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1 The 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. I2C 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 any infinite combination of these two
extremes.

1.1 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-570-AP-U2 CPLD, and a Windows 7 PC respectively.

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
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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.

1.1.1 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.

1.1.2 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-570-AP 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.

void setup ()

{
randomnfeed{analogRead(l) ) ;

H

1.1.3 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-570-AP. There is also a one bit control line which will be used to
inform the CPLD that a byte is ready to be written to the USB.
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CONNECT PORT D (DIGITALPINS 0 TO 7) TO J8
[ 1

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

use

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

CONNECT ANALOG PINOTO PIN 1-J9

Each port is controlled by three registers, which are also defined variables in the
Arduino language. The DDR register, determines whether the pin is an INPUT or
OUTPUT. The PORT register controls whether the pin is HIGH or LOW, and the PIN
register reads the state of INPUT pins set to input with pinMode(). The maps of the
ATmega328 chips show the ports.

DDR and PORT registers may be both written to, and read. PIN registers correspond to
the state of inputs and may only be read.

PORTD maps to Arduino digital pins 0 to 7

DDRD - The Port D Data Direction Register - read/write
PORTD - The Port D Data Register - read/write
PIND - The Port D Input Pins Register - read only

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.

int ledPin = 13:

woid setup ()

{
DDED = BE11111111; //%et Fort D as outputs

PORTD &= EB11111111; //Turn on FPort I pins

pinMode (AD, OUTPUT) ;
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After the setup() function executes, the PORTD is ready to be assigned the results of
our random() function. And the AO pin will be used to latch the value on PORTD pins
into the CPLD.

1.1.4 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-570-AP. This output pin (from the EPT-570-AP)

becomes an input to the Arduino and is used in conditional switch.
volid loop ()

{

Ji%anmple the 3tart/Stop switch
d/from the EPT-570-AF
startitopEBit = digitalRead(inPing);

delay(500);: //Delay 500 ms

if(startitopBit)

{
This code will sample the Start/Stop switch which is an output from the EPT-570-AP on
J10 PIN 1. On the Arduino, this is PIN 8 of the Digital pins. Each iteration of the loop()
function, the startStopBit variable stores the state of DigitalPin8. 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-570-AP. 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 that will blink 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.
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So, the code looks like this:

_."'*
Copyright Earth People Technology Inc. 2012

Data Collector Random Seed
Platform: EPT-570-4P-TZ
i

int atartitopBit = 0;
int count = 0;

int ledPin = 13;

int inPing = §;

wvold setup ()

{
DDED = BE11111111; //%et Fort D as outputs
PORTD &= EB11111111; //Turn on Port I pins

pintlode (A0, OUTPTIT) :
pintode {ledPin, OUTPUT) :
pinMode (inPing, OUTPUT) :

randomfeed{analogRead(l) ] ;

void loop ()

AAGanple the Start/3top switch
dAfrom the EPT-570-4AF
startitopBit = digitalReadi{inPing);

delay(s00): //Delay 500 ns

if[startitopBit)
i
A4 Write a random rnuwmber from 0 to 299
Aito the input of the EPT-570-AF
PORTD = random(255);
Fi%et the Write Enable Pin High
digitallWrite (&0, HIGH) :
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#/%et the LED Pin High
digitallWrite(ledPin, HIGH):

delay(500): //Delay 500 ms

J2%et the LED Pin Low
digitallWrite (ledPin, LOW);
fi5et teh Write Enable Pin Low
digitalWrite (A0, LOW);

'

Notice that PORTD 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 AO write enable signal for the CPLD has back to back instructions turning
it on then off immediately. Because the ATMega328 chip takes approximately 160
clock cycles to execute the digitalWrite() function and affect the Pin at AOQ, this
produces a write enable pulse of 10 microseconds.

10 us

—

AO (WRITE ENABLE)

PORTD —<RANDOM VALUE >—

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

1.1.5 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.

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

Il Organize » Open Bumn New folder
il x
|| Download ~ Name
I\ Drivers X
1| drivers
|| FunctionalSpec
|| eamples
|| License
— b hardware
|, Products H
I jova
|| Altera
I lib
|\ Aptina
N 1 libraries
|\ Arduing
|| reference
. arduine-101
| tocls
J| MEGA 2560
| arduino.ee
Il Uno e
%] eygicony-
Il Atmel =
4| cvawinL.dil
ketch_oct27a | Arduine 1.0. _] Shared witl
File Edit Sketch Tools Help

sketen_oct27a

Arduin

e Load your code
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| %/ Open an Arduino sketch... S|

Lookin: | Arduine_Data_Collector_Code - @

Name * Date modified Type |
10/23/2012 831 AM__ MO File

=5

Recent Places

Deskop

Libraries
LY
Computer

.
ig Arduino_Data_Collector_Code §

Network s
Fie| Earth People Technology Inc.

