. . L
dninnemyanaN WizeBMINAIANIN

. &y o [ Q v al
rungiseinsAnyianlwiBuuuliuinisnaemin

Multi-function Private Automatic Branch Exchange

numnmw‘ ¢
wmmnmusﬂnmﬁm

QAN WUSE
JARUSPAN PANTA

-l
B1RNTENUT W

& U

AdheAdRaInsd as. yoyinod dng
ADVISOR
Asst. Prof. Dr. Boonwat Attachoo

Inenfinusdmiuliygnidinssumaas i uia
driAanssuinfa
TuRsinendn
sonfumalulatinszsaunindndiaums ananszls
TnnsAnwn 2536
ISBN 974-621-126-9

£

ia ‘UHM

e 21 19¢ 1 1 9 9|
| 9y mon, oo 3 8.A. 2537




MULTI-FUNCTION PRIVATE AUTOMATIC BRANCH EXCHANGE

MR. JARUSPAN PANTA

ADVISOR
ASST. PROF. DR. BOONWAT ATTACHOO

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
GRADUATE SCHOOL
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

ISBN 974-621-126-9



Watainetinug’ sruuguansnsfYidatuRuun¥uintsuanawlinn
unfnmn uneafEnTI Wuse
¢ v - - « [ © o
fRsHgRILAIANENTNUE  uAas YoyiRnd ERg
sTAUNTSANEN AMINTINANRRTNMITUTR @113AnssN N

Unas@nmn 2536

BEERPWA '.

EwmﬁwuéﬂﬁuﬁﬂﬂLauﬂmsﬁ'mm'qumUTmﬁvamﬂ’lwmm 3 awuen 8 anwludeliszuy
pevfutnsdmiduieifunininmmdnrasszuy. TaslumsiufinussidunduBaeasnssvintinu
srfmparedlulrsreninmef Teluruuuatesmemeusuaauenlaodniui@aau 2 umiun uay
uounuadmiugraaeluiuog 1 utuius weeilstuunsudsinanraindaunandlufastedhilas
peNRamei RS232 Wirifuieti TudauteessuLRenfl WTHILANUAINIO LN
L{]uﬁmzm'erTuTmﬂm?muqwm'lu?mmauﬂomai‘?ﬁm’qmu’lué’nwm:ttﬂoﬂumm'lﬁﬁ’un'nmuqh
dousnreessuumsuiuusznisinsanuguatensdn  TnahiAventinugasdnausluplasaiag
-HmsaLm:ﬂ"anﬁ?‘ﬁuﬁ'li"luni:mumsﬁ’qndw%qr_:unfmﬂmm:tﬁu%’mﬂ%mfmms’wh*?i'imﬂuua:

Thaudauluginssinlaesansfuad



Title

Student
Thesis Advisor
Level of study

Academic Year

This thesis proposes a deVelobment of a PABX of 3 inlets and 8 outlets with automatic
voice mail box as a main ‘function of the system. Recording and playing use hardisk of
microcomputer. Two channels are available for automatic answer of external lines and one for
internal uses. Also, distribution of information from centre system by RS-232 is introduced as a
supplement function. All three channels of automatic voice mail system can work independently
under controling of a microcomputer working as time sharing to control all parts 6f voice mail
system and PABX interfacing. Such a system is proposes as data stricture and algorithm for

controling and overall system is stressed on minimizing hardware and uses software as much as

possible.

Multi-function Private Automatic Branch Exchange
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nowstate T TuALLsIWe 1 Tyl Taumastinazifoadsatuane luwrasane

fauds prestate  MuenADUSMIINTRIIRIUERTANUREURAs NI astey (e 1

- < . - ey
VHIBININY URS 0 WHNEINENY fauls nowstate 1’HU‘E]ﬂﬁﬂ'\u:n"\?ﬂﬂ\ﬁﬂ?ﬂqq\uﬂ‘IUTJmSﬂNﬂ’\?ﬂﬂq

asy mausnuszdaelulavinmasnpizeniygnssinlaesesnsuouns wikasiawnmassusiou

inflanlaiinsumpiFenapfelifeinldTagtn pestate 81 XOR MU nowstate wamidazvinuiuls

. »
TFus changestate Intifitunteintg XOR vsngininesanoladu 1 usssdnanefufinsunmpite

Yy witidu 0 uasei lifimaulaounse deainAnlu prestate MLFtIToUAL nowstate 1aWNY

' ) i »
aePiliinlu change state (U 1 (Rewndamadeuusniudumsenmpesy fuduntsuny Aty

nowstate Azt 0 TunueiiAnlu prestate 18y 1 uazduduntsarey Al nowstete szt 1 unous?

Fin prestate 11U 0

¥OR

*

1 |8 |1 11 |1 |8 |9 |0 prestate
1 {8 |1 [1 |1 |8 J1 | nowstate
1 ]1 |1

8 i1 18 |1 changestate
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ngesaplldimereyfiese? 1. 3 uar 7 evefinyResned 6 usy 8 auiliing
wiRtuuseRedned 2, 4, 5 (EntangaRasned 1)

wisanamaseulianelsvinsumptenawudafiasirhfasansellindumsenyie
aylunsille mmmgﬁ'umqmmnmﬁuﬁ'mtmuﬁunu?ﬁﬁmmﬁ:Tw?ﬂﬂn t'ﬁutﬁmﬁ'umﬂwﬁa
gaziaINME U sun@nnasiiseen  mainemlugaiifeedestunnyfeuanius
vasinafmiusinzisiesdeasnihwidodaly

413 meulfzusnuesmnnluilefinstnsdasaiy

mﬂ‘mﬁmm’arTumu'luLﬂum?'l-Eqﬂuﬁuﬁujqwmqumu‘l‘mﬁww"ﬁmﬁo’lﬁ Tuvnisiiinngld
G uviﬁmmnw#aﬁﬁmﬁwmﬂn sutmsEuuIdeany Tersnfasyinnnsivnaso T

azanu vl lmesunsusetuil

—_,@onver called st%

Called state

ginswn

Wldavnue §

WAsaY S URLTY

210
Tumiso

010

Wulavnusluaisio
Wuwasaisiu
Uaneniooglu Down state

Conver caller stata

Jareniosny

7 41 Tnezunsusnuzsassawsunf

‘. ) :’ " . J - 1

weatilanyetanminareglurniug down state ustiflefidvinnsumuiteasinsission
> ] 3 N [
s gnifeildieglusnnue dal stete Suusomusfirenansfusmnneesdld wnsmnnefin

