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Chapter 1

Infroduction of the tPad

The tPad Embealded Evaluation Kit is a comprénensive design environment with everything
embeddé developers nedal to create processhng-basal systems.The tPad ddivers an integrated
platform that includes hardware, design tools, intelledual propeaty (IP) and reference designs for
devdoping embedde sdtware and hardware platform in a wide range of applicaions. The fully
integrated kit allows deelopers to raidly customze their proessorand IP to best suithar specific
applicaion. The tPad features the DE2-115 development boad targeting the Cyclone IV E FPGA,
as wdl as aLCD multimedia mlor touchpand and a5-Megapixel digital imagesensomoduk.

ThetPad is preconfigured with anFPGA hardware reference design including several Realy-to-Run
demondration applications storel on the provided SD-Card. Software developers can use these
reference designs as ther platform to quickly archited, develop and build complex embedde
systems By simply saolling through the demo of your choice on the LCD multimediacolor touch
pané, you @n evaluate numeius proessor ystem desigs.

Theall-in-oneembedad soluion offered on the tPad, in combination of the LCD touchpané and
digital image moduk, provide embedde devdopers theided platform for multimediaapplicaions
with unpaallel processing peformarce Developeas can benefit from the use of FPGA-basel
embeddéd processhg systemsuchas mitigae design risk and obsobscence design reuse,reducing
bill of mateial (BOM) costsby integrating powerful graphicsengineswithin the FPGA, and lower
cost.

Figure 1-1 shows gphobgraph ofthetPad.
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Figure 1-1 The tPad board overview

Thekey fedures o the board are listed béow:

B DE2-115 Development Board

e CyclonelV EP4CE115 FPGA
o 114,480LEs
o 432 M9K memoy blocks
o 3,888 Kbitsembedde memoy
o 4PR.Ls

e Configuration
o On-boad USB-Blaste circuitry
o JTAG and AS mode onfiguration supportd
o EPCS64 seial configuration devie

e  Memoty Devices
o 128MB SDRAM
o 2MB SRAM
o 8MB Hashwith 8-bit mode
o 32Kbit EERROM

e  Switches andindicéaors
o 18 swithes and4 pushbuttons
o 18 red and 9green LEDs
o Eight 7-segment digplays
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e Audio
o 24-bit encode/decmdea (CODEC)
o Line-in, line-out, and micophonein jadks

e Display
o 16x2 LCD module

e On-Board Clocking Circuitry
o Three50MHz oscillator clock inputs
o SMA connetors extemd clock inputoutput)

e SD Cad Sodket
o Provides Pl and 4bit SD modefor SD Card access

e Two Gigabit Ethenet Ports
o Integrated 10/100/100@igabit Ethend

e High Sead Mezzanine Cad (HSMC)
o Configurable I/0O sendads (voltagdevds: 3.3/2.51.8/1.5V)

e USBTypeAand B
o Providehostand device controller compliant with USB 2.0
o Suppot daatransfe at full-sped and low-speed
o PC driver available

e  40-pin ExpansionPort
o Configurable I/O sendads (voltagdevds: 3.3/2.51.8/1.5V)

e VGA-out Connestor
o VGA DAC (high sped triple DACs)

e DB9 Szial Connector
o RS232 pot with flow control

e PS2 Connector
o PS2 connetor for conreding a PS2 mou® or keyboad

e TV-in Connetor
o TV demdea (NTSCPAL/SECAM)

e Remote Control
o Infrared recaver module
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e Powe
o DesktopDC input
o Switching and sep-down regulators LM3150MH

B L CD touch screen module

e  Equippeal with an 8-inch AmorphousTFT-LCD (Thin HIm Transidor Liquid Crystal Disphy)
moduk

e Module ompo®d of LED backlight

e  Suppot 18bit paalel RGB interface

e Convating the XY coordination of tout pointto its coresponding digital data viathe
Anaog Devices AD7843 A/D convater

Table 1-1 shows the gneral physicd specifications of thelL.TC (Note*).

Table 1-1 General physical specifications of the LCD

Item Specification Unit
LCD size 8 inch (Diago nal)

Resolu tion 800 x3(RGB) x 600 dot

Dot pitch 0.0675(W) x 0.2025(H) mm
Activ e area 162.0(W) x 121.5(H) mm
Module size 183.0(W) x 141.0(H) x 7.2(D) mm
Surface treatment Anti-Glare

Color arrangement RGB-stripe

Interface Digital

B 5-Megapixel digital image sensor module

e  Supeior low-light peformane

e High frame rate

e Low dark current

e Globd resd release, which serts the &posureof al rows sinultaneously
e  Bulb exposuremode, br arbitrary exposuretimes

e  Sngshotmode tatakeframes on dmand

e Horizontal and vetical mirror image

e  Column and raw skip nodes to reluce image size without redudng field-of-view
e  Column and raw binning nodes to mproveimage qudity when resizing
e Simple twowire seial interface

e Progammable mntrols: gain, framerate, frame skze, exposure

Table 1-2 shows the ke parametes ofthe CMOSsenso(Note*).
5
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Table 1-2 Key perfor mance parameters of the CM OS sensor

Parameter

Activ e Pixels
Pixel size

Color filt er array
Shutter type

Maximum d ata rate/master clock

Full resolution

Frame rate
VGA mode
ADC resolu tion
Responsivity
Pixel dynamic range
SNRMAX
Supp ly Voltage Power
pply g e

B Digital Accelerometer

e Up to 13bit resoluion at +- 169
e SH (3- and 4wire) digita intefface
e Flexible interrupts nodes

Value

2592Hx1944V
2.2umx2.2um

RGB Bayer pattern

Glob al reset release(GRR)
96Mp/s at 96MHz

Programmable up to 15 fps
Programmable up to 70 fps

12-bit
1.4V/lux -sec(550nm)
70.1dB

38.1dB

3.3V
1.7V~3.1V

Note: for more detailed information of the LCD touch panel and CMOS sensor module, please

refer to their datasheets respectively.

1.1 About the Kit

Thekit containsall uses needed to run the demonstationsand develop customdesigns, as shown

in Figure 1-2.

The system CD containstedhnicd doamentsof the tPad which includes componentdaashets,

demongrations schematic, and use manud.
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© tPad Board

@ Type A-B USB Cable

© Power Supply

® tPad Quick Start Guide

© Altera Complete Design Suite DVD
for Windows

® DE2-115 & tPad System CD

@ Remote Controller

® 2GB SD Card

© Two Wire Strips (black and red)

® USB to SD Card Adapter

#® Two 1-pin Headers

Figure 1-2 tPad kit p ackage contents

1.2 Getting Help

Here is information of howto get help if you encounterany prodem:

e Terasic Tedhnolagies
e Td: +886-3-550-8800
e Email: support@teasic.com
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Chapter 2
tPad Architecture

This chgpterdescribes the architedure of the tPad including block diagram and mmponents.

2.1 Layout and Components

The picture of thetPad is shownin Figure 2-1 and Figure 2-2. It depicts telayout of theboad and
indicates thelocations of the ®nnestorsand key components.