Flell  Date Collector Rondow Sced

n

Platform: Uno
s

int count = 0;
int ledPin = 13; —

woid setup ()

{
DDRD = Bl1l1l1l1ll; //Set Port D as outputs
PORTD &= B11111111; //Turn on Forc D pins

pinMode [A0, OUTPUT]
pinfiode (ledPin, OUTFUT) ;

e Click the Verify button
’ArglJ;m_Data_Calle:bcr_Codel ﬁuinc Lm_LEuQ

Arduino_Data_Collector_Code §

£ -

Earth People Technology Inc.

Data Collector Random Seed

m

Platform: TUno
=

int count = 07
int ledPin = 13; —

woid setup()
{
DDED = ELLL11111; //Sec Port D as outpucs
PORTD &= B11111111; //Turn on Port D pins

pinMods (A0, OUTPUT):
pinkode(LedPin, OUTEUT):

Arduing Ui

e The sketch will compile
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byte maximum) !

Arduino Uno on COMAE

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

1.1.6 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
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
UNO (COMxx)"

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

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

Page

11



EARTHHPEOIPLE

TECHNOLOGY

UNO Data Collector Project User Manual

e Finally, navigate to and select the Uno's driver file, named
"ArduinoUNO.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.

ED:viceManager _- .
File Action View Help
= =Bl 8| E o

4 NelsonsTrfgr-PC

> 48 Batteries

78| Computer

. == muﬁ.

@ | Update Driver Software - Arduino UNO R3 (COM46) I

Browse for driver software on your computer

a Disk drives

B, Display adapters

e DVD/CD-ROM drives

£ Human Interface Devices
-y IDE ATA/ATAPI controllers
5 Imaging devices

& Jungo

Search for driver software in this location:

Select the folder that contains drivers for your hardware.

= Keyboards

LU! Mice and other pointing devices
W Monitars

&¥ Metwork adapters

7 Ports (COM & LPT)

.77 Arduine UNO R3 (COM4E]

4 | Arduino
4 | arduino-0023
4 | drivers
|, FTDI USB Drivers

R TV TV W TV YOV W v T

;-n Processors » i examples
5% Sound,video and game cantrollers > W hardware
> .Ml System devices > java
b i Universal Serial Bus controllers > b
» L libraries
> . reference
>l 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.

&% Arduino_Data_Collector_Code | Arduing 1.0.1 E\L

File Edit Sketch Help |
Ctrl+ T

Auto Format
Archive Sketch
Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M

Earth Peopl

Board 3
Data Coll
FEREEEE serial Part »[»/ COoM46
Platform: T E
Programmer 3

L
Burn Bootloader

int count = 0;
int ledPin = 13: =

void setup()

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

pinMode (A0, OOTPUT) @
pintMode (ledPin, OUTEUT);

maximum)

Arduing U
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e To load the code, click on the Upload button.
'Arduiﬂu_Data_Collecwr_Cnde Arduing 1.0, LEI@Q
{[File Edit Sketch Tools Help
I Arduino_Data_Collector_Code §

o i

Earth People Technology Inc.

Data Collector Random Zeed

Platform: Uno 3
*y

int count = 0;
int ledPin = 13; =

void setup ()

DDRD = B11111111; //Set Fort D as outputs
PORTD &= B11111111; //Turn on Port I pins

pinMode (AD, OUTFUT]);
pinMode (ledPin, OUTEUT);

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.

MADE
INITALY

. @i . =
PiHroemvnemca@mi © soonas

. o
(00’00 =4
; -

1.1.7 CPLD Active Transfer Coding and Initiation

The EPT-570-AP will accept the data collected by the Arduino and transfer it to
the PC. It is designed to plug directly into the Arduino Uno and there is no need for
external wires to be added. The Active Transfer Library can be used to send the data to
the PC. This library has been designed to make it easy to transfer data to and from the
PC via the USB. The user must create some interface code between the incoming data
and the Active Transfer Library. We will now go through exercise of creating the CPLD
code for the Data Collector Sampler.

Page
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1.1.8 CPLD: Define the User Design.

In this step we will define the user’s code and include modules from 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 function modules 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 website.

Active__Trigger
Transmits Trigger
Signal

. _ Block__Transfer
EPT Library Reads and Writes
Multi-Byte Block

Single_Transfer
Reads and Writes a
Single Byte

Figure 5. EPT Library EndTerm Modules

We will build our CPLD project using Quartus Il software from Altera. The
primary file defining the user’s CPLD project is named “EPT_570_AP_U2_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 CPLD, the Pin Planner tool is
used. This tool allows the user to match internal net names to the pins of the CPLD.

