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ldea Formation

Simulation of a monitoring device that shows
the state of photocell as low or high.
Accomplished through interface of Galileo
board & DE2i-150 board, using GPIO expansion
of DE2i-150 board.




Introduction

A message, determined by the Galileo board, will
appear on the DE2i-150, notifying the user if a

photocell is detecting light or not.

* The photocell is detecting light if the message
reads High.

* The photocell is not detecting light if the

message reads Low.




Principle

* Photocell: A light-controlled variable resistor.
Its resistance decreases with increasing

incident light intensity.

\ photocell
N

resistor
10K ohm
(brown, black, orange)




Setup & Materials

Materials:
1 Galileo board
1 Photocell

1 Resistor
— 10 kQ

Wires
1 DE2i-150 board

Setup:
e Connect GPIO to pin 13 (PWM) of Galileo board
e Connect of photocell to pin AO (analog input) of Galileo board




Step 1 —-Set Up Circuit
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photocell is
connected to both
GND, through a
resistor, and the

analog input pin, AO. &




Step 2 —Open New Galileo Sketch

0 » Verify: To check
for errors in the

code

oad: To send

e to Galileo
board




Step 3—Pin ASS|gnments
int photoPin = A@; // 1 photoce s connected to pin AC

1t gpioPin = 13;
int photoValue;

e The photocell acts as an analog input to the
Galileo board, and is therefore connected to the

analog pin, AO.

e The GPIO acts as an digital output, and is

therefore connected to the digital pin, 13.




Step 4 —Setup Routine

vold setup() {
pinMode(gpioPin, OUTPUT): // Initialize the digital pin as an output.

}

ninMode():Configures the specified pin to

oehave either as an input or an output.

e GPIO will be a digital output.




Step 5 — Loop Routine

vold loop
S the analoa in value:

photoValue = analogRead(photoPin);
1f (photoValue < 500) {

digitalWrite(gpioPin, LOW); // Send no sit
else {
digitalWrite(gpioPin, HIGH); // Send a signal to the GPI0 expansion of the FPGA board

delay(10);
}

analogRead(): Reads the value from the specified analog pin.
digitalWrite(): Writes a HIGH or a LOW value to a digital pin. Output pin
set to oV (ground) for LOW.

delay(): Pauses the program for specified amount of time (milliseconds)

10




Step 6 —Verify Code

=
Binary sketch size: 49,680 bytes (of a 262,144 byte maximum) - 18% used H

8 Intel® Galileo on /dev/tty.usbmodemlal2l

 Verify the code to check for errors

e Errors would be displayed at the bottom of

the window




Step 7—Upload to Galileo

8 Intel® Galileo on /dev/cu.usbmodem1dlll

e Send code to Galileo board via USB

e |If unknown, serial port can be found by:
— Tools -> Serial Ports -> [dev/tty.usbmodel141a




Step 8 —Quartus Il Home Page

Quartus |l 64-Bit

*Select File -> New Project Wizard
*Click Next




Step g - Directory

New Project Wizard

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

What is the working directory for this project?

What is the name of this project? Enter |nf0rmat|0n

What is the name of the top-level design entity for this project? This name is

case sensitive and must exactly match the entity name in the design file. a b O Ut yo U r p rOj e Ct
Use Existing Project Settings...

— Working Directory

— Name of New Project

Click Next




Step 10 — Device Settings

New Project Wizard

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

You can install additional device support with the Install Devices command on the Tools menu.

