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ISBN: 974-17-5398-5.

This thesis describes the study, design and development of a Remote Flight
Monitoring and Diagnosis-Aided System that will be used to remotely control a target
aircraft via monitor at the distance at least 8 kilometers. This system makes target aircraft

control safer and easier.

The system consists of air section and ground section. The air section is composed of
a GPS, a gyroscope, a static pressure transducer, a different pressure transducer, a flight
data management unit, a storage device, and a radio modem transmitter. Ground section is
composed of a radio modem receiver, and a display equipment which displays the position
of target aircraft on the map and flight instruments. Reed-Solomon(14,10) code is used
during data transmission between radio modems to correct the errors due to noise. Flight
datas are recorded at the storage device of air section and the display equipment of ground

section for flight path and aerobatics diagnosis.

Test in laboratory and field tests were performed. One of the field test was carried out
at 10 kilometers ten times for two hours. The results are satisfactory. The system is ready to

use.
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n.1.

GPS535

Specifications

Perforrmatice
Aeceer: Cifferentialqeady 12 parallel channel rec eiver tracks and uzes up totwebe zatellites to cornpute and
update aposition.
doquisition Times:
* 45 zeconds warm [all data known)
® 45 zeconds cold [initial position, tirme and almanac known, epherneris unknown)
®  Amingtes Autolocate B [alrmanas known, initial postion and tiroe unknown)
®  Aminutes search the sky jno data known)
Update Rate: 1 second, continuous [prograrmmable from 1 second to 15 minutes)
Aaccur acy
®  [ifferential GPS [OGPS): 5 rmeters AMS
®  MNop-differential GPS: 15 metars AW 5 (100 reters with Selective Svailabildy st rmaxirnom]
Welocity accuracy: 01 s AMS steady state [subject to Selective fvailabildy)
hmarnics: 993 knots; Bg's
Interfaces:
*  [ualchannel AS-232 compatible with user-selectable baud rate (1200, 2400, 4 200, 3600
®  MWES D183 wersion 2.0 8 SCI output [GRALM, GRGGA, GRGSS, GFGSY, GFRMC, GPYTG, PG RME,
PGRMT, FGRMY, FGRMF, LCGLL, LCWTIG]
Inputs:
®  pitial poation, date, and tirmee [not required
®  Earth daturn and differential rode configuration corrrnand | alman ac
Outputs:
*  Position, velocity, and time
®  Recefrer and satellte status
*  [Wferential refere noe station IDand ATCHM data age
*  Geornetry and error estimates
Aaw rneasurernent outpout for both psuedorange and phase dats
FUMA_DOM power down power ransgerent under logic evel control
Real-tirne Differ ertial Correction input [ATCM forrmest]
FP5 [pulse per second] oudput [does not include the GRS 35 PCor GRS 35 USE)
Artenna: Built in
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Phiy=ical
Size: 222" (W) = 32790 = 109" [h) (56 4rnmm = 96 3 om = 26 .7 rom)
Wleight: 288 oz. (110 9], not including cable
Erveira nrme rital:
*  Operating Terperature: -30°Cto +80°C internal termperature]
*  Sorage Temperature: 40°Cto +20°C
Fower
Input Voltage:
*  Sto 40 YOC, unregulated

*  Typically draws20ma @12 VOC

Backup Power: Internal rechargeable 3% Lthiom coin cell battary, op to 10 year life
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VG

SOLID-5TATE WERTICAL GY RO

¥ Roll and Pitch Angle Measurement
In High Cynarmic Ervincenrments

¥ High stability MEMS Sensors
¥ High Range Gyro and Accel Options

¥ Enhanced Ferformance Using
Kalman Filter algorithrr

Applications
¥ LavContml

¥ Flatfcrm stabilization

¥ Avlonics
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Crosshaw

VGAOO0CA mmu-HDK

The WEA0DCA Is a2 high performance,
solid-state vertical gyro Intended for
airborne applications such as uAay
control, Avionics, and Flatfarm
Stabllization. This high relizbility,
strap-dowen inertial subsystzm
proyides attitude rmeasurament

with statlc and dvnarmic accuracy
comparable to tradiional spinning
mizss vertical gvras.

This w5400 s2res product bullds on
the parformance of the Viz300
sefles, 1t features higher performance
zensors, Incduding silicon MEMS
acceleromeaters and gyroscopas

with loweer noke and Improved bias
stabillity.

The Va400Ca achieves |15 excellant
perfarmmance by employing proprietary
Kalman Filter algorithms to determine
stabilized roll and pitch angles in
stafic and dynamic condiiors. The
Kalman Filter implemantation results
in a continuous on-ling gyro blas
calibration, and an adaptive attitude
measuremeant that Is stabilized by the
ke term aravity refarence. Output
data Is provided In both analog and
digital (R=-2322) formats.

Each Inertial system comas with a
Usar's Manual offenng helpful hints
on programming, Installation, and
product Informatian. in addition,
Croeshow's GYRO-VIEW software B
Included to assistvou In systerm
developrnent and evaluation, and
aliows you to parform data acguisition.

Inertial svstams
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Spedfications *IE&D:JCA—ID[I Remark=s
Parformanca
Updata Fata {Hz) =75 = 75 Continucus Updata Mada
Stari-up Tims Yald Data lsec %1 <1 AP T haveriinHua
i.lt:.-t:;::ﬂl_ad Datg fach <0 <51 Undar static cored ons ., -_t-.‘
Ranga: Fell, Pitch (1 = 180, = 30 £ 180, £ 50 S P B e e B
Static Accuracy 17 0.5 1.0
DCynamic Accuracy §* msh 2.0 25
reclaton 1 a1 <o [ pn _ Signal |
Argular Rate 1 F3-232 Traremi Data
Earga: Foll, Fich, Yaw (acl x 100 E =] I F5-121 Fecabve Diaka
Elas: Rall, Piich, Yaw (wach ot 1.0 oz 1.0 Scaled sarsor meda 3 Input Powsr
Eias: RolbPich "mec) ot 0.05 iz 0.05 Angla mada 4 Smurnd
Ecale Factor Acouracy (9560 i1 =T _ w RBEP 4 5 N2k accal veltage
Mor-Linsanty §% Fs <03 =03 re 3 -ans @ocel voltage!
Razolution [vsecl « 0.025 < 005 |y vy P 7 Z-auds sccel voltage'
Earvdwidth Hz) » 10 »10 _-3cEpaint 1] Foolbaci: anqular rate
Eardom Wik {vhe ') i 0.B5 <13 ” ] Fitchezeck angular e’
Accaleraton — > 10| Yaw-axk angular i
gt Ranega: 202 Ig) =3 =10 - 11| MC - Fackory use anky
Elas: XWT img) o ] 1 ~ 12| Fell anglard-ads accalaration
Scale Factor dcouracy 1563 1 — -:L ] 13 | Fiich anghev-axs accelaration’?
Mor-Linsarity { % F3 1 . T | 14 | Mot ussdT-axs sccekation’
Fazclution mg! < .35 A s " 15 | MC - Fackany use anly
Earchwidth (HZ) 0 A ] _ 2dEpoint i
Fardom Walk imesthr™) £0.0 o & <05 ] ] Ll e ik i
Errsironment LDEpELLEDE O
Cparatng Wmperatura ("C1 A0 4 Aomiin- o g i rpeiaoiin: 1t et
Nt‘ﬂ-':pﬂ'i‘lhg T:-rrp-:r:tur:-'?'-::' e b:’—*EE 3 _-EELh:u-SS- ] ;E‘:uﬂ;::,r.n oa Ve wamianmed
Mon-Cpsrating Wibration fgrmal & y & iJ - ~ 20Hz-IKHzrandom mode
Men-Cperating Shock (g! o 4 4 oo _ 1uma half sine wava Fin Diagram
Elactrical
Input Woltage feCCh 3 o 30 & J5toza
Input Currant il <350 B 4250 - — 4 3
Fowar Carsumption W1 £3 K. g <3 i at12voc
DIgtﬂ-:*.ﬂFul:an’]ﬂ R332 F F5-231 Ll "Elgﬂi“:l?h Format"
#nalg” Ranga (WDC) +4.095 y + 4.05€ Fines, = 10,13, 15, 14
dtEa JOka5.0 _ Fins 5,6, 7
Fhrysical P ’ e
Sl linl O xATSx 320 F0w370x 220 indud. meuniting langss
(el TEZXSE3x 0.3  T.EIx353x B0 Indud. meunting fangs:
waicht [I].1] 213 w13 J
lleg) # 055 « 05D y
Cornaecior 15 pin submintzture " 07 eeake
Miztas

