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DueProlLogic Arduino Communications Project

This project guide describes how to assemble all the code necessary for
communications between the Arduino Due and the DueProLogic. The project is called
the Data Collector and uses the Due to generate a random eight bit number, transmit s
the number to the DueProLogic, and the DueProLogic transmits the value to the PC for
display.The project has three individual code projects:

e Arduino *.ino project

e DueProLogic FPGA project

e Data Collector Visual C# project
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1 Introduction and General Description

This project guide is separated into the hardware description and the code development
process.

2 FPGA Development Process

There is no standard for developing embedded electronics. The best method is the one
that works for the user. These methods can range from a top down approach where the
design is written down first and all code is written, then compile, execute and test. Or a
bottom up approach can be pursued where a small piece of the project is assembled and
verified (i.e. 12C communication to a sensor). Then the next piece is assembled and
verified (i.e. collect sensor data in a storage buffer) and connected to the first. And so
on, until the whole design is complete. Or, you could use any combination of these two
extremes.

2.1 Designing a Simple Data Collection Sampler

The Data Collection Sampler is a very simple introductory project that will guide the
user in the creation of an overall design using the Arduino Programming Language,
Verilog HDL, and C# Language. These elements will run on the Arduino Platform,
EPT-4CE6-AF-D1 FPGA, and a Windows 7 PC respectively.

EREREEE
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The first order of business is to layout the design. Start with the Arduino, and create a
simple bit output using a random number generator. Next, use the EPT Active Transfer
Library to create a byte transfer module to read the byte from the Arduino and send it to
the Host PC. Finally, use EPT Active Host to accept the byte transfer from EPT Active
Transfer, and display in a textbox. This is just the hierarchical system level design. In
the following sections, we will fill in the above blocks.

2.1.1 The Arduino Microcontroller Board

Using the features and capabilities of the Arduino development system, the user
will develop the source code using the “Wiring” programming language and download
the resulting binary code from the Processing development environment to the Flash
memory of the microcontroller.

2.1.2 Create Data Generator

To keep the design simple, no external data source will be used. We will create a data
source using the Arduino, then transmit this data to the EPT-4CE6-AF-D1 board. To
create the data source, we will use the random() function. This function generates
pseudo random numbers from a seed value. We will give the randomSeed() function a
fairly random input using the value from the analogRead(). This will give different
values every time the random() function is called. We will limit the random number
output from the function to 8 bits. The random() function will be called once per
iteration of the loop() function.

The randomSeed() function must be called during the setup() function. It takes as input
parameter the output of the Analog Pin 1. The output of this Pin 1 will have a small
amount of random noise on it. Because of this noise, the randomSeed() function will
produce a different seed every time the sketch is initialized.

volid setup ()
{

randonieed (analogRead (1))

'

2.1.3 Select1/0’s for Fast Throughput on Arduino

An 8 bit port is used to connect the 8 bit byte from the random function output to the
input of the EPT-4CE6-AF-D1. There is also a one bit control line which will be used to
inform the FPGA that a byte is ready to be written to the USB.
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CONNECT PORT D (DIGITALPINSOTO 7) TO J8
Il |

use

............

CONNECT ANALOG PINOTO PIN 1-J9

Each port is controlled by three registers, which are also defined variables in the
Arduino language. The Output Write Enable Register (OWER ) determines whether the
pinis an INPUT or OUTPUT. The Output Data Set Register (ODSR) controls whether
the pin output is HIGH or LOW, and the Output Write Disable Register sets selected
pins to disable write.

PORTC maps to Arduino digital pins 33 to 41 on the 2x18 connector of the Due

REG_PIOC_OWER - The Port C Write Enable Register - read/write
REG_PIOC_ODSR - The Port C Data Register - read/write
REG_PIOC_OWDR - Disable writing to all other pins on the same port

The ports and pins for the Data Collection Sampler project must be initialized in the
setup() function. The setup function will only run once, after each powerup or reset of
the Arduino board.
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viold setup()

{
int k ;

f /5=t pins D33-D41 as outputs
for{ k=33 ; k <= 41 ; k++ )
pinMode { k, COUTIPFUT ) ; // Sets Port C2-C% to ocutput pins

f/ Set the output pins in the Jutput Write Enable Register
REG_FIOC _OWER = 0Ox0000037E ;

f/ Disable writing to all other pins on the same port-
REG_PIOC OWDR = OxFFFFFCE1 »

pinMode {C_Enable, OUIFUT);
pinMods (ledPin, COUIPUT);
pinMods (LEDExt, COUIEUT):
pinMode (inPing&, INFPUT):

Serial.begin(l15200);

After the setup() function executes, the PORT C is ready to be assigned the results of
our random() function. And the C_Enable pin will be used to latch the value on PORT
C pins into the FPGA.

2.1.4 Coding the Arduino Data Sampler

Now that we have the data generator and the ports defined, we can add some delays in
the loop() function and make a simulated data collector. Because Start and Stop buttons
will be added to the C# Windows Form, the Data Collector code will need to monitor a
single pin output from the EPT-4CE6-AF-D1. This output pin (from the EPT-4CE6-AF-
D1) becomes an input to the Arduino and is used in conditional switch.
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S/ 5ample the Start/Stop switch
fffrom the EFT-4CE&-AF
startStopBit = digitalBead{inPing);

delay (newP)r //Delay in ms

if {startStopBit)
{

f/ Write a random number from 0 to 299
//to the input of the EFT-4CE6-4F
new_wvalue = random(253);

This code will sample the Start/Stop switch which is an output from the EPT-4CE6-AF-
D1 on J10 PIN 4. On the Arduino, this is PIN 11 of the Digital pins. Each iteration of
the loop() function, the startStopBit variable stores the state of DigitalPin17. Then, a
delay of 500 milliseconds is added. The delay() function pauses the program for the
amount of time (in milliseconds) specified as parameter. Next, the startStopBit is
checked with a conditional switch. If the bit is set, the conditional branch is entered and
the random number is sent to the EPT-4CE6-AF-DL1. If the bit is not set, the end of the
loop() function is reached and it branches to the top of the loop().

We will also add an LED Pin on PIN 13 of the Digital Pins. This will blink the LED on
the DUE so that we can have a visual indication that the project is working.

We want to add a delay so that the data from the generated displays on the Windows PC
long enough for our eyes to verify that the data is updating correctly. This delay should
be one second in total. So, the data will change then stay stable in the textbox for one
second before changing again.

For the LED to blink correctly, it should turn on, delay for half a second then turn off
and delay for half a second. If we don’t use half second intervals for the LED blink, the
LED will appear to not change at all. It will look like it stays on all the time or off all
the time.

So, the code looks like this:
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//5=t the LED Pin High
ligitalWrite {ledPin, H

git =H) ;
digitalWrite (LEDExt, H

GH) 7

delav(newP); //Delay in ms

f/5et the LED Pin Low
digitalWrite {ledPin, LOW);
digitalWrite (LEDExt, LOW);

Notice that PORT C equals the return of random(255). The parameter passed to the
random() function is the maximum decimal value of the return value. In our case we
want the maximum value to be an 8 bit value, B11111111 = Oxff = 255(decimal). Also,
note that the C_Enable write enable signal for the FPGA has back to back instructions
turning it on then off immediately. Because the DUE SAM3 chip takes approximately
160 clock cycles to execute the digitalWrite() function and affect the Pin at C_Enable,
this produces a write enable pulse of 10 microseconds.

10 us

—

AO (WRITE ENABLE)
PORTD H RANDOM VALUE >—

The RANDOM VALUE will be stable before the C_Enable (WRITE ENABLE) asserts
thus guaranteeing a successful transfer of data from Arduino to FPGA.

2.1.5 Building Arduino Project

Building the Arduino project is the process of converting (compiling) the code you just
wrote into machine level code that the processor can understand. The Arduino IDE is
the software tool that does the compiling. The machine level code is a set of basic
instructions that the processor uses to perform the functions the user code. Browse to
the \Projects_Arduino\Arduino_Data_Collector_Code\ folder of the EPT FPGA
Development System DVD. Copy Arduino_Due_Data_Collector.ino .