5-Megapixel Digital Camera

8"LCD Touch Panel

Figure 2-1 tPad PCB and component diagram (top view)
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TV Decoder
(NTSG/PAL)
Audio 101%%3%?0M
28MHz
UsB CORES Oscillator ot
usg Device T ) Ethernet
Blastat Poit USB Mic LineLine Video ~ VGA 10/100/1000M RS-232
Host In In Out In Out Port0 Port

) N "
; Ik L" u
12V DC Power Supply Connector

Power ON/OFF Switch
Altera USB Blaster Controller chipset

wn

LI

USB Host/Slave Controller
Altera EPCS64 Configuration Device

LCD 16x2 Module

7-segment Displays
Programming Mode Switch

18 Slide Switches 18 Red LEDs 4 Push-buttons 8 Green LEDs

Figure 2-2 tPad PCB and component diagram (bottom view)

2.2 Block Diagram of the tPad

PS/2 Port
Triple 8-bit VGA DAC
Gigabit Ethernet PHY

Expansion Header
(with Protection Diodes)

Altera 60-nm Cyclone IV
E FPGA with 115K LEs

50MHz Oscillator
64MB SDRAM x2
2MB SRAM

8MB FLASH

SMA Ext Clock Out
SMAExt Clock In
IR Receiver

Figure 2-3 gives the block diagram of the tPad board. To provide maximum flexibility for the user,

all connections are made through the Cyclone IV E FPGA device. Thus, the user can configure the

FPGA to implement any system design.

LTC

N CMOS
Sensor

DE2-115

'y

/AVO[S RVA\,

Cyclone!?'?IV

Figure 2-3 Block Diagram of tPad
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Chapter 3
Using the tPad

This section desaibes the detailed informationof the componentsconnestors, and pin assgnments
of thetPad.

3.1 Configuring the Cyclone IV E FPGA

ThetPad boad containsa seaial configuration device that stores configuration data for the Cyclone
IV E FPGA. This configurdion daa is autormeticdly loaded from the configuration device into the
FPGA every time while powe is applied to the board. Using the Quartus 1l software, it is possble
to reconfigure the FPGA at any time, and it is also possble to change the non-volatile daa thatis
storal in the sefal configuration device. Both types of pogramming methals ae described below.

1. JTAG programming: In this methodof programming, named after the IEEE standads Joint
Test Action Group, the configuration bit stream is downloaled directly into the CyclonelV E
FPGA. The FPGA will retain this configuration as long as power is applied to the boad; the
configuration infomation will belostwhen thepowe is turnal off.

2. AS programming: In this method,cdled Active Serial programming, the configuration bit
stream is downloaled into the Altera EPCS64 seial configuration device. It provides
nonvolatile storaye of the bit stream, sothat theinformation is retained even when the powe
suppl to the tPad board is turned off. When the board’s power is turned on, the configuration
daa in the EPG64 device is autonaticdly loaded into the GyclonelV E APGA.

B JTAG Chain on tPad Board

To useJTAG interfacefor configuring FPGA device, the JTAG chan onthe tPad mustform a close
loop thatallows Quatus|l programmer to deted the FPGA device. Figure 3-1 illustratesthe JTAG
chan onthe tPad board. Shortingpinl and pin2 on JP3 can disablethe JTAG signds onthe HSMC
connector that will form a close JTAG loopbad on DE2-115 (SeeFigure 3-2). Thus,only theon
boad FPGA device (Cyclone IV E) will be deteded by Quartus Il programmer. By default, a
jumper is placed on pinl and pin3 of JP3. To prevent any changes to the bus controller (Max Il
EPM240)desaibed in later sedions, uses shoudl not adjusthe jumperon JP3.

10
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ALTERAY

-
UsB Embedded Blaster
Connector TDO |
9 3 ¢—
& USB TDI
i<—> o [+—>{ EPM240 AIERAY 2
TDO — TDI TDO 1 —
Cyclone,@IV P3

Figure 3-1 JTAG Chain

JP3

Figure 3-2 The JTAG chain configuration header

B Configuring the FPGA in JTAG Mode

Figure 3-3 illustrates the JTAG configuration setup. To downloal a configuration bit stream into
the GyclonelV E FPGA, paform thefollowing steps:

e Ensuethat powe is gplied to thetPad boad

e Configure the JAG progamming circuit by settng the RUNPROG slide switch §W19) to
the RUNpostion (Sed-igure 3-4)

e Connet thesuppled USB cable to the USB-Blaster port on hetPad boad

e TheFPGA can now ke programmed by ushgtheQuatuslil Programmer moduk to selet a
configuration bit stream fil e with the .sof filename extensbn

11
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USB Blaster Circuit

Quartus Il PROG/RUN

gi Programmer | maxa = JTAGUART ALTERAY
Q@ EPM 240 —’E — >

8 JTAG Config Signals Cycl e.@IV
“RUN”

%

QUARTUS I

Figure 3-3 The JTAG chain configuration scheme

Figure 3-4 The RUN/PROG switch (SW19) is set to JTAG mode

B Configuring the EPCS64in AS Mode

Figure 3-5 illustratesthe AS configuration se up. To downloal a configuration bit stream into the
EPCS64 seial configuration devie, peform the following steps:

e Ensuethat powe is gplied to thetPad boad

e Connet thesuppied USBcable to the USB-Blastr port on thetPad boad

e Configure the JAG progamming circuit by settng the RUNPROG slide switch (SW19) to
the PROG postion

e TheEPCS64 chip can now beprogrammed by using the Quartusll Programmer module to
sdect a @nfiguration bit stream file with the .poffilename etension

e  Oncethe ppgramming opeation isfinished, sethe RUN/PROG slide switch bak to the RUN
postion and then esd theboad by turning the paver switch off and back on; this adion
causes thanew configuration dda in the EPS64 device to be loaed into the FPGA chip

12
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USB Blaster Circuit

PROG/RUN
\ Quartus I AS Mode Auto Power-on =
\\Q Programmer MAX Il i Config Config [ANOTS RYA\
i —_— >
\.@ EPM 240 f
OQUARTUS"II Cyclone?[l’
“PROG”

Figure 3-5 The AS configuration scheme

3.2 Bus Controller

ThetPad comeswith a buscontroller usingthe Max Il EPM240thatall ows userto accessthetouch
saeen moduke through the HSMC connector. This section desaibes its structure in block diagram
form and itscapabilities.

B BusController Introduction

Thebus ontroller provides levé shifting funcionality from 2.5/ (HSMC) to 3.3Vdomans.

B Block Diagram of the Bus Controller

Figure 3-6 givesthe block diagram of the connedion seup from the HSMC connector to the bus
controller on the Max Il EPM240to the touchscreen moduke. To provide maxmum flexibility for

theuser all connectionsare establshedthrough the HSMC connector. Thus, the usercan configure
the GyclonelV E FPGA on thetPad to implement any system asign.