a1 analog outpunt are Jully budfersd and are dezigned o imarfacs dimctly 1o data zoquEitian equipment.
specHicatiors subject 1o change without retics

-

Tri-axial ol and
Accekemnmeter Fitch Angle
Triaial EYZ
Gymscops Fooeleration

I-axis
lar Raie

Wertical Gyro Block Diagram

Oirdering Information

i i orotimd |

VG4 ODCA-100 LU -HEX Siolid-5tate Yertical Gyra =100 + 1
VEAOOCA-200 DMU-HDX Solid-Sate Vertfical Gyra = 200 £ 10
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n.3. NSIUKANTDSIAAIMNAUAINA
Honeywell
SENSOR PRODUCTS
Precision Pressure
APPLICATIONS
e Transducer

Analytical Equipment

Flow and Pressure
Calibrators

Meteorology

Laboratory and Medical
Instruments

Process Confrol
Flight Test

i el
gP UREL

UZUR
gt FETEL

y Fraligs

Honeywell |

t 0.05%
Aoduracy
fooim
@010 EE c

PPT

oneywell's precision pressure
transducer (FPT) offers
extraordinary value with high

accuracy over a wide temperature
range. The PFT combines proven
silicon sensor technology with
microprocessor-hased signal
conditioning o provide an
extremely smart pressure
transducer. Available in @ compact,
rugged design, the PFT has many
software features that support a
wide range of applications.

W an
I

CGQualJrlnu

I1SO 3001

FEATURES AND BENEFITS

High Accuracy: + 0.05% FS typical
accuracy from -40 to 85°C

Simplifies system design—no additional signal compensation needed to
gain the benefiis of a Very accurate sensar.

Smart, Digital Sensing & Control

Efficient data acquisition—connect up to 89 units on a multidrop bus using
built-in RS485 capability.

Easily interfaces directly to a PC via communication pomns.

Closes the loop—smart PPT makes control decisions.

Versatile and Configurahle

Works with existing and new systems—all units have 0-5V analog and
either RS232 or RS485 digital outputs.

Handles most dry gas media.

Optimizes output—user-configurable pressure units, sampling, update rate.
Flags problems—internal diagnostics set flags, provide alarms.

User-Selectable Software Features

Baud Rate, Parity Setting Deadband, Sensitivity

Confinuous Broadcast Tare Value
ASCII ar Binary Output Configurable Analog Output
Temperature Cutput (°C or °F) And more...
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SPECIFICATIONS

Performance Specifications'"
Accuracy: (from -40 to 35°C)

Digital: +0.05% FS Typ., £ 0.10% FS Max.
Analog: + 0.06% FS Typ, £ 0.12% FS Max.
Temperature; +1°C (at sensing element)

Temperature Range:

Operating: 40 to 285°C 40 to 185°F)
Storage:; -55 to 80°C (67 to 194°F)
Sample Rate: 8.33ms to 51.2min
Update Rate; 8.33ms to 125

Resolution;

Digital: Upto 10 PPM

Analag: 1.22mY steps (12 bits)

Response Delay:

{1000 update rate) + 1ms, maximum 17ms
Long Term Stability: 0.025% FS max per yr

Mechanical Specifications
Pressure Ranges and Type:
Sea ordering information.,
Static Pressure (Differential only):

= 150psi: no effect on accuracy of PFT

> 150psi; out of speec, retums spec = 150psi
Media Compatibility:

Suitable for non-condensing, non-corrosive,
and non-combustible gases.

PPTR availabie for other gases and fuids.
Weight: 5 oz, (1420m) without fittings

Electrical Specifications

Power Requiremants:

Supply Violtage: 5.5 to 30 ¥DOC
Standan]  LE

Operating Current: 17-30mA  22-35mA

Standby Current:  11mA 16ma,

Analog Quiput: 0-5% (LUser adjustable)

Environmental Features™

Overpressure: 3x F3, maximum 600 psi
Burst Pressure: 3x FS, maximum T00psi
Mechanical Shock: 1500q, 0.5ms half sine

Temp Shock: 24 1-hr cycles, -40 o 85°C
Yibration: 0.5in or 205, 20 Hz - 2K Hz

(1) Accuracy 15 the sum of worsl case Ineanty, repealanl-
Iy, hysseresls, thermal sfacts and calbration emors from
-AD %0 B5FC. Typecal i fhe average of aDE0MAS vaue of
£mors at all pressures and iemperafures. Full scale for
mimerential ranges 15 the BUM of + 3nd - fangee. Pressurs
range 1 psl gauge has digial accuracy of = 0.10°% F3
typical, 1 020% F5 maximum; analog accuracy of £0.12%
F3 hypical, £ 0.22% F3 maximum

(2) Exposure to peerprassure wil not permanently afed
calloration or accuracy of urit. Burst pressure is ne sum
o ihe measwed pressure pius ihe sialc pressure ang
excesding It may resun in meoia sscaps. Kacnanizal
Shock tested per MIL-STD-3650. M2102.2, Cond B
Vibradon tested par MIL-STO-8830, M2007.2, Cond A
13) CE Mark testad per ENEODIET-1, ENSODE2-1.
Connector MI-C-2E432, Sheli Slze #10, 6-pin #20 size.

