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ABSTRACT

This thesis studied on intra-building radio propagation at 1900 MHz for determines a
suitable position of intra-building cell station in the Personal Communication Telephone (PCT)
system. So, it should know about the wave propagation phenomena when the travel wave passes
through the other constructed materials such as obstruction, wall, etc. To use the 1%order
approximation method for improving the attenuation equation of line of sight (LOS) and non-line
of sight (NLOS) areas to determine the signal level of intra-building in order to predict more
accurate contour of intra-building cell station coverage area in personal communication telephone

system (PCT).
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PS

CS

Y IKY d
F1UNITAYANHY

: Personal Communication System

: Personal Handy-phone System

: Personal Communication Telephone System
: Intelligent Network

: Mobile Station

: Base Station

: Personal Station

: Cell Station

TDMA : Time Division Multiple Access

TDD
ISDN
PSTN
SS§7
TOT
TA

: Time Division Duplex

: Integrated Service Digitél Network

: Public Switched Telephone Network
: Signaling System No.7

: Telephone Organization of Thailand

: Telecom Asia Co., Ltd.

7t/4 QPSK: 7/4 Quadrature Phase Shift Keying

SSp
HLR

: Service Switching Point

: Home Location Register
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de £ dluanutveunsesds, ¥ ifuanusilumsnteuivesIuuied uaz 6,1

a A o v
NANNVDUATDUNT ULV

2.3 MIaANBUIUUTNDaTINg
y
AIAANBUNLYALDAMNA(Small scalen3aiFondwg narsafs(Fading) 1¥eFue
] 14
msfAsunasdygruetnasimeeuldgavesdyann mavafsvesdyanouia
> 4 ' o 4 ar '
MM TeaunInuesd U wdassdygnansounnndesdygin  Taoiledoyanods
A'l v 2 A v o 1 o & <4 J @ o .
panINATDIdalay ldunTess U IAuFus 193N Tadw1niaW (Multi-path wave)
» [ s
wasanvensdyanuniuldifinsuldoundasimedunendaga(amplitude) tagn
M A ¥4 Vo Y] - ) v o o dq ¥
SruiWa(Phase) Feszduagiuanuiduvosmnuiunsnsznouazanuduiuiveanily

] 4 Ia o 1
ﬂluﬂﬁu‘WﬁﬂSZil'lEJﬂﬁ'LILlﬁ&’muﬂ')ﬂﬂ@@ﬁ‘iyﬂﬁﬂlﬁﬂ.
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2.3.-1"wanszvm‘uaaimenmnaMﬂéd(Small—Scale Fading)

Hasumisfrunienmnaiednvesdeamsunsnszaienauingiinansenuuyy
auoamna Jausznovdede il

faawm Inswungu(Multi-path Propagation) Aen1se3ureiagiiimsazteuinzms
unsnszowludesdyana Taotududnsfivewdazanmnadouiivhldiiamsanne
YoInG U luenilage, mauazm

52983 010(Speed of the mobile) AN15IAABLYE TNLWE (Mobile) AduRuT
fussnhuuamadi(Base station) MnMsueagEananuduuuguiuiaimuan A
¥0am3a oo (Doppler) IuunosRlsznouvemaqinvesdyain Aotilefeidiuuinnse

] -; (XY A' v @ P A A 9 o
ifluaviuegiuiunsesdudyaia luedlwrm lvSedudmunamasu
< ar . . o o a o 1
-1 N5 293 IAYIDU(Speed of surrounding objects) fod1IngTuluuiaiuns
A a A P V- T - A o ' A A ¢ A
aszawndulimsindoun d1ingegseuaimsindeunuinnimndeunves luuediie
z o o : [l A da A A' Y 'Y
Wuransenundntziuaueamnamlads dauduiiimsindeunivesingoin lidosauls
c.f d 1 n’: cio 9 =
wazanuswes inedmniunsuuszdosfinnan

-UUUAIBMIENAYRIU(The Transmission bandwidth of the signal) SUUAITUDS

’ v
& ]

as 1 ] da o o a [ ™ =

wananduingiidenienduvudisvesdyana ludadwinusauus dygraunsylded
= 10 [ 4 o 1 3 P 1 e 9 oy

msgadouananuduvesdygnuniyldes lunemelugnaiuin vhduhuoudisves

4 o
AU

=
o2
=.
2.
Lo

Y v A
2.4 MIATNOHUALMIIUNINICDIUAAY
a e A .3 1w o a 9
uowaga(Amplitude) taziWd(Phase) voenduIzINBYNUTNLSEANTMIAENOUYDY
} o 3 o 'y 4 a d J . N
AuAniug o dwmdsifansaeieuiazanuuanaisues Iwans 15d(Polarization) N19dM
14 1 4 1 4 ]
wnfsesnaued lumalfianufwesSagaeqdmlngjes bidudsdnihfiauyseluay
P fh W . a 9) J IR a as 3 Y o’: a wvad
auafauysaiddulssanimsasnoussunegivriaveadogiug  Aniulumeluan
22 0AINNAIMTIURUIU € (Dielectric constant) IazAIANYNT O (Conductivity)
v [l 1 4 } 4
AAUNIUIUBU(Horizontally-polarized wave) NnANTENURURITEA(AUYATHNURA?

-4 o a/ =t b ' y
yoeTaqilufiuBon) dullss@ninmsaztoumnsadonlddsaumsae il

_ siny —(g/¢, - jo/we,)—cos* v
=
siny ++(¢/e, - jo/we,)—cos* v

(2.20)
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5 { o 4 o by ox { o 1 e 1
o o WumwdiFauveniuuae ¢, Masfianuduauiuvesemea &, midum

@ o o 1 a [ Ay a o 9
anuduiusvesmasiiaiusuIuvesiuia¥ag 1y

siny — —cos’
P = ‘/ (2.21)
sm://+\/ ~cos’ i
: o
e  x=—o
we,
[ L4
AAUNWUIAY(Vertical-polarized wave) A3 nmuu"lﬁ'rﬂu
. . ) 2
8—XS1I’]— 6""X—COS
. (e, = jx)siny —/( J v 222)
(e, - jx)sml//+\/ —cos’y
MNAUMS (2.21) e (2.22) uaaslinsundulsedn p, oz

d a 4 A4 da o s
p, wiludwautuaam Fwdudihasinmsaziemiuszlinnuuandsiavnauazme
4 2 d- S s 3= ||
Faaaumsn (2.21) uaz (2.22) szuaadliiiuhndunannsenuiazaiuifamsazfoud

\J 9 o J o Aﬁ:’ [
A1 lndIRuenu 180 9N VOINANYUAANTENVUAS YNNIV UIVDINUITR

Py =|ps|£6=1=£180° =-1 (2.23)

Bl

P A a 4 s 4

YUVDINIANNSENUIRNAULLIB [p,|uaz 6 Imsuldsuilasuuahiimsuasuulas

4 d’ lﬂ'd 1] 5 1 e d‘ U ] -4 Q
Woudmiss madounlasilinansenuedianniuegivanuduazannuiesiiniog
9 (=] t ' o o’: o
msazieuvssaumee lifinnuuandesgnieInardlsdmanuadaas Twans s

do v = v & A a2 1 9yd
nManuIueugiang ldaumsi2.21) aniude p Iauiuvu sxilsnganuuanaalvimu
] 1 4 b4 [

MIUNINITUARUNIMNAYDIRUAIATNsaeRoU (Propagation over a plane
reflecting surface) 388N 10 Alawas aunsofidatzransenunasinnuifg

3 o a  a Y 4 4 a $
yosnuAd lan Tavauyd IdiufuuuazSvouaadliimudsgli 2.4 Weauydldauiuhian

a0 a dy 1
nsenuiinned p = —lunumluaums

E = E,[1-exp(-jAg)]
= E,[I-cosAg+ jsinAg] (2.24)
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2'lailu

|E| = {Ed|[l +cos’ Ag—2cosAg +sin’ A¢}]/2

= 2|Ed|sin%¢—$ (2.25)

B =2E, Ism( 2y ) (2.26)

mimeinsuld P, szusamaines £2

P, = 4|Ed|sin2(2%h;—l—1£j :

