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## 4570556721: MAJOR ELECTRICAL ENGINEERING

KEY WORD: POSITION LOCATION / MOBILE STATION / SIGNAL STRENGTH (SS) /
NEURAL NETWORK / VERY HIGH SPEED INTEGRATED CIRCUIT HARDWARE
DESCRIPTION LANGUAGE (VHDL) / FIELD PROGRAMMAEBLE GATE ARRAY (FPGA)

SARAN KIETSIRIROJE: DESIGM OF MNEURAL NETWORK FOR ESTIMATING
LOCATION OF MOBILE STATION. ASSOC. PROF. DR, WATIT BENJAPOLKUL,
106 pp. ISBN 974-17-5702-6.

Position location services in mnbile'telephone systems have been receiving
increased interest in the past decades. The applications are included in both
commercial and governmental finterests. At present, the Federal Communications
Commission (FCC)" hass launched the specification for E-911 service. These
requirements propesed that by Dctoﬁet 2001, operators must be able to determine
accurate location of ‘mobile stations with accuracy within the radius of 125 meters to
achieve at least 67 percent of all trial locations.

This thesis proposes a technigue to design neural network to approximate the
location of Mobile Station (MS)‘by using real data of the Signal Strength (SS) and the
position of Base Stations (BSs} which communicate with the MS as inputs to train and
test the neural network for solving the non-linear problem.of approximation which is not
suitable for using mathematical-models: To prove that the designed neural network can
be in practice, this Thesis focuses on implementing the neural network using Very high
speed integrated circuit Hardware Description Language (VHDL) because of its
simplicity in.debugging, testing.-the, performance-and. implementing the prototype by
downloading-the-designed neuralnetwork to-Field Programmable Gate Array (FPGA).
Simulation‘model-and, prototype-testing show that-the designed neural,network has the
ability. to approximate the location of MS "with accuracy in ‘compliance with FCC.

However, the implemented prototype in this thesis is still to be improved in the future.
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WardunneTaudnuass (Sigmoid Transfer Function)
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o, =f,(IW1,1p + b1) 0, =f,(LW2,1a1+ b2) 0, =1,(IW3,2a2+ b3)
i o a ac o
;a:ﬂ‘VI 2.6 LULRNABANUITRALURLITAURBITLS

AFn17sanUUataaananatuiuazni lEd n1r0dan ldHaridunne laun wanmneiu

v 1
o A

luusazduialidmnuatunsnlunisuddyuifivunzas Taslenizaene@sannuaiunsn
Tunstfoyvuuu i

HAANTIIULLANARd TN a AR A nasdual ALl nNaNnIh (2.4)



13
O, =, (LW, f, (LW, f,(IW,,p +b,) +b,) +D,) (2.4)
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(Feedforward Network - Backpropagation Training Architecture) [5, 6]
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Warsauntinsaainasnlugili 2.6 nsilnliaseaiwndsnuuuunnszanadaunaun

v
Y o A

I liAnendnusariudauisadsuiudanasny lasatl
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1 %
a ¥

1) ANUAANBNALIIA T UTNLA AN I W AT arN A LR AL URAIA S
a aia dl . I o o‘a‘ % a ai . (= o dl
2) Warswnilazeun | ln o AnadnsisuAueatioseun | (0;) aziiluseanniey

(2.5)

o, =f Q. w0, +b;) (2.5)

e w Wierdesdiminainardeyaid o, uiiitiaseui |

b, \uenlunaavasiioseui

a dl ) :// ndl (5% ¥ A a dl .
UITAUN | ﬁﬂi&f;i@ﬂuﬁumgmumﬂummm‘muwJ

3) WnilvseaalinuuuiliuAinasnnan laaEuiansuaniiasaulududaya
v v 1
panufetudauulaslsUAT 29t In TN LA A lULAdANANNTIN (2.6) WAz

(2.7)

Wy (t+1) = w; (t) + Aw;, (2.6)
b, (t+1) =D, (t) +Ab, (2.7)

~ Bys o5 4 o v o A v a P
e wy (t) Aedasastiwnanedeyaidam i Tdsliaseuit j Tunisau
19017 t
b, (t) AeATluLaAvENEaTauR | lun1saudisaum t
e~ 1 ] [ 1 1 %’ o a dl . v Aa dl .
Aw;; PedaudiuaasAtasiavinaintiaseun i lufsilaseun |

Ab; - Pafdautiuresrnluweaediiiseaui

ANNN9N (2.6) WAz (2.7) WuannimudanaslfuaAitaainmiinuazan
Tuueadmiunn o faseu lunisAuniaandudeyaeenndunngiuiayaidi
dnulfurasannaanindniaratdnudsuaesanlunes uldniw

ANNNTN (2.8) LAy (2.9)

AW, =76,0, (2.8)

Ab; =16, (2.9)

e &, Aemuannian (2.10)

__{fj’(netj)(tj—oj) if neuron j is an output neuron
J

| f/(net))X, S, w, if neuron j is a hidden neuron
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t, Aed A vneidadniitosaud |

5, ABANTALUFURIANANNRANANA (Error gradlent) mmmum
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Argudngeafifasnig

22 Fatuuaras FCC dusunanis E-911 lussuudasnslsana (The FCC Ruling
on Wireless E-911) [1, 2]

ANUFUNN9U NIRRT UL OIAN WA ADLNEBIN AN NABIIRINIT TN

Andulimudaniuuaued FCC 4115113013 E-911 luszuudaanslians Tensnaaziaen
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, 2 4 = v e = o =

age ity Tuisesresnisdndunislunisdedeyaainanifigulldegud
911 viTaleaLeN (Public Safety Answering Point: PSAP) léaginaadsia uas
Y o ) A = A A a o o ol o
FoadAuanasalunsdedeyaninesnaniieaenazfnsanau g Geanld
13079818 79 FeC Ianuuaszaziatainiunailddanivuailliiflunan 18
= al [~1 U o d‘
ey warduniiudaninuasvasi 1

£ A o o 1 v a Y a £ a 1
ANNGNF AN sz AR AR LU es I FEn Tdu3N Y9 Fiaedl Aty
sve1¥ 125 L1M7 1 67 % 1899110 UAT89N17U s i uANe Tusvesingn 5 1
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a

a Y a % | = 4 A
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13015 E-911 ANnFusrULAeaN7 5a18AYAR99095UTULN1TNINIUT
UAINUATE L1 FEULEAGATS,  srULATIeARnUNdNY (Broadband  Public
Communications System: Broadband PCS), szuuinsAniiinqeuinnnigiua
WwaLeN  (Global System for Mobile Communications: GSM) LAzl
InsdwilndeuiininsguTaduie (Code Division Multiple Access: CDMA)
s wiazlisaniessuuimanuntnuaNen (Mobile Satellite System)

