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Foreword

One thing hasn’t changed since Altera created the world’s first reprogrammable logic device
more than 20 years ago: a commitment to innovation: ours and yours. We help you take your
design ideas from concept to reality with a portfolio of products that includes the Nios® and Nios
Il soft-core embedded processors. Since they were introduced in June 2000, academic and
professional designers worldwide have innovated using Altera’s Nios and Nios Il processors,
integrating them in a wide range of commercial applications from video broadcast systems and
WiMAX base stations using high-performance Stratix® II FPGAs to SOHO networking
equipment and automotive telematics using low-cost Cyclone® II devices. Today, more than
20,000 development kits have been shipped, and over 5,000 companies—including the world’s
top 20 original equipment manufacturers (OEMs)—are licensed and implementing Nios
processors in their designs.

The versatility of the Nios processor supports creativity and innovation. You can tailor Nios
systems with the exact peripherals, memory, and interfaces required, and add your own
proprietary functions—your own differentiation—to create a unique competitive advantage.
Altera solves the IP integration problem with the SOPC Builder productivity tool that allows you
to drag and drop the exact mix of functions required, so you can focus on higher, system-level
requirements instead of mundane, error-prone, manual tasks. Plus, Altera® tools work seamlessly
with other third-party industry-standard tools, minimizing training time and improving time to
market. The soft-core processor implementation enables easy software and design upgrades,
effectively making your design obsolescence-proof. With the added advantages of FPGA
flexibility, fast time-to-market, and system integration, you have a risk-free path to a custom
embedded solution. Your possibilities are unlimited.

Altera continually cultivates designers and supports innovation in Asia and around the world
through our University Program. As part of that program, the Nios II Embedded Processor
Design Contest aims to increase student interest in embedded processors, improve their design
and creative abilities, and ultimately motivate the continued development of FPGA-based
embedded processor designs. This year, we received 614 qualified entries—a new record. The
significant growth of the program is yet more proof of how rapidly the Nios design community is
expanding.

The winning entries presented in this book showcase not only the breadth of possibilities that
can be addressed using Altera’s embedded solutions—including everything from aircraft
navigation, traffic monitoring, robots, watermarking, and oscillographs to video processing and a
software-defined radio—but also technology trends in the industry. When you have the tools and
flexibility you need, your potential for great design is unlimited.

Congratulations to all the Nios II Design Contest winners and their professors. Keep the
fires of innovation burning!

Jordan S. Plofsky
Senior Vice President, Marketing
Altera Corporation
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Required bearing to reach waypoint

Current x/y position from GPS

Current z position from altimeter Required bearing to reach waypoint

Navigation Busy(usually low,
becomes high to request entering a

Detected obstacles(storms, mountains etc)

L holding pattern until more complex
Target waypoint x/y/z(user defined) Navigation NAV calculations can complete)
Created by UAV mission compiler System :

Land UAYV as Mission is
complete, or battery is low

Battery condition

Enable / Disable onboard cameras
while en-route to current waypoint
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| ¥4 Atera SOPC Builder

| Wy Create New Componert

;’ =-Avalon Components

| @ Nios Il Processor - Attera

‘# Display He
/- EP1C20 Nios Developmen H

[ EP1510 Nios Developmen | 2 6
4 EP1540 Nios Developmen ' | | ! instruction_master
i EP2C35 Nios Developmen! | | | [ dota_master
{# EP2560 DSP Board Stratix |/ | [=1— teg_debug_moduie
& EP2560 Nios Developmen | | [] Eltri_stete_bridge_0
s Ethernet i b—— avalon_slave
i Extra Utilities it q tristate_master
# Legacy Components |
% Memory ] @ LED_PIO
# Other | @ cAM_PIO
# User Logic G| 1 NAV_BUSY_PIO
| M AUX_PIO
| ——{ LAND_PIO
| & M—@ BATT_LOW_PIO

&

[~ uart 0
\— GPS_UART

o)

Altera Nios Il - cpu_0

AT

| Select a Nios Il core:

user_logic_CY7C1049CV33_512KB_Stat...