»
Liflaglummusnang estBusetluwinde 415 smi Nmspglugnmsisin winwudnthaay
wnenatlu (21 T 28) wazanuztssuretsmAERAu down state MssiAEuan Uz caller
. ; o .

state TwrnizdmiusnusssnstnneiignFunfazgniRtudu called state windgniFuninnsuny

FFunfiazuRunusan caller state 1 conver caller state usz fgnBuniszilAnuaouziiu conver called
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. L i « o~
state 39 fu yuzthihunaad Fvaevinmssuminiuey wasdainnenyiasndudingaoms down state
- v d
BnAFIUTY .
Tunisfieylusone dal stete vniemrnoUaemiidn giunadlifudygmannlidn
- - - .
uazluvnusfisaumneglusams conver caller state Ve corver called state winthelashuviienays
sumnia Rk ldanauds Gadufygudsiuduuuangliing
P dl . 4 -t ‘I - o
wmntains wensieglu dial state 1WW 51 B9 55 TAULMKIMNNUTSISTULABLTY
v 1 . ]
Tnsfnyiussannnsofnreiussuumeuiuld aneniufissgnulfvusomuniu useavm state Sovann
J 3- o> - [ 4 [ J' - : - [ &
prssnpusiiindaldiinnsessuumreuiuey uszdievinnnswyantiiufiasnduliii down state
niaun Audedndvinldeyannisiinreudaluiszuumeniudan
114 pyadangmeluianisnasnia DTME
ﬁ'ﬂuﬁkﬂﬂiﬂﬁi : Select pair of line to decode DTMF code;
Update count;
Delay;
) Decode DTMF,;
» ) t .
saldnanlwinde 324 udainnessludiuiildasasoensia DIMF wiikosassieantlu 4 ane
g 4‘ : 1 3 J [ ¢ 4' ] & o o -ll .
TnamaRenikipfisslfaunasoesmigeeniy 2 aw e iiunaImensia 2 Nssthevinns
neanFantenti nadenasnainfifuaLlues esnuAnT Idsnmenesntassnasinfianegy Tnes

unsueanlunadenansluientsoenniaidusian i 4.2

dame1,3 amwa 5 aws 3.7 a1 4.8
( Select 1 X Select 2 >(Select3 X Select 4 >< Select 1 >
last DTMF new DTMF
[ I [ I .
aisuvevgl YaiSuyooal YSuvooau YmiSugoogy vaISuyoogy

5171 4.2 lnezunsuinanaainnaifangantiRevinnnsnansia DTMF

P . X . a4 .
Jeyuafienaifintuainniresnuuulusnwusifadisfldnafusmunofiasvinld

o i ¢ : - * 1
Wa'nlﬁfu':‘?ﬁ'mmwmu’lﬁumaﬁaﬁa'|71L{]um?nmmmﬁ'fnﬁm "ﬁauﬁ'lﬂ'lm"l'numwmﬂﬁﬂmu'lﬁmwmﬂ
Frlusesnfeiiiaiidifesndunimedng wiasinifisdesais unediigldne P &

Aofuudalimse m_ﬁnmeamﬂwmmﬂaﬂnmvuuwamnﬁ"m‘lnmu'lmmwmmmmm'mnnamnn
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nsutnuuzin new DTMF (aBuv&eann lest DTMF ﬁuﬁu?ﬂ'lﬂm’msmﬁﬂwm'lﬁvmqﬂ%*?;
gnumia DTMF AWEmiudous count vesenendu  @egnimaléidhu 0 lupeududu  Tnelusiiu
Update count AZuRLAN count 1 nnn%:'luuﬁ'a?ﬂu&mgﬂuﬁmﬂﬂfhnm count laiwiniy 0 mngﬂ‘/";
ardunauiuilesn &9 new DTMF (iamAsRn last DTMF udafin count sziviniu 5
SanessusiReutilmannmensde st (FusanTiogiu Decode DTMF)
If {STD=1) { rem : i1 STD =1 MNEAMNINNAIDEAITADEATTA DTMF &
If {count <> 0}
if {(new DTMF = last DTMF)
If {count = 5) { count = 1; exit; }
Keep new DTMF;
count = 1;
}

URTEANETDNE I Update count 1Husatl

L 4

If count <>-0 Then rem - AaLUs count tHusistius 8 1uvl, 1 luvide 1 snelu
»
{ Increment count; rem . SANEIoNSUS ISR ey nAaULT count
I count = 6 Then rem : count = 6 wnneANIliTinsnadTeneuRntu
count = 0; }
-l .
415 pmathieanevslabifsunumsiuamann

fouifiendey  Decode DTMF code;
i OTMF ldssgniinnifiuufieutuais@aneiud vnomudnuduissnsluansid
- omn :’, o o > o 4 4‘ [
SLUJIRRIN Aeisrnefumrirmns 20 une 8 wan wanas 1 Tl Tunlldnazusg
»
M DTMF 1 A masesviuusussqeglu EPROM mnetiultsunsy Taousiazunassuunefiosmung
) t »
170 wovnunnlufinvualife 21 T 28 ismnoiesnauuenanugn 91 ] 93 lanvane
Wensfsrenuszuuneufuinadny 51 T 65 uszijuieniminansusnie 4
N : -
KAUYUNLURN : Time out for external ringing;
Check if external line comes;
Decode DTMF code,
nsAuRNnIsRsseiuatusnsedsanifUssnauluUfeaudanldun NTAINABL

fynmFunuaznizFugtuen mavngeuaznslaudt ueEnIRRANtUEN
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1 mammaseudygudnnuasnisfuginuen
Aldnsnalfhwide 321 whidledndynyuiunsesiusautissindswaianauning
Ussunnd 1 Juvisaudansysed o uiton ﬁa-ﬁjﬂ:gn‘l‘wa?mmﬂvfmﬂudw Check if external line
comes ieginfiaouendnamideli vnnmufezssdygudenlutened 1 Sagnimna i
Tnsdaiudn sadaneandreluil
if { external ringing on line 3 found } {
exuse [3] = 2; ; REM - nsn‘iﬁiryrmuﬁunmnmuuanﬁ 3
time_out [3] = 0;

If { ine 1 in Down state ) {

ringing hine 1;
make line 1 to be ex_call state; }
else | make line 1 to be ex_call state; }