£ o i// dl Qi al ¥ il/ 1o/ dl
dannuunaee FCC Maluszesdl 1 waz seasi 2 Exldaudeusddui 1 naiax

A.A. 1996
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ADTULARNDUNNUILEUA [7]

anLiNnIseenkuuaiegUnInise o asiduntseenuuuinglinisainieas
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i ledmszna 7axo Tes saavdlamissnaanansing 1 denseiudniilusasan
farfFuniainenu SiinseenuunAeudineen uazdesldinaminlunisesnuuusyyy

o o 3 . v rdl o Y1 k4
RNAAINIININU (Simulation) mm@mummﬁ”lmmmqﬂmwm@ﬂm‘mmmimm@um\imﬂ
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=
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(Microcontroller) lutmsTisimdimas (Microprocessor) vaaladilszuranadyyunania
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4
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wiagundasnisoatlunisdscunanady wilunisaanuuuilaqiiuldinszuqunis
= dJ dld a a [~ KR a o dd‘ 3
aanuuudngluuuntlanitlsz@nsnangs maia wagldtinfniuwmaluladnldeanuuy

¥ 1 dld [ % 1
(Technology Independent) #A AT¥LAUNTTERNRL LN NANHUEATRNLLLAINLUAIAN
(Top-down Design) Felin1eusTentiansauas (Hardware Description Language: HDL)
TuN19a8NILUL 4188900911911 A9lAZaziiagas (Synthesis) Tugtutuaaamalulatinigm
% o 6 '8 dl a =
Finan1s wazarnnsnRauiuginsaiansauaslslaaanidinancsasieanuiuasuudnmse
uafaaniale (Field Programmable Gate Array: FPGA) fiiunisaaniuudnusanila
TnednauariauazaanganFanIneeay. wananni nseanuuuaivglnsaiuuweniale
faansauAtouuGesnnuialunislszanang 19NiauIA8999RIRIUNATNYNBANILLL
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UURLNINAITNHNNASHAUNALAN Lummmwimmmwumqﬂmuﬂgiuimmme 1ol

tyuniFesnireaniuLuResasiuinduten ananadnyounn wazandoyynmsuniu



18

AR TALEA (VHSIC (Very High Speed Integrated Circuit) Hardware
Description Language: VHDL) ilun1sussenaanfawaflszinnuils faanuanunsalunis
UITELNENG ANTINTBIWATNFBINITRBNLLL drNsneenuuuliiinesaidean (1O port)

| o PR o > N A o =
NINWNAIuIuL e WAALe a5l wazaasTiauNaaINnsnussqluladineasiaaen @
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A o g o = = N o P
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[ 17 Design Eﬁaciﬁcatiun )

; VHIDE
( 2 HRTL Simedation ' Teszthench
j’ WHOL

FPGA. . f Rt b : Design
Syrthesiz i3 Syrthesis & Optirnization G S
Library

| Stichied VHDL

Eﬂ imatesbeyve | Simulation Testbench

ELNF
¥

e Design

4 Shuchired WHOL + S0OF

l {53 Tirming Simulstion Testbench

[ (71 Download to Device )

FRGA
Standard
Cell Library

i Corfiguiralion §le
E F E

S [ Iy |

a e, a A Y] = =
gﬂ'VI 3.1 AUFAAUNNTARNLLLUINATLUTN L@WW@L@I@HI%IWH’WL@T@LL@@

AUABUN 1 NN9FSNTRMUUAARINITRANLLL (Design Specification)

dudupeunisai1edeninuas1g <) 2099947 1@ wasvinauinunminle Aarfdu
° - o < = PRy = co
A9 utezlating dafusneasidanredi9asNAedanN1saanLUL LaZlauReaidunIs
NINIUIBINATATNN AN ULUAIUBAFIAN 10T ALDA lUTEALBNfNLeA (Register
= \ - \ o = . , o
Transfer Level: RTL) Gaiflunisldmaazidenaalilumicaiiuiin (Register) iaeimanuan
(Memory) MaelAMuIiLasAINe (Arithmetic Logic Unit: ALU) WAZIATRIADNUE (State

machine)
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a o o o [ > L) . .
AUABDUN 2 ANADINITNNIULLUANRBINATTEAUBITNLAAN (RTL Simulation)

U R AUATIRADLNITN NI ULDILLLANAD99935 1L A U5 Laa Tatn17a1a8d
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Nﬂﬂﬁ(Logarithm Sigmoid Transfer Function) LL@%‘fusﬂ"ﬂgaﬂﬂﬂ (Output Layer) AU 1
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Input Layer Hidden Layer Output Layer
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Control Path
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AN e ANIIlAann e - 127 = arusuniaideuan lilnieing
azldl e - 127 = 1 A9t e = 128 (141FIMAL) = 10000000 (1A2F1UAD)
azl§ f = 11010000000000000000000 (WFix 0 ATy 23 Tm)

v v 1
Aatiu -3.625 anunsaudas e lugluuuvanmAawesus 32 0 Asuandlugdi 3.5
f

S e
171010000000000000000000

1 10000000
31 30 23 22 0

Bit # :
5U% 3.5 Auuaa -3.625 nasgnidaslie uglinansenasus 32 On
snfeanuuyld Aeidunialauilu

waziiieaan ludud a1 UAR IR T ALUALISH

Werfduanalauaan13nudnuass saiullninaunisi (3.1)
(3.1)

f1(X) 3

—X

1+e

= = a = « AN 2 o U v | =2 Y yo
Talun w13 Tanea N7 g uiletduanrasilidanuisannlalnedne aalsin
s lauaan 3nudnuessldatinelnaLAss [9]

Warduanuuunianatuan dunuileiaunas)

= Iy = = o ' =2 o A
LL@:@'\NW?GWHU@QEJT]H’WL‘ﬂ‘ﬁmLL@@iﬂqqﬂﬂqu’]ﬂ sﬁﬂLﬂuvLﬂmWN@Nﬂq?Vl (3.2)

it -
fz(x)_E F|x|+l

| I
F1 (X} — A___—
0.8 IR0 == Lo
06 f/
. /
0.4 /j”
0.2 _
----- --“"'_FF’#'P‘V
0 ———/
4 2 0 2 4
X

7 3.6 AnANHZARIRTUL se i R TunaTauaan TN LT NN a6

51
u 9
wRausuiuiardunne lauaaninudnuass [9]