el
_[Extenal  js00

oS U Processor - Altera Corporation

EMastev port
IMaster port
[Slave port

wadon Tristate Bridge

[Stave port
iMaster port

PIO (Parallel 110}
PPIO (Parallel 110)
IPIO (Parallel LO)
IO (Parallel 110)
IO (Parallel 110)
IO (Parallel 110)

i’UARY (RS-232 serial port)
JUART (RS-232 serial port)

/CY7C1049CY33_512KB_Static_Ram

["Mios T1 Core | Caches arries | 1A Dabug Mocka | Custom it

, 'ONios I1/e |ONios 11/s o1

mas RISC RISC :
‘NiosII 32-bit bk
| Selector Guide Instruction Cache Instruction Cache :
£ S Branch Prediction Branch Prediction.

Rty Gyeions Hardware Multiply Hardware Multiply

system: 50 MHz Hardware Divide Hardware Divide
| Performance sk SO MHz Up to 7 DMIPS Upto 29 OMIPS i

K 6 £ SOPC Builder 3T 1) T AT R G HITHAL R 28 HC &

T SMRG R B RE R R 1 s, HhiihliEfE 2 Monash #12

FL AR o

xz1 SMEAFHEMSER

g
E
b

X B

T fE

16 AN At 4f(CLK)
110 A v (Reset)
3,4 HA UART 0, Note (1) (RX, TX)
; W A s
N/A JTAG UART GPS_UART, Note (2) (RX, TX)
108, 100, 104, 106, 107, 109, 103,105 Lo LED PIO (LED 1~8)
143, i th {15 5 PIO (BATT)
141 i k{55 PIO (LAND)

96, 84, 82, 78, 60, 58, 56, 52, 51, 53, 57, 59,
61, 67,79, 83, 85,97

ity

512 KB SRAM [t #l 1l & #% £k (ADR
0~18)

74,772,170, 68, 69, 71,73, 75

X i)

512 KB SRAM %4 & #% £k (DAT
0~7)

76 ] 512 KB SRAM [f F ik fs 5

77,62 il 512 KB SRAM ik, SfREES
134, 133, 132 it AL HIE S PIO (CAM1~CAM3)
142 fiifas Sfiir45 % PIO (BUSY)

140 i fl UAV #i i PIO (AUX1)
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(1) UART 0 H T &2 HEER S PC 82 g5 RIT#H MR . UART 0 LA
AL A 7 2 BT SR I I A O AL E S T e R A T AR

(2) GPS_UART H TiE#E#E MK 5 GPS. GPS_UART ¥ F#iE2 sk H) ITAG
UART #00, ¥ B7E Quartus T34 %A BT IS AC

R B AR ¥ P83 FPGA H)5, B Nios [ HERIT EHBE(IDE)BHT I & 1)
FHMAZRM BN ERRE . B 7 £7H Nios [[ &5 BRNSNBRSERMLT. REH
{5 Bz KT DT BBk s B (R I H i B3R SATH i EdE) . 8 UAV ERE
g BB R AR, XHARFISZBR UAV KATER & MR 3T B il R 3Ew A 1.

met up & wnablie OFH UABRT (oterupt o swesute uert leq Lenttisn

velatile int ‘context: »
| i ]
/B conacte 17 Tk W% iy ~B-"0)
MAY_5YS stmire Nios 5L MW confar sion [N 12 Mardware ] Nhos T Tersmesal Wirchow (72306 4300 94 : - : ——
IDIST TRANS COMPLETE: Curvent seetor:

UMV moving te oell(ié, 21, 1) #| Compute DT on current position
;u‘nqulzm nemding v O X
requiTed pitoh » 0 Output required pitch and bearing for

buay sigual forced disabled ay new putputs genegated. ..

the aircraft based on DT

.............................
[UPDATE TRON OPF BECIRVED:

MRLa sentence: SCRGGA , 061036, 5750, 5544, 5, 14500, 1947, 1,8,09,2.0, 98,7, 0, - 1.3, i . ;
| Longitude: 145 Degrees 8.134766 Mimutes (L) Interrupt routine
| Lmtitede: -37 Degrees ~55.556641 Ninutes (3)