}

Faurls time_out ifiuezisfing 3 Tuvialdsunamlizinm 5 hnfessntuenusiasaniite
Wlunaeand exuse sesstniy Mus@uasAnansely

Fauls exuse uszistunn 3 i wisZlsuensonuzsesantuaniieny Tnedinon
vanusasielyil

exuse = 00 muuanﬁudm’hiﬁmnuamiﬂLm:'l_;iﬁmfmmﬂmu‘lu

exuse = 01 muuﬂnﬁugnqmenmﬁ'lu'luﬂmzﬁnmuuﬂnLﬁ"afwmﬂn

exuse = 02 fynuBonidinnfisasuenti

lefidtynanidun exvse .waamnuﬂn?{gnﬁun&m:zgnLﬂ?\;wu‘m 2 uRTnTFLRILUBNAY
nevinlatsne?t 1 Sennddygmudondrinuereny 1 sl down state etjrieuudaiargnifiouiiu
ex call state Fonnufaonuzfignduntavsnouen seft 1 WeasinmsusouenssAenmmnuisy
Fnanten (91 T 93) 1esantuentidnamiu (UUNABIgAEAEE LED 3 AnTanssniummuantuent
dan Wesnt 1 Fusnouemiuudadauls exvse spssnetiiasith 1 i'mmumwdﬁmuuﬂnﬁ'ugn'li
BY URZAE 1 ﬁ’uﬁq:gmﬂ%‘lﬂuamuztﬂu conver ex state ilmmmfnudﬁﬁﬁﬁmwmﬁumw&mag‘

Eaurls exuse SNt 2 Fuihinsidsnouenidnmn roufsiniadandtyydon
gninly Fullsia i unaadefthd o reu ﬁaz&uﬂuﬁnmﬁﬁﬁrymﬂuﬁﬂnuqm'lﬂu&qum' exuse
fepaitha 2 agaviniimmanteniilalle nadtFey g Time out for extemal ringing BANSTOHE

¥ »
Tuguiiidusatl
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if ( exuse =2 ) Then
{ Increment time_out [3] by 1;
If { time_out means to 5 min. ) exuse = 0;

1 » >
nsruaumainentesTuauueniuss lsesunsuse b

Dial state

uianunsalsuon

Wiuiaonvivluais

aslunaaisuon

f exuse = { )
. . vimv 2
v ol S0
rhnu 1
exuse = 1 gnldog
l dodryryavanshineg
) Wansludu awlulildansn 1
foalsuon "
- [
nvansluuy asluiuansf 1
- l nadu # s
talk_ex - awwsuon dnanouonfiliod
od
wWasuamuz=asluidu Waguamu=asluGu wosaslulisio
Conver ex state Hold state
nadu #
wosawluie
1anWnansuonnldog
\
firasuon ( Caller statej
Auareludu
Jarenwsu
y
- .
exuse =0
[Conver caller state J

' da o
7171 43 ussslozunsuveanszuunisiiuafuaneuen
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Faurls ik ex Wussistmung 8 vt 1 lire 1 sneluldifeveningrtluuwsasauingais
safuareuanisey InoAnluuwdedlviaziu 0, 1 usy 2 Fonnufemnouenisnsny usy An 4
wnpieliifinnsisreduarauanisiae

2. MaRngnnuAznIauaIn '

P - [ - k4 } 4 - Y L 4 - - .
dHaanei 1 Fusnousniidnunusn eseannsaslausneniy ’)Uﬂ'l?ﬂﬂl]u“ﬂﬂ"\ﬂ # TI_I

&S a

Whamingnminuuazanovik 1 axgniReusomizdu hold state Toiinmzadre iy del stete il
ant 1 tnsfasefuaneiieclaulUIf daesinzgnifousounii caller state unzifintlmameiufias
wzusamzidlu conver caller state deszlouanefimdsaumndatiitusmeueniinetfanemae

NTUBN woriniunmadamitsussieiiiunmisainnsdiiupinlélseneanson
NIRRT talk_ex MINTAWINGL 4 wsnpAonaan iy Lﬂunfmﬂmv}fam?‘l‘ﬂuﬂ'\n

3. papsneuan

nsnevntIRR e RRuen ©1 B 93) WileldldRansnnannAtes exuse ynfiAuti 0
T AT YT e a Fesimanazgnusaeadu 1 99 Humsessneemiily nszuaundnluf
muAafumusouentessnei 1 vmssnuluilldrenssdnfusmueniuude  mlaesunngy

9 43 Useneu

4.2 saviaulseasssuumausuinsAnm

421 yanmslemnhl

1iMﬁuoﬂudwﬂtﬂudouﬁa;juum%qﬁi FrubouomuesiTud 8088 Wessnidhini
ﬁmmmfnuﬂnL%Mﬁ:tﬁmimﬁum?u'ﬂuﬂgﬁmmw fssenfuaidandamusoiludmulsefte
poumplrzusRaUfmLSRgrsauliEn  Wwihdetidusguddnfieue  Intszusng
Tnssaindoysunsdaneisusre il uuneuiueiwsnnsmidlUGou e mids by
srunmeLFY e Avamisn Lty

desnnninifnuazsundudoniunssuaun@igenishd U Sanstifeunanfiv
usu Asvstannuyng 500 us ﬁq&u@iqmﬁnﬂmmmnmﬁqLﬂu‘fﬂ?unmqﬁG:uﬁuoﬁ’wm?n‘nwﬂu
muméuvmﬁmtmumﬁmué’n Fnonad) 2KHz aruasidunlwinde 331) dewufissvinnss s
Fruluunuusiisn  widiesannAndsiilflunssusunafinsnafifehfifnddausiasindold
e us snnfifletilszanes 500 us nevfisziimaumnlasnfidaty fofumansaieanfivied
a3 CPU ¥inenuetineuieu snumia DTMF LR RE LM GTL T TE Ty SrufndanantTnsfny Ass
sounsRennsean uactnssendntul uaziiun nwﬁqqqu‘lﬁﬁmum’wqmdwﬂq:ﬁmmﬁﬂuﬁ'n
dﬁtﬁmix{u‘n%uﬁu‘luﬁﬂuzﬂm@i nenaRelimasiinyasetess sl o s ne i

. o oay v e ral
AIUUNNANUNIPINARNBTTUNEVIIUNICAN
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>