24

a a Jd = 1 o ] = oy al v
3.3.1 N152ANKULUITAALUALISNLNAUTENIUAIAILRUITRIFDIULARDUN AL
NEALALDA

Haseaunidinlugln 3.2 annsauanslieslugtaesdnyeyrnsing o 1ldlunns

aanuULAIUAnglugLIn 3.7

5
_2

BHE

ss1

o vanduritolau

(5] TW2 3

552 Fnunod
3
N : ’;f\., Hardunuiay
lat1 y | ‘:’}ﬁ" /
- :‘t}%ﬁ’?:‘:\
2 O LA
» ES é:é éﬁ';é:;:g | Vlaridudoelay
JWW A Inuand
e 17
EHEHEHA o)
EIRRR
\;#4& I T
'd figudnatau
/ f !‘ | dnueed
long?2
o HerFutnaleu
; Ansinun

longd

3
=

519 3.7 nanaanvestisseannisnneentuy uinantinusaiiuil

e anus e ilAoan kLT s A 150 e dleva i aldn A reean il
\AReud aeanuuLlusastesvans I 2aseanAuiudeaulunireanLLLLAZINE
ANFUNIIAFDLAARANAA %qﬁQi@@LuMLﬁ'?ﬂiugﬂﬁ 3.7 @wnsnaaniuuiucsastias 11
2922 lEud aeandenAndasinuinuazAnlunes (Select weight and bias) 29a29uT 1
(Stage1) N@‘E%uﬁl 2 (Stage2) ’Nﬂ‘i%uﬁl 3 (Stage3) 'N@‘I‘%u‘ﬁ 4 (Stage4) N@?%uﬁl 5
(Stageb) qwi%u*ﬁ' 6 (Stage6) qwa?%u'ﬁ' 7 (Stage7) Q\i“]‘é‘%u‘ﬁl 8 (Stage8) qwi%u*ﬁ' 9

(Stage9) waza9asduil 10 (Stage10) Tnaddunaunisiieudniuianslugli 3.8
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NO NO NO

stage1
stage1_done
=17?

stage2
stage2_done
=17?

select
weight &
bias

NO

stage8
stage8_done
=17

stage9
stage9_done
=17?

stage10
stage10_done
=17

stage3
stage3_done
=17?

stage7
stage7_done
=17

stage6
stage6_done
=1 4

stageb
stage5_done
=17

stage4
stage4_done
=17?

NO NO NO NO

519 3.8 TUABUNNINNIUTINTULBINATEDLFN °]

Busiu Haseatunidsnazadluaniuzdng (Idie) lifinnaineule < Aintu aunseis

1
a

AlinaLuBEnsun1gnew (@anns start = “17) 29as@an At uinLazAN lULe AR

v
a

v v ] 1 v 1
N9 LAZANANTINUINEN AL AT LA A 1999839467 1 1H924a39uN 1 N9ULAGARU

(Rtytunou stage1_done = ‘1') 2993917 2 AIENNINTY 1UAS Ayt stagel_done Ay
[~ (% ?:/ dl cI/ o o 1 dg/ dl =S
nanenudtyeynns start 20999939U7 2 Hules AnwoenieineuanduguillGes o auds
] :J/ dl &I v o & G 1 o 1 al dl dldla [
NN INTULBINATTUN 4 B9 AN SLTRA A w2980 AR URTN AT URIA1N
duiloseauadfinazdignssuaunisauanuitanaAmashuiniazen lunaalng ey
ANNNAMasluN1zA U s uAa LY 29939U7 5 2493TUN 6 29939UN 7 2923947 8 LAz
29957UN 9 Azriusie ] AUMNATAY Twaasdun 9 Telinadndidludausieszndngdn
dnanutinuazA lusagasauludiuAttasinuinuaz A luwe AT LIARUUTIA UINANRIURNG
AINANINALANENAdINIINURIUNALATAAY (Aoyrynnd stage9_done = ‘0') HasaaLun
RnaznAUganIuzdneanads wivn ldwiniugue (doyrynn stage9_done = ‘1) 29a39U7

10 AzBUAUNIIU HoraatundsnazlaAitastinminuazA luneg vy uardaalileanaas

1 v
S v

WanATTatMInwar A luLa AN BHALN1IN19wTanNA TuNaNATY Paazidenlunng

1 ! Y o ] dgj
ABNLLUIBANINATHURLATN ] meimmmiﬂu



a9asiaanAmaeinnuazA1 luLad (Select weight and bias)

A luwaginalgidunislmasiEzufAuluni2A a9t e A lUAR SN WALHAN1TM1911a84
nqasslasianialaiady azlaAnastinvinuazen lutealudinaldlunisaruausausialyl

da, o £ dl v a 4 A 1 1 % o 1 dl 1 al L4 A 1 1
’Nf‘\]ﬁ‘uV]’]Mu’]Wﬂﬂ@ui‘\]’ﬂ@:ﬁmﬂﬂﬂqﬂﬂ\?u’]ﬁuﬂLLﬂzﬁ’]VLULLﬂﬁ'VILﬂuﬂ’]Lﬁ‘Nlﬂu NTAAINII

a K a as ¥ = o J QI ¥ Y o ' ' % o
pudng TN siniiasaalumiisn AN TIIMUAANENALITRUAN DTN UTN LAY

wminuazan luuealud Andayareseasiiuanslanegiy 3.9

45

10

>

reset

7 initial_iw1_ 41—l

initial_iw8_5 ——m
¢ initial_tw1_1——»

initial_Iw5_2——=
initial_hb1 —m

initial_hb2 ——
initial_ob1 ——m
initial_ob2 —m-

new_iwl 1

new iwd 5

new Iwil 1

new Iws 2

new hb1

new_hb5s

new_ob

new_ob?2

stage10_done

™

MUX 124 - &2

A

clk

AnyauInd start
AMSU stage oAb

519 3.9 A0dayara9isasinenAtasmtnuazAluLes
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ADAUANIRI29ATLAanAT9uINtnuLazA lunagaanuuulaald Finite-State

1%

Machine uanglaaasili 3.10

a

Idle

start = ‘1" ?

select initial select new

Select

weig_ht and weight and
biag stage10_done B

select_done

select_done
=7 .

=" =

5191 3.10 ADALANTBINATIRaN AT WAz AN lLLeA

WANNN9NNUBE999AsaanATtHIntinLazAn luLed Ae FuFwsasazatly

|
= o

AnUEIN (Idle) Wadtynyod start = “1” 29a3azdngan1uziaan (Select) 24492 WANTON
1 o dl Yo ?:/ dl 3| a YAy = 1 QI £

vndtysynnd stage10_done 7lAFLAIN9RsdUN 10 uandn ‘0’ a9asaziaanAnBusil
wa9ANgeuinuazAn luLea (initial_iw1_1, initial_iwl_2,..., initial_ob2) uwAnIn&tycynn

stage10_done N 1A3UaN29239U7 10 1uaean "1’ agasazidanAidaaiiutiniazA luued

v
¥ o

s (new_iw1 1, new_iwl_2,...., new ob2) NalifluArdaatnminuazenluleslunisg

AansluaeAsEReRY 7 (w1l1, iwl_2,../,002) Wazdeyegnal select_done azilaaanilu 1’