AN 27k h
=4PT(ZE) GTGR sz(_&ri—&) (2.27)

//1//0////////////////////////////////////////////////
A B .

y
A AV drdy Sy dydw avd 7 VAV AR arawd 77 777 S 7S S I A7 77 Vd 7 7 /S 77
<+ >

red ' A A a LY A
sUN2.4 msunsnsgnndunifamsaziiouvesniy
v 5 Y (Y] d &’ ] et ey
2.5 mmgmaaﬂummszuumaﬂmﬁwnwu§1uwnmmuumawmn
seuuInssmy PHS 11%9601191n/13191 Personal Handy-phone System a1umuig i
W Insdwruuunnmdany Taondnmsudiszuy Insdwnaeseansszuy Insdny 3o
T ey : ~ o ‘3' At A v aa
LUUATABA(Digital cordless telephone) szuURBMBAgNNAILIVY TAv ) szmadiju Faefaiitn

I o 3 9 4 o
2 szunﬁgnwwmwmw%’auﬂu A852UU DECT (DECT: Digital Europain Cordless) NA®AIU1
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Tﬂﬂnduﬂszmﬁqiiﬂsmzszuu PACS (PACS: Personal Advanced Cordless System) L1?’{%"Uf‘l‘li
@ a a L4 d A A °
wannTasdssinpransgensn yalszadveamsesnuuussuy PHS Aritefissthunldiii
o Ly [] kY] 4 3
uSmstasuvealasaiie InsAnyAiugIu PSTN (PSTN: Public Switched Telephone Network)
Taofiansaldfussuy SPC (SPC: Store Program Control) M3933UU ISDN i ldlnges i
Aa A A 3o 1 as J 3 Ay o I'd Y a
UszAnSnmgailel¥iugaroInsimyiszuy ISDN vistins 1z Insdwn PHS anansalduias
4
138eszduuSmsiaddife Ao aunsalduSmsldnarepduuuiamsdedygnoudos defe
o d 1 ﬂ’l’ a
yauazam'ld Tnsdminamdayana PHS dulinawaunsolumslduimsd s pluuy
@ A
Aufufe
a 1 o ' A ' . Y oy 5
1. AT OAAABANIENINUATBIQNUIY PS (PS: Personal Station) A28 14 TagTudes
pIffBIaaIRgY CS (CS: Cell Station) B WaNYMEMIAAABINIIBUIATBISU-E9(Transceiver)
Midamnsoldfadesulusaitszma 100 waslduuudodumsidduaesnon1iaw
. . 2 g o a 1w o o o " a
(Wireless intercom) Famingdmsvlslunmsaadesumeluiunseduinnuiluediavs
» [ 14
2.7 mludnuuziduinio Insdimi 1§a1e(Cordless  Telephone) iiindnnanil
@ 4 o ' o iy i o 4
iramaT U HBS (HBS: Home Base Station) 1491770 Ins9410 Insfwinuguiithu Tashinges
' d Vv ¥ 1A Y o oY o P
anv1eps AawsaInsifweseen IdigudoaiuInsdnd 1fmenall daununinoves
ar d v s {
Tnsdwt PHS szidlumunenudoady Insswinithu
3. w31 ludninaus wdvguasdateniwuy 1w WPABX (WPABX:
Wireless Private Automatic Branch exchange) ludnymzyoaInssmy 1Fauludninaulag
£ 4
L' LY o ar o é o
wunoavvesInsemy PHS seiifumsaudsatumnuaumeludninaniugFeveia i
=y [] Y (] o [ T 9 ¥ 9 1 P [y as I'd
anuazanlunisaasesunmsluniisaunazdalsendam laseldigudosny Insdwn
moludninnuynlsems
¥ Y P=) Y] Y a N 1
sannseldauuenomsld Tasfidhvanendnvesmsiuiasusnoms wuuu
A A g} o o = 99 ¥ a a
auy, goriiso v, aaumsisazrienaunumsld Insdwinseamoy lasdlduinsesda
s - d ny ' 4 o qya S0 A P ¥ o )
Framiisaaadu PBamugaduqiei iifamafiredisinsounquituiinms Iiuims msls
LY { 4 1 o ] o 1t a
amvesssuy PHS 1dauludnvaziidlfinfouniaronnmsaluvininde iy
a " @ 1 a a o g ' u’:
60 Alawnsdoslue Wumsay, nMyneenmamnIelusiuminug msizdusiniiu
FuauvsnganiovamsfaremsiziusadivuadnGad 100-300mm3)
5501y PHS Tudnymeued WLL (WLL: Wireless Local Loop) 1Uu1nsaifing
a ° o ] :’ ] 1 v & [y ' a,
Aumevildnnnsedianudinn wu danh nielumjthuiieeInsdwiidi ludahits 35
‘:yo L o L) 9 e Y 1 A 4
mstivhid Taogunseli/asdyann PHS iWludnssaunisdadeduiniosgnitodslunsalil

viise Toailunsvoems e Inssmiitluedrsnn
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Y v ¢4
2.6 1939051990952 UUINIANNNUGIUNAIN
o (' @ r'd 1

Tuilegiudszmalng TavesdmsInsiwiuvedszimelng TOT (TOT: Telephone
Organization of Thailand) Aoy iR 1A UTEM nianewueFy $11iR (WMI1TU) (TA: Telecom Asia
Co., Ltd.) ﬁﬁznﬂwsﬁwﬁmwwd'auuﬂﬂa (PHS: Personal Handy-phone System) undlald

o § @ o 3 1 .
uimsludsemeine uazldoi InsAwndugrunnmiauyanan®i (PCT: Personal
[y ] @ o 1
Communication Telephone System) lagin1sUsuilgalasaieInsdmwnnnmdiuynna PHS
v a :5 & i o d' o ] ¥ 4
Tigaauiaieiudennsanaalnssieldmulugdi 25 msdiudsalasaieiiie
Tmnzavdulszmalng 3 Ysznis Ae
- o oA ' o a2 o
1, I¥mnuavvesszuy Insimviiugrunamdmysnafidiidumnoaudedy
ar d Y 4'1 Y ] o Y] 1 ]
woay InsAindithy elddsdemssadmunoey wazilumsWaun lgninuavdau
1AnQ (Personal number)
s o’é’ ] A 9/ o 1 3
2. TuszvuInsdwiiugiunnmdauyanadidies Idwantvmnalvgninealy
e 3
szuy Insfwiwomiduyana PHS ieandSinamsifinuazansiuauadivesnisdunan
o ° a U 4 o i

(Hand over) 1 ldmusaviinisaadedearsntslusiuminuzaloniusiigeds

60 N lawasaayl Ty

PCT Network P

1 | Satscriber and Intelligent Network = 1 PHS Network g
] | PPiieat 3 1
 Administration 1
; ! MAP i
. o T M ey~ T _m '
] Service 'I ration and Statistics |} W ¢ 1 1
Il slzravta 1| Maintenance | Fite : N g 1 wapl 1
. er 1
[l : ! 'Eicmem ! - = R 3 ] 1 1
1 HPTCPIP ! - in g . !
LI B e ! FHS e
1 b n il MAP ] Server N
IScmchoch PHS )}
| ] 1 1
1 § latform] § 1 1 [
1 R — 1 1 1
m BN 3 M W NN AE SS PD 0 e MR MR W l l
INAP| [El, ISUP N ;

- e . . - O N 0 M M W ER l
] k I ' 1
: J * 1 1
- ' 1 @ - 1

1 1 — 1
[ ] 1 1 ! 2 / 1
ISUP
' 1 1 '
l W I ¥--F
Y ]

PSTN ' . L]
o mmmmmmmmm o] R e S
PSTN : Public Switched Telephone Network PHS : Personal Handy-Phone System
PCT : Personal Communication Telephone HLR : Home Location Registor
ISUP : Integrated Service User Part INAP : Intelligent Network Application Protocol
VMS : Voice Mail System MAP : Mobile Application Protocol
BRI : Basic Rate Interface SQL : Structured Query Language
CS  :Cell Station PS  :Personal Station
SN : Service Node TCP/IP : Transmission Control Protocol/Internet Protocol

s

510 2.5 Tassw Insdwniugnnmidmynnaidi
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3. Tuszuy Insdmnnugumnmiduyanaiidh 1diuer Iasee 3 Tasedio fie Tnse