/AYOTS YA\,

' 3.3V ' ' 2.5V/3.3V ' :‘
EPM240

Figure 3-6 Block Diagram of the Bus Co ntroller

13
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3.3 Using the 8” LCD Touch Screen Module

The tPad feaures an 8-inch AmorphousTFT-LCD pané. The LCD Toudh Screen moduk offers
resoluion of (800x600) to provide uses the best display qudity for devdoping applicaions. The
LCD panel supports 18bit paralel RGB daa interface

The tPad is aso equipped with an Analog Devices AD7843 touch screen digitizer chip. The
AD7843is a 12-bit andog to digital convater (ADC) for digitizing x and y coordinaes of touch
points apgied to hetouch scee. The coordinaesof thetouch poing can be read throwgh the seial
port interfaceon theAD 7843.

To display images on the LCD pand corredly, the RGB color daa along with the data enable and
clock signals mustad acaording to the timing specification of the LCD touch pané as shown in
Table 3-1.

Table 3-2 gives the pin asgnment infomation ofthe LCD toud pand.

Table 3-1 L CD timing specifications

Parameter Symbol Min. V?;upés Max. Unit
CLK Frequency FCPH - 39.79 - MHz
CLK Period FCPH - 25.13 - Ns
CLK Pulse Duty FCWH 40 50 60 %
DE Period FDEH+ TDEL 1000 1056 - TCPH
DE Pulse Width FDH - 800 - TCPH
DE Frame B lanking FHS 10 28 110 FDEH+TDEL
DE Frame Width FEP - 600 - FDEH+TDEL
OEV Pulse Width TOEV - 150 - TCPH
OKYV Pulse Width TCKV - 133 - TCPH
DE(internal)-STV Time T1 - 4 - TCPH
DE(internal)-CKV Time T2 - 40 - TCPH
DE(internal)-OEV Time T3 - 23 - TCPH
DE(internal)-POL Time T4 - 157 - TCPH
STV Pulse Width - - 1 - TH

Note: THS + THA <TH

Table 3-2 Pin assignment of the LCD touch panel

Signal Name FPGA Pin No.  Description I/O Standard
LCD_DIM PIN_P27 LCD backlight enable 2.5V
LCD_NCLK PIN_V24 LCD clock 2.5V
LCD_RO PIN_V26 LCD red data bus bit 0 2.5V
LCD_R1 PIN_R27 LCD red data bus bit 1 2.5V
14
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LCD_R2 PIN_R28 LCD red data bus bit 2 2.5V
LCD_R3 PIN_U27 LCD red data bus bit 3 2.5V
LCD_R4 PIN_U28 LCD red data bus bit 4 2.5V
LCD_R5 PIN_V27 LCD red data bus bit 5 2.5V
LCD_GO PIN_P21 LCD green data bus bit 0 2.5V
LCD_G1 PIN_R21 LCD green data bus bit 1 2.5V
LCD_G2 PIN_R22 LCD green data bus bit 2 2.5V
LCD_G3 PIN_R23 LCD green data bus bit 3 2.5V
LCD_G4 PIN_T21 LCD green data bus bit 4 2.5V
LCD_G5 PIN_T22 LCD green data bus bit 5 2.5V
LCD_BO PIN_V28 LCD blue data bus bit 0 2.5V
LCD_B1 PIN_U22 LCD blue data bus bit 1 2.5V
LCD B2 PIN_V22 LCD blue data bus bit 2 2.5V
LCD_B3 PIN_V25 LCD blue data bus bit 3 2.5V
LCD_B4 PIN_L28 LCD blue data bus bit 4 2.5V
LCD_B5 PIN_J26 LCD blue data bus bit 5 2.5V
LCD _DEN PIN_P25 LCD RGB data enable 2.5V
TOUCH _PENIRQ_N PIN_L22 AD7843 pen interrupt 2.5V
TOUCH _DOUT PIN_L21 AD7843 serial interface data out 2.5V
TOUCH _BUSY PIN_U26 AD7843 serial interface busy 2.5V
TOUCH _DIN PIN_U25 AD7843 serial interface data in 2.5V
TOUCH _CS_N PIN_T26 AD7843 serial interface chip sele ct in put 2.5V
TOUCH DCLK PIN_T25 AD7843 interface cloc k 2.5V

3.4 Using 5-Megapixel Digital Image Sensor Module

The tPad is equippedwith a 5-Megapixel digital image sensa moduk that provides an adive
imaging array of 2,592Hx 1,944V It feaures low-noiseCMOS imaging technolagy that achieves
CCD image quality. In addition, it incomporaes sophsticaed camera fundions on-chip suchas
windowing column and row skip mode, ad sn@shotmode.

The sensor can be opeaated in its default mode or programmed by the user through a simple
two-wire seial interfacefor frame size, exposue, gain setings, and other paameters. Table 3-3
contains he pin name and desaiptions of theimage sensomoduk.

Table 3-3 Pin assignment of the CMOS sensor

Signal Name FPGA Pin No. Description I/O Standard
CAMERA_ PIXCLK |PIN_J27 Pixel clock 2.5V
CAMERA_ DO PIN_F26 Pixel data bit 0 2.5V
CAMERA_D1 PIN_E26 Pixel data bit 1 2.5V
CAMERA_ D2 PIN_G25 Pixel data bit 2 2.5V
15
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CAMERA_ D3 PIN_G26 Pixel data bit 3 2.5V
CAMERA_ D4 PIN_H25 Pixel data bit 4 2.5V
CAMERA_ D5 PIN_H26 Pixel data bit 5 2.5V
CAMERA_ D6 PIN_K25 Pixel data bit 6 2.5V
CAMERA_ D7 PIN_K26 Pixel data bit 7 2.5V
CAMERA_ D8 PIN_L23 Pixel data bit 8 2.5V
CAMERA_ D9 PIN_L24 Pixel data bit 9 2.5V
CAMERA_ D10 PIN_M25 Pixel data bit 10 2.5V
CAMERA_D11 PIN_M26 Pixel data bit 11 2.5V
CAMERA_ STROBE PIN_G28 Snapshot strob e 2.5V
CAMERA_ LVAL PIN_K27 Line valid 2.5V
CAMERA_ FVAL PIN_K28 Frame valid 2.5V
CAMERA_ RESET_N/PIN_M28 Image sensor reset 2.5V
CAMERA_ SCLK PIN_K22 Serial clock 2.5V
CAMERA_ TRIGGER PIN_H23 Snapshot trigg er 2.5V
CAMERA_ SDATA PIN_H24 Serial data 2.5V
CAMERA_ XCLKIN |PIN_G23 Extern al inp ut clock 2.5V

3.5 Using the Digital Accelerometer

The tPad is equippedwith a digital accéeromeer sensor module the ADXL345is a small thin,
ultralow powe assunption 3-axis accéeromeer with high resoluion meauranent Digitalized
outputis formattedas 16-bit twos complementand could be accessedeither using SH interfaceor
I2C interface This chip uses the 3.3V CMOS signding standad. Main applicaionsincludemedial
instrumentation, indudrial instrumentation, persona electronic aid and hard disk drive protedion
etc. Someof the key features of this device are listedbdow. For moredetail ed informationof better
usingthis chip, pleaserefer to its datasked which is avail able on manufacturer’s website or unde
the /daashet folder of the system M.

