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Abstract

This thesis is the study and application of trunked radio system, that are widely used
in many oganization. According to the performance of using radio channel and flexible when
compared with the other communication system. This application is designed the status
indication circuit to check power supply to trunked station, but trunked station and system
otner areas are separaty. It is difficult to supervise when there has some mistake, so the
design of the status of indicating circuit which transmited and received by using radiowave
to the supervisor who has portable to maintain immediately. To avoid the system failure
when the system takes part for a long time, the system must be effected. The experiment at

results are obtainable from the objective and utilized in an oganization.
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ssuingiamznguvesuisminlalsm
3.1 naandanahl it
Iamialudm 800 MHz ¥amudlunsdedyanailudan 806-825 MHz uae
A lumssudyaalug 851-870 MHz
*ﬁmm‘&mﬁiytg1m°7i1%'a1u1uszun¢fmd 5 geedoygan 09 28 YTy w
annsosessumslFnuvedinggniiwld 48,000 Moy uazduau TALK GROUP
4,000 NQN
HUUAIANURITOITYNUIAY 25 kHz
ms Tugrandygnelumsdamuevidy msioaunanuiniiy 5 kHz
mmﬁvmﬁamuﬁnﬁgm"lumsﬁaunx%’uvmﬁmﬁmﬁymnﬁaqﬁnﬁ'u 45 MHz

%@ TYPE II
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3.2 dannliznouiidhimvesszuingiamznguveslulnlzd ik
- Inggnng
- #0IdYYIUAIVAN (CONTROL CHANNEL)
- YDAy aNUF (VOICE CHANNEL)
- CENTRAL CONTROLLER
- SYSTEM MANAGER TERMINAL
- STUUMYT YN

waziBuavewsaraniiaail

Inggnineg

Inygniheilszneudan

~ A

- Ingyilodo (PORTABLE)
- ngAnTOUS (MOBILE)

- Sngulszé1ii ( BASE STATION)

cffﬁnqgmhuﬁyq 3 szianiier o lusruringamengumioudy uandis

»
fummizglsndnuae vine Anvazmsdads Anmamnsolumslfuing e dddlu
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¥
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u Yuegiurilavesinggniw dwaalugli 3.1

X A v a
VD UIUANUNIMIIUIMS
(For 800 MHz Propagation)

Model:Okumura
Frequency: 800 MHz
Reliability: 90%

Antenna Ht: 100 m
Antenna Gain: 100 dB
Tower Top Pre Amplifier
Base Station: 75 W

Portable:2 W
Mobile: 35 W

P a v A a v
E\Jﬂ 3.1 llaﬂ@ﬁzﬂzmuﬂ]’ﬂﬂnaaaﬂ]’”BQ'Jﬂquﬂazﬂixlﬂ"

S o

anwansnlumsIiuimsIinggaieluszuyIngmwmengu aail

1. mssonludnuuziilungu (TALK GROUP CALL)
A l¥nanuneaviy ﬁﬂsﬁ1u1inﬂuﬁu"lﬁ'nuqunzju

2. MycAYYIUNTZAY (CALL ALERT)
Funsdedyaradouiihladummeniolungy

3. MIFUNRNIZAT INDIVIDUAL CALL)
A¥melunguidvaruannsadadeiud Tasnaiouavmnodlélaems

4. M330n IN3AWN (TELEPHONE INTERCONNECT CALL)
Fuusmsasuund19idesns nsdmn Insdwianthu wieTnsdnn

4 4
NapUNNNITUY
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5. MIFUPUVUYNIRY (EMERGENCY CALL)

4:' o g/ ) a y:i 9 o v Y () o A
nmsfiszuveziaiims IFnudmivdnlduimsdounds uddmivg
1FusmsBonamszuussimsaani Imidusousn

6. ANNOUNCEMENT GROUP CALL

7. MULTI-GROUP ANNOUNCEMENT CALL

8. SYSTEM WIDE CALL

mnoma* 67,8 hisselinig14)

A A v A aw Y a A ' ) a (Y

FinggaieiuSindnaandasennlundeziu pianuansoluns 19

3 [} [ 4
uimsiasuis 8 Uszandefinarudidedu Fusgiviaguszasdlumsifouvedy
1%

¥Bad ey 1AILAN (CONTROL CHANNEL)