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 AO (write enable) signal from the Arduino can latch the data
into the active_transfer module.

Page
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INPUT/OUTPUT PINS

i

TOP LEVEL |

T T

ACTIVE TRANSFER USER CODE

LIBRARY
TRIGGER IN
TRIGGER OUT
TRANSFER IN
T? TRANSFER OUT

e ——
< v >

CPLD: 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 CPLD. These are
declared according to the Verilog syntax rules. We won’t go through all the rules of
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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modole EPT 570 AP U2 Top |

inpunt wire [1:0] aa,

inpnt wire [1:0] bc in,

ontput wire [2:0] bc_out,

inomt wire [7:0] bd inout,

input wire [1:0] TRIGGER IN HIGH,//XICH -- J10
input wire [5:0] TRIGGER_IN LOW, //AD -- J%5
output reg [7:0] LE LCWER, SAEICH —- J10
input wire [7:0] LE UPPER, J/EICL —- J8

ffTransceiver Control Signals

ontput reg IR _DIR 1,
ontput reg TR CE 1,
ontput wire TR DIR 2,
ontput wire TR CE 2,
ontpnt wire TR _DIR 3,
ontput wire TR CE 3,
inpnt wire SW_USER 1,
inpunt wire SW_USER 2,
ontput reg [2:0] LED,
ontpnt wire LED3
) :

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

//Header Bytes for the Transfer Loopback detection

parameter TERANSFER CONTROL BYTEl = =2 'hiih;
parameter TRANSFER CONTROL BYTEZ = 2'hC3;
parameter TRANSFER CONTROL BYTE3 = 2'h7E;

S /5tate Machine Transfer Loopback detection

parameter TRANSFER CONTROL IDLE = O,
TRANSFER CONTROL HDR1 = 1,
TRANSFER CONTROL HDR2Z = 2,
TERNSFER DECCODE BYTE = I,
TRANSFER CONTROL SET = <;

parameter GLOBAL RESET COUNT = 12'hOZcE;

Page
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Next is the Internal Signal and Register Declarations.

Page
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]_I,-"_I,-"x:-::-:x:-::-::-:x:-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-::-:xsxs:-::-::-::-:xsxsxsxsxsxsxsxsxgxsxg:-::-::-:

S/% Intermal Signals and Registers Declarations

R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R AR R R AR R R AR R R AR AR AR AR AR AR AR AR R R AR R R AR R R AR

wire CLE_&&;
wire RST;
wire [23:0] uc_IN:
wire 0] Uc_ouT:

S /Trigger Signals

reg [7:0] trigger out;
wire [7:0] trigger in byte:
reg [7:0] trigger in store;

S/LED registers
req

S /5witch registers
req

S {Transfer registers

led reset;

switch reset;

wire transfer out;

req transfer out_reg;

wire transfer in received;
wire [7:0] transfer in byte;

wire [7:0] transfer out byte;

reg [2:0] transfer to host_counter;

reqg [2:0]

transfer to_host_state;

S /Transfer Control registers

req transfer in loop back;
red transfer in received reg;
reg [2:0] transfer control state;
reg [7:0] transfer control byte;

S /Transfer Write from Arduino

redq
redg
reg [7:0]

S /Reset signals

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

wire reset;
reg [11:0] reset_counter;
redg reget_signal reg:

S/ Input/Output Signals

reg

Start_stop _cntrl;

Page
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Next, add the assignments. These assignments will set the direction of the bus

transceivers that interface to the Arduino 1/0’s. The transceivers also include an output

enable bit.
R R L e T T T T
S Signal Lssignments
R T e e T T T

az=sign TR DIER 2 = 1'kl; //1l =Rk to By 0 =B to A

assign TR CE_2 = 1'b0;

az=ign IR DIR 3 = 1'kl; /f1 =R to By 0 =B to &

as=sign TR CE 3 = 1'b0;

J/Clock and Reset

as=sign CLE && = aa[l]:

assign R5T = reset;

as=sign reset = reset signal reg;

/{Transfer registers

assign transfer out = transfer out_reg | transfer write;

as=sign transfer out byte = transfer write byte:

S/LED3 is used to signify to the user that the Start
Siewitch i= enabled
assign LED3 = ~start_stop cntrl;

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

counter reaches GLOBAL_RESET_COUNT.
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-I,l"-l,l":lc:I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I::I:xxxxxxxxxxxxxxxxxxxxx:x:

Fi# Eeset Signal

SRR R R R R R R R R R R R R R R R R R R AR R AR AR AR AR AR AR AR R AR R R Rk

always @ (posedge CLE TN or negedge aa[C])

begin
if{laa[C])
begin
reset_signal reg <= 1'k0;
reset_counter <= 0;
end
else
begin
if( reset_counter < GLOBAL RESET COUNT )
begin
reset_signal reg <= 1'k0;
reset_counter <= reget counter + 1'kl;
end
else
begin
reset_signal reg <= 1'bl;
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.