SENSOR PRODUCTS
A0
CASE OUTLINE

i
- e ey 1.
£ o G s 168 o)

5 B¢ Fower i |
T F T Andlog O

/ 1'_;. (T, oF L

:_" = : -jﬂ\. CA I 2.8y { |

W b E-\.- LB jb : [5.5::!.______.-1" (80

Ezandard oe | 7 Mauring Habes: 4 Praces

2440 ¥ F.500 {1.27)

N

ORDERING INFORMATIO
Example: PPTO100AWNZVA-A
PPT

Frecision Pre€sure Transducer

FULL SEALE PRESSURE RANGE
Absniuie Gauge
n'a =

J =1 P&l
2 P&l

nooz nia + 2 Pl

0oas nia 5 P3l + 5 Pl

0010 nia 10 PEI + 10 Psl

no1s 15 PSI n'a nfa

0oz 20 Psl 20 Psl + 20 P3l

nosn 50 PSI 50 Psl + 50 PSI

oo 100 PSI 100 P5I + 100 PEI

0300 300 RSl 300 PsI + 300 PSI

NEO0 500 PE| 500 PSI + 500 P!

Typ= P1 Pressure P2 Pressure

A Absoluts 0 {wacuumj o FS Mi&
G Gaugs Refrance o FS Rafarencs
8] Differantial +F5 o -FS el o P2 +F 3 ta -FS ral. o P

F1 PRESSURE CONMECTION
Absolute, Gauwge, Differential
Brass barbad (14 inch)
Brass Swagelok™ {178 inch famalks)
Brass barbed, right angls (14 inch)
Filter (blocks debris

Pi PREBSURE CONNECTION
Gauges, Differential
Brass barbed (1/4 inch)
Brass Swagekok™ (1/8 inch female)
Brass barbed, right angle { 174 inch)
Filtar (blocks debris)

Absalute

Mot Applicabls

maoxE

& X E

=

2V RS-232 digital, 0-5Y analog
5V RS-485 digital, 0-5% analog

A Standard, E-pin plastc connector
B = CE Mark (%, &-pin metal connsctor

A Demonstration Kit
B Mating Connector (Ses balow)
|

PPT 0100 A W N
QPTION B
Standard

CE Mark

L o

Horevwell rasamves 1h2 nghl 1o make chargas 1o any products of l2cnnoiagy nersin
to improve reliabiity. Tanciion or design. Fonaywsll doss not assume any Nabity
arlsing cut of tha Aappacation or use of any praduct or Gircult Sescribad henin;
riethar 3086 It corvey any Ic2nse Under Its pasent rights not ihe rignts of others.

Honeywell

Covered by one or mare of the following US Patents: 4,215,992 and 4,735,521
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MAXIN

+5V-Powered, Muitichannel RS$-232

General Description

The MAK220-MAXZ243 family of line drivarairaceivers is
intended for all EIATIA-Z32E and V.25V .24 communica-
tions intarfaces, particularly applications whera =12V is
nat svailable.

Thass parts are especially ussfulin battery-powered sya-
tems, sinca their low-power shutdown mode reduces
powar dissipation to less than SpW. Tha MARKZ225
MAXZ33, MAXZ3E, and MAX2AS/MAKZAEMAYZAT usa
na external components and are recommendad for appli-
cations whara printed circuit board speca B critical.

~__Applications

Portable Computars

Low-Pawer Modams

Intarfaca Translation
Batteny-Fowarad RS-232 Systams
fdultidrop R5-232 MNatworks

AuinShugdown and UC SR ara rademarks of Meom infagraiad
Froducts, inc.

Drivers/Receivers

MNext-Generation
Device Features

+ For Low-Voltage, Integrated ESD Applications
MAXIZZ EMAXIZZI2EMAXIZATEMAXIZNES
MAKI2Z46E: +3.0V 10 +5.5V, Low-Powar, Up to
1Mbps, True RS-232 Transcelvers Using Four
0.1 JF External Capacitors (MAX3I245E Avallable
in a UCSP™ Package)

+ For Low-Cost Applications
MAX221E: £15KV ESD-Protected, +5V, 1pA.
Singls RS-232 Transcelver with AutoShutdown™

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAXzz0CPE G o +70C 1& Plastic DIP
Max=a0l5E oFC o +70°C 16 Marrow S0
MAxE20CWE oG o +70°C 16 Wide 50
MAx=a0C/D o o +70°C Dica”

M Axz=acEFE -40PC b0 +ES 70 15 Plastic DIF
MAXZCESE -40°C o +E5°C 16 Marroe S0
MAKEITEWE -40FC bo +E57C & Wide 50
MANZ20E.JE -40°C o +E5°C 1& CERDIP
I Ax=aohUIE -E5°C b0 +125°C 15 CERDIP

Crdleri ng information cantinued &t end of date sheet.
‘Corfact 2oy for dice specfioanions.

Selection Table

Power Mo, of Hominal  SHON  Px
Part Supply RS-z32 Ha. of Cap. Vahse & Three- Active in Dato Rate
%ﬂ%ﬁﬁr [l Criversfx Ext Cops Stabe EHON Faaituras
+5 2 & GMTES  No — EE=a] LEire-low pover. mohusing-stardand oot
[ azs 5 =3 x K] Ve — £ 1] Low-powar shatdown
MaN2zs (MAKZ1Z] +5 45 4 1.000.1] Tes s 120 MANZ41 and receders erfve in shuldown
MaKzes 5 201 o — Yas s 120 Availzble in 30
MaKam0 [MAKZD] 5 21 4 1.0§0.1) Yen - 120 B drivars with shubdown
Maxaz1 (MAKz01] +Sard =3 z 1.013.1) Ho — 120 Standand +5'+12Y or batlery supplics:
Frs. S sama furctions os MAXz32
MANazz (MARZOE] +5 =3 4 1.340.1) Ho — 120(64)  Ircusing standard
Kddazz A +5 =] 4 ad He — 200 Higher skw rabz, small caps
MaNazs (MANZDE] +5 =3 o — Wz — 120 N2 eoarnal caps
KA AZ2A 45 =ia ] — Hi — 200 oy wockernil © i 5 leaw raks
[N =S THEREE] +0 FTi] 3 1AMl <HE = 120 Heopleoas 1453
MaNzes (MAKzE] 5 o5 ] — Tas - 120 o gutarnal caps
Mz [MAEE] +8 43 4 1.040.1] Yan —_ 120 Shutdown, thras Sala
MaxasT [MAEOT] +5 3 4 1.060.1] He —_ 120 Coomplamaris |BM PC serial pan
WAz [MANEE] +5 44 4 1.060.1] He — 120 Roplecas 1458 and 1459
MaNaze (MAKzo] «Sard =5 z 1.3 (311 Ko - 120 Stardund +5'+12% or battery suppliss:
+T8h +132 5ingl e-pac sol wicri for IEM PC seril pork
KAdasn +5 -1 4 1.0 Yas g 120 D or lkipas pnﬂ-up;
MANZ41 [MANZ11] 45 45 4 1.0 00.1) Yo — 120 Camplota IEM PC zanal por
W2z +5 ] ' a1 Yes W 200 Saparais shubdown ard erabla
KA a4 +5 =2 4 a4 L[] — 200 Opendine debection smplifies cabling
M4 +5 BiD 4+ 10 He —_ 120 Hﬂ'l 5 ke naks:
KA, +5 Bln [&] — Yao ' 120 High slew rate, it caps, wa shuldown modes
KA A4 +5 Bln [&] — Yao ' 120 High slew rate, it caps, trea shutdown modes
Maxasr +5 B =] — Yag ¥ 120 High slew rate, int. caps. nine apamtng modes
Wtz +5 =] 4 12 Tam ¥ 120 High slew rate, salectia halchip ensbles
MaNada 5 EMD 4 ] Yen ¥ 120 Bvailable in gued Tetpack padeps
ALAYLAA Maxim lntegrated Products 1
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+5V-Powered, Multichannel RS-232