43

msﬁﬂdaszwhm’mﬁmi-d”nuﬁ'n"?ﬂqgnﬁw\fu WOIRUN T ITYYIUAIUNNTDA
dynanIungy Iﬂﬂﬁ'mumu1tuﬁ"l%'“lumsﬁmiaﬁmfmﬂuﬁmumgmﬁﬁﬂaa FoynnaiilFdaly
FosnuguYInamiiiviwiSonidyyiet OUT BOUND SIGNAL WORD (OSW) &
osW 1sznouaay

1. BACKGROUND DATA WORD (BDW)

Hudyanailfifensdlas ludiuinggnie dsdaeainmnda 3,600 TudBAUD)
Tavilnfszussgen 0BI9DFo0. Fuilumugwidunn eveninggniensiudiuszuy
vealuTaTseh uazldifhy BIT sYNC ninfulildlflumsdadoya

2. SYNC FRAME CONTENTS 819

- dyaw SYSTEM ID OSW 1l52noudis SYSTEM ID HazU1esvedyed
dyaAIunY (CONTROL CHANNEL INFORMATION) d4@286a51133 3,600 Tud lae
daunsn ldfudyga BDW a9 3 Juii

- GRANT/BUSY OSW asfiisithodsdyaies GRANT OSW titeuenliinggn
1hzmsm'J'n%mf'fmumu1mt?mﬁaumum‘lﬁ“l%'1fuﬁmimﬁngtyjtu’lﬂ daudyg I BUSY OSW

t 4
a

soadayanade it ldldau

R

» v
Wuaanilaidiods hiieuenIWinggndonsuiwae

Re

siuuvesdyg s GRANT/BUSY OSW dil

]
a A

fsmudnn1flunsda 84 1in Useneudan

2

1. invoya 27 1In

9
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2. SYNC BIT 8 1" uag

3. ERROR CORRECTION BIT 8 49 1in
dadudas137 3,600 Tug Wunm 23.3 dadiuii
1. ﬁwﬂayaﬁya 27 1in szneudan
Tuszuuwia TYPEI
- ADDRESS BIT 16 in #foyalu ADDRESS BIT wiuifu PREFIX , FLEET ID,
SUBFLEET ID lia2 INDIVIDUAL ID
- %iAYDIN15iSun (CALL TYPE) 1 1N
0= m3Sonial1) (GENERAL)
1= MSI3OALUUTIUAT (PRIVATE)
- iinuaraIuenIoveIdng sl (STATUS OR CHANNEL BITS) 10 in
f1 0-759 uwiTesdy I
f1 760-1,024 fis STATUS WORD

k4
findoyans 27 Inudainsdaiioensgy

15| 1413|1211 | 10| 9| 8| 7| 6 5| 4| 32} 10 9| 8|71 6|5 4(3]2]1

luszyusiia TYPE II
TuszuuIngmniznguaiia TYPE 11 ¥ Yot OSW $113U 2 135@ (WORD) il
OSW (3¥aii 1
_ ADDRESS BIT #1 16 {inez14iisiaa INDIVIDUAL ID ves3nggneio
- INDIVIDUAL BIT 1 iin lduaasstiaveinisiSen
0= msi3unita 1l (GENERAL)
1= ASEINNUVAIUAT (INDIVIDUAL)
- dnyaaseauznovesdynal (STATUS OR CHANNEL BITS) 10 iin
f1 0-759 MuBITOIFY Y

f1 760-1,024 v STATUS WORD
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L4
indeyas 27 Tnuaasmsdaizoenagy

TYPE II OSW 1st WORD

INDIVIDUAL I | 1st WORD

ad d
OSW 135a7 2
} 4
- ADDRESS BIT 116 in 9z 14uea3 TALK GROUP ID 403 Inggne 12 in uaz
1 4 InuaaviianveInsion (OP)
_ INDIVIDUAL BIT 1 iin Hfuaasstiavesnisison
a o

0= m3i5eni2 1Y (GENERAL)

1= MI3onUVUAIUAT AINDIVIDUAL)
- finuaaserauznIovesdyn i (STATUS OR CHANNEL BITS) 10 i1

f1 0-759 MUIWDITOITYY Y

11 760-1,024 Aiv STATUS WORD

i 4
findoyaris 27 Inuansmsdnisosdagy .