] w Y . . ] as
470 TnsAWYINUZ U PSTN (PSTN: Public Switched Telephone Network) 1n354%18 Tnssinyinn
Widauynaa PHS uaz1nseU1099a5u2 IN (IN: Intelligent Network) uniiausaudiu el

7o

a Ay o o4 ' Py ' ]
lﬂﬂﬂQﬂ‘]fuV]ﬂEan5qlﬂ\?5$1JUI‘Vl5ﬂWﬂwuﬁ'\uWﬂw1ﬁ')uuﬂﬂﬁwcﬁﬂ (YU ﬂ‘]ial‘lfﬂu']ma‘u‘uﬂ\i
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2.7 Qmﬁuﬂﬂﬂ'l\il‘nﬂuﬂ‘lJ?JQSS‘lJUTVﬁﬂW‘VIWHﬁ'IHWﬂW'I
a [] s o (Af ] oA 9 a
mMidaresdyInyeIssuy Insiiiugunawiduyananan 1dimatauuy
TDMA/TDD (TDMA/TDD: Time Division Multiple Access/Time Division Duplex) Tavfursy
E4
Joyavianuatszneudiu 8 Toe e lwligeanmids 4 ¥oe (1 1 YesdyananIugu)uazyo
E 4
1a13v 4 909 (§ 1 Fosdyanuarugy) lumsinulndez s 1 vosde uay 1 vosiy daiu
b4
Tu 1 wavesszuy Insdwiiugmmamduyaaafidiszannsainsiade ldnou q fu
' v A o o Yy A ) 9 o 9y o & b4
3 gaunu Wude wamadu 1 62 sx1diniegnuind 3 damdewn q fudwaaslassadems
[N o a (nﬂy ] dadan Yo o
Tarodyauveeszuy Insmniugunawidnyanaidn ldaeglnz.e

v

TDMA - TDD frame (5ms)

- msdedgygranTotign | msasdyanaiiniosInsiwi Pt
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s [een [ 1™ e T
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L UL N, SNV Erant v aa e

& LY AR T W/ L . VIS Lo e T el o v o
IR NN 2 PR\ AT e oo

CCH :¥odyauaiunu .
T2, T4 vosdgyaudmiumsdadyy i l:, : rnmiidadygn
R2, R4 wpadygnadmiumsiudygn l:’  gaTRsy Yan
msm'[wmww PCT#1:wiondmivmededoyan T , ,
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wi3oaInsdmdl PCT # 3 : himsSenlushanmii 4
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M3189 2.1 M3lFauanudvesszuy Insiw

<4

] e B Bl
NUFTUANWITIUYARAWHN

Foufi A Anyauzms 199
1~10 189515~ 1897.85 MHz | anudfilddmiumsdemisdauyana
(ucsiaz‘ﬁmﬁ'fuununmmm?;ﬁwﬁ'u (Private Mode) uazmsdomsseniunio
300 kHz) PS A20fiu (Tranceiver Mode : PS=»PS)
anudilddmiumsdeasaelueinis
11 1898.15 MHz drinew fiogerds lugluuuves Wireless
PABX
12 1898.45 MHz Foadgyanuaugudmiumsdemsdou
1AAA (Private Mode)
13~17 1898.75 ~ 1899.95 MHz anuafilddmivnsdearsnislueints
uAazTesdyanuanudviaiy | dufnan fiogerry Tugiliuuues Wireless
300 kHz) PABX
18 1900.25 MHz Fosdganuniugudmiunsdeaisdau
1ANA (Private Mode)
19 ~ 37 1900.55 ~ 1905.95 MHz A nlFdmiumsdemsnolueins
wiazdosdynunnuiviedy | dufnew fegerde Tugtuuuves Wireless
300 kHz) PABX
38~ 69 190625~ 1915.55MHz | An1udfldd wmiunisdears lufiud
AHIUSMYUDNDINTT (Public mode)
70 1915.85 MHz Guard Channel
71 1916.15 MHz FOITYYIUAIUYUTIT O
72 1916.45 MHz Guard Channel
73 1916.75 MHz Fosdyaunrvqudmiunisdensiufiv
firs1sznoueneIns (Public mode)
74 1917.05 MHz Guard Channel
75 1917.35 MHz Fosdyanuaugudmiumsdeatslufiu
15 15MA1UBNDINS (Public mode)
76 1917.65 MHz Guard Channel
77 1917.95 MHz Foadaanunqudmiumsdearsludiu
fie151508010UBN0INS (Public mode)
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meii2.2 quavifmwizvearamasunilueins (Cs)

ANHUZINNI

wramasunielue1nls (CS)

! 4 o d
AURDUNTINUB NN RF (Peak)

10mW(80mW)

naady e .
I UFRN IN(Sensitivity)

Static, BER=1%

14dBJL

ALRNING Built-in Antenna(2branch:2.14dBi) External Antenna
laesdn Rx(up link) Antenna selection diversity(frame by frame)
(Diversity) Tx(down link) | Transmitter antenna selection diversity(2 branch)

A1300NLIUUTBIT Y IN

Smuagrsnavesarsudoyadase minluguyedy

o

nuulasuutlas lddemsSunvesreans vl auyauua

(Traffic channel)
A ] =] 4
ﬂ'lil‘lff)llﬂﬂluVlnaﬁﬂ(Network) BRI(2B+D)X 1
I~ t 121
MsAUAQuUILIuNgY T

sasmsisiaduaalunms

P 1 (=1 L4
IBBUADIUNIDIN

32kbit/sX3-ch

dnsimsdatoyalumsiyouss

< ¢
UNIDIN

32kbit/s Bearer

ANUEIUDITI(MAX) 7 § 0.4

1.0 km(<=>CS Server)

(T uIng) 154X 142X46.5mm

s seun 0.6kg
w1y Ussun 0.3W
UHEIDIINAI9TY wissfidlou DC27v-55v
g ldau 0°C @9 50°C
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A g 9
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190071 90%
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inSosgniousaInsfmiveaszuupHs fidnumsadioiviniesInsfnniietorian i
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uaesdvuiadnninilesnnldaiudgeninindfedszunn 1.9GHz ihwmidnvesdszuau 90-
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a I 4 o 1 o o o
msanszimaunsaaneuie I lumsesnuuumsnsdumiasamaduiuiiuee
9 =1 d 9 da u’: a A a ' a st ° 9 - 9
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aesinselon g lumanudeyauazi limawdlsingmisoivesadu iweliifanaumiu
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NUINANTABINDT(Data logger)

g d A Y o d
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unit FieldAnalyzer;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, StdCitrls,

async32,b ExtCtrls, Menus;

type
TForml = class(TForm)
Comm32: TComm32;
Memo2: TMemo;
CloseButton: TButton;
ParameterEdit: TEdit;
TransmitButton: TButton;
ClearButton: TButton;
Timerl: TTimer;
Label6: TLabel;
Bevell: TBevel;
AutoCheckBox: TCheckBox;
OpenButton: TButton;
CommandComboBox: TComboBox;
TimeEdit: TEdit;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
OpenDialogl: TOpenDialog:
SaveDialogl: TSaveDialog;
MainMenul: TMainMenu;
Filesl: TMenultem;
OpenMenu: TMenultem;

SaveMenu: TMenultem;
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N1: TMenultem,;

ExitMenu: TMenultem;

HelpMenu: TMenultem;

Aboutl: TMenultem;