[

iageAle909asduin 1 salil

AIMNTUIRITUN 1 0999999049 10 aziilungasludninismun g 9 ANNNANNS

D

ae

0 = A vy e S, 2 N, X
Maudasiaseann nnatn udaluuni 2 Teluazidunnasallil
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2995TUT 1 (Stage)

] v
o [ % o

Masdun 1 Authit Ay B unRieuNA2e98990 A LUAIRS NN A DA LA TN

UMINUNEIUAINENATN (3.3)

fiwl 1] [mull_regl 1] [iw2_1] [mull_reg2 1]

iwl_ 2 mull_regl 2 iw2_2 mull_reg2_ 2
sslx|iwl_3|=|mull_regl_ 3|, ss2x|iw2_3|=|mull_reg2 3|,

iwl 4 mull_regl 4 iw2_4 mull_reg2_ 4

iwl_5| [mull_regl 5 iw2_5] |[mull_reg2_5]|

[iw3_17] [mull_reg3 1] [iw9_ 1] [mull_reg9 1] 33)

iw3_ 2 mull_reg3 2 w9 _ 2 mull reg9 2
ss3x|iw3_3|=|mull _reg3 3}|... long3x|iw9 3 |=|mull_reg9 3

iw3_4 mull_reg3_4 w9 _4 mull_reg9 4

iw3_5| |[mull_reg3_5| w9 _5| |mull_reg9_ 5|

asdun 1 1ipdeyauazinmauanuandlifaglin 3.1 uay 3.12 ANa AL

a

b

reset
start
i_sel
ss1T —»
§ss2 —» @
ss3 mul1_reg1_1
lat1 < mul1_reg1_2
= mul1_reg1_3
long1— é mull_reg1_4
at2 —» = R
long2 mul1_reg1_5
lat3 45 mul1_reg2_1
lona3 ot muli1_reg2_2
9 pin  Start oyt > mul1_reg2_3
] mul1_reg2_4
MWATANU Register
Wl 1 B mul1_reg2_5
iW’]_Z ) P in —1 2 clk done mul1_reg3_1
iW1_3 ™~ £ mul1_reg3 2
w1 4wl
iwl 5—» I
W2 1 é mul1_reg9_5
w21 2
iw2_2—» o
. ° tutuned start
w9 5—» #usU stage omld
iw_sel
clk

H v !
51 3.11 Andeyaneda9asdum 1
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NO

Done Idle
Input_sel = 0
stage1_done iw_sel=0
= done =0
select_done

=72

NO

step1
input_sel = 1
iw_sel =

step9

input_sel = 9
iw_sel =
iw_sel + 1

iw_sel =45 ?

step2
input_sel = 2
iw_sel =

NO

step8 NO

input_sel = 8
iw_sel =
iw_sel +1

iw_sel =40 ?

input_sel = 3
iw_sel =
iw_sel +1

iw_sel =157

YES

step7

step4

input_sel =7
iw_sel = input_sel = 4
iw_sel + 1 iw_sel =
iw_sel = 35 ? iw_sel + 1

iw_sel =20 72

NO

step6

input_sel = 6

step5

input_sel = 5 NO

iw_sel = iw_sel =
iw_sel+1 [ iw_sel + 1
iw_sel =30 ?/YES \iw_sel =257

NO

NO

519 3.12 A0NALANTEINATTUT 1

WANNANNUTBINAITUN 1 AD Busuasazat]luaniuedne aunseiadynyin
select_done ~ NgnAIAINIAINATAANATostulnLas AN luupailuasan 1 29asay
BrsugnIABUNmIN AL AN A HMINAANANN 197 3.1 (stepT- D4 step10)-Tnaddnyounns

input_sel Ludnyaynaudniuidandnaunn uazdryind iw_sel Wudtynnadmiuaaen

ANTIAsUIVIIN WaN19RsuNALATAAY ATyt 0 staget_done aviananiilu 1 uazgnas

ANl 9n9a39un 2
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2995TUT 2 (Stage2)

¥ 1
2999 9U7N 2 ANThATdry ey asAsing | uazA il AL g NI AR NANNNS

7 (3.4) (3.5) uaz (3.6)

mull_regl 1+ mull_reg2 1+ mull_reg3_1+ mull_reg4 1+ mull_reg5_1+ hbl sum _ regl
mull_regl_ 2+ mull_reg2_2+ mull_reg3_2+ mull_reg4 _2+ mull_reg5_2 + hb2 sum _ reg2
mull_regl_ 3+ mull_reg2 3+ mull_reg3_3+ mull_regd4 3+ mull_reg5_3+hb3 | = sum_reg3 (3.4)

mull_regl_ 4+ mull_reg2 _4+mull_reg3_4+ mull_reg4 4+ mull_reg5_4 + hb4 sum _ reg4
mull_regl 5+ mull_reg2 5+ mull_reg3 5+ mull_reg4 5+ mull_reg5_ 5+ hb5 sum _ reg5

[ f(sum regl) ] [sgm _regl]
f(sum _reg?2) sgm _reg?2
f(sum_reg3) |=|sgm _reg3 (3.5)
f(sum_reg4) sgm _reg4

| f(sum_reg5)| |sgm_reg5 |

f(x):% SN (3.6)

1+|x

Y A Aaaly o &
WATUUN 2 qum@H@LL@ﬁﬂ1@ngﬂVl

NN9RANLLLLTEWAEINALNATIUN

v !

1
=

o [

v o

3.13 deUANAYLIANTRINNATTUN 2 Hanwuy

1 1iufe Haa A mTLRenAEe 7 et Awan

WannsAuINLATAAY ATynynns stage? done  avdaeaniiu 1’ uargnasAngasasiui 3

piall
reset
start
mul1_reg1_1 mul1_reg_sel |
mul1_reg1_2
mul1_reg1_3
mul1_reg1_4 45 0 9 5 sum_reg1
mul1_reg1_5 e T sum_reg2
mul1_reg2_1 B in  start out = > sum_reg3
mul1_reg2_2 - n335U9N Regislor sum_reg4
mull_reg2_3 sum_regb
mul1_reg2 4 i clk  done
mul1_reg2_5
mul1_regd_1 hb1 = 5 sgm_reg1
mul1_reg3. 2 hb2" —— = : sgm_reg2
= - ol start T 15
mu|1_r993_3 hb3 § = in . out sgm_regf.i
mull_regd 4 | hb4 —» = AAsHaNdy Reer sgm._regd
. hbS —» dnelaudnuasn sgm_reg5
- clk done
mul1_reg9_5 hb_sel
clk hd