2nd WORD AFFILATION

GROUP (0) 1 affl. ACK
Gmmmmmmmmm o 12 in ><--4 1iN-->11N< 10 N>
o o 9/ v ] o ~ ' [ =4 e < 1
mummnhmlmmmﬂgtymﬂ'mf]umnmqgnma‘lﬂummuuumu 5UAM

INBOUND SIGNALING WORD (ISW)

Q/

Foyanas IsW H$1m9u 78 1in Uszneuday

o

1. indoya 21 in uaz
2. ERROR CORRECTION BIT 57 10
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Falas ludnumsadsdygnnu ISW mnamilisiie
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Indoyana 21 in Wsznouday

luszuuvtia TYPE I

P A '
- ADDRESS BIT 16 in #tieyalu ADDRESS BIT 925391 PREFIX , FLEET ID,
SUBFLEET ID i@ INDIVIDUAL ID fu%1iavuedmsison
- fnuaan e 5 Un

a9

v
findoyans 21 dnuaasnsinGoedagy

15 |14 {13 |12 11 {10 |9 (8 |7 |6 |5 |4 {3 }2 |10 [4 (3 ]|2]1]0

luszuusda TYPE I

~ J

»
Tuszuuingmwengueiia TYPE I sy iddyana 1SW $112u 2 35a (WORD) 19

o

ReNUNUFURN OSW

v o

ISW Asan 1 szasuda

1. ADDRESS BIT 16 inlfua@3 INDIVIDUAL ID 494IMggnae
2. Inuaasaoue 5 in

»
findoyans 21 UnudainisdaiGoanagy

TYPE I ISW 1st WORD

INDIVIDUAL 1st WORD

< 16 1n >< 5 10 >

ISW 5an 2 Uszneuday

1. ADDRESS BIT 16 1in 1%it/ad TALK GRUOP ID ¥83aInggnaie $1uau 12 in
wazviaveansisondn 4 1in

2. INARIAIUL 5 Un
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1. ACKNOWLEDGE TONE dafinawd 1,800 Hz flunm 8o fladaunii 19
L4
sguuyiia TYPE I (i
» CONNECT TONE fHiawh 105.88 Hz anasgiu) ampaszoztaaiims g
Poadygadn

o/ d' A g n’: as dy
&g 1a1 CONNECT TONE figunsaidon1gfdtivianua 8 Tnu (TONE) Asil

TONE Aanid (Hz) LEQEINT)
TONE 0 105.88 Mg
TONE 1 76.60 -
TONE 2 83.72 -
TONE 3 90.30 -
TONE 4 97.30 -
TONE 5 116.13 -
TONE 6 128.57 -
TONE 7 138.46 -

3. DISCONNECT TONE #inmid 163.64 Hz iiluiia 200 fadaui

.7 - d‘ N 1 4
4. dyaandoailFlunsfadedens

CENTRAL CONTROLLER
dhialavesszuuingawizagy - Iaauquuaziamsmanhaumeluszuying
mmzngy Usznoudaedudnny 2 dauded
1. gl lns Tusisaiwes (MICROPROCESSOR) Usznoudan
1.1 CENTRAL SITE CONTROLLER (CSC)
1.2 RECEIVER SITE CONTROLLER (RSC)
1.3 TRANSMITTER SITE CONTROLLER (TSC)
2. duifese (INTERFACE) 1/53neufay
2.1 INBOUND RECOVERY BOARD (IRB)
2.2 RECEIVER INTERFACE BOARD (RIB)
2.3 TRANSMITTER INTERFACE BOARD (TIB)



dau1l52noUUBY CENTRAL CONTROLLER Herasasgili 3.2

CENTRAL
SITE
CONTROLLER
TRANSMITTER
RECEIVER SITE CONTROLLER SITE
CONTROLLER
\
y
INBOUND RECEIVER TRANSMITTER
RECOVERY INTERFACE INTERFACE
BOARD BOARD BOARD
STATIONS
CENTRAL CONTROLLER
5 CHANNEL SYSTEM

171 8.2 ugasaaulszneuves CENTRAL CONTROLLER

mahanuvesaIumagnialy CENTRAL CONTROLLER

CENTRAL SITE CONTROLLER (CSC) (ilusdauiii¥oudengiy RSC uaz TSC M

4 o 1 ' é [
wihi lunsaaugumsiamvesdulseasuseqneluszuy & csc wzdudoyann
o a S A A o o a t
RSC 1oz TSC udninnmiinsed eidenmshrinuludiduse
¥ o o o dy

ninved CSC 1Al

1. HASZUIUNMSSon (CALL PROCESSING) e csc lasudyan ISW 910
- ] ' kY Y bR o/ ﬂ =4 -4
Inggnane csc vznswig1dauladeans lddesdynu nasyiavesmsisonls csc o
o - o 1 P} [} P-SR | s J & 9 'd
mnsastsaeuhiivesdyanahmishifr Hdesdygnadn cse wdanulnglnsa
] ' o d' Y = 9/ e‘;’
aaihnuiie Iusnsd 15wy

