as the unmultiplied values may appear effectively as a straight line
on a graph.

g norout 2
W b
Dgitalzz | | Fomula3 Formula Lo
1Chan 15ama | 5 % :
SetLoad ig) |© - 1 [ Set Load Chtput
L
0 = =
B -
| Formula2 Formuia P
L
e EE
.|
Tinpat Losd @
:-lﬁ|
Compaater P —
- H
"
"'l__r Wirite To. Wirte To Wiite To
DR — Fied Filed File5
m_rr- ‘= [, Signals Sigats { Signals

Figure 7.1: Data Logging Added

From running the vi, and manually adjusting the supply from OV to 5V, the files would be populated
with values over time. Once the process was completed, an Excel Spreadsheet was then populated
with the data from the .lvm files.

Good design shown, but why the use of the 'index array' on
the 3 inputs from the FPGA?
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D Configure Write To Measurement File [Write To Measurement File]

Filename File Format
| C\Users\S2831\Documents\LabVIEW Data\test.vm F @ Ted (LVM)
() Binary (TDMS)
(O Binary with XML Header (TDM)
(O) Microsoft Excel (xlsx)
Action [l Lock file for faster access
®) Saveto onefile Segment Headers
[[] Ask user to choose file @ One header per segment
(®) Ask only once (O One header only
O Ask each iteration (O No headers
If a file already exists X Value (Time) Columns
(@) Rename existing file (O One column per channel
() Use next available filename () One column only
OAppend tofile (@ Empty time column
() Overwrite file S
O Save to series of files (multiple files) T
(O Comma
Settings...
File Description
Advanced...
0K Cancel Help

Figure 7.2: Configuration of the Data Logging tools

]
e e Ves e Opee Tesh Wedes ey
@ 8 1) [Tt -] - - -

2 BN h PR

Figure 7.3: Supply adjustment
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8 ANALYSIS OF DATA LOGGING EXCEL RESULTS

Using a set-point of 300, the virtual supply ramping from below, to above the set-point, the
following chart was produced.

Data Logging
350

300 e

—

250

200

150

Load (g)

100

50

0 2 4 6 8 10 12 14 16 18 20

-50 -
Time (s)

Actual Load

Set Load Less Than Equal To Greater Than

Figure 8.1: Output of LabVIEW vi

As identified in the legend at the bottom of the chart, the comparator correctly identifies when the
set-point exceeded, matched or otherwise. There are particularly small transitioning gaps between
states, which could be explained by cycle times of FPGA (Quick) and the PC (Very Quick) though it
could be due to the wait loop in the LabVIEW vi. In any case, the Data Logging functionality is
optimal.

Seems that there is confusion between the less than and

the greater than values!
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9 CONCLUSIONS

In a Practical application of the LabVIEW ADC and 8-bit comparator, the use of the FPGA could be
considered overkill, as is the use of a PC for the purposes of monitoring a 1KG Load Cell. However,
the principle of the design is solid enough to be applied to a larger scale weighing system such as a
Lorry Load monitoring, or perhaps the integration of weighing into another LabVIEW vi application,
where reports would need to be generated.

While an actual Load Cell was not used in the final application of the circuit, it was at least confirmed
through the signal conditioning circuit that the relationship between measured weight and output
voltage was linear, so that just a virtual power supply on its own was sufficient to simulate a load cell
without the need for a lookup table to be added to the block diagram of the vi.

In regards to the application of the FPGA and PC for the design, an alternative method would be to
use two 4-bit CMOS Comparator chips in tandem with a LattePanda Development Board, which is
capable of running the Windows 10 Operating System with its 1.8GHz processor, 4GB of RAM and
minimum of 32GB of flash memory, which is enough to run a LabVIEW vi, and store data on a
networked drive (LattePanda, 2018).

Figure 9.1: LattePanda Board running Windows 10 with 7" screen

Good general conclusion given and an alternative
solution noted.
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