To compile your code,
e Open up the Arduino IDE
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| » Computer » Jolly Laptop PC () » Jolly » Products » Arduin » arduino-101 »

sketen_oct27a

€ 5 v

Share Wiew

Arduino_Data_Collector_Random
Arduino_Due_Data_Collector
Arduino_Due_Data_Collector
Arduino_Due_Data_Collector
Arduino_Due_Data_Collector_Rev_1

Arduino Due Oscilloscope
Arduino Fast Oscilloscope
Arduino Girine Oscilloscope
Arduino LED Blinky
Arduino Serial Graph
Arduino $GTool Analog Monitor
Arduino 5GTool Eight Channels
Arduino $GTool Fast Osciloscope
Arduino 5GTool 12C Temperature Sensor
Arduine To Evaluator
Arduino Te 12C
Arduine To SPI
Arduino_Direct_|2C_Temperature_Sensor
Arduino_Due_Master [2C
Evaluator To Arduino

Earth People Technology

Medtronic

Tools

Visio Files
OneDriveTemp

Derfl nnc

<« Arduino_Due_Data_Collector » Arduino_Due_Data_Collector

Organize ~ Open Bumn New folder
|\ Download ~ Mame
I\ Drivers )
1| drivers
I, FunctionalSpec
|, eamples
|| License
| hardware
|\ Products
I jova
| Altera
N I lib
] ting
S I libraries
|\ Arduing
|| reference
1! arduino-1.01
| tocls
|, MEGA 2560
[ erdsinocee
. Uno T
2 eygicon-
| Atmel <5

%l cvawind.dil

Shared witl

v O Search Arduino_Due_Data_Co... 0@

~
~  Name Date modified Ty
@ Arduino_Due_Data_Collector.ino 4/30/2016 10:16 PM Ar

©@ Arduino_Due_Data_Collector | Arduine 1.8.5 — [m]

File Edit Sketch Tools Help

Arduino_Due_Data_Collector

#define COMMANDDELAY 10 // ms to wait for the filling of Serial |

#define COMBUFFERSIZE 3 // Size of buffer for incoming numbers

int startStopBit = 0;

int count = 07

int ledPin = 1 //output

int LEDExt = 15 //output

int inPing = 11 //Input

int C_Enable = //output

int new_wvalue = 0x00000000; w
< ' >
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button

©@ Arduino_Due_Data_Collector | Arduino 1.8.5

File Edit Sketch Tools Help

Arduino_Due_Data_Collector

andBuffer [COMBUFFERSIZE+1]; v

Arduing Uno o A<

e If there are no errors, the compiling will complete successfully

Binary sketch zize: 1

Arduino Uno on COMAE

Now we are done with compiling and ready to program the Arduino

2.1.6 Programming the Arduino

Programming the Arduino is the process of downloading the user’s compiled code into
the Flash memory of the Atmel ATMega328 chip. Once the code is downloaded, the
Arduino IDE resets the chip and the processor starts executing out of Flash memory.

To program the Arduino

Page

10



EAIRTIHPEOIPLE

TECHNOLOGY

DueProLogic Project Guide

e Connect the USB cable from PC to Arduino

e Load the Arduino USB driver according to the manual

e Plug in your board and wait for Windows to begin it's driver installation
process. After a few moments, the process will fail, despite its best efforts

e Click on the Start Menu, and open up the Control Panel.

e While in the Control Panel, navigate to System and Security. Next, click on
System. Once the System window is up, open the Device Manager.

e Look under Ports (COM & LPT). You should see an open port named "Arduino
Due (COMxx)"

e Right click on the "Arduino Due (COmxx)" port and choose the "Update Driver
Software" option.

e Next, choose the "Browse my computer for Driver software" option.

¢ Finally, navigate to and select the Due's driver file, named
"ArduinoDUE.inf", located in the "Drivers" folder of the Arduino Software
download (not the "FTDI USB Drivers" sub-directory).

e  Windows will finish up the driver installation from there.
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N - '“— C—— - — =[E = -
= Device Manager * — [ |

File Action View Help
= EHE

4 NelsonsTrfgr-PC
> 48 Batteries

> {8 Computer

s
| %5 @ [ Update Driver Software - Arduino UNG R3 (COMAS)

Browse for driver software on your computer

> - Disk drives
» B Display adapters Search for driver software in this location:
> ) DVD/CD-ROM drives S
b - IDE ATA/ATAPI controllers
» %54 Imaging devices Select the folder that contains drivers for your hardware.
>-®F Jungo
» 2= Keyboards
> I*| Mice and other pointing devices 4 1. Arduino
;-‘__-L Monitors 4 | arduino-0023
»-&F Network adapters 4 drivers
15
477 Ports (COM&LPT) | FTDIUSE Drivers

+[7% Arduine UNO R3 (COM46)

>l examples
2 Processors

>

5% Sound, video and game controllers b hardware
> .Ml System devices /Java

o i Universal Serial Bus controllers ) ik

) libraries

) reference

J tools

Folder: drivers

— OK. Cancel

e Once the driver is loaded, we can set the COM Port. Click on Tools and select
Serial Port, then click the available port.

08 Arduino_Due_Data_Collector | Arduino 1.8.5

File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
Arduino_Due_ Fix Enceding & Reload
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L | —

SaRe Lolies WiFi101 Firmware Updater

Platform: E Board: "Arduino Due (Programming Port)" ] =

Port: "COMS (Arduino Due (Programming Port))" Serial ports

#def Get Board Info ~  COMS (Arduino Due (Programming Port))

$define COMBU Programmer: "AVRISP mkll" 4 ~ O Search Projects_ HDL

Burn Bootloader

Size
nt startStopBit = 0;
int count = 0;
int ledPin = 13; //Output
int LEDExt = 15; //Output
int inPing = 11; //Input

int C_Enable = 17; //Output

int new_value = 0x00000000; ]

Arduino ( ramming P

e To load the code, click on the Upload button.
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| 5 ]

Arduino_Data_Collector_Cede | Arduine 1.0.1

File Edit Sketch Tools Help

Arduino_Data_Collector_Code &
I o
Earth People Technology Inc.

Data Collector Random Feed

Flatform: Uno
i

m

int count = 07
int ledPin = 13;

woid setup ()

i
DDED = BL1111111; //3et Port D as outputs
PORTD &= B11111111; //Turn on Fort D pins

pinMade (A0, OUTETT) ;
pintode (ledPin, OUTEUT)

Arduino Uno on Ok

When the code has completed loading, the Arduino IDE will automatically command
the processor to start executing the code. The L LED will blink at one second intervals.

e . ‘
ki
=}

M~
- -

- e o MmN N ddo=

LS fmeal PR e
)

S S
go- % it

2.1.7 FPGA Active Transfer EndTerm Coding and Initiation

The EPT-4CE6-AF-D1 will accept the data collected by the Arduino and transfer it to
the PC. It is designed to plug directly into the Arduino Due and there is no need for
external wires to be added. The Active Transfer EndTerms are used to connect the
Active Transfer Library to the user code. This makes it easy to transfer data to and from
the PC via the USB. The user needs to create a state machine to control the transfer
between the incoming data and the Active Transfer EndTerms. We will now go through
exercise of creating the FPGA code for the Data Collector Sampler.

Page
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2.1.8 FPGA: Define the User Design.

In this step we will define the user’s code and include EndTerms and the EPT Active
Transfer Library. The Active Transfer Library contains a set of files with a “.vgm”
name extension which select particular operations to perform (e.g., byte transfer, block
transfer, trigger).. The active_transfer_library.vgm file must be included in the top level
file of the project. The EndTerms will connect to the active_transfer_library and
provide a path to connect user code to the library. All of these files are available on the
Earth People Technology Project DVD.

TRIGGER ENDTERM

ACTIVE TRANSFER SINGLE TRANSFER

LIBRARY ENDTERM USER CONN

BLOCK ENDTERM

We will build our FPGA project using Quartus 11 software from Altera. The primary file
defining the user’s FPGA project is named “EPT_4CE6_AF_D1_Top.v”. It defines the
user code and connects the active_transfer_library and active_transfer logic functions.
In order to route the pins of the Arduino to the FPGA, the Pin Planner tool is used. This
tool allows the user to match internal net names to the pins of the FPGA.

Our project needs to accept an 8 bit value on the J8 connector and a write enable on Pin
1 of J9. For this, we can use the active_transfer.vgm module as the interface to the
active_transfer_library. It accepts a single byte and latches it with a single enable net.
Because the active_transfer_library runs at 66 MHz we will need to write some code
ensure that the slower C_Enable (write enable) signal from the Arduino can latch the
data into the active_transfer module.

Page
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INPUT/OUTPUT PINS

1L

TOP LEVEL

|
|

ACTIVE TRANSFER
LIBRARY

TRIGGER IN
TRIGGER OUT
TRANSFER IN

TRANSFER OUT

UC_ouT(21.0)

==

i

UC_IN[22..0]

P

FPGA: Coding up the DesignThe first thing to do is to create a top level file for the
project. The top level file will include the input and outputs for the FPGA. These are
declared according to the Verilog syntax rules. We won’t go through all the rules of

i

T

USER CODE

Verilog here, but feel free to explore the language more thoroughly at

www.asic-world.com/verilog/

We need to add the inputs and outputs for active_transfer_library, user code, leds, and
switches. Each port is described as input, output or inout. It is followed by the net type

wire or reg. If it is a vector, the array description must be added.