SingleStepButton: TButton;

procedure FormCreate(Sender: TObject);

procedure OpenButtonClick(Sender: TObject);

procedure Comm320pen(Sender: TObject; ProviderSubType: Integer;Error: Integer);
procedure CloseButtonClick(Sender: TObject);

procedure TransmitButtonClick(Sender: TObject);
procedure ClearButtonClick(Sender: TObject);

procedure Comm32Error(Sender: TObject; Errors: Integer);
procedure Comm32Ring(Sender: TObject);

procedure Comm32RLSD(Sender: TObject);

procedure Comm32RxChar(Sender: TObject; Count: Integer);
procedure Comm32RxFlag(Sender: TObject);

procedure Comm32Break(Sender: TObject);

procedure Comm32CTS(Sender: TObject);

procedure Comm32DSR(Sender: TObject);

procedure Timer] Timer(Sender: TObject);

procedure XOffButtonClick(Sender: TObject);

procedure XOnButtonClick(Sender: TObject);

procedure ExitMenuClick(Sender: TObject);

procedure OpenMenuClick(Sender: TObject);

procedure SaveMenuClick(Sender: TObject);

procedure About!Click(Sender: TObject);

procedure TimeEditChange(Sender: TObject);

procedure CommandComboBoxChange(Sender: TObject);
procedure SingleStepButtonClick(Sender: TObject);

procedure ParameterEditChange(Sender: TObject),
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private

FCurrentLine: Integer;
public

{ Public declarations }

end;

var

Forml: TForml;

implementation

{SR * DFM}

const

ONOFF: array|[0..1] of string = ('Off, 'On’);

procedure TForml.FormCreate(Sender: TObject);
begin
FCurrentLine := 0; //prepare receive buffer
end;
procedure TForm1.OpenButtonClick(Sender: TObject);
begin
if Comm32.Enabled then
CloseButton.Click;
Comm32.0pen;
end;
procedure TForm1.Comm32Open(Sender: TObject; ProviderSubType: Integer; Error: Integer);
var
S: string;
begin

if Error <> 0 then
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begin
Memo2.Lines.add('Error accessing device: ' + Comm32.DeviceName +' (code: ' + IntToStr
(Error) +'));
end
else
begin
Memo2.Lines.add('Device ready: ' + Comm32.DeviceName +' (code: ' + IntToStr(Error) +
)
Inc(FCurrentLine);
case ProviderSubType of
PST FAX:S :='FAX device',
PST_LAT: S :="LAT protocol’;
PST _MODEM: S :="Modem device';
PST_NETWORK_BRIDGE: S := "Unspecified network bridge';
PST_PARALLELPORT: S := 'Parallel port';
PST_RS232: S :='RS-232 serial port';
PST RS422: S :="'RS-422 port';
PST _RS423: S :="RS-423 port’;
PST_RS449: S := 'RS-449 port';
PST_SCANNER: S :='Scanner device';
PST_TCPIP_TELNET: S :="TCP/IP Telnet protocol’;
PST_UNSPECIFIED: S :='Unspecified’;
PST_X25: § :="X.25 standards’;
end;
Memo2.Lines.add(S);
Inc(FCurrentLine);
end;
end;
procedure TForm1.CloseButtonClick(Sender: TObject);
begin
Memo2.Lines.add("Closing: ' + Comm32.DeviceName);

Comm32.Close;
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Inc(FCurrentLine);
end;
procedure TForm1.Comm32Error(Sender: TObject; Errors: Integer);
begin
if (Errors and CE_BREAK > 0) then
Memo2.Lines.add('The hardware detected a break condition.");
if (Errors and CE_DNS > 0) then
Memo2.Lines.add('Windows 95 only: A parallel device is not selected.');
if (Errors and CE_FRAME > 0) then
Memo2.Lines.add('The hardware detected a framing error.");
if (Errors and CE_IOE > 0) then
Memo?2.Lines.add('An I/O error occurred during communications with the device.");
if (Errors and CE_ MODE > 0) then
begin
Memo2.Lines.add('The requested mode is not supported, or the hFile parameter');
Memo?2.Lines.add('is invalid. If this value is specified, it is the only valid error.");
end;
if (Errors and CE_OOP > 0) then
Memo2.Lines.add("'Windows 95 only: A parallel device signaled that it is out of paper.");
if (Errors and CE_ OVERRUN > 0) then
Memo?2.Lines.add('A character-buffer overrun has occurred. The next character is lost.");
if (Errors and CE_PTO > 0) then
Memo2.Lines.add("Windows 95 only: A time-out occurred on a parallel device.');
if (Errors and CE_RXOVER > 0) then
begin
Memo2.Lines.add('An input buffer overflow has occurred. There is either no'");
Memo2.Lines.add('room in the input buffer, or a character was received after');
Memo2.Lines.add('the end-of-file (EQF) character.');
end;
if (Errors and CE_RXPARITY > 0) then

Memo?2.Lines.add('The hardware detected a parity error.");



if (Errors and CE_TXFULL > 0) then
begin
Memo?2.Lines.add('The application tried to transmit a character, but the output’);
Memo2.Lines.add('buffer was full.");
end;
end;
procedure TForm1.TransmitButtonClick(Sender: TObject);
var
S: string;
Count: Integer;
begin
S:=CommandComboBox.Text+#$20+ParameterEdit. Text+#13+#10;
Count:=Comm32.Write(S[1],Length(s));
Inc(FCurrentLine);
if Count = -1 then
Memo?2.Lines.add("Error!")
else
Memo2.Lines.add("This command :' +S);
end;
procedure TForm!l.ClearButtonClick(Sender: TObject);
begin
Memo?2.Lines.Clear;
FCurrentLine := 0; //prepare receive buffer
Memo2.Lines.add(");
end;
procedure TForm1.Comm32CTS(Sender: TObject);
begin
Memo2.Lines.add('CTS SIGNAL: ' + ONOFF[ord(Comm32.CTS)]);
end;
procedure TForm1.Comm32DSR(Sender: TObject);

begin
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Memo2.Lines.add('DSR SIGNAL: ' + ONOFF[ord(Comm32.DSR)]);
‘end;
procedure TForm1.Comm32Ring(Sender: TObject);
begin
Memo2.Lines.add(RING SIGNAL: ' + ONOFF[ord(Comm32.Ring)]);
end;
procedure TForm1.Comm32RLSD(Sender: TObject);
begin
Memo2.Lines.add(RLSD SIGNAL: ' + ONOFF[ord(Comm32.RLSD)]);
end;
procedure TForm1.Comm32RxChar(Sender: TObject; Count: Integer);
var
Buffer: array[0..1024] of Char;
Bytes, P: Integer;
begin
Fillchar(Buffer, Sizeof(Buffer), 0);
Bytes := Comm32.Read(Buffer, Count);
if Bytes = -1 then
Memo2.Lines.add('Error reading incoming data!’)
else
begin
for P := 0 to Bytes do
case Buffer{P] of
#10: begin
Memo?2.Lines.add(");
Inc(FCurrentLine),
end;
#13:;
else
begin

Memo2.Lines[FCurrentLine] := Memo2.Lines[FCurrentLine] + Buffer[P];



Memo2.Refresh;
end;
end;
end;
end;
procedure TForm1.Comm32RxFlag(Sender: TObject);
begin
Memo?2.Lines.add(RXFLAG SIGNAL');
end;
procedure TForm1.Comm32Break(Sender: TObject);
begin
Memo2.Lines.add(BREAK SIGNAL');
end;
procedure TForm1.Timerl Timer(Sender: TObject);
var
SS: string;
begin
Label6.Visible := not Label6.Visible;
if AutoCheckBox.Checked then
SS :="MDA'+ #13+#10;
Comm32.Write(SS[1], Length(SS));

end;

procedure TForm1.XOffButtonClick(Sender: TObject);

begin
Comm32.XON(false);

end;

procedure TForm1.XOnButtonClick(Sender: TObject):

begin
Comm32.XON(true);
end;

procedure TForm1.OpenMenuClick(Sender: TObject);
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begin
Opendialogl.Execute;
Memo2.Lines.LoadFromFile(Opendialogl.FileName);
end;
procedure TForml.SaveMenuClick(Sender: TObject);
begin
SaveDialogl.Execute;
Memo2.Lines.Sa\;éToF ile(SaveDialogl.Filename);
end;
procedure TForm1.ExitMenuClick(Sender: TObject);
begin
Close;
end;
procedure TForm1.AbouttClick(Sender: TObject);
begin
ShowMessage('This program used to PSH Filed Analyzer');
end;
procedure TForm1.TimeEditChange(Sender: TObject);
var
Itime:Integer;
Stime:string;
begin
Itime:=Strtoint(TimeEdit. Text);
Timerl.Interval:=Itime;

end;

procedure TForm1.CommandComboBoxChange(Sender: TObject);

begin
CommandComboBox.ItemIndex;
end;
procedure TForm1.ParameterEditChange(Sender: TObject);

begin
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ParameterEdit. Text;
end;
procedure TForm!.SingleStepButtonClick(Sender: TObject);
var
SS:String;
begin
SS :='MDA'+ #13+#10;
Comm32.Write(SS[1], Length(SS));

end;

end.
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START:

KEY1
KEY2
KEY3

EQU
EQU
EQU

EN_COMPUTER EQU

EN_ANALYZER EQU

TRIGER
COMM_LCD
BUSY_LCD
WR_LCD
RD_LCD
KEY

EQU
EQU
EQU
EQU
EQU
EQU

DATA_TO LCD EQU

TIME_TRIG

INDEX_MODE

REC_DATA

ORG

JMP

ORG
JMP

ORG
IMP

ORG
MOV

EQU
EQU
EQU

0000H

START

000BH
MAIN_TFO

0023H
RXTX_INT

0050H
SP,#08H

P1.0
Pl.1
P1.2
P1.6
P1.7
P3.2

OFAOOH

OFAO1H

0FAO02H

OFAO3H

20H
21H
22H
23H
30H

; MOVE STACK



_INIT_TFO:

INIT_TXRX:

_INI_PORT:

_INIT_RAM:

MAIN:

SETB
ORL

MOV
MOV
SETB
SETB
SETB
MOV
MOV

ORL

MOV
MOV
SETB

CLR
SETB

MOV
MOV
MOV

CALL
CALL
CALL
CALL
CALL
CALL
MOV

CALL
CALL

EA ;EXTERNAL INTERUPT

TMOD,#01H ;SET TIMER 0,MODE2
THO,#0H
TLO,#0H
ETO ;ENABLE INTERUPT TIMER 0
TRO
EA
PCON, #80H ;SMOD=1
SCON,#50H ;SSERIAL MODE!1 ,NOT

RB8 ,RECIEVE ENABLE

TMOD,#20H ;SET TIMER1 ,MODE2
TL1,#0FAH ;(AUTO RELOAD)
TH1,#0FAH ;BUARD RATE 9600(TH1=FA)
TR1 ;ON TIMER 1 ,MODE2

EN_COMPUTER
EN_ANALYZER

KEY, #0H
TIME_TRIG,#0H
INDEX MODE #01H

FUNC_LCD
ENT_MODE_LCD
ON_LCD
OFF_CURSOR
CLEAR_LCD
LINEl_LCD
DPTR,#POWER_ON]1
WRITE_16CHAR
LINE2 LCD
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LOOP_MAIN:

_M_MODEI:

_M_MODE2:

MOV
CALL
CALL
MOV
CALL
CALL
MOV
CALL

MOV

CINE

MOV

CINE

MOV

CALL
MOV

CALL
CALL
MOV

CALL
JMP

CINE

MOV

CALL
MOV

CALL
CALL
MOV

CALL
JMP

DPTR #POWER_ON2
WRITE_16CHAR
LINE3_LCD
DPTR,#POWER_ON3
WRITE_16CHAR
LINE4 LCD
DPTR,#POWER_ON4
WRITE_16CHAR

AKEY
A#01H, JMP_MODE]
A,JNDEX_MODE
A#01H, M_MODE!I
INDEX_MODE,#02H
LINE2 LCD

AH

WRITE_CHAR

LINE3 LCD

A

WRITE_CHAR
_MAIN_END

A#02H, M_MODE2
INDEX_MODE #03H
LINE3_LCD

A"

WRITE_CHAR
LINE4_LCD

A
WRITE_CHAR
_MAIN_END



_M_MODE3:

_JMP_MODEI:

_GOTO M1:

_GOTO_M2:

_MAIN_END:

_GOTO_M3:

SETUP_MODE:

CINE
MOV
CALL
MOV
CALL
CALL
MOV
CALL
IMP

CINE
MOV
CINE
JMP

CINE
JMP

CINE
JMP

CALL
MOV

JMP

CALL
MOV
CALL
CALL
MOV

A,#03H,_ M_MODE3
INDEX_MODE #01H
LINE4 LCD

AF

WRITE_CHAR
LINE2_LCD

A
WRITE_CHAR
_MAIN_END

A#03H, MAIN_END
A,INDEX_MODE
A#OIH, GOTO M1
SETUP_MODE

A#02H, GOTO M2
AUTO_MODE

A#03H, GOTO M3
AUTO MODE

DELAY 250mS
KEY #0H

MAIN

DELAY_ 250mS
KEY #0H

CLEAR_LCD
LINE1_LCD
DPTR#SETUP_MODEI1
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LOOP_SETUP:

_SETUP KI:

_SETUP_K2:
SETUP_MODE_END:

CALL

MOV
CALL
MOV
ANL
SWAP
ORL
CALL
MOV
CALL
MOV

ORL
CALL
MOV
CJINE
INC
MOV
DA
MOV
CALL
MOV
JMP

CINE
CALL
MOV
JMP

JMP

WRITE_16CHAR

DATA_TO_LCD#0CBH
SET DDRAM_LCD
A,TIME_TRIG
AHOFOH

A

A#30H
WRITE_CHAR
DATA_TO_LCD#0CDH
SET_DDRAM_LCD
A,TIME_TRIG
A#OFH

A#30H
WRITE_CHAR
AKEY

A#01H, SETUP K1
TIME_TRIG
A,TIME_TRIG

A

TIME_TRIG,A
DELAY 250m$S
KEY,#0H
SETUP_MODE_END

A#02H, SETUP K2
DELAY_250m$S
KEY #0H

MAIN

LOOP_AUTO
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SETUP_MODE]!:
SETUP_MODE2:

AUTO_MODE:

LOOP_AUTO:

DB
DB

CALL
MOV
CALL
CALL
MOV
CALL

CALL
MOV
CALL
CLR
CLR
SETB
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR

"OperateSetupMode"

"Setup Time x.xmS"

DELAY_250mS
KEY #0H
CLEAR_LCD
LINEI_LCD
DPTR#AUTO_MODEI
WRITE_16CHAR

LINE2_LCD
DPTR #TRIG MODE2
WRITE_16CHAR
ES
EN_ANALYZER
EN_COMPUTER
A#4CH

SBUF,A

T1$

TI

A#44H

SBUF,A

TLS

Tl

A#41H

SBUF.A

TLS

T

A#13D

SBUF.A

T1$

I
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_T_AUTO:

AUTO_MODE_END:

AUTO_MODE]}:
TRIG_MODE:

LOOP TRIG:

MOV
MOV
JNB
CLR
SETB
CALL
MOV
CALL
MOV

CALL
DINZ
MOV

CINE

MOV

CALL
IMP

IMP
DB

CALL
MOV
CALL
CALL
MOV
CALL

JB

CALL
MOV
CALL

A#10D
SBUF,A

TL$

TI

ES

LINE2_LCD
DPTR#TRIG_MODE3
WRITE_16CHAR
RO,TIME_TRIG

DELAY_10mS
RO, T_AUTO

AXEY
A#02H,AUTO_MODE_END
KEY #0H

DELAY 250m$S

MAIN

LOOP_AUTO

"Operate AutoMode”

DELAY_250mS

KEY #0H
CLEAR_LCD
LINEl_LCD

DPTR #TRIG_MODE]I
WRITE_16CHAR

TRIGER, DRILECT
LINE2_LCD
DPTR,#TRIG_MODE2
WRITE_16CHAR
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_DRILECT:

CLR
CLR
SETB
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
JNB
CLR
SETB
CALL
JNB
CALL
MOV
CALL

MOV
CINE

ES
EN_ANALYZER
EN_COMPUTER
A#4CH

SBUF,A

TLS

TI

AH#44H

SBUF,A

TL$

TI

AH#AIH

SBUF,A

TLS$

TI

A#13D

SBUF,A

TLS$

TI

A#10D

SBUF,A

TI$

TI

ES

DELAY 250m$S
TRIGER,$
LINE2_LCD
DPTR#TRIG_MODE3
WRITE_16CHAR

AKEY
A#02H,TRIG_ MODE_END
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TRIG_MODE END:

TRIG_MODE]:
TRIG_MODE2:
TRIG_MODE3:
TRIG_MODE4:
MAIN_TFO:

_SKEY1:

_SKEY2:

_SKEY_E:

RXTX_INT:

_L_RXTX:

CALL DELAY 250mS
MOV KEY #0H
JMP MAIN

JMP  LOOP_TRIG
DB "Operate TrigMode"

DB " Triging "
DB " Holding "
DB " n

JB  KEYI, SKEYI

MOV KEY#01H
JMP  SKEY E

JB  KEY2, SKEY2
MOV  KEY #02H
JIMP  SKEY E
JB KEY3, SKEY E
MOV KEY,#03H

RETI

PUSH ACC

PUSH DPH

PUSH DPL

CLR TRO

CLR EA

MOV RI1#REC DATA

JNB RIS
MOV A,SBUF

; Waiting prompt
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POWER_ON:
POWER_ON2:
POWER_ON3:
POWER_ON4:

MOV
INC
CLR
CINE
SETB
SETB
SETB
CLR
POP
POP
POP
RETI
DB
DB
DB
DB
END

@RI1,A
RI

RI
A#0AH, L RXTX
EA

TRO
EN_ANALYZER
EN_COMPUTER
DPL

DPH

ACC

" Field Analyzer "
">Setup Mechanism"

" Auto Measure

" Trig Measure "

;Clear Interupt By Software

;0ODH = ENTER
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MMO
CNO
ATT
CON
DTE
MDT
BEP
TIM
BAT
OFS
BLT
PRE
DAT
TIT
CMT
MST
GLT
MDA

SAR

MLV

MTI
csc
CSS
'DEC
ALM
FISL

pl
pl

pl
pl - p6

pl

P
pl
pll,p2l
pll,p2]
pl
pl [,p2]

pl
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Basic Control Command

Selects the measurement mode.
Sets the carrier number.

Sets the RF attenuator on/off.

Sets the contrast.

Sets the date and time.

Recalls date and time of measurement.
Sets the beeper.

Sets the auto power-off.

Outputs battery voltage.

Sets the offset level.

Backlight on/off.

Recalls/stores preset conditions.
Recalls/stores measurement data.
Sets the title.

Sets the carrier type and comment.

Starts/stops measurement.

Cancels remote control mode.

pl
pl
pl

pl

Outputs measurement data.

Spectrum Measurement Command
Executes picture search.

Outputs level of center carricr number.

Cell Station Measurement Command
Sets the measurement period.
Copies CS-1D of specified number.
Sets the numerical value of CS-ID.
Selects the decimal/hexadecimal disptay for CS-1D.
Sets the alarm level.

Displays specified page (MULTI modc only).
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MAX pl Selects the measurement data calculation method (SINGLE mode only).

Connection Test Command
PSS pl Sets the PS-ID.

Details on Command

(1) Basic Command
MMO pl
Sets the measurement mode.
pl :0 SPECTRUM WIDE
1 SPECTRUM NARROW 2
12 CS-TRACE:MULTI

:3 CS-TRACE:SINGLE
14 PS-TEST
:? Reads setting status in measurement mode.

CNO pl
Sets the carrier number.
pl 1 1-77
X Reads setting status.
ATT pl

Sets the RF attenuator.

pl :0 Attenuator off
1 Attenuator on
2?7 Reads setting status.
CCN pl

Sets the contrast
pl :0 20 to 20 (- for thinner. + for darker)
1?7 Reads setting status.
DTE pl-pé6
Sets the date and time
pl Year

1?7 Reads setting status. (p2 through p6 are not required.)



p2 : Month

p3 : Date

p4 : Hour (24-hour system)
p5 : Minute

pb : Second

MDT Output date and time of measurement
+ Example: November 20,1994,1:3:25 pm
"MDT 1994,11,20,13.3,25"

« The date and time of measurement are output when recalling data.

BEP pl
Sets the beeper on/off.
pl :0 Beeper off
! Beeper on
1 ? Reads setting status.
TIM pl

Sets the auto power-off on/off.
pl :0 Auto power-off off
:1 Auto power-off on
s 7 Auto power-off [off]
s 2 Reads setting status.
BAT Outputs battery voltage in volts.
Example: "BAT 12.1'
OFS pl
Sets the offset level
pl : -9.9t09.9
2 ? Reads setting status.
BLT pl
Sets the backlight on/off
pl :0 Backlight off
01 Backlight on
:? Reads setting status.

PRE pllp2l
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Recalls/stores preset conditions.

pl : 0 — 49 Specifies preset number.
:? Displays remaining memory in %. (p2 is not required.)
p2 :0 Selects the recall.
01 Selects the store.
12 Selects the clear.
:? Checks the number specified by p1 for store-enable/disable, and reads
the result.

* Output example (in case of pl is 5)
"PRE 5, O<CR+LF>"(Store enable)
"PRE 5, 1<CR+LF>"(Stored)
DAT pll,p2]
Recalls/stores measurement data.
pl :0-999 Specifies data number.

o Terminate data recall.

1 ? Shows remaining memory capacity. (p2 is not required.)
p2 ; Selects the recall.
1 Selects the store.
12 Selects the clear.
1 ? Checks the number specified by p1 for store-enable/disable, and reads the result.

* Qutput example (in case of p1 is 25)
"PRE 25, O<CR+LF>"(Store enable)
"PRE2S, 1<CR+LF>"(Stored)
TIT pl
Sets the title.
pl : Up to 10 ASCII characters.
1 ? Reads setting status.
* Clears without parameter.
CMT pl[,p2]
Sets the carrier type and comment.
pl :1 —77 Specifies carrier number to be set.

p2 : Up to 1 0 ASCII characters.
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1 ? Reads setting status.
* Clears without parameter.
MST pl

Starts/stops measurement.

pl :0 Starts measurement
1 Stops measurement
2 Continuous measurement
:? Reads setting status.

Measurement continues during the preset period, then the termination message is output.

Termination message "MED<CR+LF>"

In the continuous measurement mode, it continues until termination command is
received.

« The continuous measurement mode is disabled in the PS-TEST mode.

« The continuous measurement mode is disabled in the CS-TRACE CCH mode.

« The continuous measurement mode is disabled in the PS-TEST:HANDOVER mode.

GLT
Cancels remote control mode.
MDA
Outputs measurement data. The data depends on the measurement mode.
{Spectrum Mode]
There arc 77 data for the WIDE measurement mode and 1 1 data for NARROW
measurement mode. Each data consists of the carrier number and measurement value,
and is delimited by <CR+LF>. The <EOF>(l AH) is output at the end.
Qutput example
“1.36.3<CR+LF>"
"2.36.3<CR+LF>"
"3,35.3<CR+LF>"
"4,35.3<CR+LF>"
"76.35.2<CR+LF>"
"77.35.1<CR+LF>"
“<EQF>”

Spectrum Slot Mcasurcment Mode



96

Each data consists of one line of trigger information and 77 data, and is delimited by <CR+LF>.
The <EOF>(1 AH) is output at the end.
The trigger information consisting of carrier number, CS-ID, absolute CS slot is output.
The data consisting of carrier number, and measurement values of slot 1, 2, 3, and 4 are output
"77,819C08AA20,0<CR+LF>"
"1,<0, 0,<0,<O<CR+LF>"
"2,<0,<0,<0,<O<CR+LF>"
"3, <0,<0,<0,<O<CR+LF>"
"4, <0,<0,<0,<O<CR+LF>"
"76,19.7, 2.1, 2. 1, < O<CR+LF>"
"77,40.7,54.7,41.4,1. 1 <CR +LF>"
“<EOF>"
[Cell Station Measurement Mode]
MULTI Measurement Mode
Each data consists of CS-ID and measurement value, and is delimited by <CR+LF>. The <EOF>
(1 AH) is output at the end.
* Qutput example
"819COE85C00,45.7<CR+LF>"
"819COEB0430,42.9<CR+LF>"
"819CI 383430,39. 1 <CR+LF>"
"819Cl 381630,36.1 <CR+LF>"
"819COES82030,24.9<CR+LF>"
"819C0800830,23.5<CR+LF>"
"<EOF>"
[Connection Test Mode]
PS-TEST
Outputs measurement results.
Each data consists of total judgment value, PS-to-CS judgment value, CS-to-PS judgment
value, reject reason code, and CS-ID.
Judgment value:
O=NG
1=0K
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Output example
"1, 1,1,-,8080CDO01 68<CR+LF>"
PS-TEST:HANDOVER
Each data consists of one line of frame error rate and up to 1 000 slots of
measurement data, and is delimited by <CR+LF>. The <EOF>(1 AH) is output at the
end. The measurement data depends on TIME/LEVEL setting.