Wlenamlugaursandnuafudnin ssuumeufuinsfmflumuuuadwiuniniminuasisu
- o . o~ - P A ey o . -
NALSIUWIU 3 uTuuus qeYssassudnasmsBoutenrueflugautife s s uTURUAN NI NIWN
[T Y t e t ] d‘ . - ot 4. o . o = < U [
dhissszsiotu  naAe Tustusivinnatiufnusuuuawilfgnuisavinmsiuriniseiaundulu
d‘ k. S 4 & 4‘ o at «H J > : 1 4 . t ol ]
wruuuedwindeniulisen  Tamnifinveisunduiissdevinnsgnuuas@oudioyasi i
. - ¢ - & -~ v >~ & PRI N 4
pndvFeaisAaftentaand  wiesniuly wensandl Twwnusiinnisiiniesundutuie 3
wruuuA TanFueiRsdaainnienmaaeuAdisine fissunannuany vzadeAndaluiiquany udd
WlsuswEnfoiuiu Teaswiuin unsldiujiRouvsnuetinaniauqiu
ananE iz tgwiaswinanivsunmasdasinnasuiiiunanlunisineuldiiueuusag
) ] s" at J - : 4‘ d‘ ’ -l'd. -
gauatnvine Intannznmseudsudenalunssusunisutafeafasniseaaiiuiven Wiihinlag
’ & » t .
LLRIWANTR CPU azdesvinlieglugsiiu Ssussangiiusinemantiazussqeglugy Tneiiqndudu
- : [ -t . - -l 1 -ll [N 4
regUIsiInMIRss R UTBLIN TUTeSTy Y IUIRNIMAN NRLALS SIYInUTIRgIUAN et in Y
] - - - . Y. e o N & -y -
wisgiusriiuiantuliuiueningnniugndudsviedselaly  Adusiumartiasyinnemss
L d i 4
sauunanzesAuimuIBdafiasinnu vanwuinAsiadiana stinnlsiudaly
' &
danetaniuinuasguAne It ulusunsuiisesialyii
Check_edge. While { NOT rising edge );
Check ninging;
Check DTMF and transfer;
Recording external line;
Check PBX command; y
Check time;
Phone out;
Sampling;
Jmp  Check_edge

J 3 - - 13 & J - : & o $ L4
Widldiwusnaldemssuumerfunsfwiianiuaeivsantiulaelinginausinseiil
1. wnuuuai 1 uaz 2 WdwFureufuinsfniannsntuen Teuanuuaziudhndaniudiedi
AesmsleuaelWihisg vieleuldfian 1 WelWewefinmefithullouanetunsdiidinadnun.
» H
TWifwednnelu Ineitsesuruuusinnusdlousuingnmauralsnhlsunnmedizunafivilieutuus
. 'y [ Ll ‘I [ A
YinunFeuiuiemreniuld .
H * - t ‘ + :
2. wruuuahl 3 Mdwiuauniului 8 e e urs il

o T
21 dhnfernnlibiERnsdnuwiiies ey
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22 fuisdermudiigelnldld  TnedensalaffuRaudorsunfasyinnsau il esntui
J L4 ® Y
23 Tansunsinseenanndensndtiunnly  Iauasnsaimmusinsuasmnoiatfiay 1
sruuiiudinseeniv

3 TansuszuumeviuinsfmiifleuanudnanlfinevizeWerundudFuum

422 MERAMULYRILAACUTULUA

o L4 o~ ' o~ : - ; 1 4 o 1 4 - 3 - -
welinniufnuasiRundUIei 3 uruuuasnsniistuneniuly  Aeaianmans

i) >
ussanUrIUAsuTUILA e W maiWimiFaisundulunruumiutagaln

TuusnzATnteuRnzuTILsTnna e dayafre iU
state  structure

state, filename, handle, buffer, index, del, count, time, misc, line
state  ends

[

»
A UL as A as LMl

Y o\ L P ) P ol ed - o
state uenanurzssuruiuaiudigwineslsetiaulAaainiiaa ol
d > )
REC = 01 wnRuTULLating iR antsiuiin
: i - 1 ] [ 4
PLY = 02 wunetwTuiatnis MR entnsunay

NONE = 00 L ITRIT S a0

filename U I INdR I unnsundivieriuiin svfsuihudelndnussuurenes
§ 1 »
handle WUNBTRARSANTTING (file handle) TeemesTeldmuAiuTelng AnluRasiiae

P~ [} 1) H J
Ifansaauasaniidln wieainwIng Fathanifivesddonlusunniise
(e Ind BuaRamsisunsinvifeainindiReniniufinasfesFuniaidune
sof Inuneassdariadnnasingun i
buffer dhamefdmiunsguasiBuudayssnanfafas Avus Wunswia
» 1
1y 2000 T tiefldhuiue AN untsswife @ouliduenenss
LG
. o2 - 2y o Y- O
index huhdelduendwinmsusndReluyfvinlszes buffer ag Atiazgniingu
S . 4 o PP -
ynpfnRnsswdeduudeyslunusiifinrurnlfa
del Wunnsunduisuanlduen ey IWdisundusguisansuindudaite
i e msldaua s v @enrgeszuy dil¥auAalnaniddn
A TUINRI R ndiananls
HER J
count Wiuinfunindaysas butfer audianlunafiuda Mlunsdvusnanlunng

- U & A' : -
ThfAmAeiaunsy Tneazifistiu 1 9n 1 buffer videyn 1 Funl
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ume C wusa It lunanifnivenBrufieusy count SintdhAunT
»
misc nvusdmiesnisundusustindudaas hinelame Anlulludousdidou

. X
WWsunsnazinvuntu
Line MiThmarummeftes mise

423 MENENUSARILAREA
suumeyfuinsdwissideynrassnlunsasaney Innaudoyaiiiullunsssaneidu

A
bt 1

line structure
filename, pointer, message, phonefile, time, number, state

line ends

TnodeynluusiacRasiirmannnsensliil

flename azumgTe w4 iuteronaiiiiinsdnnudaranly Tnoasifudnemily
mﬂ%‘ﬁ'ﬂ‘lﬂﬁzﬁwwmwmawuéomum’wéﬂm"um?dﬁnﬁﬂm'm
Toeldadnus A, B, C. Fevriatuly 191 Faaradirn A% usned 2 . n
AuT 3 Ansanehnas iU ING e 2¢ Ty

pointer azurrysnunuinadanrhnters S aned tnnasdadu 1 ded
nsthnvilande uasanad 1 Heinsiefenuiliuds  nadhnde
ANURENIF U TiaRas sidnwsTuaueN (stack) nEnaAe TR