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX2 202227232 A/233A/242/243
SIJ|:1:4:.-"'.-|:I1aJ=II".- ol PR . | -1 18Fin Plastic DIP (deratz 11.11mWEAC above +70°C), 53amiy
W+ FN-:ﬂa 1. - ..l: \"l:'“ - |:| El =R e 20-Pin Plastic DIP (derate 6.00m W0 above +70°C) . 440mW
- ik 1. 0.3V o+ 14Y 1-:-F'|nr“~la:r'J.~.'5tl Ideraiz B 70mMWRC above +7 D"Cf...-i&-:n‘ﬂ'n‘
| ut".-dia:u:ea 15-Fin'Wide 50 (derate 2.52m W00 aboes +7 "C!}

IH. .. SOt .. [ L s sl 1 1 12-Pin'Wide 50 (darate 2. 52mW=C above +7

PN -:;=|:1 I'.'I-ﬁ.}{zfnil RS a1} 20-Pin Wide SO (darate 10,00 abowe +7 -‘C:l

Ep K220 2 2EY 2 -Fin S50F (derate £00mWC abows +7 -"C:l

Tou ID-:H Mnx:i-m o .15 15-Fin CERDIP iderata 10.00mW T abovs +7 e

T (MAX 220) SOOI o K -4 | 12-Fin CERDIP Iderate 10.53mWC above +70°C).

|:|LI1|:ILI1 '-."_Il:a =1 Cperati T-:ml:ﬁramlana.n B
T ’.5'. MK A Kiag

LT eee eeeee S ) wee o S0P 1D+ TOAC
R .:.,-' 7+ 0.5V) Mad=_ _AE xa_ E__ -.1.-_": o +BE5C
Drivenbzcaier Giniput Short Circuizd 1o E.NEI antinuous LV MN{E_ M-
Confiruous Power Dissipation (Ta = +70%C) 51n:|ra = Tamperaturs Bange...
16N Flastic DIP (derale 10.52mW G above +70°C) 242m W -:rrccrmur-_—ia'ldarng.

Hote 1: For the MAX220, V+ and V- can have & masmum megrituds of TV, but their absdule diffsrence cannot exceed 13V,

Hote 2¢ Input voltags measured with TouT in High-impedance state, SHOM or Voo = OV,

Note 3: Maximum reflow temperature for the MAEX225 W1 and MAXZ334_ WPz +220°C.

Srecsas baypond those fsted under “Abexilte Maamum Hamngs” may cause permanait camage o the devica. These are drass mbings ony. and funshonal
spenaiion of the devica at thasa or any sthar condibons l':_pan:.' hiose indtoated in the spembonal sechors of the specficabions 15 nof imphed. Exposira io
absokite mawmum mtng condions foravtendad perodsmay afastioawca siab ity

ELECTRICAL CHARACTERISTICS —MAN220/ 2207232 A 23302427243
Voo = +5V £ 10%, 51-C4 = O 1pF, MAKE20, 01 = 0.047uF, C2-Cd = 0.53pF, Ty = Thapy o Thgaw unless olherwizse noted.)

PARAMETER | CONDITICHNS | MIN TYP MAX UNITS
A5-232 TRANSKITTERS
Cuput Volags Swing Al franemitker culpuls loadad with 3 o GHD +5 +5 W
Input Logic Threshold Low 1.4 o3 W
&l devices excep! MAXKE20 2 1.4
Input Logic Threshold High Y
rput-egi Esne= g MAXE20: Vo = 5oV 2.4 !
&l except MAX220, normal cparation 5 40
cic: Pullupfngut Current EHDM =0\, MAXz22MAX242, shuldown, 0o o HA
MAXz30 -
Voo = S5, SHOM = OV, VoUT = 215V, - -
ot Leskane Curent MAXzz2AN=12 =0at =10 .
e age Lumen Vor - S oy |VouT = £18 L0010 210 a
VL= ==Y ezan Vour = =120 +35
Crata Rats 200 118 kbps
Transmitter Cluiput Pesiztancs VoD = Wt m W OV VDT = 22Y oo 100 fe]
Ciuput Short-Circuit Current ViouT = oW :&L}:Eﬂ':ﬁ-" =7 =22 e mé,
A5-232 RECEIVERS
R . ~ . " 230 .
R5-232 Inpuwt Vohaos Cperating Fangs Wi e W
. , Al except MAX243 Ba)py o8 1.3 .
R5-232 Input Threshold Low Voo = 5N !
" = o . MAXZ43 B2 |y (Note 4) -3 ’
om . .. Al excapd M&X 243 Ran 1.2 z4 .
RS-252 Input ITepeheyd Sigh Yo=Y MAKELS R gy (Mole 4) -0t 01 ¢
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232 A/233A7242/243 (continued)
Mo = +5V £10%, C1-C4 = 0.1pF, MAXEZED, C1 = 0.04TpPF, C2-C4 = 0.33PF, Ty = Tha 10 Ty, Uniess cthersse notsd.)

PARAMETER CONDITIONS MIH  TYP  MAX | UNITS
All except MAXIZOMANZAT, VOO = 5Y, no - . |
Mysterests In SHOM : '
RE-232 Input Hystersals v
A Z20 0.3
AN EAT |
3 5 7
RE-232 Input Resistance Th = ~25°C (MAKZ20) - . - KL
TTUCMOS Dutput Veoltage Low QLIRS TR oz o4 v
40 Output Vialtage Lo louT = 1.6MA (MAXZED 04 !
TTL/CHMOE Output voltage High 19T = -1.0m4 ZE Wop-002 W
. j Z0LrCing WO UT. = GHD -2 -10
TTL/CRMOS Output Short-Clrcuk Curnent ~ : . mé
Shrinking VouT = Wi 10 a0
.. EHDN = WOr of EM = Voo [SH0 = O o __
TTL/CMOS Output Leakage Current =006 =10
up oe MANE2Z), 0 < WoUT £ Ve ke
EN Inpiut Thrsshold Low MANZA2 14 0E v
EM Input Thrsshald High MANEAZ z0 1.4 W
Oparating supply Woltags 45 5.5 U
AN 20 0s 2
Mo Ioad R 2 IR B 2 A X 2334 s -
Voo Supply Current (SHOM = Vi), MAXZA2MAK LS "
figures 5, €, 11, 149 RAANZ30 12
30 load both
v P MANEAMAK 232 ARAL K 2304
PLES i L 15
FANEAZMAN 2L E
Ty = +25°C 0.1 10
Maxz2z! Ta= O'C o +70°C 2 =0
Shutdoasn Supply Current
- =HpRY MAK 242 T = -40°C 10 +35°C 2 =0 WA
T = -85°C 1o +125'C 35 100
EHOM Input Leakags Current MAXZIFIMANTAT N m
SHOM Threshold Low MANZIZMANELD 1.4 0.E W
EHOM Threshold High MANFIHMAN LT X 14 v
CL = 50pF 1o MAKZZZHMANZIZAMAKZIE | - 0
2500pF, RL = ZRQ | pa 24280243 -
i . b2 THER, Voo = 5V, -
Trareltion Slew Rate s Wi
measurad Tromi K220 1.5 3 30
S3W o -3V oF -3V
BB 2B AN T30 A Z T3 13 -
LT RAAKZAZIAAN DA ' :
Traremitler Propagation Delay TLL to MAK220 1 0 .
& - - 5
R=-232 (Nomnal Dperation], Figurs 1 MAKZ2EIMAN 232 MARZIH 15 35
ELHT MAK2A AR LD ' :
MANZ 20 5 10
Wota 47 MANZAT A2 7 5 quaranised 1o be |ow when Rl b5 = 07 or 15 foating,
3