(2) Spectrum Measurement Command

SAR
Executes picture search and sets center carrier number to the carrier with peak level.
MLV
Outputs measurement level of center carrier number.
SSL  pl
(Enables in SLOT only)
Sets the slot to output picture search and marker level.
pl 1 slot 1
) Slot 2
13 Slot 3
24 Slot 4
:? Reads setting value.
LNK pl
(Enables in SLOT only)

Selects the downlink/uplink of slot

pl 01 Level of downlink only
22 Level of uplink only
:3 Larger level of downlink or uplink
7 Reads sctung value.

(3) Cell Station Measurement Command
MTI  pl
Sets the measurement period.
pl :0~10 I step (sec)
2?7 Reads setting value.

* The measurement period cannot be sct in the following status.



Measurement mode:  TIME, burst signal monitoring function off CCH
CSC Pl
This command copies specified CS-ID in the CS-ID list measured by CS-TRACE-
MULTI mode.and set it to the CS-ID used in the CS-TRACE:SINGLE mode.
pl : 1-80
CSS pl
Sets the numerical value of CS-ID used in the CS-TRACE:SINGLE.
pl : 11 digits in hexadecimal (current display is in hexadecimal)
9 digits in decimal (current display is in decimal) Reads setting status.
* This command is used to set CS-ID in CCH mode.
DEC pl

Sets the CS-ID Display in dedimal or hexadecimal.

pl : Displays in hexadecimal.

pl 1 Displays in decimal.

pl o Reads setting status.
ALM pl

Sets the alarm level in dBLLV'

pl : 0-85
pl 47 Reads setting status.
PSL  pl

(Enables in MULTI mode only)
Displays measurement data of the page specified by pl
pl :1-10
:1-12(CCH only)
« This command can be used in the following status.
Mecasurement mode: TIME. burst signal monitoring function on CCH, hold
- This command can be uscd in the following status.
Mecasurcment mode: HANDOVER in PS-TEST mode
MAX pl
(Enables in SINGLE mode only)
Sets the measurement data calculation method.

p! .0 Displays maximum value. (MAX)

98
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: 1 Displays average value. (AVE)
12 Displays minimum value. (MIN)

(4) CS Transmission Timing measurement Command

T/L

TRC

DVW

MKR

MTL

pl
Selects the measurement time or level in the following status.
Measurement Mode: TIME
Burst display:  Off.
P1 :0 Displays time.
01 Displays level.
1 ? Reads setting value.
pl
Copies specified CS-ID number in the CS-ID list for trigger station in the following
status.
Measurement Mode: TIME
Burst display: ~ Off.
pl :1-80
&7 Outputs number of CS-ID measured.
pl
Sets the burst signal display mode on/off in the TIME mode.

pil :0 off

.1 On

2 ? Reads setting value.
pl

Sets the marker position in the TIME mode.
Measurement Mode: TIME
Burst display : On
pl : 1-87
1 ? Reads setting value.
« Parameters 1 through 3 cannot be set when delay time is 0 Ms.
» When the time base is 0.625 ms/div (MS/=0), fractions are rounded off for an even

number.



Outputs time from 0-div axis and level at the marked point, and CS-1D.

DLY pl

Indicates the delay time in the following status.

Measurement mode: TIME, burst signal monitoring function

pl : 0~ 199 5 Ms steps (Time base: 0.625 ms/div [MS/=0})
pl : 0-99 10 Ms steps (Time base: 1.25 ms/div [MSI=11)
pl : 0-49 20 Ms steps (Time base: 2.50 ms/div [MS/=2])
pl : 0-24 40 Ms steps (Time base: 5.00 ms/div [MSI=31)
pl : 0-12 80 Ms steps (Time base: 10.00 ms/div [MS/=4])
pl : 0-6 160 Mssteps  (Time base-. 20.00 ms/div [MS/=51)
pl > 0-3 320Mssteps  (Time base: 40.00 ms/div [MSI=6])
4 Reads setting value.

(5) Connection Test Command

PSS  pl

Sets the ~num rical value of PS-ID.

pl g 9 digits in decimal number

i Reads setting status.

This command is used to set PS-ID in CCH measurement mode.

Transferring Error Information

The error information is output when error occurs in the LF 961.

Example

ERR 1 <CR+LF>

L Delimiter

Data block

Header block
(1) Header Block

ERR: The ASCII code to indicate error.

(2) Data Block

Data to indicate error contents.

1 : RS-232C communication error.

2 : Unreadable command is input.

3 : Unusable command is input.

100



101

4 : The parameter is incorrect.
(3) Delimiter
<CRALF>(ODH, OAH ! is used.
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X .= 0..area x

y .= O.areay

D, = l\/[x — (cell_x + 0.000000)]2 + [y — (cell_y + 0.000000)]>

XYy

Ht + Hr Ht — Hr
Drefl = Ddir, =
Y Ht + Hr 4 Ht — Hr
sin{ atan sinj atan
Dx:)’ DX:)’
Ht + Hr
ax,y .= atan 5
x5y
1 T
a.= - 9‘;)’ & 7 2 (xx:y
€
cos| O —a e — [sin{© 2
r X,y X,y
Xy " 5
cos(ex,y) + a,/€ — |sin ex,y

-
‘D
%
i
v
F-
3]®
~——ro

wall_horizontal(x1 ,x2,y) =

wall_hor left(x1,x2,y) "if x2 < cell_x

wall_hor right(x1,x2,y) if x1 > cell_x
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celly —y
wall_hor12(x1,x2,y) := }[Ol12 € atan
x1 — cell x
cell y —vy
OL12H €— atan
x2 — cell_x

for i € 0..area_x
for j € 0..area_y
Mi,j 0
for j€0.y

cell y — j cellLy— j

for i € floor| cell x + ..floor} cell_x +
tanial2i tani(X.]ZHj

M€ 1 if P20

for 1 € 0..area_x
for j € 0..area y

Nij € My;
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INTRA BUILDING CELL STATIONS PLACEMENT PREDICTION
MODEL FOR PERSONAL COMMUNICATION TELEPHONE (PCT)
SYSTEM IN 1.9GHZ BAND

T. Paungma, P. Moungnoul, P. Boonsrimuang

Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut ‘s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Fax: +662 326 9965 E-mail : tawilp@telelan.telecom.eng.kmitl.ac.th

ABSTRACT

This paper presents the appropriate indoor cell stations
layout of Personal Communication Telephone (PCT)
system in Thailand. This layout designs for rather big and
very big buuildings which base on frequency reuse
technique for each floors by considering vertical and
horizontal wave propagation. Cell stations were installed
for modeling at the Telecommunication Building, Faculty
of Engineering, King Mongkut’s Institute of Technology
Ladkrabang. By virtue of computer technology and
employing propagation loss factors in the establishment of
the equation, the measured signal levels were then
compared with theoretical signal levels. The outcome of the
verification was satisfactory. The results will be used as
guide line in designing indoor cell stations layout to
improve the quality of performance of the PCT system.

1. INTRODUCTION

A new personal wireless telephone service known as
PCT (Personal Communication Telephone) was provided
in Thailand by Telecom Asia Co., Ltd. (TA), a
concessionaire under the Telephone Organization of
Thailand (TOT). TA is carrying out a field trial of PCT
technology from December 1997 to June 1999, providing
service to 100,000 subscribers with the installation of
80,000 outdoor stations and a targeted 100,000 indoor
stations which is now in its first phase of installation.