FFLED3 iz used to signify to the user that the Start
fFfeswitch is enabled
as=ign LED3 = ~2tart stop_cntrl:

Page
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always @ (trigger in byte or led reset or LED or R3T)

begin
if ('R5T)
LED[Z:0] = 2'h=;
else if(led reset)
LED[2:0] = 2'h=;
else if(crigger in byte[2:0])
begin
case (trigger in byte[2:0])
LED[C] = 1'kO;
LED[1] = 1'kO;
LED[Z2] = 1'kO;
defanlt:
LED[2:0] = LED[2:0]
endoase
end
ernd

The two user switches are connected to the input trigger register. Pressing a switch will
send a trigger to the PC to be decoded by the Active_Host DLL.
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always @ (posedge CLE IN or negedge RST)
begin
if('RE3T)
begin
trigger out <=
end
else
begin
if(!5W USER 1 )
trigger out <=
else 1iL(!5W_USER 2 )
trigger out <=
else if(switch_reset)
trigger out <=
else
trigger out <=
end
end

Next, we will add the transfer detection signal from the Arduino. This block will require
three registers.
e transfer_write_reg —This is a latch register to hold the state of the AO(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.
This block will compare the input signal on TRIGGER_IN_LOWT[1] to a high. The
TRIGGER_IN_LOWT[1] pin is routed to Pin 1 of J9 which is routed to the AO(Write
Enable) of the Arduino Data Collector. 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 LB_UPPER[7:0] pins 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 TRIGGER_IN_LOWI[1] -A0(Write
Enable) pin goes low, the encoder will reset transfer_write_reg and transfer_write to
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low. The encoder goes back to waiting for the TRIGGER_IN_LOW][1] -A0(Write
Enable) to assert high.

alway= @ (posedge CLE_IN or negedge RST)

begin
if (!R3T)
begin
transfer write reg <=
transfer write <=
transfer write byte <= O;
end
else
begin
if(TRIGGER IN LOW[l1] & !'transfer write reg)
begin
transfer write reg <=
transfer write <=
transfer write byte <= LE UPPER:
end
else if (TRIGGER IN LOW[1] & transfer write reg)
begin
transfer write reg <= i
transfer write <=
end
else if(!TRIGGER IN LOW[l1] & transfer write reg)
begin
transfer write reg <=
transfer write <=
transfer write byte <= 0;
end
end
end

This block of code takes care of reading the random word from the Arduino using the
AO0(Write Enable) Pin. However, because the Arduino is expecting a Start/Stop bit on
Digital Pin8, the CPLD code has to provide this bit. This presents a problem, the EPT-
570-AP 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 CPLD for the random word and the AO(Write Enable) Pin. So, the third port can be
used as the output port.
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This, however, causes another problem! The Arduino XIOH connector needs to output
the Amber LED state. So, if one pin on the connector needs to be an output, the EPT-
570-AP port on J10 (XIOH) cannot be an output! This would interfere with the turning
on and turning off of the LED.
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So, we can fix this problem by noting that the 8 bit bi-directional ports on the EPT-570-
AP have Output Enables that allow the CPLD to “float” the signals of the port at any
time. By floating the port, we can multiplex the signals of the port. When we need to
drive the signals from the EPT-570-AP port to the Arduino, we turn on the Output
Enables of the port. And when we need to let the Arduino drive its signals, we turn off

the Output Enables of the port.
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always @ (posedge CLE_6& or negedge RST)
1 begin
if (!RST)
1 begin
transfer write reg <=
transfer write <=
transfer write byte <=

IR _DIR 1 <= ;i //1l=RAtoB; 0=Etokd
IR CE 1 <=

LE_LOWER[C] <= start_stop cntrl;

LB LOWER[7:1] <=

end

In the reset secltion of the synchronous block, we turn the Direction bit to “B to A”
TR_DIR_1<=1O0;

and the Output Enable on.

TR_OE 1 <= 1"b0; (Output Enables are asserted with a zero)

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 DigitalPin8 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
AO(Write Enable) Pin in its conditional statement. The AO(Write Enable) Pin will cause
the CPLD code to enter into its first conditional statement. This first statement turns off
the Output Enables of the Port J10. With the Port turned off, the Arduino can set the
LED on when it executes its code. When the AO(Write Enable) Pin is de-asserted, the
Output Enable of Port J10 is turned back on and the whole process can start over.