Table 3-4 contains he pin names anddescriptions of theG sensor module.

Signal Name FPGA Pin No. Description I/0 Standard
GSENSOR_INT1 PIN_AE26 Interrupt 1 output 2.5V
GSENSOR_INT2 PIN_AE27 Interrupt 2 output 2.5V
GSENSOR_CS_n PIN_D28 Chip Select 2.5V
GSENSOR_ALT_ADDR PIN_E27 I2C Address Select 2.5V
GSENSOR_SDA_SDI_SDIO|PIN_E28 Serial Data 2.5V
GSENSOR_SCL_SCLK PIN_F27 Serial Communications Clock 2.5V
16
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Chapter 4

Pad Demonstrations

This chapter gives detailed desaiption of the provided bundles of exclusive demongrations
implementedon tPad. Thesedemongrationsare particularly designed (or ported) for tPad, with the
god of showing the potential capabilities of the kit and showase the unique bendits of
FPGA-based SOPC systems such as redudng BOM costs by integrating poweaful graphics and
video pocessing circuits within the FPGA.

4.1 System Requirements

To runand recompile thedemongrations,you shauld:

o Install Altera Quatusll 10.0 and NIOSII EDS 10.0 or lter edition on thehostcompuger

e Installthe USB-Blaste driver sotware. You can find instrudions n the tubrial “Geting
Started with Altera’s DE2-115 Board” (tut_initialDE2-115.pdj which is avail able on the
DEZ2-115 gstem CD

e Copythe etire danongrations folde from thetPad system M to your host computer

4.2 Factory Configuration

ThetPad devdopment kit comesprecnfigured with a default utility thatbootsup onpowe on and
allowsuses to quickly sded, load,and run different Ready-to-Run demongrationsstored onan D
Card using the tPad touch pané. Figure 4-1 gives a snapshobf the default applicaion sdecor
interface (Note*). Every demondration conssts of a FPGA hardware imageand an applicaion
softwae image When you select a demongration the applicaion sdector copiesthe hardware
image to EPCS device and softwae image to flash memoy and reconfigures the FPGA with your
sdection. For more comprehensive information of the applicaion sdector factory configuration,
plesserefer to chapter 5.
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1. Pic_View
_— v

3. UEZ_IiS_SD_CIrd_Audio_PI\ '

5. DE2_115_LED

tPad

@

Figure 4-1 Application selector interface

f;-

,’5@
Note: Pleaseinsert the supplied SD Card from this demonstration.

4.3 tPad Starter Demonstration

ThetPad starter demondration take userthe iniial experience of an embedded system ntegrating a
LCD Toudh Panel. This demongration consstsof two subitem, Touch and Color patern generator.
The Touch segment draws a circle on where you touchthe saeen and upddesits coordindeson the
top left comer. The patern geneator can be treated as an upgade version of the LCD testprogram.
The softwae sucessively generates different color paterns after a fixed time dday. Use's could
use it b quickly investgae any flaw of theLCD.

Figure 4-2 showsthe hardware systemblock diagram of this demongration. The systemis clocked
by an extema 50MHz Osal lator. Through theinternd PLL module, the generated 100MHz clock is
usedfor Nios Il processa and othercomponentsand there also a 40MHz pixel clock for thevideo
pipelineand 10MHz for low-spee peripheas. The Nios Il CPU runsthe applicaion softwae and
controls al the peripherals. A scatter-gather DMA is usedto transfe pixel daa from the video
buffer to thevideo pipéne

18

""-'m Terasic tPad User Manual www.terasic.com

WWW. CEra5Ic. am

Downloaded fronDatasheet.su



O!Jquﬂ.IOEUUODJBJM wajeshs

Figure 4-2 Block diagram of the tPad Starter demonstratio n

Figure 4-3 illustrates the softwae structure of this demondration. The touch pand’s SH HAL
block respondsto the bottom hardware requests and interfaceto uppe layers. The SGDMA HAL
alocates required frame/desciptor buffers to spedfied memoy address and is responsble of
handling frame bufer updae issue.

Figure 4-3 Software stack of the tPad Starter demonstratio n
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B Demonstration Source Code

e  Project directory: tPad Sarter
e Bit stream usedtPad Sartersof
e Niosll Workspae: tPad_SarteiSoftware

B Demonstration Batch File
Demo Batch Fle FoldertPad Sartekdemo_batch

Thedamo batd file includesthefollowing files:

e BatchFile: tPad Sarterba, tPad Sarter bashic
e FPGA Configure File: tPad Sartersof
e Niosll Program: tPad Sarterelf

B Demonstration Setup

e MakesureQuatusll and Nios Il areinstalled onyour PC

e Powe on theDE2-115 load

e Connet USB-Blastea to the DE2-115 bard and install USB-Blaste driver if necessay

o  Execute the demo batch file “tPad Sarterba” under the batch file folder,
tPad Sarteidemo_batt

e AfterNiosIl program is downloaed and exeauted sucessfully, aprompt messagewill be
displayed in nios2termind

e From on theiouch pael, tap ay icon ofthe méan interfaceand strt the experience, as shown
in Figure 4-4, Figure 4-5 and Figure 4-6

e Undea each sub tem, towch theExit button on the |& bottom coner will lead you badk to the
main inerface
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Figure 4-4 Main int erface of the tPad Starter demonstratio n

: : X=511/¥=359

Figure 4-5 The tPad Starter Touch sub item
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Figure 4-6 The tPad Starter Pattern sub item

4.4 tPad Picture Viewer

This demondration showsa simple picture viewer implementation using Nios Il based SOPC
system.lt reads JPEG images stored on SD Card and displays themon the LCD. The Nios Il CPU
decodes the images and filIs the raw result daa into frame buffers in SDRAM. ThetPad will show
the image the buffer being displayed points to. When uses touch the LCD Toud Pand, it will
procedd to display the next buffered image until there is no filled buffer and enter the L oading
phase Figure 4-7 shavs the blod diagram of this demongration.

TheNios Il CPU here takes a key roll in the demonstation. It is responsble of decoding the JPEG
images and coordinaestheworks of al the peripherals. The touchpand handling program uses the
timeras a egular interrupterand peiodically updates thepen stateand sampled coordindes.
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50MHz

Figure 4-7 Block diagram of the pictu re viewer demonstratio n
B Demonstration Source Code

e  Project directory: tPad_Hcture Viewer
e Bit stream usedtPad Picture Viewer.sof
e Niosll Workspae: tPad Fcture Viewer\Software

B Demonstration Batch File
Demo Batch Fle Folder. tPad_Hcture Viewer\demo batch
Thedamo batd file includesthefollowing files:

e BatchFile tPad Ficture Viewer.bat, tPad Fcture Viewer bashrc
e FPGA ConfigureFile: tPad PFicture Viewer.sof
e Niosll Program: tPad Fcture Viewer.elf