Altitude (pea Ivi): 98699997
| BIERARCHY DT Co-ordst ¢eil(16,21,1) §eeter (T, 4,17 Decode and Convert GPS message to
| UAY posivion Irom Takeoff: O, 1I2857Hm (sve:N,-vei%), 0.000000¥m (swetl, «vei¥) usable DT co-ordinates

Get raw GPS message on serial

v

-------------------------------

Cheoking battery and Jbatacies Perform other updates on
atrery ok P

DYHARIS OBITACLES Scansed inputs/outputs such as battery

B7 SHRGEHMUIN
= MRS H

ARG B EE NS A T B HE ) Bl — AN E R =4GDYEE X 8
(TERM B EZRA P 3D M3 LUsE )R, Em—A DT &y, 7EXEnEE, GPS
B SR T MIE A KA RE 2~3 .

SOPC Builder foiFiseit & Ac B AL B 28 I H & ShREZE T A T48 v S0m B, (HiX s
NTREHERRELZMNARN LE. 8RGO T, BitH 0 LA H %2R (Nios 11 /s,
Nios II/f 55). W/KEIERME. BEMFIRIR LR BRAFHAC. 70K B 284047 A B 8 — 2 |,
WKL BAET UL R VP 2 K162 HATHAT, T SEHL S RS (5 B AT RS . KM
ZAFRME T E L I A7 H] LA B 7, R R AR BT IR . — AN KIERIEN T
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Fz2 BHERESMHEEFE
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Ab 3 KB /KB KLk piE-E I DT S s A

Nios 1I/s 2 N/A & 2 8

Nios II/s 2 N/A 2 & 4 F

Nios 1I/s 2 1 2 w N/A, NFFE

Nios 1I/s 1 1 o i N/A, NFF&

Nios 1I/s 1 512 & & 2 B (/2 GPS B ] oK)

M. B4

R AT, B AR TR, B 2 AHNESNAS S HE UAV 1R S
k. AU BT K Monash 412 i H 55 Garmin Geko 201 GPS (S WL 8)%k sk
BRI

Navigation System “Test Enclosure” Hardware

Power Cable
Altera Byte Blaster

JTAG cable for
FPGA to PC \

Communications

Serial Cable for
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Altera Cyclone
FPGA
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Miniboard

Garmin Geko 201
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Navigation

System Test

Enclosure Box
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GPS(RS-232)Interrupt Main Navigation System Routine
r-=—=—7"7"7"7"7"7"777"77° e T T T T = |
I : || Corrvert latest raw GPGAA Update PIO outputs to other | !
| f T } message to usablg variables systems in flight based on |
| [Extract most recent, raw i ! (eg. longitude latitude etc.) current co-ordinates as |
I | $GPGAA messages from | J ' required, including !
| | GPSusinga UART interrupt | || ! . determining when to land !
! | routine ] ! Convert GPS co-ordinates to and shut down navigation !
| | | DT co-ordinates system |
| ‘ | |
| b 1 I |
1 : | [Perform DT algothim, i
| I | including scanning for Read inputs from batteries |
| I | obstacles, to determine pitch etc. and make decisions to |
e — = | and berating to next required change mission accordingly |

: cell :
I ] ! ‘1
| Perform 3D 2-level heiracial |
| DT algothim, including Output relevant pitch bearing |
| scanning for obstacles, to to serial port to flight contol |
| determine pitch and berating system |
: to next required cell :

M9 JIMARZKMFAEE

2 a7 K 3%

Wi HAT BT -

(1) FRFHFEMRTFHE DT HARMFRME, HHARHATZFeERRGES. F£H
Quartus Il #1%. SOPC Builder BL & Nios II IDE #F% Altera FPGA HIf# 7%, %K
- EI LR LA JZ A\ Altera M3 _E (www.altera.com.cn)R] 78 2 i SCRS .

(2) FEE—AAI N AT Monash #4132 L AR _H 2884441 Quartus 1l T#2, 7F SOPC Builder
BIEHE—NEEW Nios T4ESE. WmiFHFRA Quartus 11T, A 5 PrniigmiE
L. HHAESEE hello world Nios IIFEFINEAXA T, SFENARMACE 381 WY LA K
M2 H R (UART H{5%).
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