Next, we add a TRANSFER_CONTROL state machine to read the Control Register
from the Host PC using the active_transfer EndTerm. This state machine will decode
the 8 bit control register only after a sequence of three 8 bit bytes in the order of 0x5a,
0xc3, 0x7e. The operation of the state machine is as follows.

e The TRANSFER_CONTROL state machine will stay in the idle state of the
parallel encoder until a byte from the active_transfer transfer_to_device register
receives a Oxba.

e This will cause the transfer_control_state to be changed to
TRANSFER_CONTROL_HDRL1.

e The state machine will stay in the TRANSFER_CONTROL_HDR1 state until
the next byte is read from the active_transfer.
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e If the byte from transfer_to_device is a 0xc3, the transfer_control_state will be
changed to TRANSFER_CONTROL_HDR2.

e If the byte from transfer_to_device is not a Oxc3, the transfer_control_state will
go back to idle.

e Inthe TRANSFER_CONTROL_HDR?2 state , the state machine will stay in this
state until the next byte from the active_transfer is received.

e If the byte from transfer_to_device is a Ox7e, the transfer_control_state will be
changed to TRANSFER_DECODE_BYTE.

e If the byte from transfer_to_device is not a 0x7e, the transfer_control_state will
go back to idle.

e Inthe TRANSFER_DECODE_BYTE state , the state machine will stay in this
state until the next byte from the active_transfer.

e The next byte transferred from active_transfer will be decoded as the Control

Register.
The bits of the Control Register are defined below.

Register Bits Description Assertion

Control 0 Start Stop Cntrl High
1 Not Used
2 LED Reset High
3 Switch Reset High
4 Transfer In Loop Back High
5 Not Used
6 Not Used
7 Not Used
7 Not Used
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S -
S Btate Machine: Control HRegister from Transfer In
S
always @ (posedge CLE _IN or negedge EST)
kegin
if (!'R5T)
begin
transfer in received reg <= 1'b0;
transfer control state <= TRANSFER LOOPEACE IDLE:
transfer in loop back <= 1'kD;
led reset <= 1'LO;
switch reset <= 1'b0;
end
el=e
begin
if(transfer in received & !transfer in received reg)
begin
transfer in received reg <= 1'bl;

case (transfer control state)
TRANSFER CONTRCL IDLE:
if((tranafer in byte = TRANSFER CONTROL BYTE1l))
transfer control state <= TRANSFER CONTROL HDRI:
else if((transfer in byte != TRANSFER CONTROL BYTEL))
transfer control state <= TRANSFER CONTROL IDLE:
else
transfer control state <= TRANSFER CONTROL IDLE:
TRRNSFER CONTROL HDRI1:

if{(tranafer in byte =— TRANSFER CONTROL BYTEZ))
transfer control state <= TRANSFER CONTROL HDRZ:
else if((transfer in byte != TRANSFER CONTROCL BYTEZ))
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transfer control state <= TRANSFER CONTROL IDLE:
else
transfer control state <= TRANSFER CONTRCL HDRI1:
TRENSFER CONTROL HDEZ:

if{(transfer in byte — TRANSFER CONTROL EBYTE3))
transfer control state <= TRANSFER DECODE BYTE;
else if((transfer in byte != TRANSFER CONTROCL EBYTE3))

transfer control state <= TRANSFER CONTROL IDLE:
el=se
transfer control state <= TRANSFER CONTROL HDRZ:
TRANSFER DECODE EYTE:
begin
transfer in loop back <= transfer in byte[C0]:
led reset <= transfer in byte[Z]:
switch reset <= transfer in byte[Z]:
transfer loopback state <= TRANSFER LOOPEACK SET:;
end
TRANSFER CONTROL SET:
begin
transfer control state <= TRANSFER CCNTRCL IDLE;
end
endoase
end
else if(!transfer in received & transfer in received reg)
transfer in received reg <= 1'bO;
end
end |

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].
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active transfer library ACTIVE TRAWSFER LIERARY TNST
{

. aa (aa),

.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
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.
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wctive Modules

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

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

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

.trigger to host
.trigger to_device

)

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

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

.2tart transfer
.transfer received

.uc_addr

.transfer to host
.transfer to_device

ACTIVE TRIGGER INST

(CLE_IN},
(RST) ,
(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.