Page
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modnle EPT 570 AP U2 Top (

inpnt wire [1:0] aa,

inpnt wire [1:0] bc_in,

ontpuot wire [2:0] bc_out,

inont wire [7:0] bd_inout,

inpnt wire [1:0] TRIGGER_IN HIGH, S/¥XIOH -- J10
inpnt wire 5:0] TRIGGER_IN LOW, S /BD -- J9
ontput reg [7:0] LB_LOWER, S/EIOH —- J10
inpnt wire [7:0] LB UPPER, S/¥XIOL -- J8

J/Transceiver Control Signals

ontpunt reg TE_DIR 1,
ontpunt reg TR _OE_1,
ontput wire TE_DIR 2,
ontput wire TR_OE_2,
ontput wire TE_DIR_3,
ontput wire TR_OE_3,
input wire SW_USEE_1,
input wire SW_USEE_2,
output reg [2:0] LED,
output wire LED3

Vi
Next, the parameter’s are defined. These are used as constants in the user code.

/fHeader Bytes for the Transfer Loopback detection

parameter TRANSFER CONTROL BYTEl = 2'!
parameter TRANSFER CONTROL BYTE2 = 2'!
parameter TRANSFER CONTROL BYTE3 = 2'h

ff3tate Machine Transfer Loopback detection

parameter TRANSFER CONTROL IDLE = O,
TRRNSFER CONTROL HDR1 1
TRRNSFER CONTROL HDRZ = 2,
TRRNSFER DECODE BYTE = 3,
TRRNSFER CONTROL SET = 4

parameter GLOEAL RESET COUNT = 12'h0%c3:

Page
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Next is the Internal Signal and Register Declarations.
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S/% Intermal Signals and Registers Declarations

'-I,lr-l,lr:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(###############ﬁ###ﬁ###

wire

wire

wire [23:0]
wire [21:0]

S /Trigger Signals

reg [7:0]
wire [7:0]
reg [7:0]

S/LED registers
req

S /5witch registers
req

S {Transfer registers
wire

req

wire

wire [7:0]

wire [7:0]

reg [2:0]

reqg [2:0]

CLE 66;
RST:

UcC_IN;
UC_OUT;

trigger out;
trigger in byte:
trigger in store;

led reset;

switch reset;

transfer out;
transfer out reg;
transfer in received;
transfer in byte;
transfer out byte;
transfer to host_counter;
transfer to_host_state;

S /Transfer Control registers

req
req
reg [2:0]
reg [7:0]

transfer in loop back;
transfer in received reg;
transfer control state;
transfer control byte;

S /Transfer Write from Arduino

redq
redg
reg [7:0]

S /Reset signals
wire

reg [11:0]

reg

S/ Input/Output Signals

reg

tranafer write reg:;
transfer write;
transfer write byte;

reset;
reset counter;
reget_signal reg:

Start_stop _cntrl;

Page
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The reset signal is generated by a counter that starts counting upon power up. When the
counter reaches GLOBAL_RESET_COUNT.

S R R R R R R R R R

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

always @ (posedge CLE TN or negedge aa[C])
begin
if{laa[C])
begin
reset_signal reg <=
rezet_counter <=
end
else
begin
if( reset_counter < GLOBAL RESET COUNT )
begin
reset_signal reg <= H
reset counter <= reset counter +
end
else
begin
reset_signal reg <=
end
end

The four LED’s are set by the bottom four bits of the active trigger output register.
These trigger outputs can be set by using a function in the Active_Host DLL on the PC.
The Data Collector project will use LED3 to indicate the state of the Start/Stop signal.

f/ALED2 is used to signify to the user that the Start

ffswitch is enabled

as=ign LED3 = ~2tart stop_cntrl:

Next, we will add the transfer detection signal from the Arduino. This block will require
three registers.
o transfer_write_reg —This is a latch register to hold the state of the C_Enable
(Write Enable)
e transfer_write —This register is used to start the active_transfer single byte write
to the PC.
o transfer_write_byte —This is an 8 bit register to hold the value of the Data
Collection output.

Page
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This block will compare the input signal on C_Enable to a high. This signal is derived
from Pin 5 of J18 which is routed to the C_Enable (Write Enable) of the Arduino DUE.
When this bit goes high, the priority encoder goes into statement 1 and sets
transfer_write_reg and transfer_write high and latches the value on the
data_from_arduino register (this register is directly connected to pins 33-41 on the
Arduino DUE) to the transfer_write_byte register. By setting transfer_write_reg high,
the priority encoder goes into statement 2 which will set transfer_write register to low
and stay in statement 2 of the priority encoder. The back to back high and low on the
transfer_write register will cause the active_transfer module to latch the value of
transfer_write_byte into the active_transfer_library module and sets up the byte transfer
to the PC. When the C_Enable (Write Enable) pin goes low, the encoder will reset
transfer_write_reg and transfer_write to low. The encoder goes back to waiting for the
C_Enable (Write Enable) to assert high.

ff Detect Transfer From Arduino
always @ (posedge CLE 66 or negedge RS5T)
begin
if ('EST)
begin
transfer write reg <=
transfer write <=
transfer write byte <=
end
else
begin
if(c_enable & !transfer write_ reg)
begin
transfer write reg <=
transfer write <=
transfer write byte <= data from arduino:
end
else if(c_enable & transfer write regq)
begin
transfer write reg <=
transfer write <=
end
else if(lc_enable & transfer write_ reg)
begin
transfer write reg <=
transfer write <=
transfer write byte <=
end
else
begin
end
end
end
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3
1 '- o119
il
Jaz oA
o4 -
T
1 =
F] ui 1
3 UE1D = F]
XIo 2 L] 1] i 3
— H (Y MES 4
5 UE1Z IS H IO 4
T UE1 iES H
H A= 7
__| L
CONN RECT 8 =
COMNM RECT &
B C_EMNABLE SIGNAL
] =4
il
Jg 01w COMM RECT &
o
1 =3 1
z UB1S = )
3 Ui JEEE 3
4 UE1E UESE 4
XIo 3 5 uBis Uz 5 XIo 5
- H UEZ0 UE H —
T UEZ1 M JUE 7
H 5
CONN RECT 8 Al

This block of code takes care of reading the random word from the Arduino using the
C_Enable (Write Enable) Pin. However, because the Arduino is expecting a Start/Stop
bit on Digital Pin8, the FPGA code has to provide this bit. This presents a problem, the
EPT-4CE6-AF-D1 has 3 eight bit bi-directional ports. Which means each port is has a
direction which is either input or ouput at a given time. However, the ports can be
switched between input and output at any time. Two of the three ports must be used as
inputs into the FPGA for the random word and the C_Enable (Write Enable) Pin. So,
the third port can be used as the output port.
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START/STOP SIGNAL 1 -| ==
AF
4
4a =
1 UED
2 UE1
3 I
I UES
5 UEL
XIO H UBS
T
] UES
T TE
HEADER_100_ML_1Zed =
ECE]
b _ o111
WiN
Jaz AF
o -
AT
1 =
2 ui 1
3 UE1D UEES F]
¥z [ U UBea 5
- H UE1Z A UEE2 ]
& UE12 used 5 XIO 4
7 =11 i 5 -
] UEED 7
;]
CONKN RECT 8 =
COMN RECT &
EES
| o _
VIM
J8 LiwF COMN RECT &
e
9 — 1
) UB15 UESS )
3 UB1T LEEE 3 —
2 B8 UESE = UB[F1 0k
%10 3 5 UB13 ] 5 XID_5
- ] UEZD Ui g —
T UECT U 7
] ]
CONN RECT 8 all

The start_stop_cntrl signal is set by using the TRANSFER_CONTROL state machine
in the following section. So, if the start_stop_cntrl signal is set, the Output Enable is
turned on and the signal will appear on DigitalPin11 on the Arduino XIOH connector.
As the Data Collector code cycles through its loop() function, it will cause the if
statement to branch into its conditional statement. The Data Collector code will assert
the C_Enable (Write Enable) Pin in its conditional statement. The C_Enable (Write
Enable) Pin will cause the FPGA code to enter into its first conditional statement.

Next, we add a TRANSFER_CONTROL state machine to read the Control Register
from the Host PC using the active_transfer EndTerm.
The bits of the Control Register are defined below.