thnl¥mdadinssvinnsfuisaadhbienusniignsusanan

message '-'e:um-fa'lwﬁmumu‘lumn'lﬂﬁﬁué‘fvmﬁﬂm

phonefile s FeIndTsnuneludnlsfe Winsesn

time Hhunsfisasnielulisuns s Ao nta el @mannnddnatu
pumOber vanpatiidinseen

state venfnuTesAu feg 4 somuse

REC  vimniufin@esey)
PLY  ¥inmsisunsuet)
ISIN ot iatuendTeuunld
ISOUT  iing Hflaneuanlihndienaals
424 msptssauRyuden .
sMufifivades Check nnging;
.~ J o~ & . 1« ]
VAIRINAZIINUTBLIBUTES Y Y UUR Nmdn A svinnnsmsasseudaddy yuGuniu

wTuueT 1 vize 2 viield wnwudniifssvinnassunduWgunsinssuy (W Into) Tnunaduudeys
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fifipatesaslumimanurtsusuusTRgy g uFundan wFaudafarndulinmesoueyntu
voefoynuRnmingnady winlinufissdwlilnmsseugiudnly  (Check DTMA) Fnigaiu
Anresnuzien TR Fn LT 1 sziTuid
If {ringing on channel 1) {

Close relay channel 1,

Handle = Open (intro1),

states[1] state = PLY;

states{1].handle = Handle;

states|1].misc = 00;

states[1].index = 0000;

states[1] count = 00;

states[1} tme = 30d; . REM  1sunduiiiuinan 30 Suniviesulne
states[1].del = 00;

}

jmp Check_edge;

425 pemgaafnyou DTME

ﬁw?ﬂﬁ'm'r’zm : Check DTMF and transfer;
nensasdryey e DTMF ﬁﬂunarﬁﬁsﬂiﬁmimuwannﬂLa'nv:mnw'fav'mw?eumu-i'm:ﬁq
nsRmeseLMAIANATIN LG UL TLILs T Andee Saneisudithusid
If { DTMF on channel 1 Exist ) {
If (First Time) { rem: First Time is first initialized to F.

Read Code to X;

Jmp Clock_edge,

First Time = F.,

Jmp Check_edge,

else {
Firsttime = T;
Read Code to Y;
If ( XY is internal line nur.nber ) {
If (The internal fine is programed by service number 55} {
PlayBack {M?); = rem: M? is message file that prefered
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Recording channel 1 = T .

else {

Transfer to the internal hine,

Jmp Clock_edge:

else {

}

transfer to internal line number 1,

Jmp Clock_edge;

}

4.26 panuyinidssangsuan

o aa Y ry . .
INMUININLTRY . Recording external line;

}

Wedldavuannanevneive WeruuleuaaulyWasunaeluusiang ludulysunenisroy

> o ' [ 5 -J‘ t -~ o 4 ‘l - U - 9 - o~ &
ABLTUTURDUNU 7:umzmunau1ﬂa M? Nansnininnls TIRIAMUAUNKL[ VUKIINIUNITUUNN

¥ v
RenfazgnBuudariuiasd misc seemnrnanme wrsdtivefsnulunasgndndennlidactu

Aasl line T lumaunni@uainlaolsfeuaaluniseanusvinsy

nsfnTa indnidlunng

WA il lsud e naiias ponter vevapluiissgndrndenenadSiilasauainias ponter 199

ANTNADUTTEIEAETY  (ines)  WeldTalndudaSainumvnaadadnmsIndlnetnuses  udiRan

. . o ) ; il Y | ) g |
TuhnudsrAlunes pointer asistu 1 Teazvsndrwniviglidiacgniwinafmsly Tupthiu

FratnansiiyasTuindaysaInate 20

Filename

pointer

message

2A 0

B oO[2.ciof2iD O

E

0

00 0:3

M 20

If { Recording channel 1 = T ) {

Filename = File pointed by pointer,
Hardle = Create (Filename);
states[1] state = REC;

states[1) handle = Handle;
states{1] misc = 00;
states{1].index = 0000,

states{1] count = 00,

states[1] time = 30d;
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states{1].del = 00,
}
» o '
nniuiinderrannapusnaziiiudnysaunnfie Nas ponter sTNT8INATA1LTazgn
- & A’ : >~ &« L3 .v [ e -; - U [ } 4
Tunn Falunnsunsuiasyinnssundusanindudgafgniuminilaunisessn ponter &9 1 Asyld
Talndviazgniaundy

427 prsfusrfinnuansingdn

[
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suvintadies . Check PBX command,

v
1 1

L d ) - - - : : L Y -
Andafgeanguatludirzuuneufussifiniwlunsdiifld nauissnuerelditng
N 1 &
(v 51 T 56) Tnendnneides1duTuuuest 3 As 61, 52 uay 53 lunsdiliszuuneuiussnisasy
sriupauuasananagn iseddauduzela  ngnldfegdiinawemnosiinamsclfiudygusny
i énndms 84 sz 55 Tdsndudedlduruuuasinan  nrsuaumslunisneulFfusswing
[ [ -t d‘ " ~ & : : J - o oL

guantuasszuureufuiiusinuaniBuafinanluwinde  seluliasndnnusriBusvesdanegitudlug
iU Check PBX command