B Demonstration Setup

e Formatyour SD Cad into FAT16 format

e Place thejpgimagefiles to the\jpg suldirectory of the SD Cad. For best dsplay result, the
image shoull have aresdution of 800600 orthemultiple of that

e Insert theSD Cad to theSD Cad slot on hetPad

e Loal the bitstream into the FPGA on thetPad boad
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e Run the Nos Il Software unde theworkspacetPad Ficture Viewer\Software (Note*)
e Toucdh the ply button will proeal to dsplay thenext image. Figure 4-8 gives ascreen shotof
the tRd pictue viewer demongration. Table 4-1 shows the instictions forrunningthe

demongration

Figure 4-8 tPad picture viewer demonstratio n

Table 4-1 Touch pand displayed information

Display information Implication
Press heplay bution to dsplay the net buffered image

Loading... Indicates theloadirg progress
57.1%

Note: execute the tPAD_Picture Viewer.bat under tPAD_Picture Viewer\demo_batch will
automatically download the .sof and .elf file.
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4.5 Video and Image Processing

TheVideo and Image Processing (VIP) Example Design demongratesdynamic scding and clipping
of a standad ddfinition video stream in either Nationd Television System Committee (NTSC) or
Phase Alternation Line (PAL) format and picture-in-picture mixing with a background layer. The
video stream is outputin high definiti on resoluion (800x600) on the HSMC LTC daughter card
(pat of the tRad).

The example design demongdrates a framework for rapid devdopment of video and image
processing systemsusing the paameteizable MegaCore® functionsthatare avail able in the Video
and Image Processing Suite. Avail able functionsare listedin Table 4-2. This demongration needs

the Quartusll license fleincludestheVIP suite feaure

IP MegaCore
Function

Frame Reader
Control
Synchronizer
Switch

Color Space
Converter

Chroma Resampler

2D FIR Filter
Alpha Blending
Mixer

Scaler
Deinterlacer
Test Pattern
Generator

Clipp er

Color Plane
Sequencer

Frame Buf fer

2D Median Filter
Gamma Corrector

Clocked Video
Input/Output

Table4-2 VIPIP coresfunctions
Description

Reads video from external memory and outputs it as a stream.

Synchronizes the changes made to the video stream in real time b etween two
functio ns.

Allow s video stre ams to be switched in re al time.

Converts image data between a variety of different color spaces such as RGB to
YCrCb.

Changes the sampling rate of the chroma data for image frames, for example
from 4:2:2to 4:4:4 or 4:2:2to 4:2:0.

Implementsa 3x3,5x5, or 7x7 finite impulse response (FIR) filter on animage
data stream to smo oth or sharpen imag es.

Mixes and blends multipl e image stre ams—useful for implementing text overlay
and pict ure-in-pictu re mixing.

A sophisticat ed polyphase scaler that allow s custom scaling and real-time

upd ates of both the image sizes and the scaling coefficients.

Converts interlaced video formats to progressive video format usin g a motion
adaptive deint erlacing algorithm. Also sup ports 'bob' and "weave" algorithms
Generates a video stream that contains still color bars for use as a test pattern.

Provides a way to clip video streams and can be configured at com pile time or at
run time.

Changes how color plane samples are transmit ted across the Avalon -ST
interface. This functio n can be used to split and join video streams, giving
control over the routing of color plane samples.

Buffers video frames into external RAM. This cor e sup ports double or

triple -buffering with a range of options for frame dropping and repeating.
Provides a way to apply 3x3, 5x 5, or 7 x 7 pixel median filter s to video images.
Allow s video streams to be corrected for the physical prop erties of disp lay
devices.

These two cores convert the indu stry-standard clocked video format (BT-656) to
Avalon -ST video and vice versa.

These fundions alow you to fully integrate common video fundions with video interfaces,
processors,and extemd memol controllers. The example design uses an Altera Cyclone® 1V E
EP4E115R29 featured tPad boad.
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A video soure is input through an andog compasite port on tPad which generates a digital output
in ITU BT656 format. A numberof comnon video fundionsare peformed on this input stream in
the FPGA. These fundions include clipping chromaresanpling, motion adgptive denterlacing,
color sp&e convasion, pictue-in-picture mixing, and polyphasescaling.

Theinput and outputvideointerfaces onthetPad are configured and initiali zed by sdftware running
on a Nios® Il processor Nios Il softwae demonstraes how to control the clocked video input,
clocked video output and mixer fundions at run-time is aso provided. The video systemis
implementedusingthe SOPCBuilder systemleved design tool. This abstracted design tool provides
an easy path to systemintegation of the video processing data path with a NTSC or PAL video
input, VGA output Nios Il processa for configuration and control. The Video and Image
Processing Suite MegaCore funcions have common open Avalon-ST daa interfaces and Avalon
Memoly-Mapped (Avalon-MM) control interfaces to facilitate connection of a chan of video
fundionsand video system modeling In addition, video daa is transmited between the Video and
Image Processing Suite fundions usingthe Avalon-ST Video protocol, which facilit ates building
runtime @ntrollable systems ad aror reovery.

Figure 4-9 shows the/ideo and Image Processing block diagram.

SOPC

[l
&
-

olge4 Youmg sng Wejshs
2UIqe4 Youmg sng Wejskg

Figure 4-9 VIP Example SOPC Blo ck Diagram (Key Components)
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B Demonstration Source Code

e  Project directory: tPad_VIP
e  Bit stream usedtPad_VIP.sof
e Niosll Workspae: tPad_VIP\Software

B Demonstration Batch File
Demo Batch Fle Folder. tPad_VIP\demo_batch

Thedamo batd file includesthefollowing files:

e BatchFile: tPad_VIP.ba, tPad VIP bastrc
e FPGA ConfigureFile: tPad_VIP.sof
e Niosll Program: tPad_VIP.df

B Demonstration Setup

e Connet a DVD player’s composi video outputyellow plug) to theVideo-IN RCA jack(J12)
of thetPad boad. The DVD player has to ke configured to povide NTSCoutput or FAL
output

e  Connet the VGA outputof thetPad boad to aVGA monior (bothLCD and CRT type of
monitors shoudl work)

e Load the bit stream into APGA (note*)

e Run the Nos Il and chocsetPad VIP\Software as the workspae. Click on the Run baion
(note*)

e Press and dig the video frame boxwill resultin scding the playing window to any size, as
shown inFigure 4-10

Note:
(1).Execute tPad_VIP\demo_batch\tPad _VIP.bat will download .sof and .elf files.
(2).You may need additional Altera VIP suite Megacore license features to recompile the project.

Figure4-1lillustrates the setup br this demonsation.
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Figure 4-10 The VIP demonstratio n running result

Video In
CVBS Output

4>

—

Qo mEE = Q

DVD Player

Figure 4-11 Setup for the tPad_VIP demonstration

4.6 tPad Camera Application

This demongration showsa digital camera reference design using the 5-Megapixel CMOS sensor
and 8inch LCD moduleson thetPad. The CMOS sensormoduke send theraw image data to FPGA
on DE2-115 Board, the FPGA on the boad is handling image processng part and converts the daa
to RGB format to display on the LCD moduk. The 12C Sensor Configuration moduk is usedto
configure the CMOSsensormoduk. Figure 4-12 shows the bldcdiagram of the denongration.
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As soonas the configuration code is downloaded into the FPGA, the I12C Sensa Configuration
block will initial the CMOS sensovia 12C intefface The CMOS sensotis configured as follow:

e Row and Cdumn Sze 800 * 600

e  Exposuretime: Adjustble

e Pix dock: MCLK*2 = 252 = 50MHz
e Reaout nodes: Binning

e  Mirror mode:Line mirrored

Accading to the settings, we can cdculate the QVIOS sensoroutputframe rate is dout 44.4fps.