2. Sadwun1siSon (CALL QUEUING) 9nde 1 lunsdiil CSC asasaeunyh
1 a/ 14 -] 4 ¥ (-3 o t & \] L3 1 -~
youdaynalide whwedldld I ludwuvesdldaelmi  diedesdygnainnaziedia

» ]
o 1 eiiu csc wdal Tsc dedyana osw Tuendldhmanselivesdyguly

msaane laudr lunaely



24
msessumsusmssedely (RESOURCE ALLOCATION) ioinggniiwldaes
Y] a v A o 9 o 91 @ :: 1 A Y
amumgtu“lumsmmrfamsmsmsumauuﬁq csc i ldvesdyananiudn mendeulu
msliusmsddsvdude
4. 11NN UITVY (DIAGNOSTICS)
d 9 a ] A [ [ A
5. irudeyavesinggnienninisluszuy fflugula wineay I Aeels
oglungula ansodenldusnsvesszunldndszan
v - Y] A ' ' A
6. Tufinms 1Fnuvedinggniidazinied

=i

7 damsaadetuszuuiulau oNg) ou lunsaifszuuiivaelau

RECEIVER SITE CONTROLLER (RSC) (HludufiFendoaysznin RIB Ay
v t 4
CSC e IRB U CSC shmihndsi
1. A529QA0ULMITUFYNIUIN RIB Uaz IRB wesisnumalt csc ni

2. upilnesvesduanauiod Mensaegnis Idnuvestedy u

TRANSMITTER SITE CONTROLLER (TSC) ludaufidoudeagsznin TIB
uaz csc smtaiaail

1. asvgaouzmyaTyIw

2. adudyano OSW amdidaes csc

3. adwdy i HANDSHAKES sevinamiimidonazinggnii fio HIGH
SPEED HAND SHAKES 102 LOW SPEED HAND SHAKES

4. tw¥adfoye 14 DISCONNECT WORD

5. upilmedMdinfidy g uvesdImudyauudasi

6. AauRuAInIudy g lasiun TIB

7. vudygaiuin TIME-OUT TIMER (TOT) 845311

INBOUND RECOVERY BOARD (IRB) dvu-ﬁ’ﬁ}andaatjszuin RSC UMMM
"muwumﬁﬁmﬁ1ﬁxi‘lu1§aeﬁtyty1tumus-1u“lumm:nm1fu Fowihitead

1. nseadyanaf ISW fidunvininggadi

2. msamndayane ISW 7 185udun
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3. asvaeuduana 1sw Asudund Salas ludfudyann osw vesszuunie
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ponll delas luderdedayanu 1sw i1 rsc de'll

RECEIVER INTERFACE BOARD (RIB) dJuilioudengsznin RSC fud
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nudyanaihmihidludesdyapondos shmihidan
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1. %in15as2dudyana CONNECTTONE fidunsninggniiuiioven iiami
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2. yamsasa9sudyan DISCONNECT TONE  Widansininggniieiovenld
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3. MN13As99UA YYD ACKNOWLEDGE TONE fidaneninggnaiy even
‘lﬁ’amﬁun"thumm"?'nqqmhu'lﬁ'ﬁmwsLﬂﬁuummﬁ"lﬂﬁubaﬁmﬁpmﬁcsc ayanalf 14
@IS ouseondd
o ar &
1 BOARD swisanunudmiudygald 7 mies
¥y ¥

TRANSMITTER INTERFACE BOARD (TIB) auilieidengsznin TSC
Y] [ & o 9 P ﬂ ] @ = (] s o 9 o W dy
famudaanuiiminidugesdyanades uazesdygnunugy mnnasl

o d' a 9Y v ci B 1 [} s Y]

ihdyaui Tsc adanialfeglugduuuiiennsodwindmiudanold

1 BOARD amnsanugudmaudygiald 7.5

SYSTEM MANAGER TERMINAL (SMT)

Funeufinmeinlflumssanisszuy  1iedwin  CENTRAL CONTROLLER
aunsaiveudeiuneuiuae mowen'ld laslénasg Rs 232-c lumisibeuds (e
anuazanlumsauguizyy  msdandawdlunmsinumeluszuy  uazuawans