Register Bits Description Assertion
Control 0 Start Stop Cntrl High
Page
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Not Used

LED Reset High

Switch Reset High

Transfer In Loop Back High

Not Used

Not Used

Not Used

NN OOTBRRIWIN|F-

Not Used

active control register ACTIVE CONTROL EEG INST
(
CLE (CLE_#&68) ,
.RS5T (RE5T) ,
.TRANSFER IN EECEIVED (transfer in receiwved),
.TRANSFER IN EYTE (transfer in byte),

.CONTEOL EEGISTER (control register)

Next, up is the instantiation for the active_transfer_library. The ports include the input
and output pins and the two buses that connect the active modules. These buses are the
input UC_IN[23:0] and output UC_OUT[21:0].

active transfer library ACTIVE TRAWSFER LIERARY TNST
{

.aa (2a}),

.bc in (bc_inj),
.bc_out (bc_out),
.bd inout (bd inout),
.UC_TIH (UC_IN),
.0OC_ouT (UC_0UT)

y:

Finally, we instantiate the Active EndTerms. For the Data Collection project, we only
need active_transfer and active_trigger EndTerms. The uc_out port for both modules
must be shared. Since they both drive this bus, a bus wide wired-or circuit is used so
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that they don’t drive each other. The active transfer EndTerm has a port for the address
(uc_addr). This allows the PC to address up to 8 different modules. Just add a three bit
address to this port and the PC must add this same address to communicate with this

module.

/{ Instantiate the EPT

wire [22#%2-1:0] wuc_out m;

wctive Modules

eptWireCR # (.MN(2)) wireCOR (UC_OUT, uc out m):

active trigger
(
.uc_clk
.uc_reset
.uc_in
'/ ouc_out

. '.J.C_El'.].t-

.trigger to host
.trigger to_device

)

active transfer
(
.uc_clk
.uc_reset
.uc_in
f.uc_out

. '.J.C_El'.].t-

.2tart transfer
.transfer received

.uc_addr

.transfer to host
.transfer to_device

ACTIVE TRIGGER INST

(CLE_IN},
(E5T) ,
(UC_TIN),
(oc_cur),
(uc_out_m[ CO* +: 1%,

(trigger out),
(trigger in bvte)

ACTIVE TEANSFER INST

(CLE_IN},
(R3T) ,
(UC_TIN),
(oc_our),
(uc_out _m[ _+* +: 1%,

(transfer out),
(Cransfer in receiwved),

{ ).

(transfer out byte),
(transfer in byte)

Next, we are ready to compile and synthesize.

2.1.9 FPGA: Compile/Synthesize the Project

The Quartus Il application will compile/ synthesize the user code,
active_transfer_library, and the active EndTerms. The result of this step is a file
containing the FPGA code with “*.pof™. First, we need to create a project in the
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Quartus Il environment. Follow the directions in the section: “Compiling, Synthesizing,
and Programming FPGA”.

Bring up Quartus 11, then use Windows Explorer to browse to
c:/altera/xxx/quartus/qdesigns create a new directory called: “EPT Data Collector”.

Open Quartus 11 by clicking on the icon .

Under Quartus, Select File->New Project Wizard. The Wizard will walk you through
setting up files and directories for your project.

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?

C:faltera/12, 1sp1/quartus/qdesigns/EFT_Data_Collector E
What is the name of this project?

EPT_S70_AF_U2_Top )
What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
EPT_570_AP_UIZ_Top E

Use Existing Project Settings...

[ < Back ] [ Next > ] [ Finish l [ Cancel l [ Help

At the Top-Level Entity page, browse to the
c:\altera\xxx\quartus\qdesigns\EPT_Data_Collector directory to store your project.
Type in a name for your project EPT_4CE6_AF_D1

Follow the steps up to Add Files. At the Add Files box, click on the Browse button and
navigate to the project Data Collector install folder in the dialog box. Browse to the
\Projects HDL\EPT_Data_Collector \ EPT_4CE6_AF_ Top folder of the EPT FPGA
Development System DVD. Copy the files from the \src directory.
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Active_transfer.vgm
Active_trigger.vgm
Active_transfer_library.vgm
eptWireOr.v
EPT_4CE6_AF Top.v

Add the files:

1" Settings - EPT 570 AP U2 Top

Files I
Libraries Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the (]
| 4 Operating Settings and Conditions project.
Voltage
Temperature File name: E] add

[N

Compilation Process Settings

Early Timing Estimate File Name Type Library  Design Entry, Add All

Incremental Compilation .. fsrc/eptWireOR. v Verilog HOL File <MNone >
Physical Synthesis Optimizations «fsrc/EPT_S570_AP_U2 Top.v Verilog HOL File <Mone = Remove
EDA Tool Settings ..ferc/active_trigger.vam Verilog Quartus Mapping File <Mone =
Design Entry/Synthesis ..fsrcfactive_transfer_library.vgm Verilog Quartus Mapping File <None > Up
Simulation ..fsrcfactive_transfer.wgm Verilog Quartus Mapping File <Mone =

[N

Formal verification Down
Board-Level

Analysis & Synthesis Settings
WHOL Input
Werilog HOL Input

Properties

[N

Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap 11 Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
55N Analyzer

| mm | 3

[ ¥ Buy Software ] [ oK ] I Cancel l Apply

Continue following the instructions by adding a device and finishing the project
instantiation. Then, add the Pins.
e Under Assignments, Select Import Assignments.

e At the Import Assignment dialog box, browse to the
\Projects_ HDL\EPT_Data_Collector \ EPT_4CE6_AF_D1_Top folder of the
EPT FPGA Development System DVD. Select the Quartus Specification file,
EPT_4CE6_AF D1 Top.gsf”.

e Click Ok. Under Assignments, Select Pin Planner. Verify the pins have been
imported correctly.
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Next, we need to add the Synopsys Design Constraint file. This file contains timing
constraints which forces the built in tool called TimeQuest Timing Analyzer to analyze
the path of the synthesized HDL code with setup and hold times of the internal registers.
It takes note of any path that may be too long to appropriately meet the timing
qualifications. For more information on TimeQuest Timing Analyzer, see

http://www.altera.com/literature/hb/qts/qts_qii53018.pdf?GSA_pos=1&WT.0ss_r=1&
WT.oss=TimeQuest Timing Analyzer

Browse to the \Projects HDL\EPT_Data_Collector \EPT_EPT-4CE6-AF-D1_TOP
folder of the EPT FPGA Development System DVD. Select the
“EPT_4CE6_AF_D1 Top.sdc” file. -

— v — -
@\J" « Products » Earth People Technology » EPT USB-CPLD Development System CD b Projects HDL » EPT_Data_Collector » EPT_570_AP_U2 Top »

Organize * [} open Share with + Burn New folder
Earth People Technolagy = Name Date modified Type Size
EPTI2C FrDJE(t cD [ EFI_3/U_AP_UZ_|op.rit.summary 373015 LLL AM SUMMARY File 1 KB
EPT Projects Folders |1 EPT_570_AP_U2_Top flow.rpt 3/2013L12AM  RPTFile 7K8
| EPT USB-CPLD Development System CD |1 EPT_570_AP_U2_Top.jdi 3/2013112AM  IDIFile 1k8
Arduino_IDE || EPT_570_AP_U2_Top.map.rpt 33/20131:12AM  RPT File 42K8
Documantation |1 EPT_570_AP_U2_Top.map.smsg 3/20131:12AM  SMSG File 1KB
Drivers || EPT_570_AP_U2_Top.map.summary 33/20131:12AM  SUMMARY File 1KB
Projects_ActiveHost_328it | L EPT570_AP_U2 Top.pin 3/3/20131:12AM  PINFile 15KB
Projects_ActiveHost_64Bit ‘E‘ |_| EPT_570_AP_U2 Top.pof 3/3/20131:12 AM POF File 15KB
Projects_Arduino || [@) EPT_570_4P_U2 Top.gpf 10/22/201212:04 ..  QPFFile 2K8
Projects_ HDL |1 EPT_570_AP_U2_Top.qsf 1/28/201312:07 AM  QSF File 6KB
EPT_Data_Collector |1 EPT_570_AP_U2_Top.qsf.bak 10/22/201212:05 ..  BAKFile 3K8
| EPT_S70_AP_M4_Top || EPT_570_AP_U2_Top.qws 3/2013131AM QWS File 2K8
| EPT_570_AP_U2_Top || EPT_570_AP_U2_Top.sdc 1/24/201310:01 PM  SDC File 4KB
b src |1 EPT 570_AP_U2_Top. 3/3/20131:12AM  RPTFile 139 KB
EPT_Transfer_Test |1 EPT 570_AP_U2_To 33/20131:12 AM  SUMMARY File 1KB
QuartL;ﬁpmg,;mmgr - ¥ ault..  1/24/2013918PM  QDF File 56 KB
EPT_570_AP_U2_Top.sdc State: BB Shared Size: 339 KB Shared with: Homegroup
SDC File Date modified: 1/24/201310:01 PM Date created: 1/28/201311:30 PM

Copy the file and browse to c:\altera\xxx\quartus\gdesigns\EPT Data_Collector
directory. Paste the file.