Device family Show in "Available devices' list

Family: Cyclone IV GX Package: Any

Pin count: Any
Target device Speed grade: Any
Auto device selected by the Fitter Name filter:

®) Specific device selected in ‘Available devices' list 7] Shiow advanced deiicas

Available devices:

Core Voltage LEs User I/0s GXB Transmitte ~

EP4CGX1S0DF31C7 _-__

EP4CGX150DF31C8 1.2V 149760 508
< >

Finish

Assign a Specific FPGA
to design and make Pin
Assignments
— Click Finish

— ClickYes to create

project directory




Step 11 — New VHDL File

New

New Quartus II Project
4 Design Files
AHDL File

° Select F||e -> New -> Block Diagram/Schematic File
EDIF File

Qsys System File

VH D I_ Flle State Machine File

SystemVerilog HDL File
Tcl Script File

: Verilog HDL File
° .
ClICkOK 'VHDL File
4 Memory Files
Hexadecimal (Intel-Format) File

_Memory Initialization File

Cancel




Step 12 —Write VHDL Code

[«
] Quartus |l 64-Bit - C
Fle Edt View Project Assignments Processing Tools Window Help

Jd o ’ a Photo_Galilea
Project Nawgater
s Cyclone IV G EPSOGX1S00FIICT

# Photo_Galileo

= View Report
= Partitson Merge
Nethet Viewers
* Design Assestant (Pest-Mapping)
a = /O Assignment Anplysis
= Wiew Report
@ Pn Planner

* Type VHDL code into Blank Project Space




Step 12 —Write VHDL Code

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE std_logic_arith.all;

use IEEE std_logic_unsigned all;

entity Photo_Galileo 1s

port(
clk, detect: in std_logic;
display_ssd0 : out std_logic_vector (6 downto 0); -- This reps HEX0 which has 7 bits, 0-6
display_ssd1 : out std_logic_vector (6 downto 0); -- This reps HEX1 which has 7 bits, 0-6
display_ssd2 : out std_logic_vector (6 downto 0); -- This reps HEX2 which has 7 bits, 0-6
display_ssd3 : out std_logic_vector (6 downto 0) -- This reps HEX3 which has 7 bits, 0-6

):
end Photo_Galileo;

architecture arch of Photo_Galileo is

signal number: integer:=0;
signal count: integer:= 1:
signal clock: std_logic:="0";

begin

process(clk)

begin
if{clk'event and clk="1") then
count <= count+1;
if(count = 5000000) then
clock <= not clock:
count <=1;
end if;
end 1f;
end process;




Step 12 —Write VHDL Code

process (clock)
begin
if (clock'event and clock="1") then
if (detect ='1") then
number <= 1;
elsif (detect = '0")then
number <= (;
end if;
end if;
end process:

process(number)
begin

if (number = 0) then
display_ssd0 <= "1000000";
display_ssd1 <="1000111";
display_ssd2 <="1111111";
display_ssd3 <="1111111";

elsif (number = 1) then
display_ssd0 <="1111001";
display_ssd1 <="0001001";
display_ssd2 <="1111111";
display_ssd3 <="1111111";

end process:;

end arch;




Step 13—.

Fle Edt View Project Assignments Processing Tools Window Help
& Photo_Gelileo = . Y

Progect Navigator =
Entity

: OV
v
Table of Contents
T Flew Swmmary
= Flow Settings
= Flow Non-Default Global Settings
= Flow Elapsed Time
= FAow 05 Summary
i Flow Log
Anolyss & Elsboretion
Analysrs & Synithesis
Flow Mesoages
Flow Suppressed Messages

% Cyclone IV GX: EPSCGXIS0DF3IICT

4 = Compils Desgn
= Edit Settings
= View Report
» Aralyss B Blaborabior
= Partition Merge
Netist Viewers
= Design Assistant (Post-Mappng)
# = [0 Assignment Anabyss
= Vhen Raport
®

Al o©

Messages

e Select Process -> Start -> Start Analysis & Elaboration

Click OK.