After the configuration, The CMOS sensor stats to cgpture and outputimage daa streans, the
CMOS sensor Capture block extracts the valid pix daa streams based on the synchronots signds
from the CMOS sensa. The dda streans are generatedin Bayer Color Pattern format. So it’s then
convated to RGB daa steams by the RANV2RGB block.

After that, the Multi-Port SDRAM Controler acquires and writes the RGB dda streams to the
SDRAM which performs as a frame buffer. The Multi-Port SDRAM Controller has two write ports
and read portsalso with 16-bit data width ead. The writing clock is the same as CMOS sensor pix
clock, and the ealing clock is provided by theLCD Controller, which is 0MHz.

Finally, the LCD controller fetches the RGB data from the buffer and displays it on the LCD pand
continuousy. Becaise the resoluion and timing of the LCD is compatible with SVGA@800*60Q
the LCD controller generates thesametiming and the famerate can achieve about 25fps.

For the objedive of a better visual effed, the CMOS sensoris configured to enable the left right
mirror mode.Usa could disablethis funciiondity by modifying the related register value being
written toCMOS controller chip.

DATA

DEN

CLK
CMOS

Sensor

tPad
Figure 4-12 Block diag ram of the digital camera design
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B Demonstration Source Code

e  Project directory: tPad_Camera
e  Bit stream usedtPad_Camera.sof

B Demonstration Batch File
Demo Batch Fle Folder. tPad_Camer\demo_batch

Thedamo batd file includesthefollowing files:

e BatchFile tPad_Camema.ba
e FPGA ConfigureFile: tPad_Camema.sd

B Demonstration Setup

e Loal the bit stream into FPGA by exeaute thebatch file ‘tPad_Camera.ba’ unde
tPad_Camer\demo_batd\ folder

e Thesystementers theFREE RUN modeautometicdly. PressK EY[Q] onthe DE2-115boad
to resd the circuit

o PressKEY[2] to take ashot of thephoto;you can pressK EY[3] agan to switch back to
FREE RUN mode and you shoull beable to se whaeve the camera cgptures on theLCD
display

e Usea can usetheSW[0] and KEY[1] to set he exposuretime for brightnes adjustrent of the
image cgptured. When SW](] is st to Off, the brightness ofmagewill beincressed ss KEY[1]
is pressed bnge. If SW[Q] is st to On, thebrightness of image will be dereased as KEY[1]
is pressed shaer

e Usea can useSW([17]to mirror image of theline However, remember to press KEY[ 0] after
togde SW17]

Note: execute the tPad_Camera.bat under tPad_Camerdemo_batch will automatically

download the .sof file.

Table 4-3 sumnarizes the fundiond keys of the digital camera. Figure 4-13 gives a run-time
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photagraph of the denorstraion.

Table 4-3 Thefunctional keys of the digital camera demonstration
Component Function Description
KEY[O] Reset circuit
KEY[1] Set the new exposure time (use with SW[0])
KEY[2] Trigg er the Image Capture (take a shot)
KEY[3] Switch to Free Run mode

Off: Extend the exposure time
SWI[O0]

On: Shorten the expo sure time
HEX][7:0] Frame cou nter (Disp lay ONLY)

Figure 4-13 Screen shot of the tPad camera demonstratio n

4.7 Video and Image Processing for Camera

The Video and Image Processing (VIP) for Camera Example Design demonstatesdynamic saling
and clipping of a standad definiti on video stream in RGB format and picture-in-picture mixing
with a background layer. The video stream is outputin high definiti on resoluion (800%00) on the
HSMC LTC daughtercard (pat of the tRxd).

The example design demondrates a framework for rapid devdopment of video and image
processing systemsusing the paameteizable MegaCore® functionsthat are avail able in the Video
and Image Processing Suite. Avail able fundionsare listedin Table 4 2. This demongration needs
the Quartusll license fle includes theVIP suite feaure
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These fundions alow you to fully integrate common video functions with video interfaces,
processors,and extemd memol controllers. The example design uses an Altera Cyclone® 1V E
EP4E115R29 festured tPad boad.

A videosoure is input through the CMOS sensoron tPad which geneates a digital outpu in RGB
format. A numberof common video functions are performed on this input stream in the FPGA.
These functions include clipping chromaresampling, motion adgptive deinterlacing, color spa@
convasion, pictue-in-picture mixing, and polyphasescding.

Theinputand outputvideointerfaces on the tPad are configured and initiali zed by sdoftware running
on a Nios® Il processor Nios Il softwae demonstraes how to control the clocked video input,
clocked video output and mixer functions at run-time is aso provided. The video systemis
implementedusingthe SOPCBuilder systemlevd design tool. This abstracted design tool provides
an easy path to systemintegation of the video processing daa path with a NTSC or PAL video
input, VGA output Nios Il processa for configuration and control. The Video and Image
Processing Suite MegaCore fundions have common open Avalon-ST daa interfaces and Avalon
Memory-Mapped (Avalon-MM) control interfaces to facilitate connection of a chan of video
functionsand video system modeling In addition, video daa is transmited between the Video and
Image Processing Suite fundions using the Avalon-ST Video protocol, which facilit ates building
runtime ontrollable systems ad aror recovery.

For the objedive of a better visual effed, the CMOS sensoris configured to enable the left right
mirror mode.Usea could disablethis funciondity by modifying the related register value beng
written to QVIOS controller chip.

Figure 4-14 shows theVideo and Image Processing block diagram.
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Figure 4-14 VIP Camera Example SOPC Blo ck Diagram (Key Com pon ents)

B Demonstration Source Code
e  Project directory: tPad_VIP_Camera

e  Bit stream usediPad VIP_Camera.sof
e Niosll Workspae: tPad_VIP_Camera\Software

B Demonstration Batch File
Demo Batch Fle Folder. tPad_VIP_Camera\demo_batch

Thedemo batt file includesthefollowing files:
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e BatchFile tPad VIP_Camem.ba, tPad VIP_Camera_bashrc
e FPGA ConfigureFile: tPad_VIP_Camera.sof
e Niosll Program: tPad VIP_Camera.df

B Demonstration Setup

e  Connet the VGA outputof thetPad boad to aVGA monior (bothLCD and CRT type of
monitors shoudl work)

e Load the bit stream into APGA (note*)

e Run the Nos Il and chocsetPad_VIP_Canera\Software as the vorkspace Click on the Run
button (rote *)

e Thesystementers theFREE RUN modeautometicaly. PressKEY[0] onthe DE2-115boad
to resd the circuit

e PressKEY[2] to stop run you @an pressKEY[3] agan to switch back to FREE RUN mode
andyou shoutl be able to seewhaever thecamera cgptures on the \GA display

e Usa can useSW[17]to mirror image of theline However, rememter to press KEY 0] after
togde SW17]

e Press and dag the video frame boxwill resultin scding the playing window to any size, as
shown inFigure 4-10

Note:

(1).Execute tPad_VIP_Camera\demo_batch\tPad VIP_CameraA.bat will download .sof and .elf
files.