1 Andafgnnsnguanuitiuindimins 1 luiles 4 Svsnadunisrnduas 4 vy

4 ] »
wntiatresantlu (0 T 7) igeAndaiusanun

wefanu MEARS

Y

gﬁ'u‘ludouéﬂ:dwwm'vx?uﬁwﬁ"wme:uumeu?mﬁﬂgfhﬁeﬁa.00, 01, 02, 03, 04, 05 Famuntile
ranudeamaiufinds wunduifey Tsunsinseen Wiuanuleusnouanidnun Wssuufuany
wpmgnsdell  miudndudadesinanafissnssinendifeadesfuAndaiuudandylpes
AOLTOUIALTRIR LR N ME T I wnhinufiaclunssyingiudnlyl (Check time) Sans3tuslu
nspsrsseuusal]
Check_PBX_command:  Read Command from PBX to X;
store low nibble to Y;
Case Y of
00 - do_hang_down;
01 do_recording;
02 . do_playing;
03 : do_phone_out;
04 - do_in_office;
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05 . do_out_office;
default - Jmp Check time;
Endcase
noasBunlusiasanadused
11 do_recording m?ﬂuﬁmﬁmﬁq:ﬂuﬁn’lﬂu’lﬂa’%«ﬁ%etj’lﬂaﬁ M* i gt 3
sorfufindny @onesgnidinliluing M3 Rusiidniihudennmdidannludemmdiasian
formliginadnun sanedtuflusrutivsBriimemmssoyiiuminad 3 dofell s
'iﬁmu'lmﬂuéaanfhd"efmdqu 4 ﬁwuwnmfiqé’ﬁ;m‘aanmmnqumu aanufiazsuisnmesnes
mu&umnm'mq'ﬁagmmmu'lu Inpasvinnnsgnufins message WReTinziintelndmdeenssstiudin
Thvniadansindlsecinunes denesiirsnfs A iNEILRRS hande Tumnmesanuztassns
i3
do_recording: Store high nibble 1o X; rem: X ﬁamﬂ'luﬁaanﬁ'xﬂ"a
If ( states [3].state = 00 ) {
Filename := lines [X] filename;
Handie = CreateFile (Filename);
lines [X] state := REC;
states|1] state = REC;
states{1].handle = Handle;
states([1].misc = 00; ¥
states{1].index =.0000;
states[1] count = 00;
states{1] time = 30d;
states(1].del = 00,
}
else’{ Tell PBX that command r{ot accepted }
1.2 do_playing mm’una’mﬁmq:m’unﬁ'mﬁn'lﬂa"?';ﬁ-faﬂﬂngag'luﬁmf filename %@gné’f&m
s pointer nivils tudretiviTusepefrvsann 2 Tuansesomssesrnsiy Seusmansdifiatg
TufndusdandeniasSene? 2 S1uau 3 Ay Sennet pointer StATIING 2D Fovmnefede e
azgmiffinafosilyl um’u‘jaﬁmmm’uné’m:Ldunﬁ'm'm'lﬂéﬁﬁuﬁnué’aqﬁﬁﬂwfaﬁﬁﬂ 2¢ Favirld-

. ¢ : : ; < o 1
TnEsAMT pointer RIVTRINE I INERINAD
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Filename pointer message

2 A0{2Bi0j2col2.Do|2E0lo003{M2 0

o

aqﬂé’an‘a?ifuﬁ'éw-?umﬂduné'u'lﬁﬁaﬁ
do_playing 11 Store ligh nibble to X; rem . X ﬁamu’lw?{aanﬁﬂé"q
If ( states [3].state = 00 ) {
Filename .= lines [X] filename,
Handle .= OpenFile {Filename);
lines [X] state := PLY;
states[1] state = PLY;
states[1].handle = Handle,
states[1}.misc = 00;
states{1].undex = 0000;
states[1].count = 00;
states(1].ttme = 30d;
states{1] del = 01,
}
else { Tell PBX that command not accepted }
funminluilas del axlgAn 01 13 "n'qLﬂumma‘ndﬂ'lﬁgﬁud'zudmLﬁf_vué’ryrgmﬁ'mmmw
Uanvinmnaaylndtiaenluisiosunduaynduds

L] ‘

13 do hangdown et luidsiBnmesrsuumerfuey wnvinmeriyasiiedn

v : 3 . .
WunsBugsnnsrelfitne - Jelunsdiiquanussdeniafsdunuansruunauf e Wsruumeyufu
Tendnrndaimneglunsdifumsufin@onidesulndiingsunduaglunsdinindisundung
ﬁﬂnqwﬁﬁédfm'lfﬂu’muﬁu FevnuzluAnmesssuumeyfupuansnoiusseylusonuy
use_avmstate Tmm:mﬂ‘mﬂudﬂr'h'ag“luamu:ﬂyuﬁ:ﬁmmwtgﬁlﬁuﬁﬂﬁnunmﬁwﬂm

14 do phone out mw?qfﬂ-mnmﬁ;mqn@'fnﬂmwmﬂ 53 snirdesinaiwd e
SULASEUNSUIWE Phone Seazusstnt3Bnstulsunsalig 4wy qwn&uﬁq:?ﬂiﬁ@inmﬂwnw
e 4 fausn (Tudalue uazmﬁ'?';ﬁmmﬂﬁ‘l‘wmanua:mmfutﬂutwmuﬁléfmmﬂxﬁws‘l‘mwﬁonﬂu
# antuszLuassunaU g Phonerec SeazuanlifidnsmdsrnadiarWinseenudadeaaniiunig

. 1 (] > 1
sumstusunss vanutuuued 3 Tl ueuibidwfacldtufudygualiig Teldsedes
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Fasmadnariv ethmstusinsussisunanlde foas 1 anuifiesanniunistaunsy 1 AR uTuLLAT 3
azpneeviieldeu sanesiugiiusid
do_phoneout Store hugh nibble to X, rem X ﬁﬂﬁ"tﬂu‘:’iﬁﬁnﬁﬁg\*
if t states [3] state = 00 ) {
Handle "= OpenFile (Phonerec),
fines [X] state .= PLY,
states1] state = PLY;
states[1].handle = Handle,
states(1) misc = 00;
states{1].index = 0000,
states[1) count = 00,
states{1} time = 30d;
states[1].del = 00;
check DTMF charinel 3= T.,

else { Tell PBX that command not accepted }
m“qmnﬁq:Lﬂum‘:mumﬂﬂmnmmmuﬂmmﬂmﬁﬁmn'm:va'aan
If {check DTMF channel 3} {
15 do in office Wefldanalunmiarving 54 sruLRBLFUA LT ISIN 6elU LA stste
VERAVPNAD U TG U
16 do out office Wefldantilunsammng 55 ssuvmeyFussToumin 1SOUT avtluRas

staté PEIATTRNANUTBOIEe LU

428 peuaunMaingaan

[
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flue Srnelutae 0 f 24 Toiasafhundidieglutes 0 & 59 nsufouifuussuBuudeudn
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varflidanseseiuinnaiiisulastiuandugn 15 uniield Hreglutnsinannferdu
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Fermutuneud 1 Aewuinaned i Tusunndinssenlusnzoant fasilsTiatifenioneas
vesszuuReufudhALTatnttten antusssetlssin § nVRinmemraseudyu i
Tugnef 3 winliiifisysunszueuns vnwusiiies Susedtyyn DTMF mmawmu%zu‘luﬂaof
number TusnresousTessnei Aeldnsnlwintenidauef 336 udin nkuatntinesty
peuAe wikAesdmimmang M1 33 IWuand S lutasreunturesiad 500 ms aantiuniass
namszgmiuaTasifudtyuru DTMF selilusneTnsdmflutsssiuaedn 0 sesiadiinas nns
a’qd’rurmuq:ns':‘im'lﬂfs":ﬁuqqundﬁqzwuﬁnwz ¥ TUARS number -fcuaniﬁuéuqmmnq?da