1.1.9 CPLD: 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 CPLD code with “*.pof” name First, we need to create a project in the
Quartus Il environment. Follow the directions in the section: “1.7 Compiling,
Synthesizing, and Programming CPLD”. 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. Add the files:
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[ Settings - EPT 570 AP U2 To o |

Files

Libraries Sele_ct 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] -

[N

Compilation Process Settings

Early Timing Estimate icfizne Type Library | Design Entry jackdd

Incremental Compilation .. farc/feptwireOR.v Verilog HOL File <None >
Physical Synthesis Optimizations .. ferc/EFT_S70_AP_U2 Top.v Verilog HOL File <None > Remove
EDA Tool Settings ..fsrcfactive_trigger.vam Verilog Quartus Mapping File <MNone >
Design Entry/Synthesis ..fsrcfactive_transfer_library.vgm Verilog Quartus Mapping File <Mone > Up
Simulation ..ferc/active_transfer.vgm Verilog Quartus Mapping File <None >
Formal verification
Board-Level
Analysis & Synthesis Settings
WYHDL Input
Werilog HDL Input

[N

Down

Properties

[N

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

‘ T | 3

[ ¥ Buy Software ] [ 0K ] [ Cancel ] Apply

Continue following the instructions by adding a device and finishing the project
instantiation. Then, bring up the Pin Planner.
e Under Assignments, Select Import Assignments.

e At the Import Assignment dialog box, browse to the folder with the Quartus
Specification File on the EPT USB-CPLD Development System CD. Select the
“EPT_570_AP_U2_Top.gsf” file.

e Click Ok. Under Assignments, Select Pin Planner. Verify the pins have been
imported correctly.

Exit the Pin Planner, and select the Start Compilation button.

Page

33



EARTHHPEOIPLE

TECHNOLOGY

UNO Data Collector Project User Manual

Click Ok then re-run the Compile process. After successful completion, the screen
should look like the following:

se
ept EPMS70 Transfer Testtop < |[E])% 2 @W G T » W D MY & B L @

Project Navigatar EX-X3 ‘ & Compilation Report o
| | Table of Contents -]

Entity
B3 Flow Summary Flow Status Successful - Tue Aug 21 15:42:19 2012

DEH@ & § 2R o~

&y max 1 EPMS7OTI00CS H B Fiow settngs Quartus IT 32-bit Version 12,0 Build 232 07/05/2012 SP 151 Web Edition
4 (" ept EPMST0_Transfer_Test_top L3 o Revision Name ept_EPMST0_Transfer_Test_top
32 active_transfer:ACTIVE_ TRANSFER_INST B Fiow Non-Default Giobial Seting | oo 1o, i Entty Name ept_EPMS70_Transfer_Test_top
ER Fiow Elapsed Time Family MAX I

_trigger: ACTIVE_TRIGGER_INST

a yne_fifo:BLOCK_IN_FIFO R ER Flow 05 Summary TS
I Flow Log Final
d b
1> Analysis & Synthesis 564 /570 (99 %)
S5/76(72%)
&y Herarchy | B Files | &P Desig Quartus II _ o
UFM blocks 0/1(0%)

[Tasks | ‘ﬁ‘ £l Compiation was successful (137 warnings)

Task

iV » Compile D
14 P Analysis & Synthesis

v P Fitter Route)

v L erate programming files

L > W TimeQuest Timing Analysis S

<7 I J »

Xl x ¥ earch. ~

&

|| Type Message

> (i) Info: Quartus II 32-bit TimeQuest Timing Analyzer was successful. O errors, 7 warnings
i) Info (293026): Skipped module PowerPlay Power Analyzer due to the assignment FLOW_ENABLE POWER ANALYZER
4)Info (293000): Quartus II Full Compilation was successful. 0 erzors, 137 warnings

Wl sl <1 i, ]
ﬁ System (1) /\_Processing (246) /\ ExtraInfo /\_Info {156) /\ Warning (87) /% Critical Warning (3) /' Error /\ Suppressed (8) /\ Flag /
2L

ocation:

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
CPLD.

1.1.10 CPLD: Program the CPLD

The final step is programming the “*.pof™ file into the CPLD. Follow the
section: “Programming the CPLD”.

e Connect the EPT-570-AP to the PC,
e Open up Quartus II,
e Open the programmer tool
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e In the upper left corner of the Programmer Tool, there is a button labeled
“Hardware Setup”. Verify that EPT-Blaster v1.3” 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.

At this point, the EPT-570-AP is programmed and ready for use.

1.1.11 PC: Design the Project

The final piece of the Data Collection Sampler is the PC application. This application
will fetch the data from the CPLD of the EPT-570-AP and display it on the screen. It
includes user code, windows form, and the Active_Host DLL.