] } 4
RNV ULRADAUTYANAADY (ALARM) Tuiadud1eq 14

sruumese meeima Usenouday

1L ewomamadiudalugiy 851-870 MHz dlueee1n OMNIDIRECTIONAL
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vnedyanuil COMBINER 1au COMBINER 1 g sunsanedhfiudmiudagnald s
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Inegntng Ty
49 aoniuyve
S ) .
2. MOBILE TURNS ON CONTAINS (A) SYNC FRAME FOR MOBILES //1 -TX BDW CONTINUOUSLY
RADlO. SCANS FOR - (B) SYST. ID, CONTROL CHABBEL 3600 BAUD
CONTROL CHANNEL (3 SEC INTERVALS)
/.ISW REC'D. DECODED BY
3. PTT GENERATES ISW *ISW™ (CHAN. REQUEST) 3600 BAUD(21.61 mS). 78 BITS A {RB WITH RSC (WATCH
CONTAINS: FLT ID, SUBFLT ID. UNIT ID, TYPE CALL.
‘gg%m SQUELCH AND DECODE
avesvese | LITES)
6. REQUESTING UNIT -SENT TO CSC TO BE
1S ID. AND ABLE TO VERIFIED
TX ON THE ASGN. ~osw craveLarant |-SENT TO TSC (TOLE TO
FREQUENCY L 3600 BAUD. 84 BITS (23 mS)X27 BITS INFO.] SENT ON CONTROL CHAN, SENT)
CONTAINS VOICE CHAN ID. FLT ID, SUBFLT ID. UNIT ID. -SENT TO TIB AND THEN
ALSO AN UPDATE TO OTHER UNITS CONTROL CHANNEL
>5.SENDS OSW AND HSHS
3600 BAND. 21 BIT FRAME(SmS)(11 BITS FOR FLT AND SUBFLT 10 !i (ENABLES MOBILE
7. 7 2D FRAME SYNCD 70 "OSW" HeHE TRANSMITTER)
Ivoncs CHAN,
“ 8.RECEIVES ACK TONE
ACKNOWLEDGE TONE 1800 HZ (80 mS) £ AND STOPS SENDING
(TELLS CSC ITS SWITCHED) HSHS
10.RCVR. IS UNMUTED. s
MOBILE CAN NOW TX __ 150 8AuD. 21 BITS) voicecuan.| 9. TSC SENDS LSHS
WITH OTHER UNIT(S).  CONTANS FLTID. SUBFLTID.
"CONNECT TONE" 105.89 Hz. (OTHER) O - 12.TALK PERMIT TONES
1. (LIKE PV 4 SENT (OPTIONAL)
13.MOBILE MAKES LAST 14.DISCONNECT TONE
TRANSMISSION AND | DETECTED AND MSG.
DISCONNECT TONE DISCONNECT TONE™ 163.84 Hz. (200 mS) o ] Tor@radiED
SENT.
16.RADIO MUTES AND . 15.AFTER TOT TIMES OUT
RETURNS TO I___—Al THE DISCONNECT WORD
CONTROL CHANNEL. g 220BAR-(28m9 e LS SENT.
S
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EPITIMING SCHEME

Mobile Syncs to Backgroud

PTT word on Cotrol Channel
| l—“""“ Cotrol Channel Rx.
IISW l

MOBILE'S INBOUND REQUEST

I l_‘Zlmscc
[ [ [ foswfosw] ] ] Josw]

CENTRAL'S OUTBOUND RESPONSE (100 msec later)

Volce Channel Tx.
Sent Repethitively /
1.2 sec mlx.—4

!\/\/\v0|<:5/\/\/1I 7~
Low Speed ~~

ASSIGNMENT VERIFICATION
Connect Tone
150 bps

Cotrol Channel Tx.

| HSHS

Mobile Detects HSHS . Viglce Channel Rx.

f 80 msec 1
DANoeANA 7

l 1800 Hz ACK
CONVERSATION Low Speed P
a 500 ¢ after PTT Handshake
(appx. msec after ) veobabe
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EPII TIMING SCHEME

Mobile Syncs to Backgroud

PTT word on Cotrol Channel
| 21 msee Cotrol Channel Rx.
| IswW |

MOBILE'S INBOUND REQUEST

| l‘_23 msec

[ [ [ foswlosw] | |
CENTRAL'S OUTBOUND RESPONSE (100 msec later)

A yﬂ Tx.

Y
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I > 4

/

Cotrol Channel Tx,

fosw|

Low Speed
(note 1)

(note 1)\ yﬂnﬂ RX.

CONVERSATION
(appx. 500 msec after PTT)

Note1:Channels equipped with Smart Connect Tone
Decoders check for Rx interference (carrier)
just prior to assignment. If interference waspresent,

the Rx audio cutput is not enabled until a signal
with proper connect tone is detected
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