- — -

» 121spl » quartus ¢ qdesigns » EPT_Data_Collector »

@Qv\ + Computer » Gateway (C) » altera - [4]
Organize > [ Open  Bum  New folder
| qdesigns 4 Name Date modified Type Size
EPT.Data_Collector db 3/14/201312:07 AM  File folder
fPT'T'me"TES' EPT_570_AP_U2_Top.qpf 3/14/201312:06 AM  QPF File 2kB
| ‘ e ] EPT_570_AP_U2_Top.qsf 3/14/20131207 AM  QSF File +KB
| || EPT_570_AP_U2_Top.qstbak 3/14/201312:08 AM  BAK File 1KB
9 tutorial [ EPT_570_AP_U2 Top:sdc 1/24/201310:01 PM__ SDC File 4KB
sope_b
B altera_inspector.log.zip H
o1 -
book
Brother
amTEMP
8l Document ts and Settings
Jolly
Business Opportuntt
Capitol_College
Code FPGA

Naruments

EPT_S70_AP_U2_Top.sdc Date modified: 1/24/2013 10:01 PM Date created: 3/14/201312:09 AM
SDC File Size: 3.39KB

and select the Start Compilation button.
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This will cause the compile and synthesization process. After successful completion, the
screen should look like the following:

W Quontus 11 64-Bits Ciatern/121sp gummpsiadesians(ERT:Dato. Coleectog R oG- P2 T =
File E ew Project Assignments Processing Tools Window Help & b altera,com )
DEEH@ ¥ L@ 9 o i(Frameunn MY ¢ D r 0l e @ 9409

Project Navigator i@ x ‘ @& Cor eport - EFT_570_AP_UU2_Top [x]
Entty Table of Contents 1s
iy MAX I EPMSTOTI00CS BB Flow Summary Flow Status Successful - Thu Mar14 00:11:06 2013
2_Tap =5 Flow Settings QuartusT164-Bit Version 121 Build 243 01/31/2013 5P 1 ) Web Edition
ACTIVE_TRANSFER_INST 23 Flow Non-Default Global Settings Rl AR M T
bbrary:ACTIVE_TRANSFER L ... 9 Flow Elapsed Time LASEETy e B ARIRTE
B89 active trigger:ACTIVE_TRIGGER INST 7 Flow OS Summar. ¥ e gﬁs‘;mnua
4 eptWireORwireOR |2 FlowLog o
inal
L Anal, & Synthesi:
I L fnabysis 4 283 /570 (50 %)
€ Queten ) 51776 (67 %)
E— @&  Full Compilation was successful (49 warnings) 0
L =T J L1 J 0/1(0%)
Oy tierarchy [ E]Fies | # Desgnunits | el
[Tasks EX-]
Flow: [Compiation | [[customize.
Task
& | 4 P Compile Design o
1 > B Analysis & Synthesis o
L4 b P Fitter (Place & Route) o
L4 o
< o
L 0
Ui Program Device (Open Programmer)
N i ] v[e] I B
x 0 & W T <o v
7

rite_settings_files=oIf EPT_S70_AP_U2_Top -c EPT_S70_AP_U2_Top
ap .sdo" in directory "C:/altera/12.1spl/quartus/qdesigns

2|\ System (1) J\_processin g (120)

100%  00:00:15

If the synthesis fails, you will see the failure message in the message window. Note that
in addition to fatal errors, the compile process can produce “warnings” which do not
necessarily prevent execution of the code but which should be corrected eventually.

At this point the project has been successfully compiled, synthesized and a

programming file has been produced. See the next section on how to program the
FPGA.

2.1.10 FPGA: Program the DPL Flash

The final step is programming the “*.pof™ file into the FPGA. Follow the section:
“Programming the FPGA”.
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Connect the EPT-4CE6-AF-D1 to the PC,

Open up Quartus II,

Open the programmer tool

In the upper left corner of the Programmer Tool, there is a button labeled
“Hardware Setup”. Verify that EPT-Blaster v1.5b” has been selected. If not,
go to the section JTAG DLL Insert to Quartus Il and follow the directions.
e Check the box under Program/Configure

e Click the Start button.

When the programming is complete, the Progress bar will indicate success.

Select the EPCS1 under “Device”.
[ty elulucs = QRIS SR AL R L BN S LSS S Ll M= L UG

File Edit View Processing Tools Window Help 5

&, Hardware Setup...| | EPT-Blaster v1.5b (54) [MBUSB-0] Mode: |Active Serial Prog

[] Enable real-time ISP to allow background programming (for MAX 11 and MAX V devices)

File Device Checksum Usercode Program, Verify Blank- Ex
o Start Configure Check

output_files/EPT_4CE6_A { EPCS1 ) 0075FAS4 00000000 [N [N T e
o stop e’

& Auto Detect

3 Delete
i Add File...

& Change File...

b Save File
£ Add Device...
Thup =
=
u
1% pown —ki

i
IE
o
b
DATA
¢

Next, selet the checkbox under the “Program/Configure” of the Programmer Tool.
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¥ Programmer - C/Jolly/Code_FPGA/EPT_4CEGAF_Transfer_Demo/EPT_4CE6_AF_Transfer_Demo/EPT_4CEG_AFD1

File Edit View Processing Tools Window Help

|_9. Hardware Setup... | |EPT-BIasher w1.5b (54) [MBUSB-0] | Mode: |Acﬁve Serial Prograr

[] Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

0 File Device Chedksum Usercode Program, Werify Blank- Exam
Conigre Check

dio output_files/EPT_4CE6 _A... EPCS1 0075FAS4 00000000 ] H | |
Stop T

@ Auto Detect

[ Add File...

L‘ﬂl Save File

(2% Add Device...

fiup
1% Down

ASDI

DATA

Click on the Start button to to start programming the FPGA. The Progress bar will
indicate the progress of programming.

i x

Fle Edt View Processng Todk Window Hep & [semrchaterncon |@

| i [y <] e [ m

1 Hardware Setup...

Enable real-time ISP to allow background programming (for MAX I and MAX V devices)

. File Device Checksum  Usercode  Program/  Verify  Blank-  Examine  Securty Erase ISP
LD | Configure Check Bit cLavp
output_files/EPT_4CE6_A... EPCS1 00755C55 00000000 [ ] [ ] [ ] [ ] [ ] [ ]
3 Auto Detect

¥ Delete

(M Add File...

3 change File...

[k save File
(2% Add Device....
T up
L pown

When the programming is complete, the Progress bar will indicate success.
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Fle Edit View Processin g Toos Window Hep 5 Search altera.com (]

&, Hardware Setup... | |EPT-Blaster v1.5b (64) [MBUSE-0] Mode: | Active Serial Programming v Progress: 100% (Successful) .

[] Enable real-time ISP to alow background programming (for MAX IT and MAX V devices)

o File: Device Checksum Userco de Program/ Verify Blank- e rase
@l Start Configure Check Bit CLAMP

b stop output_fles/EPT_4CE6_A.. EPCS1 00755C55  000DO00D ] 0
gl Auto Detect
K Delete
b, AddFile...
¥ Change Fie...
el save File
% Add Device...
fhup

1% pown

At this point, the EPT-4CE6-AF-D1 is programmed and ready for use.

2.1.11 PC: Design the Project

The final piece of the Data Collection Sampler is the PC application. This application
will fetch the data from the FPGA of the EPT-4CE6-AF-D1 and display it on the
screen. It includes user code, windows form, and the Active Host DLL.

DATA RCVD
— L EVENT!

ACTIVE_TRANSFER_ ACTIVE_HOST
LIBRARY DLL

The Active_Host DLL is designed to transfer data from the FPGA when it becomes
available. The data will be stored into local memory of the PC, and an event will be
triggered to inform the user code that data is available from the addressed module of the
FPGA. This method, from the user code on the PC, makes the data transfer transparent.
The data just appears in memory and the user code will direct the data to a textbox on
the Windows Form.

The Data Collector project will perform the following functions.
Find EPT-4CE6-AF-D1 Device.

Open EPT-4CE6-AF-D1 Device.

Start the Arduino data collection process.

Wait for data from EPT-4CE6-AF-D1.
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e Display data from EPT-4CE6-AF-D1 in textbox.

2.1.12 PC: Coding the Project

The user code is based on the .NET Framework and written in C#. The language is great
for beginners as it is a subset of the C++ language. It has the look and feel of the
familiar C language but adds the ease of use of classes, inheritance and method
overloading. C# is an event based language which changes the method of writing code
for this project. See the section “Assembling, Building, and Executing a .NET Project
on the PC” for a better description of event based language programming.

To start the project, follow the section “Assembling, Building, and Executing a .NET
Project on the PC”. Use the wizard to create project called “Data_Collector”. When the

wizard completes, the C# Express main window will look like the following.
—lUsS1ng Hystem;

using System.Drawing;

using System.Collections;

using System.Windows.Forms;

using System.Data;

using System.Threading;

using System.Runtime.InteropServices;
using System.Diagnostics;

-Inamespace Data_Collector

1

- public partial class Data_Collector : System.Windows.Forms.Form

1

+ public Data_[nllectnr()[::

These statements setup the namespace and the class for the project. There are several
other files that are created by the wizard such as Form1.Designer.cs, Program.cs,
Form1.resx. We don’t need to go into these support files, we will just focus on the
Forml.cs as this is where all the user code goes.