AN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAN220/222/232A0/2330/242/243 (continued)
Voo = +8Y £10%, C1-C4 = 0.1 pF, MAX250, C1 = 0047F, C2-C4 = 0.23pF, Ta = Tiiik 1o Tuas, unless othersize noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAXz22 M AN E32A M A 235 0s ]
IPHLA MAXZAZMAN24E ’
Feceiver Propagation Delay R5-232 to MAXZ220 0.6 2 -
TLL {Mzrmsl Cperation], Figure 2 TN el L b L K e | - !
IPLHA MAKNZAZMAN 24 S ’
MAxz2D 0.5 3
] . ) tpuLs Maxzas 0s 10
Becsiver Propagation Delay BS-232 1o
TLL (Shutdcwn), Figure 2 Ha
IPHLS MAX245 25 10
Becsiver-Output Enable Time, Figue 3 | izg MAX=42 125 500 na
Becsiver-Output Cizable Time, Figura 3 | DR MAXz42 160 500 na
. e MAXz22MAX242, 0.9F
g:;jﬁgm Eé"i:‘; EMHB Time (SHON ET caps (includes charge-pump 250 s
S te Etart-up)
Traremitler-Cuput Disable Time (SHON 0T MaxzasMaxads, o0 na
Gosa Low), Figurs 4 0.1yF capa -
AN M AXE2A M A 225 00
Traremiter + o - Propagation Delay \DHLT - PLIT MAX2A2MAKZ4S ) s
Difference (Mormal Cperation)
MAXE20 2000
IANE22 M AXEE2A N A 235 -
Recsiver + 1o - Procagation Delay EHLE - tPLE MAKZAZ M AN DS 100 s
Difference (Mormal Cperation)
MAXZ2D 225

Typical Operating Characteristics

MARZ20/MIAX222MMAXZIZAMAX2IIAMAXZI2MAX243

OUTPUT VOLTAGE ve. LOAD CURRENT

o =
1uF 1
E 5 I'E
o L ETHR V.o Y-LoAED
= g |LVepeaw nLiuF__|
o NI LOAD O
2 oz | TAANIMITIER OUTPUTE
T, | ECE TN M)
- |
E = | v Lot woLbenowel
= . LiuF wF |
5 LT
# 1|
L TV LOACER HOLOMDEN
7 -] 1} 15 N =
. LOADCURPENT ()

MITPUT CUREERT ix#i

AVAILABLE OUTPUT CURRENT

V5. DATK RATE

-t

T I I 13
QUTPUT LIAD -:umiHTJE
FLOWS FROM V. TOW- 3

[ it

C&PS

r—_]

BLLCAPS
LRITES

[~

Ve, V- VOLTARE

/

Q

e}

il ]

DWTA RATE (Rbim'sac)

AW

AW

MEX 222 MAKZA2
ON-TIME EXITING EHUTDD'WN

1 [ 1 '

1k CRFE

=l

e

11
uFCAPE

— 35

E
T 1—
i
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FPGA Discovery-lll XC35200 Board Manual

Introduction

The FPGA Discovery-lll XC3S200 developed Board provides a
low-cost, easy-io-use development and evaluation platform for Spartan-3
FPGA designs. It is shown in figure 1

Figure 1 The FPGA Discovery-111 XC3S200 developed Board

Features _

1.) 200,000-gates Spartan-3 FPGA (XC35200-4TQ144C)
» Twelve 18K-bits block RAMs (216Kbits)
= Twelve 18x18 hardware multipliers
= Four Digital Clock Managers (DCMs)

2.) 1 Mbits Platform Flash PROM (XCF015V0200)

3.) Four Digits, seven-segments LED display

4.) Eight LED outputs

5.) One buzzer output

6.) Eight positions DIP switch

7.} Five momentary-contact push button switch

8.) 9-pin RS-232 Serial Poit

9.) 12C sockef for serial EEPROM (24L.C x x)

10.) Four 40-pins expansion connector ports (80 Bits 3.3V. 1/0)

11.) JTAG port for low-cost download cable

12.) 25 MHz crystal oscillator

92
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ET-CFM 10 . Sy smitgnaane uus el e min e sau i asstineg Wasrenfadadausudaya

AumtaA A AN CompactFlash 1d Ineaglyg i uges FILES suuzneegiu dareaild @ sy unas

nos Wanas WIND oS A& dsremilills sgod H e syadae e rwiuetluieey sdeya

gy e dssnnseadays udiiine s faymiiy imwns PORT RE222 aenundiuem ET-CFM Tiine

v Fayminy et winamrruin COMPACTELA S H Ml misnaa sl wengrd grranwmas maws Wil

gsrweni L e L8 e e sun GRS it dayeenemed, DATA LO GEERS B, wasingamg i ias

v Fayaeiasy

e Al Al CompactFlash BMATMRUAR 50 AUIR 22ME, B4ME , 128ME, 256ME R 1GE
FEAFLMILAEAT 181 Compa ciflash [Egagm 4G E

iy sl vuneg o Lk FaT 16 Sasswreaildfrzun 03 080 003 wa WND oS L&
Gredadasvamung Al Cornp actFlash Fumna PORT RS232, AS422 (O PTION) T Tt S
rrefmEald i 9600, 19200, 35400 LRs 57600 1 HrnTuH

a l. & & i e 1
b e PR R RN TR TR Hlifmiay CornpactFlash i AEAD, WRITE, RESET, TIME RTC, DISK
EMPTY

=1y ATC wfay BATTERY BACKUP §uia ey sundfaya el unsadnalvos gy oo luaos
TSy &

PORT R5232 WUL DB § PINUAZLLL 4 FIN ETT, RS422 3011 6 PIN ETT

W POWER SUPPLY DC9-12vDC (DC ADAPTER 10VDC 281 EWH £1R71 120 - muﬁﬁmﬁuﬁu]
IWIALE R ET-CFM ¥10 1.7 23 CM

ET-CFM 1.0 b smaudag . uaim ET-CFM 410, gilane W, CO-ROM dhatha ik uary, fhe 8 PIN
DB R5232, @1 4 PIN VWA, DE 3 FIN @), COVERS PIN ...
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1 Watt, 900 MHz Radio Modem with built-in RS-232 /485 /422 Interfacing