519 3.13 Andaya19999979U7 2

Aty tyod start

A5 stage na il
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1995TUT 3 (Stage3)

v 1 1 1 v 1
29999U7N 3 AnThATidryay1nsAsing ) LedaunldunaInaeasdui 2 ungasiuen

D9 MINLNNAIURNNANNIIN (3.7)

wl 1 mul2_regl 1
sgm _reglx = ,
wl_2 mul2_regl 2
(w2 1] [mul2_reg2 1
sgm _reg2x - = - ik
w2 _2 mul2_reg2_2
(w3 1] [mul2 _reg3 1
sgm _reg3x = ' (3.7)
w3 _2 mul2 reg3 2
(w4 1 mul2_reg4_1]
sgm_ reg4 x R
|lwa_2 mul2 _regd 2
(w51 mul2 _reg5_1
sgm _reg4 x 3
w5 _2 mul2_reg5_2

o

29a97uN 3 HAndayananslifsgln 3.14 €11AnALANTR99AITUN 3 HANWE

El a

1
=

N19EeNUULLTWALAI LRIt 1A 1 tuAe Hdtyn nudiniuiaanansing - ietsnAIun
1 4 ¥ !
\HaAWInuATAAY Atynyand stage3_done azdlaaanidu 1" uargnaAga9asium 4 salil

reset

start -
sgm_reg_sel
sgm_reg1 *
sgm_reg2 5 i
sgm_reg3 * i Il mul2_reg1_1
sgm_reg4 g mul2_regl_2
sgm_reg5s mul2_reg2_1
mul2_reg2 2
w0 Q¢ ! rst mul2_reg3_1
mul2_reg3 2
w1 1 —m 24asAN Register mul2_reg4 1
w1l 2 —m q _> A O mul2_reg4 2
w2_1 ——» mul2_reg5_1
w2_2——" ~ mul2_reg5 2
w3_1—» =
w3 2 —» X
wd 1 —m =
w4 2 —m»
W5_1—» @ deynynu start
Iw5_2 ——» #51 stage nimly
lw_sel
clk

51l9 3.14 A0dayar099959UN 3

ua
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1995TUT 4 (Staged)

O oA Ay Ao o P Ry o ) A
WATAUN 4 HUUINUN EUTUNEUAT AN °'| ‘1/11@@’1ﬂ'3x1@?°ﬂ1¢‘1/1 3 LL@‘ZV’]’]TULL@@VIWI@@ H1

' 1
o oAl

) dl v d’jd 1 o | al A dldla
ATUIDUANHANNNTN (3.8) HAAND IFannagasiife AALUeTsdnntindaunNNan TN

(m_lat, m_long)

mul2_regl 1+mul2_reg2_ 1+mul2_reg3 1+

mul2 _reg4 1+ mul2_reg5_1+o0bl | m_lat 3.8)
mul2_regl 2+mul2_reg2 2+mul2_reg3 2+ '
mul2_reg5_2+mul2_reg4 2+0ob2 m_long

'
a =

AU 4 dandayauandlanegiin 3.15 dauidatuaNaadnsasiui 4 NAnwe

q

v ' '
o A o o o A

N19EONUWLLLTAEAALANATIWN 1 1wy tuAe R4ty ud miuiaenaAsiig o iatiun

AUITY LHANTIATUITILASARY AU staged_done arllananiilu ‘1’ uavgndeAngaeas
4u7 5 piall

reset
start

mul2_reg1_1
mul2_reg1_2 mul2_reg_sel
mul2_reg2_1
mul2 reg2 2 10
mul2_reg3 1
mul2_reg3_2
mul2_reg4 1

MUX 10 : 5

rst
in start oy = —» m_lat

= m_long

mul2 regd4 2
mul2_reg5_1 299519N Register
mul2_regs_2

> clk done

Y
=
|

obl —»

ob2 —»

A fuzUnd start

clk i A4 stage fimlal
a aday ?\J/ dl
iﬂVl 3.15 Qﬂﬂﬂg@‘ﬂﬂm\i@ﬂuw 4

g o
WATUUN 5
A T Sl y
WATTUN 5 NUUINUIAIRIUNUIIAIADTULARAUNNYNANAINIRINNATTUN 4 HN

¥

wWrauauiuANNIe89Tia e aARSN (tr_lat, tr_long) AMNANNIN (3.9) NAANSA LA

Az UAIANNTANAIALIATAYAUAZABIR]A (err_lat, err_long)
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err_lat | | tr_lat m_lat 3.9)
err_long | |[tr_long m _long '

2 A Aaaly Y o . | aa o o
WATUUN 5 qumﬂH@LL@ﬂQLL@@QgﬂV] 3.16 @QuQﬂﬂQU@Nm@\‘]QQW?muW 5 dansniy

v 1
o =

N1TEONUULLTWAEAALANATTUN 1 iy Tune Ndtymrudmiuiaendisiig o iatiun

AWIT LHBNNIATUI AT AU ATyt stage5_done azdlananilu ‘1’ uazgnderigoeas

49 6 siall

reset ¥
start

D rst
-1 o lBlort | eSS, err_lat
err_long
= Q0 Register
m_lat — g T 14390 23435070 egiste
; —=in —lin —t > clk done
m_long — | g
o_sel

tr_lat —p»

| ATutynod start
tr_long —» - -
AUSU stage 0plU

clk

51l%1 3.16 A0dayAar9999339U7 5

qafaeiy’uﬁ 6 (Stage6)

1
v A

v 1 1 1 ] v
199997 6 T UEIUNTNIARINNINUTNN AL LN AT TN LAz AN Tu e
T ldlun1sAniniaadinsaawsnnsnsausalll inan 1 liiA1A NIanatalun1slszann
ANANLVLNTRIADRLARDUNAATIALIAT 24A79UN 6 ALTUAIANNNEANAINAININATIUN 5 11

ADATUANATNATINU NAUANANNI9T (3.10)

[Iwl_1] [ partl] [wl_27] [ part2 ]
w2 1 part3 w2 2 part4
err_latx|Iw3_1|=| parts| err_longx|Iw3_2|=| parté (3.10)
w4 1 part7 w42 part8
w5 _1| | part9 | |w5_2| | partl0




:j/dl aa
WATUUN 6 U

NNTAANULLLTULAEINT109AT

v

1939

wanaleiAsgii 3.17 dauitArLANTa9NATTUT

v 1
o a

UUN

1
=

34

6 HAN®UY

1 wiuri dupe Ndtyay duiuiaeanaAnsng o e

AWIR LHBNNIATUIMIATAAY ATyt stage6_done azdlananilu ‘1’ uazgnderigoeas

dui 7 siall

wl 1 ——
Iw1_2 —»
Iw2_1——»
w2 2—»
w3 _1—»
w3 2—>»
Iwd_ 11—
lwd 2 —»
IWh_1—»f
w5 2 —

reset
start
err_sel
@
2 | T
err_lat o
—w *
err_long =
=

\

part1

part2

part3

»|in

in

Y

start out

TATA
L'

Y

Register

clk

rst

done

MUX10 : 1

clk

Iw_sel

199597 7 (Stage7)