Flow Satus
Quartus 11 64-Bit Versaon
Bevison Name
Top-level Entity Name
Family
Device
Temang Models
Total logic elements
Total combinational functions
Decficated logic regiters
Total registers
Total pins
Total virtual pins
Total mameony bits
Ernbedded Muktaher S-be slemants
Totel GXE Recenver Chennel PCS
Total GXB Receiver Channel PRA
Total GXB Transminer Channel PCS
Total GXB Trarnsmitter Channel PMA
Totel Plls

Analysis & Elaboration

Compelatson Report - Photo Galileo

Successiul - Sun Apr D6 19:26:17 2014
13.1.0 Busld 162 10/23/2013 5] Wb Edition
Phote_Gallles

Photo_Galdleg

Cyclone TV GX

EP4CGX150DF31CT

Fnal

N/A until Partition Merge

WA until Partition Marge

W/A until Partition Merge

NA untl Partition Merge

N/A until Partition Merge

N/A until Partition Merge

N/A until Parition Marge

/A untsl Partibion Marge

WA until Portiion Merge

N/A until Partition Merge

WA until Partition Merge

N/A until Partibon Merge

N/A until Partition Merge




Step 14 — Pin Planner

pon  1f0 Benk RI

Raty erental |

=]
¥

Location
PIN_AJ16
PIN_F

0 G0 00 G0 00 OO sl e e

8
B
-]
8
]
8
]
8
B
]
8
5
a
]
8

Select Assignments -> Pin Planner
In location Column add the pin numbers for values of DE2i-150 board
The pin assignments can be found in the DE2i-150 FPGA System Manual




Step 15— Start Compilation

Quartus Il 64-Bit - C/U
Fle Edit View Project Assignments Processing Tools Window Help
PhotoGeiles - = * S @PQ
Table of Contents. o = -
= Flow Summary Flow Satus Surceschul - Sun Apr D6 15:33:01 2014
= Flow Settings Quartus [T 64-Bit Version 13.1.0 Budld 162 10/23/2013 5] Weh Edition
= Fiow Non-Default Global Settings ~ Revision Hame Photo_Gallieo
= Flow Elapsed Time Top-level Entty Norme
= Fow 05 Sumenary Famiy C
K Flow Log Device EP4CEX1IS0DFIICT
Analysss & Synthesis Tamung Models
Fitter Tetel logic elenents
Assermibler Total combinational functions.
» Design Assistant (Prst-Mapping) TemeQuest Timing Anglyzer Deshoetnd Kool vegiens
= » /O Assignment Anslysss EDA Netist Writer Toeal registers
= View Repart Flow Messages Tetal pins
. Flow Suppressed Messages Total virtual pins.
Total memory bits
Embedded Multipher 9-bit slaments
Total GXB Recener Channel PCS
Total GXB Receiver Channel PMA
Total GXB Tranemiter Channel PCS
Total GXB Transmitter Channel PMA
Total PLLs

[6635520(0% )
[720(0%)
/8(0%)
[8(0%)
J8(0%)
/8(0%)
8(0%)

0
0
0
0
o
o
0
0

100%  DD:0%:28

e Select Processing Menu -> Start Compilation or Click Play button
* View Compilation Message & Report.
e Click OK.




Step 17 - Programmer

Programmer - C:/Users/Phathom/Documents/Computer Bus Files/Quartus Projects/Photo_Galileo/Photo_Galileo - Photo_Galileo - [output_files/Photo_Galileocdf] - O

He Edit Vew Processing Tools Window Help #

L Hardwere Setup... No Hardware Mode: JTAG = Progress:
Enable real-tme ISP to allow background programming (for MAX 1T and MAX V devices)
Device Checksum

output_files/Photo_Galileo.sof EP4CGEXL... 00728864

-
+ LH

Connect Power supply cable to board and power outlet, Connect USB-
Blaster to Jg, USB cable to USB-Blaster, Connect other end of USB cable
to host computer

Turn on DE2i-150 board

Select Tools -> Programmer
Click Hardware Setup

Select Project file from Directory
Press Start




Conclusion

e Very fun and easy project.
e Can be modified for more features.

* Unsure if analog values can be displayed on 7-

segment display.
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