Alend=Fhie=H B Modem Specificabons

XTend 300 MHzZ RF Madem Specifications

Performance ifi: 3600 bps AF Data Rate i 115,200 bps RF Data Rate
Trenami Power Culpat 1 miW -1 W {scftwere selecinble] 1 =MW -1 Wi [2ofware eieci=hie)
Indecnlirben Range Up b J000F 200 =) U o 1500 450 m)
Dubdocr Up bo 14 miles {22 km] w' dipcle anfenna Lp ko Timies |11 le=) wi dipcie snkerna
fiF ine-cf-sigrt Rarge Ug bo 40} miies {64 km} w' high-gain anbesna | Up ic 20 mies (32 ) wi high-gein andenna
ficusl 7 Dal= Rate
|=efecistle uzing 3R 10,000 bzs 120,000 hips
Command|
Flaeiver Sanafuily 10 d3m -1G0dE=
Fecaiie Curment 110 md il md

6 32z cyeic . .

desp [SH=E) 20 mA 8 mA

-_Eaiel;_:?:?wdt seep M m4 19 b
kil= P oydic seen 2
Cumentr | /2Wes) 24 mh M mé

SEvaek iy Fmh = ma

Joesanle o % md 5 mh
Fin Eleep Fower Doam T mé 17 mi
Zerial Port Sieep Power Down 45mi 45 mi
Ganeral
Frequency BI-525 Mz
Zpread Zpecinem FHES [Frequency Hopging Zpsead Epecum]
Kodulabicn FEK [Frequency SRt Keying)

Zupgorizd Network Topoiogies

Peer-ic-Peer, Poinlo-Point; Poiskin-Matipoint & Ml

Charnel Capaciy

10 rapsequances shaee 51 fregaences

VO Smvinl Daim Rnle (Baud)

1200 - 230400 b [ Sofware seleciable]

Phyzical Propartles

S 277 x 550" x 1424° 790 emx 93,90 om x3.B0 o}
Wiesghk 71 oz (200 g}

Zwral Comreclor DB

Operaling Temgessiure 405 BEEC findustal)

Antenna

Conrechar FPENA (Reversa-coln-dy SHL)

Type ¥ iwave dipolz whip, 6.73° (177 cm], 2.1 dEi G=in
impedance 30 ghrme unbelanced

Cartifications (vt waw.maxstream.net for complete Ist)

FOC Part 15.247

Pending

Indexiry Canadn {IC)

Penditg

Specifications - Relative to user-selected TX Power Ouitpst

Powar Raguirsmants (T cuments refative to each TX Power Output opbicn)

Tramsmit Power Dutput 1w 10 mil 130 m'W 500 mW i
Tranzmit Cumen? @500 bead . S e S0 OO0 e
[9VDC =upply volinge) 110 =4 SEmi Elwa 0 ma el
Tran=mit Cumend {01155 baud _ S i oy )

[ VDC =usply vokiage) 0= A i M5ma 200 ma BOD ms

LL:HE Rr'.l.'l'l.':l.'L"

The KTend-PHG-A RF Modem delivers
unprecédented range in & low-cost radio
madam. Dee to modem's 1 W power
autput B outstanding recaiver sensitivity,
USErs can experience up to 40 mile range
in RF line-of-sight conditions and up to
20 miles In indoor/urban environments.

AES Eroneption

When sending data over-thea-air that
commands sacured wirelass links, the
XTend RF Modem provides 256-bit AES
encryplion - the kighest encryplion
standard available.

TR praier Senaitha ty

The modem's market-leading receiver
sensitivity of -110 dBm (markel average
ig -33 dBrn) sats the modem apart rem
competing radies in terms of renge and
reliable communications.

x[

MaxStream’s XII {Interferanca
Immunity ) Technobogy Miters interferance
eoming from pagers and celbular

L5

Al MexStream Radio Medems are
manufactured under rigonsus IS0
S001:2000 registered standards.

Warld Class Su eTL

Fres and unlimited technice! support i
included with evary MaxSiraarm Radia
Modem sold.

Call Today for Voluma Pricing and
Development Packages!

Valume pricing incentives are available.

Cevelopment packages provide an
ingxpensive means of experiencing
MaxStream performance and support
first-hand. The development packages
include the herdware and softwere
neaded to repidly create long range
wireless links batwaan devices.




AONUUINYUINNS )
ANRINTUNINEAE

95



96

L4
a.1. 299521 RS-232
1 ‘ 2 3 4
uL Voo
L Voo |16
J1 D
0.1 uF a~o1uF 5 (3
3 | o U e e
T TR, s o
G 0.1uR 01UF I [9 o
LS | GND %: I——o| T 410
9 E== 5 2 3 g
0] RO R2l - 1 le] 2 le}
L T2l 20 o 1=
l o
[ Pi0d 2RO Rl —o GPS 8 o —
L Tl T10 0
MAX3232CPE GYRO
UL Voo
1 16
@ ] . 5
0.4 UR or~-01uF 5 (5
3 AP LR L
= B V- 6 =4 1o
8 o 5 ° N
C 01U CR_\I/O.luF 3 15 [o o
s _ANGE GND. %: I—+—o| Ti+to
A Lo s I o
P10 18 ' RO Rel 3 = ‘13 o 3 o
| T2l 20 o +—t—o
o I
PR ﬁ - RIO Rll ﬁ STP ? o
LTl T10 o
MAX3232CPE DFFP
UL Voo
0.1 uR a~-o01uF
My = v
G 0.1 uR T\I/O.l uF
o w0 BT
%‘ R2O Rl —g?
T2l 20 I
[P 2 rio R —33 3
P23 LTl TIO 2
MAX3232CPE f
= | CON3
A
Title
RS-232 Driver
Size Number Revision
A 1 1
Date: 11-Mar-2006 [Sheet of 1 1
File: D:\PCB\RemoteHight.ddb | Drawn By: Ht.L t Watcharapong Khempe;
1 2 ‘ 3 4

917 9.1 29994 RS-232



97

>
2.2, 29a5ulagsaAu
1 ‘ 2 3 4
D
Vin < Voup>
[{=]
MIE3055
§ RIA
220
©
[t
—
-
IN
DC12-16 .
4. 7K —T~Cl
ATuR25V
R?
3 e (e |
db AAS 16 C1815 DCO-12V
< RESPACK1
POT1 .
—"~C2 B
4.7uF25V
< _GND- _GND»
Title
Regulator 12 volt down to 9 volt
Size Number Revision
11 A
A4
Date: 6-Mar-2006 [ Sheetlof 1
File: D:\PCB\RemoteHight.ddb | Drawn By: At.LtWatcharapong Khempet]
! 2 ‘ 3 4

517 4.2 29asuiladus s



- 0 o o N\ %
" r-;. AT UATA-LEdlaNauAe NI C

AONUUINYUINNS )
RN ITNINENAY

98



/* rs.c */

/* This program is an encoder/decoder for Reed-Solomon codes. Encoding is in

systematic form, decoding via the Berlekamp iterative algorithm.