3. MeAInaTiuAat

edsdynu DTMF Fathwemlanmniidesmsdnsisld wdrfazidagnssinunismsamsiy
apvesanevny Tutindusesuneu é’unauu?nq:nﬂqﬂﬂﬁfh’lﬁ%’né’mmﬁumaunﬁuLﬂuﬁmmﬁu
awliisnafediynyudunndy winldfudgyguanelidnfssaunssuaunnsinseentesaneniy us
winldAudymdendufissinlifunsuiigesdenssseudammumoudnitet Susumeu
Faemmanaulnmensfung _

enrntsenefusatuds Tﬂ?unmﬁq:Lfiuna"mammn‘lﬂé*?'i’ﬁ‘aﬂmngag’luﬂaﬁ phonefile

e o {
YRRILNINR Inseen %sl Lﬂ“ﬂ’??“iﬂﬂ?:ﬂ’)uﬁﬁ?t‘ﬂ‘iﬂﬂn

429 mesudnuieyalésmmeutinli

douﬁq:gnﬂﬂwauua:n?:ﬁﬂﬁﬂmm_gﬂ i'fla;ﬁu'ludquﬁqzﬁﬂmmm%auﬁaé state T8I
ANINRIETRLTHILRIN TN sseen T umuuaTuden e teifinanngfiutnsaitelal d
flasvinssifeduudeysmnn 1 lullasordvtayslulesBuszney nesmuaz@uussnasin
iuadadssellnsnoiomed Tnuasidinhnanusniuidefiunn 2 K8 reufiasiinnssm
veduuasiandanad apdusanssBudluusitmuunldsed
If {states (1] state = REC} {
Select hardware channel 1 for recording;
Read 1 byte data from recording hardware;
Save data to states.buffer pointed by index;
increment index by 1,
If { index = 2KB) {
Save buffer to file indicated by states [1].hagdle;
Increment states [1].count by 1;
reset index;

if (states [1).count = states {1] time) {
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CloseFile (states [1].handle);
reset states [1]).count;

states [1].state = NONE;

}
If (states [1].state = PLY) {
If { states [1].index = 0000.) { _
ReadFile ( states [1].har.1dle; ) with 2KB;
If ( EOF ) {
CloseFile ( states [11handle );
states [1].state = NONE;

If ( states {1].del = 01 ) DeleteFile { state [1].handle);

else {
Write 1 byte from buffer pointed by index;

Increment index;
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; do when line change

\

CPU  "Z80.TBL"
HOF  'INT®"
jr==-se-----—-- gtate varlable ---------ceeme---
dialstate: equ 01h
busystate: equ 02h
rbetate: equ 03h
off_dialstate: equ 04h
calledstate: equ 05h
callerstate: equ 06h
conver_caller: equ 07h
conver_called: equ 08h
downstate: equ 08h
holdstate: equ Oah
conver_ex: equ Obh
use_avmstate: equ Och
ex_calledstate: equ Odh
avm_callstate: equ Ofh
telstate: equ 00h
offtone: equ 01h
dtmfport: equ 02h
lineselect: equ 02h
port1: equ 00h
port2: equ 10h
port3: equ 30h
port4: equ 50h
lowbyte: equ 51h
enable: equ 52h
port5: equ 70h
porté: equ Och
inrelay: equ 70h
highbyte: equ 71h
outrelay: equ 72h
clrring1: equ 90h
clrring2: oqu ObCh
clrring3: equ 0dCh
clrdtmf1: equ OfOh
clrdtmf2: equ 0gh
status: equ 04h
org 00h
main: Id hl, 00h ; power on delay
st1: dec hi
id a,l
or h
r nz, st1
Id sp, 09ffth
call setup
call en_ring
loopline:
id a, (ports5C)
id hl, scanline
or (ht)
out (outrelay), a
out (porti+1), a
Id (port5C), a
call update_count
call state
call extemnal_line
call avm_command .
call delay
call dtmf
; 8can next group
id a, (port5C)
and 11111100b
id (portsC), a



; save nowétate

; check ex1

- ; see if line 1 downstate

; line 1 Is called by external line

id a, (scanline)
Inc a
Id (scanline), a
cp 00000100b
jr nz, outmain
id a, 00h
id (scanline), a
outmalin
I loopline
update_count: Id a, 00h
! id b, 08h
id hl, count
ser_count: cp (hl)
Jr z, next_count
Inc (hl)
id a, 06h
cp (N |
Ir nz, next_count
id a, 00h
id (hl), a
next_count: inc hi
dijnz ser_count
ret
state: Id hl, prestate .
in a, (telstate)
Id (nowstate), a
id da
Xor (ht)
ret z
Id (changestats), a
Id (hi), d
call do_changing
ret
extenal_line: In a, (status)
Id b, a
and 00000001b
Jr z, ex2
push be
call ex1_in
pop  be
ox2: Id a,b
and 00000010b
jr z, 0x3
push be
call ex2_in
pop be
8x3: Id ab
and 00000100b
ret z
call ex3_in
ret '
ex1_In: in a, (clring1)
id ix, exuse
Id a, 02h
Id (ix+0), a
id hl, linestate
id a, (hl)
cp downstate
ret nz
Id ¢, 00h
Id e, ox_calledstate
call newstate



hl, talk_ex ; toll ex line that comes in

Id
Id a, 00h
Id (hl), a
Id ¢, 00h
call finging_on ; send ring to line 1
ret
ex2_in: in a, (clrring2)
id Ix, exuse
id a, 02h
Id (Ix+1), a
Id hl, linestate - ;seeifline 1 downstate
Id a, (hl) .
cp downstate
ret nz '
Id ¢, 00h ; line 1 is called by external line
Id e, ex_calledstate )
call newstate
Id hi, talk_ex ; tell ex line that comes In
Id a, 01h
Id (hl), a
id ¢, 00h
call ringing_on ; send ring to line 1
ret
ex3_in: in a, (clrring3)
id ix, exuse
Id a, 02h
Id (Ix+2), a
cp downstate
ret nz
Id ¢, 00h ; line 1 is called by external line
Id o, ex_calledstate .
call newstate ‘
Id hi, talk_ex ; tell ex line that comes in
id a,02h
Id (hl), a
id ¢, 00h
call ringing_on ; send ring to line 1
ret
avm_command: in a, (port6+2)
Id d,a
and 11000000b :
cp 01000000b . ; If not transfer command, do nothing
ret nz
Id a, 1010b ; tell avm that command accepted
out (port6), a
in a, (status) ; got Internal line
and 11100000b
srl a
srl a
st a
sri a
srl a
out (port1+1), a
Id 8, a
id hl, linestate - ; see If target in downstate
Id b, 00h
id ca
add hi, be
id a, (h)
cp downstate
Jr z, avm_transfer
Id b, 110b ; not in downstate tell avm
call send_command