ACTIVE_TRANSFER
MODULE - DATA RCVD
— EVENT!
ADDRESS [2]

ACTIVE_TRANSFER _ ACTIVE_HOST
LIBRARY DLL

The Active_Host DLL is designed to transfer data from the CPLD 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
CPLD. 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.
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e Find EPT-570-AP Device.

e Open EPT-570-AP Device.

e Start the Arduino data collection process.

e Wait for data from EPT-570-AP.

e Display data from EPT-570-AP in textbox.

1.1.12 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 “1.1 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 “1.1 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 System;

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,
Forml.resx. We don’t need to go into these support files, we will just focus on the
Form1l.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. First, we need tell C# Express to produce 64 bit
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code if we are running on a x64 platform. Go to Tools->Settings and select Expert
Settings

L Connect to Database... - | I} ‘EPT,S?U,AP,Data,CoHector -‘ | Sl E e B

% [ Code Snippets Manager... Ctrl+K, Ctrl-B FormlDesignercs  Formles  Forml.cs [Design]

olution Explorer

‘ o 2] Choose Toolbox ftems...

9 I,; Solution 'Data_Collector' (1 project) E'au Extension Manager... :]
€] - Platform: | Active (86) -
% =@ Data_CoIle.ctor External Tools...
o > [=d Properties
T (i References Settings U Basic Settings
g [-] active transfer.cs Customize... ¥ Expert Settings
£
3 4[] Forml.cs Options...
- %) Forml.Designer.cs [i=din
= "] 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

Security Werning leve:

Recent files

4 Environment

General ]  items shown in Window menu
Fonts and Colors
Keyboard 10 iterns shown in recently used lists
1> Text Editor
1» 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
(T show all settings [ o ][ 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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Il— [@ ;g_|

Options

Projects location:

(> Environment
4 Projects and Solutions cusers\nelsonstrfgridocumentsivisual studic 2010\Projects E]
General
Build and Run User project templates location:
» 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 bctivedsammin-Salutian Explorer

how advanced bu

configurations

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

@d'ﬁgﬂ|*hﬁ.ﬂ| Build Solution F6 186 -|@E

Rebuild Solution

|%&  Publish Data_Collector

Solution Explorer
G aEEE

E
'3 Solution 'Data_Collector' (1 project) //Parameters
4 @ Data_Collector public const byte TRIGGER_OUT_COMMAND =

Configuration Manager... |

E | [Zd| Properties publ:i.c const byte TRANSFER_OUT_COMMAND =

= [ References public const byte BLOCK_OUT_COMMAND = @x

E_T' [=] active_transfer.cs

a 4[5 Formles // Main object loader

= ] Forml Designer.cs =l private void Data_Collector_Load (object
] Program.cs I =

/I Call the List Devices function
ListDevices();

// Main connection function

RN U S

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

Page
38




y EARTIHPEOIPLLE
TECHNOLOGY

UNO Data Collector Project User Manual

Configuration Mal

I Active solution configuration:

Active solution platform:

| [Release

-

Project

Data_Collector

Configuration <Edit...»

Release lz‘ x86

In the New Solution Platform window, click on the drop down box under “Type or
select the new platform:”. Select “x64”.

et = —
Cunﬁgulat'lil Manager — e C— —

P = |

Active solution configuration:

Active solution platform:

[Reiease

<] e

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

Project
Data_Collector

Type or select the new platform:

Any CPU
Itanium

Create new project platforms

Lo ]

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

are both showing “x64”.
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Active solution cenfiguration:

e solution orm:

Release

/s A\

Project contexts (check the project configurations to buildfor deploy):

)

Project
Data_Collector

Platform

[=] 54

Configurati

Release

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.

M Solution Explorer - 1L x

=Sl sl
; Solution ‘Data_Cellector’ (1 project)
4 [55] Data_Collartnr

+ = Prop [ Build
+ [ Refel Rebuild
Elactv & puplish..
4 [E Form
W F Add
& Prog Add Reference...

Add Service Reference...