The PCT network[1] provides service over the existing
wire line telephone network. There are two network
categories: external public area network and intra building
network. The efficiency of both networks depend on the
coverage to the service area that the layout of cell stations
(CS) can provide: Due to the fact that CS’s in the PCT
system are nanocell technology, with very low output
power. The external CS’s are not capable of providing
coverage inside the building.

To achieve the highest efficiency, it is essential to
allocate the internal CS’s placement[2-5]. However, the
methology of designing the CS’s layout for internal and
external coverage is entirely different. This is due to the
environmental condition of the building interior, which
consist of walls, floors and furniture that attenuate the
propagation waves. Therefore, certain factors such as

N-7RNR-E7R1-2/00/81Nn NN (© 1099 IFFF
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interference and fading should be taken into account such
that C/1 is better than 6 dB with fading not more than 10 dB
which are standard for PCT. In the case that the measured
values did not comply with that aforementioned the CS’s
have to be relocated.

I1. INTRA BUILDING CELL STATION
; PLACEMENT DESIGN

Intra building cell stations installation planning is
categorized into 4 types{2] according to the size of the
building.

A) Groups of small buildings.

B) Medium size buildings.

C) Rather big size buildings.

D) Very big size buildings.

A. GROUPS OF SMALL BUILDINGS
Cell stations can be installed outside to cover the whole
building area. The equation will be:

¥ (24} , @)
Lp(r) =Ly (ro)[—J LB(’O)("‘J AF @1
To Yo
Where
L,(ry) = propagation path loss attenuation at distance
r=ro
Lg(ry) = building attenuation at r=r,

a, = attenuation factor of the propagation path loss
with respect to distance

o, = building attenuation factor

Ar = building penetration loss

B. MEDIUM SIZE BUILDINGS
Installation of only one cell station to cover every room
inside the building according to equation.

r \*P
Ly()= Lr(ro)(—) @2)
To
= 2-3, while the transmitter and the terminal are
located on the same floor.

a,= 23 ,while they are located on the different floors.

2



C. RATHER BIG SIZE BUILDINGS
Installation of cell stations on each floor of the building

according to attenuation equation are as follow.
Lp(r)=20 Iog( 7 ) +a(AFy1) + b(AFy))

+c(AFy3)+ d(AFf)

2.3)

~

P =P +Gy +Gp - {20108( P )+a(AFW1) 2.4)

+b(AFy ) + c(AFy3) + d(AF £) }

Where
R = distance
A = wavelength of utilized frequency
Py = transmit power of cell station
P, = receive power of personal station

G, G, =rate of extension of PCT and cel! station
AF,.; 53 = factor of wall attenuation of 1,2,3 walls,

respectively
AF,; = factor of floor attenuation
d = number of floors

(=}
=
5F
P
g8 -4
v = _.. . By
%E T Cell Szaqun0 off e ..,2
25730 35 40
/'/ /’\\K""‘-~
- 7 e - E
—E- Ceill Station g
T & T ~soamy |2
Lag] ‘} ] Z
5 3
[ % Cell Station ;
E e o
& 3 .60 dBLN. f
3 1
e ™ ,’\/'\\g
3 Cell Station ¢
= ST _60dBuv ] &
%

Distant (imeter)

(b)
Fig.

Installation of indoor cell station for experiment in
the Telecommunication Building.
(a) Installation of indoor cell station in the corridor
on each floor of the Building
(b) Alternatively offsetting installation of indoor cell
station on each floor in the Building
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D. VERY BIG SIZE BUILDINGS

Installation of multiple cell stations on each floor in big
rooms. The number of cell stations should depend on the
size and usage quantity of each room by applying equation
2.4,

II1. EXPERIMENTAL RESULTS

The Telecommunication Building, Faculty of
Engineering KMITL was chosen for simulation, the
construction of building was 20 X 44 X 12 metre, had 3
floors and rather big. One cell station was installed on each
floor. They were initially installed in the central position of
each floor. Fig. 1(a) shows the interference amongst the cell
stations on each floor, the cell stations are subsequently
installed in an alternatively offsetting pattern in order to
reduce interference as showed in Fig.1(b).

The test of measuring signal by NEC - CP6H3E1-2A
can assume that the vertical propagation pattern look like
rectangular like the 2™ illustration. This model divides
propagation to LOS and NLOS[6]. The propagation in LOS
area will spread without any obstruction, but NLOS area
will spread with the lower obstruction which is the floor
and the lower and upper floor as ceiling.

NLOS region
Floor n+1 Tmin
Cell station® "' \
LOS region
Floor n

Fig 2. The model of cell station in each floor of building

From this model which can apply to cell station design
in high building which has many floors. To set vertical cells
which have 8-neighbor cells surrounded, which appropriate
for very high building but not too wide.

—~
< =< =< s> < n+8
= ——- ~— —~ n+7
- o= == n+6
=< == = n+5
= o= = _* =< _n+d
== = n+

= v == — > = nt
= = == == n+]
e RSN . Lleorn

=T ‘\’//\\\

Fig.3 The cell model position in high building, wide not too
big

This group is convenient for the high building which
has many floor and very wide. Setting the vertical cells
must consider with the horizon cells.

The signal level was then measured with NEC CP6H3E]-
2A from point to point totaling 288 points 2 meters apart as
per Fig.2. All results were analized by MATLAB version
5.1.10 as per illustration 3, the result was then compared with
that of the theory as per the 4™ equation by assuming 10 mW
cell stations with 2dBi diversity omnidirectional dipole



antenna and specifying area attenuation as 20dB/Oct. The
attenuation factor of brick, concrete and glass walls were 10
dB, 4.5dB and 2dB, respectively.

Floor 2 Floor 3

Floor 1

Fig.4 The cell model position in high build wide too big

IV.COMPARISON OF CALCULATED AND

EXPERIMENTAL SIGNAL LEVELS
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Signal level are measured in real indoor area of the
building of the building of Telecommunication department,
Faculty of Engineering, KMITL. The contour of calculated
and experimental signal were illustrated in Fig 5(a), 4(b)
respectively. The comparison between computed values
from the 4™ equation and measured values along the
corridor indicated that the signal levels of the former were
slightly higher while in some other areas, signal levels were
too weak for operation, such deviations may be occurred
due to fading and other factors such as office tools and
equipment in each room and etc but not included in the
calculation. All the above mentioned may effect the
attenuation of the signal.

The measured values of signal levels along the corridor
of the Telecommunication Building was show in Fig.6 there
were 3 signal level curves, minimum, maximum and
average, value deviation was less than 18 dBu V; these may
be due to reflected wave from materials used to construct
the building.
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Fig. 5 Contour of signal levels on the 2™ floor of the Telecommunication Building
(a) Computed values
(b) Measured values
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The comparison of the results from experimental and
calculation of the diagonal of the Telecommunication
Building was shown in Fig 7. The difference was less than 2
dBuV. to indicate for indoor cell layout design.

V.CONCLUSION

From the experimental results, it is obviously show that
the rectangular model can be represented the coverage area of
indoor cells of each floor. The cell arrangement depends on
the building type. For the high building but not so wide site,
the vertical frequency group is used. The high building with
wide size, the cell arrangement should be overlapped. The
horizontal model should be as show in Fig.4.

Comparison between experimental and computed signal
attenuation results indicated that minimal difference existed
in both obstacle and non obstacle conditions because during
the design process of the indoor cell layout for the 1900 MHz
band, material attenuation factors were taken into
consideration. In the case of a material for unknown signal
attenuation factor, an experiment can be carried out to
determine such factor which can subsequently be used for
calculation. While sigrial deviation is exceed 18 dB, the
locations of cell stations have to be changed to ascertain that
they are not close to a wave reflective material. In this
experiment, signal level deviations were not more than 18 dB,
it is acceptable, the change of location is thus deem
unnecessary.
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Fig.6 Measurement of signal levels from
the Telecommunication Building.
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Fig.7 Measurement of diagonal signal attenuation in the
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