51

b

3.17 Andaya18999a3duin 6

part10

. ©
dtutuoy start

AU5U stage amlil

2933dun 7 Anti At dryaynimnsi 1 AN 993dni 6 NaRIBRINANNITN

partl+ part2 |
part3+ part4
part5+ part6
part7 + part8

| part9 + partl0 |

S_ part2
S_ part3
S_ partd

s partl]

|s_part5 |

(3.11)
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1
aa ¥ =

2 A = Y o A | aa > o
WATUUN 7 W1 mﬂgq\lj@l,l,@ﬁ\‘]bl@mﬂgﬂm 3.18 @quqaﬂQU@Nm@QQQQ?muw 7 HAnBny

v 1 1
o a

N1TEONUULLTWAEANLANATTUN 1 iy dune Adymiudmiuiaendisiig o Wetiun
AWIT LHBNNIATUIMIATAAY ATyt stage?_done azdlaaanilu ‘1’ uazgnderigaeas

41 8 sialil

reset
start
part_odd_sel
part1 ® |
part3 S ; :
party # 5 — E s_part1
bar? = : 5 s_part2
rt9 rst P
B / L p{in StAt oyt =~ s_part3
2975UIN Register 5 poid
s _parts
——®= in —1 > clk done
part2
part4 5 ; J
part6 # off
part8 %
part10 L
Aryrynod start
part_even sel # i stage oal
clk -

51l9 3.18 ANtayan99asdUN 7

199517 8 (Stage8)

29999UN 8 AENMHATY Y UAIFNS ] A1N9999TUN 2 UATIeRITURN 7 NIATUIN

ANNANNIIN (3.12) 1A (3.13)

sum_regl]-|a
sum _reg2 b gne- x>0
-1%9 2| @ex? |
nxf'lsum_reg3|=(c|, f'(X)= (3.12)
sum _reg4 d 1 % , Xx<0
2| 1-x)

sum_reg5] |e
[s_partlxa| [delta_hbl]
s_part2xb delta_hb2
s_ part3xc |=| delta_hb3 (3.13)
s_ partdxd delta_hb4
| s_partSxe | |delta_hb5




NNTAANULLLTULAEINT109AT

2 A ey %o P | aa >
WATUUN 8 NQG%@H@LL@@\‘]LLQQQE‘]JV] 3.19 @quqaﬂQU@Nm@QQQQ?muw

v
o

'
=

UUN

1
=
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8 HANmUY

1 wiuri dupe Ndtyay duiuiaeanaAnsng o e

AWIT LHBNNIATUI AT AU ATyt stage8_done azdlananilu ‘1’ uazgnderigaeas

41 9 sialil

reset
start
n N
sum_reg_sel
sum_reqg1 delta_hb1
sum_reg2 9 2 = i S delta_hb2
sum_reg3 #: in stat oup|  Laelin st guil—m|in  Start oyl —m delta_hb3
Sian T g qqqmgﬁ'uf’mm MWATATYL 999A Regist g ok
e ] egister
sum_reg5 Wandunielau J ¢ & & delta_hb5
%nuauﬁ in in — ~clk done
s_part1
s_part2 3 =
w2
s_part3 # >
=
s_partd =
s_parts
s_part_sel 'ﬁi’gfg’l:u start
clk ——— A= 115 o o
A5 stage talil
a ady gj/ dl
51 3.19 0Ty ar899a3iUn 8

192517 9 (Stage9)

£ ! ! v
298U 9 Autihiiadaau ) BUNARNYNA N1AasiL

o

o

o C Ay v
AR 7 ‘1/]1@@’1ﬂ

MNA3TUN 8 wartnANIUUNNALN IHAIN2983TUN 2 NagTUAIANRANANAT IAAN

1997947 5 ANANAT9N (3.14) (3.15) LA (3.16)

ssl
ss2
ss3
latl
longl
lat2
long 2
lat3

| long2 |

delta _ hbl
delta _hb2
x| delta _hb3
delta _hb4
delta _ hb5

sgm _regl |
sgm_reg?2
sgm _reg3
sgm _reg4

| sgm _reg5 |

delta _iwl_1
delta _iw2_1
delta _iw3 1
delta _iw4 _1
delta _iw5_1
delta _iw6 _1
delta _iw7 _1
delta _iw8_1
| delta_iw9 _1

delta _iwl_2
delta _iw2 _2
delta _iw3_2
delta _iw4 2
delta _iw5 _2
delta _iw6 _2
delta _iw7 _2
delta _iw8 _2
delta _iw9 _2

delta _iwl_3
delta _iw2 _3
delta _iw3 _3
delta _iw4 _3
delta _iw5 _3
delta _iw6 _ 3
delta _iw7 _3
delta _iw8_ 3
delta _iw9 _3

delta _iwl_4
delta _iw2 _4
delta _iw3_4
delta _iw4 _4
delta _iw5_4
delta _iw6_4
delta_iw7 _4
delta _iw8 _4
delta _iw9 _4

delta _iwl_5

delta _iw2_5
delta _iw3_5
delta _iw4_5
delta _iw5_5
delta _iw6 _5
delta _iw7 _5
delta_iw8 5

delta _iw9 _5 |

nx[err _lat err_long]=[delta_obl delta_ob2]

x [delta_obl delta_ob2]=

[ delta_
delta _
delta
delta _

| delta _

wl_1
w2 1
w3 1
w4 1
Iws_ 1

delta_Iwl_ 2]
delta w2 _2
delta w3 _2
delta w4 _2
delta_Iw5_2

(3.14)

(3.15)

(3.16)
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Wasdun 9 ddndayauandlinegiin 3.20 dauitAruANIa999AsTiun 9 |

v 1
o a

N1908NULLAANEALI9ATTUN

[ %

NS

a o o o

\iuriu Bune Adnaindiminiaenatsig o et

= ] J !

AUITL LHANNTAUINALATAAY ATyt stage9_done azdlananilu ‘1’ uazgnderigaeas

a

e

v
{

v 1 v
1 10 el wANINAINARNEURINATRYINTLALERINNA BINNILAINIIAITIN9UN 1IN

a

b

wazAluueasauilaqiiudAninduattesiininuazAnluleasauneaunsn Aoy

v
a
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Performance of neural network with different number of neuron in hidden layer
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Error distribution of real data 100-train-input 40-test-input system (NNTool)
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Error distribution of real data 50-train-input 40-test-input system (Proposed NN)
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Error distribution of real data 50-train-input 40-test-input system (NNTool)
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Error distribution of real data 75-train-input 40-test-input system (Proposed NN)
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Error distribution of real data 75-train-input 40-test-input system (NNTool)
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Comparison of 75-train-input errors between Proposed NN and NNTool
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Error distribution of real data 100-train-input 40-test-input system (Proposed NN)
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Error distribution of real data 100-train-input 40-test-input system (NNTool)
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AUANANAANAIATIAATUII AT AN AR L LAAZEAR INNTLTENIUA 2
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Comparison of 100-train-input errors between Proposed NN and NNTool
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Error distribution of real data 100-train-input 40-test-input system (Proposed NN)
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Comparison of 100-train-input errors between Proposed NN and NNTool
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Comparison of case3 errors (NNTool)
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Error distribution of case3 (Batch Training 100 epochs)
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ABSTRACT