In the present form , the constants mm, nn, tt, and kk=nn-2tt must be

specified (the double letters are used simply to avoid clashes with

other n,k,t used in other programs into which this was incorporated!)

Also, the irreducible polynomial used to generate GF(2**mm) must also be

entered -- these can be found in Lin and Costello, and also Clark and Cain.

The representation of the elements of GF(2**m) is either in index form,

where the number is the power of the primitive element alpha, which is

convenient for multiplication (add the powers modulo 2**m-1) or in

polynomial form, where the bits represent the coefficients of the

polynomial representation of the-number, which-is the-most convenient form

for addition. The two forms are swapped between via lookup tables.

This leads to fairly messy looking expressions, but unfortunately, there

is no easy alternative when working with Galois arithmetic.

N s

#include <math.h>

#include <stdio.h>

#include <conio.h>

#define mm 4 /* RS code over GF(2**4) - change to suit */
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#define nn 15 /* nn=2"*mm -1 length of codeword */
#define tt 2//3 /* number of errors that can be corrected */
#define kk 11//9 /* kk = nn-2*tt */

int pp [mm+1]={1, 1,0, 0, 1} ; /* specify irreducible polynomial coeffts */

int alpha_to [nn+1], index_of [nn+1], gg [nn-kk+1] ;

int recd [nn], data [kk], bb [nn-kk] ;

void generate_gf()

/* generate GF(2**mm) from the irreducible polynomial p(X) in pp[0]..pp[mm]

lookup tables: index->polynomial form alpha_to[] contains j=alpha**i;

polynomial form -> index form index_of[j=alpha**i] = i

alpha=2 is the primitive element of GF(2**mm)

*/

registerint i, mask ;

mask =1 ;

alpha_to[mm] =0 ;

for (i=0; i<mm; i++)

{ alpha_to[i] = mask ;

index_of[alpha_to[i]] =i;

if (ppli]!=0)
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alpha_to[mm] ~= mask ;

mask <<=1;

index_of[alpha_to[mm]] = mm ;

mask >>=1;

for (i=mm+1; i<nn; i++)

{ if (alpha_to[i-1] >= mask)

alpha_to[i] = alpha_to[mm] * ((alpha_to[i-1]"mask)<<1) ;

else alpha_to[i] = alpha_to[i-1]<<1;

index_of[alpha_to[i]] =i ;

index_of[0] = -1 ;

void gen_poly()

/* Obtain the generator polynomial of the-tt-error correcting; length

nn=(2**mm -1) Reed Solomon code from the product of (X+alpha**i), i=1..2*tt

*/

reqgisterint i, ;

gg[0] =2; /* primitive element alpha = 2 for GF(2**mm) */

ggl1l=1; 7/ g(x) = (X+alpha) initially */
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for (i=2; i<=nn-kk; i++)

{aglil=1;

for (j=i-1; j>0; j--)

if (9g(j] '= 0) gglj]l = gglj-1]1" alpha_to[(index_of[ggl[j]]+i)%nn] ;

else galjl = galj-11;

gg[0] = alpha_to[(index_of[gg[0]]+i)%nn] ; /¥ gg[0] can never be zero */

/* convert gg[] to index form for quicker encoding */

for (i=0; i<=nn-kk; i++) gg[i] = index_of[ggl[il] ;

void encode_rs()

/* take the string of symbols in datali], i=0..(k-1) and encode systematically

to produce 2*tt parity symbols-in-bb[0]..bb[2*t-1]

data[] is input and bb[] is output in polynomial form.

Encoding is done by using a feedback shift register with-appropriate

connections specified by the elements of gg[], which was generated above.

Codeword is c(X) = data(X)*X**(nn-kk)+ b(X) */

reqgisterint i, ;

int feedback ;

for (i=0; i<nn-kk; i++)
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bbli]=0;
}
for (i=kk-1; i>=0; i--)

{ feedback = index_of{data[i]~bb[nn-kk-1]] ;

if (feedback !=-1)

) |
bb[0] = alpha_to[(gg[0]+feedba

. ENUWANEUIMT
ANRINIINAIVENAY

for (j=nn-kk-1; j>0; j--)
{

bb[j] = bb[j-1] ;



bb[0] =0 ;

void decode_rs()

/* assume we have received bits grouped into mm-bit symbols in recd[i],

i=0..(nn-1), and recd[i] is index form (ie as powers of alpha).

We first compute the 2*tt syndromes by substituting alpha**i into rec(X) and

evaluating, storing the syndromes in sfi], i=1..2tt (leave s[0] zero) .

Then we use the Berlekamp iteration to find the error location polynomial

elp[i]. If the degree of the elp is >tt, we cannot correct all the errors

and hence just put out the information symbols uncorrected. If the degree of

elp is <=tt, we substitute alpha**i-, i=1..n-into the elp to get the roots,

hence the inverse roots, the error location numbers. If the number of errors

located does not equal the degree of the elp, we have more than tt errors

and cannot correct them. Otherwise, we then solve for the error value at

the error location and correct the error. The procedure is that found in

Lin and Costello. For the cases where the number of errors is known to be too

large to correct, the information symbols as received are output (the

advantage of systematic encoding is that hopefully some of the information

symbols will be okay and that if we are in luck, the errors are in the
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parity part of the transmitted codeword). Of course, these insoluble cases

can be returned as error flags to the calling routine if desired. */

reqgister inti,j,u,q;
int elp[nn-kk+2][nn-kk], d[nn-kk+2], I[nn-kk+2], u_lu[nn-kk+2], s[nn-kk+17 ;
int count=0, syn_error=0, root[tt], locl[tt], z[tt-+1], err[nn], reg[tt+1] ;
/* first form the syndromes */
for (i=1; i<=nn-kk; i++)
{slil=0;
for (j=0; j<nn; j++)
if (recd[j]!=-1)
s[i] ~= alpha_to[(recd[j]+i*))%nn];  /* recd[j] in index form */
/* convert syndrome from polynomial form to index form */
if (s[i]'=0) syn_error=1; /* set flag if non-zero syndrome => error */

s[i] = index_of[s[i]] ;

if (syn_error) /* if errors, try and correct */

/* compute the error location polynomial via the Berlekamp iterative algorithm,

following the terminology of Lin and Costello : d[u] is the 'mu'th

discrepancy, where u='mu'+1 and 'mu' (the Greek letter!) is the step number

ranging from -1 to 2*tt (see L&C), I[u] is the
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degree of the elp at that step, and u_I[u] is the difference between the

step number and the degree of the elp.