The project environment must be set up correctly in order to produce an application that
runs correctly on the target platform. Visual C# Express defaults new projects to 32 bits.
If you OS is a 64 bit platform, use the following directions to set up a 64 bit project.
First, we need tell C# Express to produce 64 bit code if we are running on a x64
platform. Go to Tools->Settings and select Expert Settings
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Tools | Window Help
L Connect to Database... I} ‘EPT,S?U,AP,Data,CoHector -‘ | Sl E e B

¥ 21 Code Snippets Manager... Ctrl+K, Ctrl+B

Choose Toolbox frems...

E'au Extension Manager...
ase) - Platform: | Active (x86) -

I,; Solution 'Data_Collector' (1 project)
4 3 Data_Collector

= - External Tools...
o > [=d Properties
& (i References Settings U Basic Settings
E_T' [5] active_transfer.cs Customize... v Expert Settings
3 4[] Forml.cs Options... =
5 ‘%] Forml. Designer.cs [ Define DEBUG const
<] Program.cs Resources Import and Export Settings...
Define TRACE constant
Settings
g Allow unsafe code
Reference Paths Optimize code
Signing Errors and warning

Secuity Warning leve:

a Environment Recent files
General ]  items shown in Window menu
Fonts and Colors
Keyboard 10 iterns shown in recently used lists
1> Text Editor
> Debugging Visual experience

|¥] Automatically adjust visual experience based on client performance
Enable rich client visual experience
Use hardware graphics acceleration if available

Visual Studio is currently using hardware-accelerated rendering. The visual
experience settings automatically change based on system capabilities.

Show status bar
Close button affects active tool window only
[7] Auto Hide button affects active tool window only

Restore File Associations

ok |[ cancel |

In the window on the left, go to “Projects and Solutions”. Locate the “Show advanced
build configurations” check box. Check the box.
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Options . — l? 2= |

1 Environment Projects location:
4 Projects and Solutions cusers\nelsonstrfgridocumentsivisual studic 2010\Projects E]
GET‘EHI User project templates location:
Build and Run
» Text Editor chusers\nelsonstrfgridocumentsivisual studio 2010\ Templates\ProjectTemp E]
i Debugging User item templates location:
b Database Tools chusers\nelsonstrfgridocumentsivisual studio 2010\ Templates\ItemTemplat E]
[» Text Templating
> Windows Forms Designer Always show Error List if build finishes with errors
[ Track Activedsemmin-Salutian Fxplorer
Always Shoy
[T Save new projects when created
Warn user when the project lecation is not trusted
[] Show Output window when build starts
Prempt for symbolic renaming when renaming files
Showa\lseﬂmgs 0K I l Cancel

Go to Build->Configuration Manager.

File Edit View Refactor Project Bui\d| Debug Data Tools Window Help

u;ﬂ\_]'ﬁlgﬁ|ﬁl=ﬁ._ﬂ.| Build Solution F6 186 -|@E

= Rebuild Solution

|4, Publish Data_Collector

| E?;P El | = Configu.ration Manager... |
5 m Solution 'Data_Collector' (1 project) //Parameters
ﬂ 4 @ Data_Collector public const byte TRIGGER_OUT_COMMAND =
| [Zd| Properties public const byte TRANSFER_OUT_COMMAND =
o .
= [ References public const byte BLOCK_OUT_COMMAND = @x
g [=] active_transfer.cs
= =
o 4 B8 Forml.cs // Main object loader
%] Forml.Designer.cs =l private void Data_Collector_Load (object
] Program.cs {

/I Call the List Devices function
ListDevices();

// Main connection function

RN A G U Y

In the Configuration Manager window, locate the “Active solution platform:” label,
select “New” from the drop down box.
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Configuration Mal

I Active solution configuration:

Active solution platform:

l [Release - %

-

Project contexts (check the project configurations to build or depps

<New...>
Project Cenfiguration <Edit...>

Data_Collector Release

[=]

In the New Solution Platform window, click on the drop down box under “Type or

select the new platform:”. Select “x64”.

e
Cunﬁgulat'lil Manager — e C— —

Active solution configuration:

Active solution platform:

[Reiease '] [nﬂﬁ

Project contexts (check the project configurations to build or deploy):

Project
Data_Collector

Type or select the new platform:

Create new project platforms

Any CPU
Itanium

| ok

J [

Click the Ok button. Verify that the “Active Solution Platform” and the “Platform” tab

are both showing “x64”.

Page

35



EARTHHPEOIPPLE

TECHNOLOGY

DueProLogic Project Guide

Active solutien cenfiguration: mﬁ(}rm:
Release /I [xfﬂ \ v]

Project contexts (check the project configurations to buildfor deploy): \
Project Configurati Platform Build
Data_Collector Release E‘ bd lz‘

Close

Click Close.
Then, using the Solution Explorer, you can right click on the project, select Properties
and click on the Build tab on the right of the properties window.

Solution Explorer MR [N NI active transfer.cs Forml.cs [Design]
2laE = 43 Data_Collector.Data_Collector -] = TRIGGER_OUT_COMMAND
; Solution ‘Data_Cellector’ (1 project) //Parameters
4 [ Data_Collactar nublic const byts TRIGGER OUT COMMAND — @l;
» (= Prop| (¥ Build Lblic const hyte TRANSFER_OUT_COMMAND = @x2;
» i Refel —— Lblic const byte BLOCK_OUT_COMMAND = Bx4;
Elactv & puplish..
- 5‘{:’" o , ¥ Main object loader
2 A rivate void Data_Collector_Load (cbject sender, System.Zventirgs e)
) Prog Add Reference... =

Add Service Reference...
/f Call the List Devices function

Set as StartUp Project ListDevices();

Debug (3
& Cut Ctrl+X
Ih Paste Ctrl+V Main connection function
Remove Del rivate unsafe Int32 ListDevices()
Rename Int32 result;
[ Properties Alt+Enter Int32 num_devices;
Int32 iCurrentIndex;
// Open the DLL
result = EPT_AH_Open(null, null, null);
if (result != @)
i
: 113 .9 113 . 12
Verify that the “Platform:” label has “Active (x64)” selected from the drop down box.
Solution Explorer MBSl Data_Collector < [[atRes active_transfer.cs Forml.cs [Design]
laa
; Selution 'Data_Collector’ (1 project) Application
4 |5 Data_Collector Configuration: |Active (Release) '] Platform: | Active (x54) -~
> [l Properties Build
» [l References General
[ active_transfer.cs LT El(E s
4+ [E] Forml.cs Debug Conditional compilation symbols: |
‘%] Forml.Designer.cs
) Program.cs o [”] Define DEBUG constant
Define TRACE constant
Settings
. Allow unsafe code
Reference Paths Optimize code
Signing Errors and warnings
Publish Sunnrecs warninas:

Next, unsafe code needs to be allowed so that C# can be passed pointer values from the
Active Host. Right click on the “Data Collector” project in the Solution Explorer. Select
Properties.
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Data_Collector -

File Edit View Project Build Debug Data Tools Window Help
(A cdad sl -0-S-B|»
Db aeFEE 2088385 Q.

V,¥ll Solution Explorer MY Data_Collector active_transfer.cs Forml.Designer.cs
3
2 | éj E "BData_CcHectcr.Data_CcHectcr
g _; Solution 'Data_Collector' {1 project) —lusing System;
é’ 4 E Data_Collec*-- ucina Sustam, Collections.Generic;
= . =4 Properti [%] Build ,[C)o:pq?nentmdel,'
e > [:al Referent Rebuild ‘Da af
- .Drawing;
g ] active tr [l publish.. Ling;
bl 4[] Forml.c X
B . Add v )Text;
%] Forrr .Windows.Forms;
] Program Add Reference... .Threading;
Add Service Reference... .Runtime.InteropServices;
X .Diagnostics;
Set as StartUp Project
Debug » ita_Collector
% Cut i artial class Data_Collector : F
4 Paste Ctrl+V
X Remove Del ic Data_Collector()
Rename InitializeComponent();
Properties Alt+Enter
for (int 1 = @; i < EPTTransmit
i
EPTTransmitDevice[i] = new
}
H H [13 2
Click on the Build tab and locate the “Allow unsafe code” check box. Check the box

Data_Collector > EElaQUR{ElL (= Xa Forml.Designer.cs Forml.cs

Application
General
Build
Conditional compilation symbols:
s Eozmi [ Define DEBUG constant
Debug Define TRACE constant

Resources Allow unsafe code

Er Optimize code

Reference Paths Errors and warnings

Signing Warning level: 4

Suppress warnings:

Security

Publich Treat warnings as errors
@ Mone
© All

Now we are ready to start coding.