Set as StartUp Project

Debug
% Cut
B Paste
X Remove
Rename
[ Properties

[PIRORIIR active transfercs  Forml.cs [Design]

“4% Data_Collector.Data_Collector -l = TRIGGER_OUT_COMMAND

//Parameters

nublic const byte TRIGGER_OUT_COMMAND = @x1;
ublic const byte TRANSFER_OUT_COMMAND = @x2;
ublic const byte BLOCK_OUT_COMMAND = Bx4;

Main object loader
rivate void Data_Collector_Load (object sender, System.Zventirgs e)

/f Call the List Devices function
ListDevices();

Ctrl+X

Ctrl+V Main connection function

Del rivate unsafe Int32 ListDevices()
Int32 result;

Alt+Enter Int32 num_devices;

Int32 iCurrentIndex;

Solution Explorer
==l
; Selution 'Data_Collector’ (1 project)
4[5 Data_Collector
>[5 Properties
v [ References
[=] active_transfer.cs
4 [ Forml.cs
‘%] Forml.Designer.cs
<] Program.cs

// Open the DLL

result = EPT_AH_Open(null, null, null);
if (result != @)

i

active transfer.cs  Forml.cs [Design]

Application
Configuration: [Actlve (Release) '] Platform: | Active (x04) ']

Build
Build Events General
Debug Conditional compilation symbols: |

[”] Define DEBUG constant
Resources

Define TRACE constant
Settings

Allow unsafe code

Reference Paths Optimize code

Signing Errors and warnings
Security Warning level:
Publish

Sunnress 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;
- 4 E Data_Collec*- ucina Sustam, Collections.Generic;
? . =i Properti [ Build .Componenttodel;
e > [:al Referent Rebuild ,gata,: .
g #] active_tr ‘% Publish ‘L;:WJ-HEJ
= = 5 H
bl 4[] Forml.c qJ,
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
}
. . 113 ED)
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();

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 object 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 @;

}

// 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 8;

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(e);

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_OpenDeviceBylIndex(). 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) == @)
1

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;

//Check 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
EPTReceiveData.Payload = payload;

¥

EPTParseReceive();

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.

Page

45



A EARTIHPEOPLE

TECHNOLOGY

UNO Data Collector Project User Manual

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 CPLD code. The btnWriteByte will set the start_stop_cntrl
signal in the CPLD to one. This signal starts the Arduino Data Collector sending its
random word to the CPLD.

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
CPLD.

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_CloseDeviceBylIndex() 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 CPLD using the AO
(WRITE_ENABLE) signal. The CPLD 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().

1.1.13 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. To build the project, go to Debug->Build Solution.
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\=#] Data_Callector - Micrasoft Vi Exp

File Edit View Refactor Project Build @ Debug Data Tools Window Help
kR == W= N REEEN Build Solution F6 || |68 ~| | (# |btnOp
P R A O | === Y Rebuild Solution

Solution Explorer

4, Publish Data_Collector

| & (2] | = El Configuration Manager... Lo T:
; Solution 'Data_Collector' (1 project) —lusing System;
4[] Data_Collector using System.Collections.Generic;
. [ Properties using System.ComponentModel;

using System.Data;

. i System.D ing;
@ active_transfer.cs Ezi:g Si:t:: L;:::’-ﬂg,

- H

4 Q.Forml.cs . using System.Text;

%] Forml.Designer.cs using System.Windows.Forms;

] Program.cs using System.Threading;

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

» [:3] References

sa2unog ejeq 1l x0q|oo] .

—Inamespace Data_Collector
1
= 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, then the environment responds with “Build
Succeeded”.

Find Results

SNESENEAT

| WALRIES =] 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.

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.

1.1.14 Connecting the Project Together

Now we will connect the Arduino, EPT 570-AP-U2, 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 570-AP-U2.
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Next, open the Arduino IDE and select File->Open and select your sketch created
earlier, Arduino_Data_Collector_Code.ino.

= ; T ——
JOpen m Ak
Look in: Arduino_Data_Collector_Code - 0 2@
. S = SN —
B Name . Date modified Type ﬁ— S—
~» || Arduino_Data_Collector_Code.ino 10/23/20128:31 AM  INO File
Recent Places
Desktop
L L
T
Libraries
A
Computer
@
« i y
Network
Fae rame I - Com]

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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Arduino_Data_Collector._Code | Arduino L0. [E=EE

File Edit Sketch Tools Help

Arduino_Data_Collector_Code

I -
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):

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.

HADE
INITALY

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

.« EPT_ST0_AP_Data_Collector » Data_Collector » Data_Collector » Data_Collector » bin » 64 »

Organize = Open Burn Mew folder

. ActiveHost_1.0.0.5_0ld o MName
. ActiveHost_1.0.0.6
. ActiveHost_1.0.0.7
. Boards
. EPT_S570_AP_Active_Transfer
. EPT_570_AP_Data_Collector
. Data_Collector
. Data_Collector
. Data_Collector
. bin
. Debug

%) ActiveHost.dll
|Iﬂ Data_Collector.exe

& Data_Collector.pdb

[57 Data_Collector.vshost.exe

%) Data_Collector.vshost.exe.manifest
%) ftd2wcodll

lam |

. Release
) w4

. Release

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 Aricess 3

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 CPLD. 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

1.1.15 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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