Wireless Position Location has received an
enormous attention during this decade. Recently, the
Federal Communications Commission (FCC) developed
requirements for enhanced wireless 9-1-1 service (E-911)
which state that in July 1996 all wireless service
providers are required to provide location information for
E-911 public safety service. Moreover, FCC also
requires that by October 2001, operators must be able to
determine accurate location of mobile stations (MSs)
which request emergency assistance with accuracy
within the radius of 125 meters to achieve at least 67
percent of all trial locations. This paper presents an
application of neural network technique to approximate
the location of MS with the measurements of the Signal
Strength (SS) and the Time of Arrival (TOA) from
several base stations (BSSs).

1. INTRODUCTION

Position Location services in mobile telephone
systems have received increased attention in the past
decades. The applications are both included .in
commercial and governmental interests. Recently, the
Federal Communications Commission (FCC) has
launched the specification for E-911 service [1]. These
requirements have been proposed for two-phase
implementation timeline. Phase 1 requires that the
wireless network provides the- user’s. call-back number
and the geographic area associated with the cell/sector
handling the call. Phase 2 requires that the caller’s
location is reported with a much higher degree of
accuracy. For phase 2, the' FCC mandate requires-wireless
operators to locate the position of emergency callers with
a location error lower than 125 meters for 67% of the
time from October 2001 to December 2005.

Position estimation technologies that have been
proposed to meet FCC 94-102 fall into two broad
categories:

* Network-based solutions by which network itself
calculates the position of MS from the received signal
measurements.

¢ Handset-based solutions which rely on a modified
handset to calculate its own position. This technique
includes a GPS receiver embedded in the handset and

requires a return data path to report the location to the
network for relaying to the emergency operator.

Several methods [2,3] have been proposed to perform
location estimation of MS based on triangulation signal
measurements as follows:

e Global Positioning System (GPS) in the mobile
telephones which use three satellites to provide the
measurements.

» Angle of Arrival (AOA). This method estimates the MS
location by measuring the AOAs of a signal from an MS
at several BSs through antenna arrays or sectors antenna
(Figure 1). However, there are still the effects of Non-
Line of Sight (NLOS) and multipath interfering with the
angle measurements.

o Time of Arrival (TOA). In this approach, the distance
between an MS and a BS is calculated by the time
measurements (one-way propagation time between an MS
and a BS). Geometrically, this provides a circle, centered
at the BS, on which the MS must lie. For two dimensional
position (X, y), it requires at least three BSs to resolve the
ambiguities, and the location of the MS is at the
intersection of the circles shown in Figure 2(a).

» Time Difference of Arrival (TDOA). This method uses
the differences in the TOAs which define a hyperbola,
with foci at the BSs, on which the MS must lie as shown
in Figure 2(b). The advantage of using TDOA method is
that the “synchronization between any BSs is not
necessary. -However, in. time-based measurements, it
should be noted that the effects of NLOS and multipath
are still the main problem to achieve high accuracy.

« Signal- Strength. (SS)..-The-location of the MS is
calculated from the signal strength- (in dB) of the MS
received at the BSs. With the received signal strength, it
is possible to calculate the propagation distance which is
obtained from the path loss (the difference between the
received signal power (measured) and the transmitted
signal power). With propagation distance and
probabilistic calculation [4], the expectation of the
position of MS (which is the estimated location the
network calculates) is calculated and reported. Due to the
hearability problem caused by power control in cellular
CDMA systems, less than three BSs can receive the
signal from the same MS. Only one or two, instead of
three SS informations are obtained. Thus, it may be
insufficient to calculate for the MS position.



The main problems for radiolocation methods are
multipath propagation, NLOS signal component, multiple
access interference and shadowing. For this reason, using
only one measurement to calculate for the location of MS
(such as SS, TOA, or AOA etc.) with high accuracy
seems to be difficult. Thus, the combinations of different
radiolocation measurements have been proposed.

However, with the combinations of different
measurements and the mathematical calculation of non-
linear equation during the process, some linearizations of
non-linear functions (such as using Taylor’s series) make
the approximation of the mobile location not highly
accurate enough for least square error approximation

(LSE).
MS

e
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Fig. 1: Angle of Arrival (AOA) method
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Fig. 2: Time-based positioning method

This paper presents an idea of combining the
information of signal strength and time of arrival to be
used in neural network and let neural network calculate
the position of MSs with high accuracy. Section 2
describes the neural network structure and the algorithm
for locating MS position. ‘Sections 3. and. 4 _show. the
simulation results:of the performance of the proposed
algorithm, and summary, respectively.

2. NEURAL NETWORK

Neural network is widely used for the non-linear
problem, and also is a robust tool for applications like
classification, recognition and approximation of
functions. The architecture [5, 6] of a simple neural
network is shown in Figure 3. The inputs which are some
features of the object or function to be estimated are fed
into the neuron where the weights must be multiplied to
the input and then each of them is passed through a
summation function to be a net-input (bias is sometimes
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included). The net-input then is fed to a specific transfer
function. This transfer function acts as a classifier which
groups or classifies each input into region (called
mapping function). The transfer functions used in neural
network are generally step transfer function, linear
transfer function and sigmoid transfer function. With non-
linear problem, the sigmoid transfer function is chosen.
The output of a single layer neural network is described
in (1)

O=fWp+b) €

Where Ois the output from neural network (result of
neural network approximation).

f is the transfer function stated above.

W is the weight matrix.
p is the input vector (feature vector).

b s the bias vector.

N
AT

Fig. 3: Structure of a simple neural network
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Before operating the neural network in a specific
problem, the neural network must be trained. In the
training phase, the measured features (inputs) are fed into
the network whose weights have already been initialized.
Then the network produces the output which is compared
to the real target (1) to find error (€). Then the error is
used to update the weights and bias in the next epoch
(iteration).

The updating components to update the weights and
bias are described in (2) and (3).

AW = (t—0)(p)' =e(p)’ )
Ab=(t-0)=e (3)

Where 1 is the target matrix (real output).
New weights and bias are as follows:

Wnew =Wold + AW (4)
bnew — bold +Ab (5)

The algorithm for training the simple neural network
described above is called supervised learning. Supervised



learning is used in the application such as recognition and
approximation. If there is no target supplied to neural
network, it is called unsupervised learning which is used
in the classification application.