Next, we add two classes for our device. One class stores the information useful for our
device for Transmit to the EndTerms such as, address of module, length of transfer etc.
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f//Create an array of the Transfer Class for device
Transfer[] EPTTransmitDevice = new Transfer[8];

The next class is used to store parameters for receiving data from the device.

//Create a Receive object of the Transfer Class.
Transfer EPTReceiveData = new Transfer();

EPT-4CE6-AF-D1
The first function called when the Windows Form loads up is the
Data_Collector_Load(). This function is called automatically upon the completion of
the Windows Form, so there is no need to do anything to call it. Once this function is
called, it in turn calls the ListDevices().

// Main cbject loader
private wvoid Data_Collector_Load (cbject sender, System.Eventhirgs e)

1
/f Call the List Devices function
ListDevices();

}

The ListDevices() function calls the EPT_AH_Open() function to load up the
ActiveHost DII. Next, it calls EPT_AH_QueryDevices() which searches through the
registry files to determine the number of EPT devices attached to the PC. Next,
EPT_AH_GetDeviceName() is called inside a for loop to return the ASCII name of
each device attached to the PC. It will automatically populate the combo box,
cmbDevList with all the EPT devices it finds.
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// List Devices|functi0n
private unsafe Int32 ListDevices ()
1
Int32 result;
Int32 num_devices;
Int32 iCurrentIndex;

// Open the DLL

result = EPT_AH Open(null, null, null);

if (result != @)
1
MessageBox.Show("Could not attach to the ActiveHost library™);
return 8;

}

// Query connected devices
num_devices = EPT_AH_QueryDevices();

//Prepare the Combo box for population
iCurrentIndex = cmbDevlist.SelectedIndex;
cmbDevlist.Items.Clear();

// Go through all available dewices
for (device index = @; device index « num_devices; device index++)

1
String str;
str = Marshal.PtrToStringAnsi((IntPtr)EPT_AH_GetDeviceName(device_index));
cmbDevLlist.Items.Add(str);
¥
return @;

The user will select the device from the drop down combo box. This value can be sent
to the OpenDevice() function using the button Click of the Open button.

// Open the device

if (EPT_AH_OpenDeviceByIndex(device_index) == false)
{
printf(“"Could not open device ®s\n", EPT_AH_GetDeviceName(device_index));
exit(@);

USB High Speed Transfer B v

The device_index variable is used to store the index of the device selected from the
combo box. This variable is passed into the EPT_AH_OpenDeviceByIndex(). This
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process is started by the user clicking on the “Open” button. If the function is
successful, the device name is displayed in the label, labelDeviceCnt. Next, the device
is made the active device and the call back function is registered using the
RegisterCallBack() function. Finally, the Open button is grayed out and the Close
button is made active.

// Open the device
public unsafe Int32 OpenDevice()
1
device_index = (int)cmbDevlist.SelectedIndex;
if (EPT_AH_OpenDeviceByIndex(device_index) == @)
1
String message = "Could not open device ™ +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH_GetDeviceName(device_index)) + ", " +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH GetDeviceSerial(device_index));
MessageBox. Show(message);
return @;

h

else

labelDeviceCnt.Text = "Connected to device " +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH_GetDeviceName(device_index)) + ", " +
Marshal.PtrToStringfnsi((IntPtr)EPT_AH GetDeviceSerial(device_index));

}

// Make the opened device the active device
if (EPT_AH_SelectActiveDeviceByIndex(device_index) == @)
i
string message = "Error selecting device: ¥s " +
Marshal.PtrToStringfAnsi((IntPtr)EPT_AH GetlLastError());
MessageBox.Show(message);
return @;

}

// Register the read callback functicn
RegisterCallBack();
btnOpenbevice.Enabled = false;
btnCloseDevice.Enabled = true;

return 8;

Next, the callback function is populated. This function will be called from the Active
Host dll. When the EPT Device has transferred data to the PC, the callback function
will do something with the data and command.
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// Actual callback function which will read messages coming from the EPT device
unsafe void EPTReadFunction(Int32 device_id, Int32 dewice_channel, byte command, byte payload,

{

byte* message = data;

// select current device
EPT_AH SelectActiveDeviceByIndex(device_id};

//Aadd command and device_channel to the receive object
EPTReceiveData.Command = (({command & COMMAND DECODE) >»> 3);
EPTReceiveData.Address = device_channel;

ffCheck if the command is Block Receive. If so,
ffuse Marshalling to copy the buffer inte the receive
/fobject
if (EPTReceiveData.Command == BLOCK_OUT_COMMAND)
1
EPTReceiveData.Llength = data_size;
EPTReceiveData.cBlockBuf = new Byte[data_size];

Marshal.Copy(new IntPtr{message), EPTReceiveData.cBlockBuf, @, data_size);

}

else

1
¥

EPTParseReceive();

EPTReceiveData.Payload = payload;

Because the callback function communicates directly with the dll and must pass
pointers from the dll to the C#, marshaling must be used. Marshaling is an advanced
topic and will not be covered in this manual.

When EPTReadFunction() callback is called and passed parameters from the Active
Host dll, it populates the EPTReceiveData object. It then calls EPTParseReceive()

function. This function uses a case statement to call the TransferOutReceive() function.
private wvoid EPTParseReceive()

{
switch (EPTReceiveData.Command)
{
case TRANSFER_OQUT _COMMAND:
TransferOutReceive();
break;
default:
break;
¥
¥

TransferOut Receive() creates a string from the EPTReceiveData.Payload parameter.
Then sends the string to the textbox, tbDataBytes.
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public woid TransferOutReceive()

1
string WriteRcwChar = "";
WriteRcvChar = String.Format("{@}", (int)EPTReceiveData.Payload);
thDataBytes.AppendText(WriteRcwChar + " ");

h

Controls such as buttons are added to the Form1.cs[Design] window which allow
turning on and off signals. These include
e DbtnWriteByte
btnTransferReset
btnOk
btnClose
btnResetBlock

Refer to section 1.6.4 Adding Controls to the Project for details about using the
ToolBox to place controls on a design. The btnWriteByte click event calls the
EPT_AH_SendTransferControlByte(). This function is used to turn on/off bits in the
Control Register in the FPGA code. The btnWriteByte will set the start_stop_cntrl
signal in the FPGA to one. This signal starts the Arduino Data Collector sending its
random word to the FPGA.

private wvoid btnWriteByte Click{cbject sender, Eventirgs e)

1
int address_to_device;
address_to_device = Convert.ToInt32(tbaAddress.Text);
EPT_AH SendTransferControlByte((char)2, (char)l);

¥

The btnTransferReset sets the start_stop_cntrl bit in the Control Register to zero. This
action will cause the Arduino Data Collector to stop sending the random word to the
FPGA.

private woid btnTransferReset Click({cbject sender, Eventirgs e)

1
int address_to_dewvice;
address_to_device = Convert.ToInt32(tbAddress.Text);
EPT_AH_SendTransferControlByte((char)address_to_device, (char)e);
¥

The btnResetBlock button will clear the tbDataBytes textblock. The Clear() method is
inherited from the textbox class.

private woid btnResetBlock Click(cbject sender, Eventirgs e)

1
¥

thDataBytes.Clear();
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The btnOk and btnClose buttons are used to end the application. It calls the function
EPT_AH_CloseDeviceBylndex() to remove the device from the Active Host dll. The
buttons btnOpen and btnClose have their Enabled parameter set to true and false
respectively. The Enabled parameter controls whether the button is allowed to launch an
event or not. If it is not enabled, the button is grayed out. At the end of each click event,
the Application.Exit() method is called. This exits the form.

private woid btnOk Click{cbject sender, Eventirgs e)

1
EPT_AH CloseDeviceByIndex(device index);
btnOpenDevice.Enabled = true;
btnCloselevice.Enabled = false;
lblDeviceConnected.Text = "";
Application.Exit();

}

private woid btnCancel Click({cbject sender, Eventirgs e)

1
EPT_AH CloseDeviceByIndex(device index);|
btnOpenDevice.Enabled = true;
btnCloselevice.Enabled = false;
lblDeviceConnected.Text = "";
Application.Exit();

h

This is all that is needed for the Data Collector project. The Arduino will generate a
random 8 bit word. It then transmits that word to the FPGA using the C_Enable
(WRITE_ENABLE) signal. The FPGA transmits the 8 bit word to the PC using the
ACTIVE TRANSFER module of the Active_Transfer Library. The dll reads the 8 bit
word into local memory. It then calls the Callback function, EPTReadFunction. The 8
bit is finally displayed to screen using the MessageBox.Show().