(2).You may need additional Altera VIP suite Megacore license features to recompile the project.

Figure4-15illustrates thesetup ér this demonsation.
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VGA(LCD/CRT)
Monitor
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L

Figure 4-15 Setup for the tPad_VIP_Camera demonstratio n

4.8 tPad Digital Accelerometer Demonstration

This demondration showsa bubblelevel implementdion based on a digital accderomete. We use
I2C protocol to control the ADX L345 digital accéeromete, and the LCD display the interface of
our game.When tilt the tRxd boad, the ADXL345 meaures the stati@ccderation of gravity. In our
Nios Il softwae, we comput the change of angle in the x-axis and y-axis, and showange daain
the LCD disply.

Figure 4-16 showsthe hardware system block diagram of this demondration. The systemis
clocked by an extemd 50MHz Osallator. Throughtheinternd PLL module, the generated 150MHz
clock is usedfor Nios Il processorand othe componentsand there also a 40MHz pixel clock for
the video pipeline ad 1MHz for low-speel peripherals.
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Figure 4-16 Block diagram of the digital accelerometer demonstration
B Demonstration Source Code

¢  Project directory: tPad_G_sensor
e  Bit stream used: G_sensor.sof
o  Nios II Workspace: tPad_G_sensor\Software

B Demonstration Batch File
Demo Batch File Folder: tPad G _sensor\demo_batch

The demo batch file includes the following files:

e Batch File: G_sensor.bat, G_sensor bashrc
o  FPGA Configure File: G_sensor.sof
¢  Nios II Program: G_sensor.elf

B Demonstration Setup

¢  [oad the bitstream into the FPGA on the tPad board
¢  Run the Nios II Software under the workspace tPad_G_sensor\Software (Note*).
o  After Nios II program is downloaded and executed successfully, a prompt message will be
displayed in nios2-terminal, the message is “its ADXL345’s ID =¢e5”.
e Tilt the tPad board to the all directions, you will find that the degree will change in the LCD
36
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display. Figure 4-17 shows theresultfor runnng the denongration

Figure 4-17 tPad Digital Accelerometer demonstrati on

Note:

ExecutetPad G_sensor \demo batch\G_sensor.bat will download .sof and .€lf files.
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Chapter 5

Application Selector

The applicaion sdector utility is the default codethat powe's on the FPGA and offers a graphicd
interfaceon LCD dlowingusesto sded andrun different demonsttionsresides on 8 Cad.

5.1 Ready to Run SD Card Demos

You can find several Ready to Run SD Card demosin your SD Card root directory as well asin the
System CD unde tPad_Factory_Recovery\Application_Selector folder. Figure 5-1 showsthe
photogaph of theapplicaion sdector man intefface

o]

Altera tPad
Application Selector

2. tPad_VIP
‘3. tPad_Camera

Figure 5-1 Application selector main in terface

Also, you can easily convert your own applicdionsto be loadadle by the application sdector. For
more information see “Creating Your Own L oadable Applications” in section 5.3. If you have
lost the containel files in the SD Card, you could find them on the tPad System CD under the
tPad_Factory_Recovery folder.
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5.2 Running the Application Selector

e Connet powe to thetPad boad

e Insert theSD Cad with goplicaions nto the SD Card sodet of tPad
e  Switch on thepowe (SW18) (1*)

e Scroll to selest the demonstraion to bad using the sidebar

e Tap on thel oad button © load and run ademongration (2)

Note:

(1).If the board is already powered, the application selector will boot from EPCS, and a splash
screen will appear while the application selector searches for applications on the SD Card.
(2).The application will begin loading, and a window will be displayed showing the progress.
Loading will take between 2 and 30 seconds, depending on the size of the application.

5.3 Application Selector Details

This dion desaibes sane deails abouthe opeation of theapplication selector utility.
SD Card

TheApplication Selector usesthe SD Card for staing applicaions. The SD Card mustbeformatted
with the FAT 16 file system, and can be any cgpadty up to 2GB. Long file nanesare supporte.
TheNiosll CPU access he SD Cad throuch an D Cad SR controller.

Application Files

Each loadale applicaion conssts of two binaty files, al stored on the SD Card. The first binary
file represents the software portion of the example and must be derived from an .ELF file as
desaibed in the section of this document titled “Creating Your Own Loadable Applications”. This
binawy file can be named anything supported by the FAT16 file system,the only restriction being
thatthe name mustend with _SW.bin. The second binaly file representsthe hardware portion of the
example and mustbe derived from a .SOF file as desaibed in the section of this documenttitled
“Creating Your Own Loadable Applications”. This file can be named anything supporté by the
FAT 16 file system, heonly restriction beéng that the nane mustend with_ HW.bin.

SD Card Directory Sructure

All loadale applicaions on the SD Card must be located in a top-levd directory named
Application_Selector. Unde the Application_SHector directory, eat applicaion is locaed in its
own subdrectory. The name of thatsubdrectory isimportant becausethe applicaion sdector utility
usesthatname as thetitl e of the application when displaying it in the mainmenu.The subdrectory
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namescan be anything solong as they adheae to the FAT file systemlong file name rules. Spaces
are pemitted.

CFI Flash

CFlI flashis usedto storethe softwae binary files of applicaions All softwae binary files usedby
the applicaion sdector containa boot copier which is pre-ended by the Nios2-elf-objcopy utility
duringfile conversion process described in the “Creating Your Own Loadable Applications” section.
The boot copier copiesthe softwae code to program memoy before running it. The Application
softwae binary fileis dored in flashat load time © an offset 0xO.

EPCS Device

EPCS is usedto storebath the binaty file of the Application Selector (both hardware and softwae
image) itsdf, as well as hardware binay files of applicaions which are being loadel. The
Application Selector binary file is pemanently stored in EPCS device a offse 0x0. Hardware
binary files for the applicaions being loaded get written to EPCS at load time to an offse
0x400000.

Creating Your Own L oadable Applications

It is easy to convert your own Nios Il design into an applicaion which is loadale by the
Application Selector utility. All you nedl is a hardware image (a .SOF file) and a softwae image
which rurs onthat hadware (aNiosll .ELF file).