*/

/* initialise table entries */

d0]=0; /* index form */

di1]=s[1]; /* index form *
elp[0]J[0] =0;  /*index forn
—
elp[110]=1;  /* poly

for (i=1; i<nn-kk; i++

{elpl0][i]=-1; /

elp[1][1 =0

Ifo] =
[11=0

u_luf0] =-1;
u_luf1] =

ﬁﬂ']‘i.lu']‘lfl‘c’mﬁﬂ'ﬁ
ﬂW’]NQ NIUAINYIRE

ut+;
if (d[u]l==-1)

{Ifu+1]=1[ul;
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for (i=0; i<=I[u]; i++)

{ elplu+1][i] = elp[ulli] ;

elp[ulli] = index_oflelp[ul[il] ;

else

/* search for words with greatest u_lu[g] for which d[q]!=0 */

{a=u1;

while ((d[g]==-1) && (g>0)) g-- ;

/* have found first non-zero d[q] */

if (g>0)

{j=a;

do

{i-:

if ((d[j]'=-1) && (u_lu[gl<u_lufj]))

a=j;

twhile (j>0) ;

/* have now found g such that d[u]!=0 and u_lu[q] is maximum */

/* store degree of new elp polynomial */

if (Ifu]>I[q]+u-q) I[u+1]=1[u];

else I[u+1] = I[gl+u-g ;
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/* form new elp(x) */

for (i=0; i<nn-kk; i++) elp[u+1][i1=0;

for (i=0; i<=I[q]; i++)

if (elplallil!=-1)

elplu+1][i+u-qg] = alpha_to[(d[u]+nn-d[a]+elp[allil)%nn] ;

for (i=0; i<=I[u]; i++)

{ elplu+1][i] ~= elp[ul[i];

elp[u]li] = index_of[elp[ullil] ; /*convert old elp value to index*/

u_lu[u+1] = u-lfu+17;

/* form (u+1)th discrepancy */

if (u<nn-kk) /* no discrepancy computed on last iteration */

if (s[u+1]!=-1)

dlu+1] = alpha_to[s[u+1]];

else

dlu+1]=0;

for (i=1: i<=I[u+17]; i++)

if ((s[u+1-i]!=-1) && (elp[u+1][i]!=0))

d[u+1] ~= alpha_to[(s[u+1-i]+index_of[elp[u+1][i]])%nn] ;

dlu+1] = index_of[d[u+1]]; /* put d[u+1] into index form */



} while ((u<nn-kk) && (Ifu+1]<=tt)) ;

u++;

if (Ifu]<=tt) /* can correct error */

for (i=1; i<=I[ul; i+

regli] = elp[ulli] ;
count=0;

for (i=1; i<= nn

{ag=1; l

for (j=1; j<=I[u]; j++) Q-} =N

if (reg[jl'=-1

awqmmmum'm R

~= alpha_to[reglj]] ;

if (1) /* store root and error location number indices */

{ root[count] = i;

FATULIMEUINTG
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loc[count] = nn-i ;

count++ ;

if (count==I[u]) /* no. roots = degree of elp hence <= tt errors */

/* form polynomial z(x) */

for (i=1; i<=I[u]; i++) /* Z[0] = 1 always - do not need */

{if ((s[i]'=-1) && (elp[uli]!=-1))

z[i] = alpha_to[s[i]] ©* alpha_to[elp[u]li]] ;

else if ((s[il'=-1) && (elp[ullil==-1))

z[i] = alpha_to[s[i]] ;

else if ((s[i]==-1) && (elp[u][i]!=-1))

z[i] = alpha_tolelplullill;

else

z[i]=0;

for (j=1; j<i; j++)

if ((s[j]'=-1) && (elp[ulli-]!=-1))

z[i] ~= alpha_to[(elp[ulli-]] + s[j])%nn] ;

z[i] = index_offz[i1] ; /* put into index form */



/* evaluate errors at locations given by error location numbers loc[i] */

for (i=0; i<nn; i++)

{erfi]=0;

if (recd[i]l=-1) /* convert recd[] to polynomial form */

recd[i] = alpha_to[recd[i]] ;

else recd[i]=0;

for (i=0; i<I[u]; i++) /* compute numerator of error term first */

{err[loc[i]] = 1; /* accounts for z[0] */

for (j=1; j<=I[ul; j++)

if (z[[]1=-1)

err[locl[i]] ~= alpha_to[(z[j]+j*root[i])%nn] ;

if (err[loc[i]]!=0)

{ errlloc[i]] = index_offerrfloclill];

g=0; /*form denominator of error term */

for (j=0; j<I[ul; j++)

if (j1=1)

g += index_of[ 1" alpha_to[(loc[j]+root[i])%nn]] ;

a=q%nn;

err[locli]] = alpha_to[(err[loc[i]]-g+nn)%nn] ;

recdlloc[i]] = errfloc[i]] ; /*recd[i] must be in polynomial form */
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else /* no. roots != degree of elp => >tt errors and cannot solve */

for (i=0; i<nn; i++) /* could return error flag if desired */

if (recd[i]!=-1) /* convert recd[] to polynomial form */

recd[i] = alpha_to[recd[i]] ;

else recd[i] =0; /*just output received codeword as is */

else /* elp has degree has degree >tt hence cannot solve */

for (i=0; i<nn; i++) /* could return error flag if desired */

if (recd[i]!=-1) /* convert recd[] to polynomial form */

recd[i] = alpha_to[recd[i]] ;

else recd[i] = 0; —/* justoutput received codeword as is */

else /* no non-zero syndromes => no errors: output received codeword */

for (i=0; i<nn; i++)

if (recd[i]l=-1) /* convert recd[] to polynomial form */

recd[i] = alpha_to[recd[i]] ;

else recd[i]=0;
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main()

reqgister int i;

/* generate the Galois Field GF(2**mm) */

generate_gf() ;

printf("Look-up tables for GF(2**%2d)\n",mm) ;

printf(" i alpha_to[i] index_of[il\n") ;

for (i=0; i<=nn; i++)

printf("%3d  %3d %3d\n",i,alpha_to[i],index_offi]) ;

printf("\n\n") ;

/* compute the generator polynomial for this RS code */

gen_poly() ;

/* for known data, stick a few numbers into a zero codeword. Data is in

polynomial form.

*/

for (i=0; i<kk;i++) datali] =0 ;

/* for example, say we transmit the following message (nothing speciall) */

data[0] = 1;

data[1] = 3;

data[2] =3;
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data[3] = 9;

data[4] = 0;
data[5] =0;

data[6] =6 ;
data[7]=5;
data[8] =3 ;
data[9] =1;

/* encode data[] to produce parity in bb[]. Data input and parity output

is in polynomial form

*/

encode_rs() ;

/* put the transmitted codeword, made up of data plus parity, in recd[] */

for (i=0: i<nn-kk; i++) recd[i] = bb[i];

for (i=0; i<kk; i++) recdli+nn-kk] = datali] ;

/* if you want to test the program, corrupt some of the elements of recd[]

here. This can also be done easily in‘a-debugger. */

/* Again, lets say that a middle element is changed */

for (i=0; i<nn; i++)

recd[i] = index_of[recd[i]] ; /* put recd[i] into index form */

/* decode recv[] */

decode_rs() ; /* recd[] is returned in polynomial form */

/* print out the relevant stuff - initial and decoded {parity and message} */



printf("Results for Reed-Solomon code (n=%3d, k=%3d, t= %3d)\n\n",nn,kk,tt) ;
printf(" i data[i] recd[il(decoded) (data, recd in polynomial form)\n");
for (i=0; i<nn-kk; i++)

printf("%3d  %3d  %3d\n",i, bb[i], recd[i]) ;

for (i=nn-kk; i<nn; i++)

printf("%3d  %3d  %3d\n",i, datal |
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