2.1.13 PC: Compiling the Active Host Application

Building the Data_Collector project will compile the code in the project and produce an
executable file. It will link all of the functions declared in the opening of the
Data_Collector Class with the Active Host dll. The project will also automatically link
the FTD2XX.dll to the object code. Follow section: Assembling, Building, and
Executing a .NET Project on the PC. Browse to the
\Projects_ActiveHost_xxBit\EPT_Data_Collector \Data_Collector\ folder of the EPT
FPGA Development System DVD. Copy the following files into the project.

e Active_transfer_xxx.cs

e Data_Collector.csproj
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To build the project, go to Debug->Build Solution.

e g ® I N REENEY
VLS AR e
Solution Explorer

@2 EEE

C

¥

Exp
File Edit View Refactor Project Build | Debug Data Tools

Window Help
Build Solution F6 1| |64 -| | (# | btnop
Rebuild Solution

Publish Data_Collector

Configuration Manager... n
or

; Solution 'Data_Collector' (1 project)
4 [ Data_Collector
> [=d] Properties
»  [«3] References
5] active_transfer.cs
a4 [E] Forml.cs
%) Forml.Designer.cs
#] Program.cs

sa2unog ejeq 1 xoqjoo)

—lusing System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Lling;
using System.Text;
using System.Windows.Forms;
using System.Threading;
using System.Runtime.InteropServices;
using System.Diagnostics;

—Inamespace Data_Collector

= public partial class Data_Collector : Form
1
= public Data_Collector()

{

InitializeComponent();

The C# Express compiler will start the building process. If there are no errors with code

syntax, function usage, or linking,
Succeeded”.

then the environment responds with “Build

Find Results

ST

F_.‘._; Error List -ﬂ Find Results

Build succeeded

If the build fails, you will have to examine each error in the “Error List” and fix it
accordingly. If you cannot fix the error using troubleshooting methods, post a topic in
the Earth People Technology Forum. All topics will be answered by a member of the

technical staff as soon as possible.

2.1.14 Adding the DLL'’s to the Project

Locate the EPT FPGA Development System DVD installed on your PC. Browse to the
Projects_ActiveHost folder (choose either the 32 bit or 64 bit version, depending on
whether your OS is 32 or 64 bit). Open the Bin folder, copy the following files:

e ActiveHostXX.dll
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o ftd2xxXX.dll
and install them in the bin\x64\x64 folder of your EPT_Data_Collector project.

@Uv\ <« EPT USB-CPLD Development System CD » Projects_ActiveHost 64Bit » EPT Transfer Test » EPT Transfer_Test » bin » x4 » Release -]
Organize v [i7] Openwith..  Sharewith v  Bum  New folder
Arduino_IDE “ Name Date modified Type Size
Documen tation
o %, ActiveHost64.dll 3/2/2013944PM  Application extens... 27KB
rivers

(7] EPT_Transfer_Test.exe
@] EPT_Transfer_Testpdb

2/201311:28PM  Application 28 KB
11:28PM  Program Debug D... 56 KB
7] EPT_Transfer_Testwshost.ee 1121PM  Application 128
|| EPT_Transfer_Test.vshost.exe. manifest 831, 12:40 AM  MANIFEST File 1KB
% ftd2wedd.dil 1/18/2013 3:54 PM Application extens... 252KB

Projects_ActiveHost_32Bit
Projects_ActiveHost_ 64Bit
| ActiveHost 10.08
| EPT_Deta_Collector
EPT_Transfer Test
EPT Transfer_Test
bin
Debug

n

Release
64
| Debug
| Release
obj
Properties -
o 2items selected State: 2 Shared Size: 278 KB Shared
b Date modified: 1/18/2013 3:54 PM - 3/2... Date created: 3/2/2013 11:20 PM

Save the pro}ect.

with: Homegroup

At this point, the environment has produced an executable file and is ready for testing.
Next, we will connect everything together and see it collect data and display it.

2.1.15 Connecting the Project Together
Now we will connect the Arduino, EPT-4CE6-AF-D1, and the PC to make a Data
Collector. First, connect a USB cable from a USB port on the PC to the Arduino.

Second, connect a USB cable from a open USB port on the PC to the EPT-4CE6-AF-
D1.

Next, open the Arduino IDE and select File->Open and select your sketch created
earlier, Arduino_Data_Collector_Code_UZ2.ino.
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- °
— e
Nome Date modified Type i a—

~» | Arduino_Data_Collector_Code.ino 10/23/20128:31 AM  INO File
Recent Places

Desktop

=
Libraries
A

Computer
“
Network

Fiesoftype:  [AlFies() =]

Fename: | - o]
([ Conesl ]

Arduino Uno on COM3S

Select the file and click Open. The sketch will now populate the Arduino IDE window.
Compile and Download the sketch into the Arduino microcontroller using the Upload
button.
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o~ - ~
Arduino_Data_Collector_Code | Arduw

File Edit Sketch Tools Help

Arduino_Data_Collector_Code
A -

Copyright Earth People Technology Inc. 2012

Data Collector Random Zeed

m

Platform: EPT-5T70-AP-TT2

i

int count = 07
int ledPin = 13;

void setup ()

i
DDRD = B11111111; //%et Port D as outputs
PORTD &= EL11111111; //Turn on Fort D pins

pinMode (A0, OUTEUT) ;
pinMode (ledPin, OUTPUT):

4 3

Arduino Uno on COMAE

The Arduino IDE will compile the project, then transmit the machine level code into the
ATMega328 SRAM to start the program. When this is complete, the Yellow L LED
will blink about once per second.

If this LED is blinking at the rate of once per second, the Arduino and the Data
Collector project are ready for the EPT 570-AP-U2 code.

The FPGA should already be programmed with its Data Collector Project. If it isn’t,
follow the instructions in section 3.1.10.

Open the EPT Data Collector on the PC by browsing to the Data Collector project
folder. Locate the executable in the \bin\x64\Release folder.

Page

47



EARTHHPEOIPPLE

TECHNOLOGY

DueProLogic Project Guide

@vv <« EPT USB-CPLD Development System CD » Projects_ActiveHost 64Bit » EPT_Data_Collector » Data_Collector » bin » 364 » Release - |4
4 —
Qrganize = Open Share with = Burn New folder
J EPT USB-CPLD Development System CD *  MName ° Date modified Type Size
. Arduinc_IDE - r . 5rd
% ActiveHost64.dll 3/2/2013 9:44 PM Application extens... 27 KB
. Documentation -
Di 2 Data_Collector.exe 3/3/201312:31 AM  Application 15KB
. Drivers
& Data_Collector.pdb 3/3/201312:31 AM  Program Debug D.. 40 KB
Prajects_ActiveHost_32Bit o i i i
! ) ) [57 Data_Collector.vshost.exe 3/3/20131218 AM  Application 12 K8
. Projects_ActiveHost_64Bit ’ L R R .
|| Data_Collector.vshost.exe.manifest 8/31/2009 12:40 AM  MANIFEST File 1KB
ActiveHost_1.0.0.8 B
- (% ftd2odd.dil 1/18/2013 3:54 PM Application extens... 252 KB
. EPT_Data_Collector
Data_Collectar 3
. bin T
Debug
. Release
ufid
. Release
obj
. Properties
. EPT_Transfer_Test 52
1| Data_Collector.exe State: 38 Shared Size: 15.0 KB Shared with: Homegroup
. Application Date modified: 3/3/2013 12:31 AM Date created: 3/3/2013 12:37 AM

Initiate the application by double clicking the application icon in the \Release folder of
the project. The application will open and automatically load the Active Host dll. The
application will locate the EPT 570-AP-U2 device. Next, the combo box at the top will
be populated with the name of the device.

ol Data Collector E'@

EPT USB <-> JTAG&Serial Cable B

Receive Byte Aricress 2

Select the EPT 570-AP device and click the Open button. If the Active Host application
connects to the device, a label will indicate “Device Connected”. Next, select the
address of the Active Transfer module in the FPGA. In our case it is “2”.
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’ o5 Active Host =R
EPT USB <-> ITAG&Serial Cab  Device Cornected
|Open | | Close | o ;
Recsived Data

2.1.16 Testing the Project

To test our Data Collector project, just click on the Start button. As soon as the device
connects, the data from the Arduino will appear in the received data textBox.

o Active Host [ =] =]

EPT USB <-> JTAG&Serial Cab  Device Connected

Address 2
Received Data
il
36
Ta
ce
15
78

And that’s all there is to the Data Collector Project. It’s up to the user to use this project
as a base to create much larger projects. You can easily make a volt meter using this
project by turning off the Random number generator in the Arduino and reading the
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Analog Pins. Also, reformat the textBox display that it shows in decimal instead of the
Hexadecimal display.
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APPENDIX |
List of Abbreviations and Acronyms
EPT Earth People Technology
FIFO First In — First Out
FTDI Future Technology Device International
HSP Hyper Serial Port
12C Inter-Integrated Circuit
JTAG Joint Test Action Group
PC Personal Computer
FPGA Complex Programmable Logic Device
USB Universal Serial Bus

APPENDIX I

Details of the Altera EPM570 FPGA
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