Theonly restrictionsare:

e Thehadware designs nust contain &Fl Flash ontroller (1*)

e If the.SOFfile contairs aNios Il CPU, then it rese addessshoutl bese to CFl Flashat
offset 0x0

e Before compiling the sofware, male sureyou have se your softwae’s program memory (.text
section) in Hash menory unde the System Library Propaties (Nios Il IDE) page or thiough
BSPEditor (Nios Il SBT for Edipsg utility (2*)

Once you haveyour working .SOF and .ELF file par, perform the following stepsto convet them
to a loaable gplicaion séector competible applicaion.

e Copyboth he.SOFand ELF files into acommon directory relying onyour choice. This
directory is where you will convet thefiles

e  Onyour host EZ, laund aNios |l Command Shdl from Start ->Programs -> Altera -> Nios
Il <version #> EDS-> Nios |l Command Shell

e From the ommand slell navigateto whee your SOF fileis located and aeate your rerdware
binaly file using the following commands

e Convat .soffileinto .flash file
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sof2flash --epcs --input="your example.sof’ --output “your example HW.flash’(3*)
e Convat .flash fle into .binay file
nios2e€lf-objcopy -1 srec —O binay “your example HW.flash’ “your example HW.bin”

e From the ommand slell navigateto whee your BLF file is located and aeate your sofware
binary file usingthe following command

nios2-elf-objcopy —O binary “your example.df” “your example_SW.bin ’(4,5%)

e Create anew subdiretory and rame it what you would like the tite of your gpplication to be
shown & in the gpplication séector

e Usingan D Cad reader, copy the directory onto an SD @d into adirectory named
“Application_Slector”. The directory structure on the SD @rd should lookike this:

Application_SHdector\<Name of Application>\{ <elf _name> SW.bin;<sof name> HW.bin}

e Placethe SD Grd in thetPad boad, and swith on the pover. The Application SHector will
stat up, andyou will now se your applicaion gpear as ore of the €lections

Note:

(2).You may not need a CFl Flash controller when your design does not contain a Nios |l
processor or you store your software code within the on-chip memory and use the .hex
initialization file.

(2).If you would like to use other memories such as SRAM or SDRAM as the program memory;,
you may need to perform two steps to convert your .€f file into .bin file to make the software
properly run on tPad. The commands seem to look like this:

df2flash --base=flash_base address --end=flash_end address --reset=flash _base address
--input=" <your software name>.elf" --output=" <your software name>.flash"
--boot="$SOPC_KIT_NIOS2/components/altera_nios2/boot_|loader cfi.srec"

nios2-elf-objcopy —I srec —O binary <your software name>.flash <your software name>_SW.bin
(3).You may pad a --compress option for saving binary image space because the Cyclone 1V E
series support the decompress feature while loading hardware image from EPCS device.

(4).The command will use the default HAL boot loader and link it to the .text section.

(5).You can also use the tool ‘bin_demo_batch’ to convert your sof and elf to bin. Copy “your
example.sof” and “your example.elf” to the bin_demo batch folder, rename them to test.sof,
test.elf, execute the test.bat, then the final test HW.bin and test_SW.bin are your target files.
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5.4 Restoring the Factory Image

This section desaibes someddails aboutthe opaation of restoringthe Application Selector factory
image.

Combining factory recovery binary files
In the factory settings, you need to program Applicaion Selector binary files to EPCS. Before
progranming, you shoull combine application sdector softwae binaly file and hardware binaty

file together by exeauting the instuctions béow:

e  Copyboth hetPad Sdlector.sofandtPad_Selector.dlf fil es into acomnon directory relying on
your chaoice. This dredory is where you will convat thefiles

e Onyour host FZ, laund aNios1l Command $hdl from Start ->Programs -> Altera -> Nios
Il <version #> EDS-> Nios |l Command Shell

e From the ommand stell navigateto whee your SOFfileis located and aeate your hardware
binary file usingthe following command commands Isted bdow

e ConvattPad Sdedor.sd fileinto tPad Sdector HW.flash fle

sof2flash --epcs—input=tPad_Selector.sof --output= tPad_Selector_HW.flash
e Convat .flash fle into .bin file
nios2e€lf-objcopy -1 srec —O binay tPad_Selector HW.flash tRd_Selector HW.bin

e From the ommand slell navigateto wheae your BLF file is located and aeate your sofware
bin image usng the bllowing command commands listed bdow
e ConvattPad_Sdecdor.df intotPad Selector SW.flash

df2flash—epcs --after=tPad_Selector_ HW.flash--input=tPad_Selector.df
--outputtPad Selector SW.flash

e Convat tPad_Sdlector_ SW.flash ntotPad Selector SW.bin
nios2€lf-objcopy -1 srec —O binay tPad Selector SW.flashtPad Selector SW.bin

e CombinetPad_Selector HW.bin andtPad_SelectorSW.bin usng the bllowing command
ca tPadSlector HW.bin tPad Selector SW.bin >tPad SeHlector.bin

e ThegeneatedtPad_Selector.bin is ourtarget binary file
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ALTERAY

Restoring theoriginal binary file
To restorethe aiginal contents of theApplication Selector, peform thefollowing steps:

e CopytPad_Sdedor projed into a lo@l directory of your choice. ThetPad_Selector project is
placed intPad_Demonstrations\tPad_Selector

e Powe on thetPad boad, with the USB cable connected to the \$B Blaste port

e Download thetPad_Selector.softo the boad by using ether JTAG or AS programming

¢ Run the Nos Il and choosetPad_Selector\Softwar e as the vorkspace

e  ChooseTools > Flash Programmer to open the flash pogrammer

e ChooseProgram a fle into memory, choo yourtPad_Sdlector.bin file. SeeFigure 5-2

e  Click Program Flash to sart program tPad_Selector.bin © EPGS in the boad

e  When pragram finish, powe on aan

,g@

Note: You can also use ‘tPad_Selector_batch’ to generate selector.bin and restore the
original binary file by executing the tPad_Selector.bat under the
tPad_Factory Recovery\tPad Selector batch folder.

JFlash Programmer
Program project to flash memory on target board
Program flash with tFad Selector.bin (using seript [:/tFPad Selector/Software/tFad Selector/Debug/tpad selector programmer. sh).
=
O
| JJ_ i || Hame: |tPad Selector programmer
type Filter text |
O i TR - Target Conmection
= Flash P | ]
= @ el ] Target Hardware s
@ tFad Selector prog !
SOPC BriLder Systen BTF File: D4 tPad Selastor | $EAD SOPE ptf R,
Additional niosZ-flash-programmer arguments: ' Load JOI File
Additional soffflash arzuments: [
[Prosran FRGK ronfiguration data ints Kardwsre~image region of flash hemary
i £ Browse..,
e wstor Memory: ofi flash Offset: |0:0
[PlErazram & file inte flash memory
File: [D:\tPad Selector. bin B [ Browse..
Memory. | epes_flash controller VE Offset: UxD
e b T S et it Sobite Aosdiad 7
< | ¥ [ Apply ] [ Regert ]
@ [Frogeam Flash| [ rleze |
Figure 5-2 Programming Flash settings
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Chapter 6

Appendix

6.1 Revision History

Version Change Log

V1.0 Initial Version (Preliminary)

V1.0.1 Kit content imag e updated

Vv1.0.2 Descriptions of the camera demonstration’s mirror mode added
Vv1.0.3 Descriptions of the G sensor module added

6.2 Copyright Statement

Copyright © 2010 Terasic Tedhnologies.All ri ghts reseved.
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