However, a simple neural network does not suit for
some applications. In this application, a series of simple
neural network is used which is called feed-forward
neural network or multi-layer perceptron. This type of
network performs well in many applications, also in
position location, as will be seen in this paper. The next
section will explain about the simulations and the results
of the method proposed in this paper.

3. SIMULATION OF USING NEURAL NETWORK
IN LOCATING MS POSITION

3.1 Neural network structure for locating MS position

Figure 4 shows the structure of BSs considered in
this paper. There are three BSs locating at triangular
position and the MSs are uniformly distributed in the
triangle area with each BS being a corner of the triangle.
Each BS has an antenna which is 200 meters high and
MS is 2 meters high from the ground. The considered
system is CDMA system with perfect time
synchronization between BS and MS. In the training
phase, the training data is simulated from the empirical
formula for signal strength information considering that
the system is in a small/medium sized city (suburban
area) and the signal strength is affected by shadowing.
The one-way propagation time delay is also simulated.
Both of the data are mapped to be training sequence input
and the exact location simulated is the training target. All
the training sequence inputs and the training targets are
fed into neural network of the multi-layer perceptron with
back-propagation training type used in this application.
The neural network has three layers consisting of one
input layer, one hidden layer and one output layer. The
hidden layer consists of 20 neurons as shown in Figure 5.

Maorth-South i roeters
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S BE3(300,433.013)
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v

East-West in meters

Fig. 4: Structure of BSs
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Fig. 5: Structure of neural network for locating MS
position

The simulated data file for training contains more
than 250 values of information. In addition, the simulated
data file for testing contains more than 100 values.

The result of training converges into a specific error
threshold. With a specific error (which is 30 meters in
this simulation), the result of the neural network
described above can converge to lower than 30 meters
which seems to be satisfied, compared with the FCC
requirement of 125 meters.

3.2 Result and source of error

In testing phase, a new set of data is simulated and
fed into neural network. The error calculated from the
output of the neural network is shown in Figure 6.

Fpsdanimi

B DGR i

Fig. 6: Result of testing the neural network

From Figure 6, the maximum error of MS position is
nearly 30 meters which seems to be a very satisfactory
result.

Figure 7 shows the error distribution of the testing
result. The result shows that the error obtained from the
trained network is below the error threshold of 30 meters.



Error distribution

Standard deviation = 5.0126
Mean = 6.4222
Mode =
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Fig. 7: Error distribution in the testing phase

Though, using neural network in locating the position
of the MS is one of the good methods, some subjects
must be considered as the sources of error:

« The reliability of measured information. Ambiguous and
unreliable data (obtained from the drive test in practice)
can make the neural network not perform well and this
leads to error in estimating the location.

e The hearability problem. If three BSs can not hear
signal from the MS, then a poor performance of neural
network is obtained.

« The configuration of BS. This paper considers only the
configuration of the BSs shown in Figure 4. If BSs locate
in the other ways, the neural network must be trained to
cover all types of configurations of the BSs or else it will
lead to poor performance.

4. SUMMARY

This paper presents an application of neural network
in positioning systems. This algorithm has been tested
using simulations in a suburban environment. Clearly,
neural network can be used to improve the estimation of
the MS position. The simulation’ results show that ‘the
approximation of the position is compatible with the FCC
requirements, and..the advantages of using.a neural
network are high performance and low complexity of the
embedded algorithm. However, using neural -network
with high accuracy and low complexity in MS location
and testing its performance when applied to the real data
from a drive test are still under study.
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7-Segment | FPGA Pinout Descriptions LED FPGA Pinout Descriptions
a p40 a LO p70 LO
b p35 b L1 p77 L1
o] p32 c L2 p69 L2
d p30 d L3 p76 L3
e p27 e L4 p74 L4
f p25 f L5 p79 L5
g p23 g L6 p73 L6
dp p20 Decimal Point L7 p78 L7
DG1 p31 DIGIT1, COMMON CATHODE
DG2 P33 DIGIT2, COMMON CATHODE Dip SW | FPGA Pinout Descriptions
DG3 p36 DIGIT3, COMMON CATHODE 1 p52 Dip Switch No. 1
DG4 p41 DIGIT4, COMMON CATHODE 2 p53 Dip Switch No. 2
3} p55 Dip Switch No. 3
Push Button | FPGA Pinout Descriptions 4 p56 Dip Switch No. 4
PB1 p44 Push Button No. 1 5 p59 Dip Switch No. 5
PB2 p46 Push Button No. 2 6 p60 Dip Switch No. 6
PB3 p47 Push Button No. 3 7 p63 Dip Switch No. 7
PB4 p50 Push Button No. 4 8 p68 Dip Switch No. 8
PB5 p51 Push Button No. 5
Oscillator | FPGA Pinout Descriptions
EEPROM FPGA Pinout Descriptions 0SsC p127 25MHz, GCLK6
12C-SCL p128 24 Cxx
12C-SDA p129 24LCxx BUZZER | FPGA Pinout Descriptions
BUZZER p124 BUZZER
RS-232 FPGA Pinout Descriptions
X p131 MAX3232CPE
RX p132 MAX3232CPE
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K1 Pinout | FPGA Pinout Descriptions K1 Pinout | FPGA Pinout Descriptions
1 p40 l/O, a 21 p12 1/0
2 3.3V 22 GND
3 p35 l/0, b 23 p10 I/0
4 GND 24 GND
5 p32 l/O, ¢ 25 p7 I/0
6 GND 26 GND
7 p30 l/O, d 27 p5 I/0
8 GND 28 GND
9 p27 pee 29 p2 I/0
10 GND 30 GND
" p25 11O, 31 p141 I/O
12 GND 32 GND
13 p23 I/0, g 33 p137 I/O
14 GND 34 GND
15 p20 I/0, dp 35 p132 I/0, RS-232 (RX)
16 GND 36 GND
17 p17 170 37 p130 I/O
18 GND 38 GND
19 p14 170 39 p128 I/0, GCLK7, 12C-SCL
20 GND 40 GND
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K2 Pinout | FPGA Pinout Descriptions K2 Pinout | FPGA Pinout Descriptions
1 p41 I/O, DIGIT4 21 p13 I/0
2 3.3V 22 GND
3 P36 I/0, DIGIT3 23 p11 1/0
4 GND 24 GND
5 p33 I/0, DIGIT2 25 p8 I/0
6 GND 26 GND
7 p31 I/0, DIGITA1 27 p6 I/0
8 GND 28 GND
9 p28 1/0 29 p4 I/0
10 GND 30 GND
" p26 I/0 31 p1 I/0
12 GND 32 GND
13 p24 1/O 33 p140 I/O
14 GND 34 GND
15 p21 I/0 35 p135 I/O
16 GND 36 GND
17 p18 170 37 p131 I/0, RS-232 (TX)
18 GND 38 GND
19 p15 1/O 89 p129 1/0, 12C-SDA
20 GND 40 GND
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