avm_transfer: Id a,d ; get external line
and 00110000b .
st a
st a
stl a
srl a
Id hl, exuse sthis exlineisinex (02)
Id b, 00h '
id ¢ a
add hl, be .
push  af ; save éxternal line in a
Id a, 02h oo
id (hl), a
push de ; save'internal linein
id ce ; send ringing to In line
call ringing_on :
pop de
id hi, talk_ex ; tell in line talking with which ex line
Id b, 00h
Id c,e
add hl, be
pop af ; restore external line in a
id (hl); a
id c e ; make In line avm call state
id o, avm_calistate
call newstate
call delay : !
Id a, 1001b ; tell avm that transfered line free
out (port6), a
call send_command
ret
delay: push de
Id de, 3000h
tt: dec de
Id ad
or e
Ir nz, it
pop de
ret
dtmf: In a, (status)
and 00001000b
Ip z,gr2
in a, (cirdtmf1)
In a, (dtmfport)
stl a .
sri a
srl a
srl a
id (x), a
Id a, (scanline)
cp 00h
ip z,
cp 01h
Ip z,I13
cp 02h
ip z,15
17: Id b, 00h
id a, (ptr7)
id ca
Id hl, dtmf7
add hl, be
push hi ; hl is where to put DTMF



savelt7:

17

b, 00h
¢, 06h
hi, count
hi, be

a, 00h
(h)

Z, saveit7
a, (x)

hl, ptr7
¢, (hl)

c

hi, dtmf7
hi, be

(hl)

nz, saveit7
b, 00h

¢, 06h

hi, count
hi, bc

a, 05h

(hi)

nz, saveit7
a,01h

(hl), a

b

gr2

hi

a, (%)
(h!), a
hl, count
b, 00h
¢, 06h
hl, be

a, 0th
(hl), a
ix, ptr7
a, 00h
(Ix+0)
nz, 7

b, 04h
¢, 08h
signal
(ix+0)

ix, dtmf7
a, 06h
(), a
check_number
gr2

b, 00h

a, (ptr5)
ca

hl, dtmf5
hl, be

ht

b, O0h

¢, 04h
hl, count
hi, be

a, 00h
(h1)

Z, saveits
a, (X)

hl, ptrs
¢, (hl)

c

; 8e8 if count<>0

; see If new DTMF = last DTMF

; not equal keep It
: equal if count=5, counts1

; keep in dtmf array

yeount = 1

; If first button, off dial

; point to next byte

; hl is where to put DTMF
; see if count<>0

; see If new DTMF = last DTMF



saveits:

5:

13:

hl, dtmf5
hi, be

(hl)

nz, saveits
b, 00h

c, 04h

hl, count
hl, be

a, 05h

(hi) s
nz, saveits
a, 0th

(hl), a

hi

gr2

hi

a, (X)

(hi), a

; not equal keep It
; equal if count=5, count=1

; keep in dtmf array

hl,count ;count= 1

b, 00h
¢, 04h
hl, be
a, 0th
(hi), a

Ix, ptr& ; i first button, off dial

a, 00h
(1x+0)
nz, j5

b, 04h

¢, 04h
signal
(ix+0)

ix, dtmf5
a, 04h
) a
check_number
gr2

b, 00h

a, (ptr3)
c a

hi, dtmf3
hi, be

hi

b, OOh

c, 02h
hl, count
hl, be

a, 00h
(hi)

z, saveit3
a, (X)

hi, ptr3
¢, (hi)

c

hi, dtmf3
hl, be
(hi)

nz, saveit3
b, OCh

¢, 02h
hi, count
hl, be

a, 05h
(hi)

nz, saveit3

; point to next byte

i'hi is where to put DTMF
; see If count<>0

; soe If new DTMF = last DTMF

; not equal keep It
; equal if counts5, count=1



saveit3:

j3:

savelt1:

a, 01th
(ht), a
hi

gr2

hl

a, ()
(hl), a
hl, count
b, 0Ch
¢, 02h
hl, be
a, 0th
(hl), a
ix, ptr3
a, 00h
(Ix+0)
nz j3
b, 04h
¢, 02h
signal
(Ix+0)
Ix, dtmf3
a, 02h
y) a

; keep' in dtmf array

jcounts 1

- If flrst button, off dial

-; point to next byte

check_number

gr2

b, 00h
a, (ptr1)
c 8

hi, dtmf1
hi, be

hi

b, 00h
¢, 00h
hl, count
hl, be

a, 00h
(hi)

z, savelt1
a, ()

hl, ptr1
¢, (hi)

c

hl, dtmf1
hil, be
(hl)

nz, saveit1
b, 00h
¢, 00h
hl, count
hl, be

a, 05h
(ht)

nz, savelti
a, 0th
(hl), a

hi

gr2

hi

a, (x)
(hl), a
hl, count
b, OOh

¢, 00h
hl, be

;hlis v(rhere to put DTMF
; see If count<>0

; seo if new DTMF = last DTMF

; not equal keep it
; equal If count=5, count=1

; keop In dtmf array

ycount = 1



j:

gr2:

i8:

je:

call

a,01h

(hl), a

ix, ptr1 ; if first button, off dial
a, O0h

(Ix+0)

nz, j1

b, 04h

¢, 00h

signal ‘

(ix+0) : ; point to next byte
ix, dtmf1

a, 00h

y),a
check_number

a, (status)
00010000b
z

a, (clrdtmf2)
a, (dtmfport)
oth

(). a

a, (scanline)
00h :
z |2

01h

z 14

02h

z,16

b, 00h
a, (ptr8)
ca

hl, dtmf8
hl, be
a, (X)
(b)), a
ix, ptr8
&, 00h
(ix+0)
nz, |8

b, 04h
¢, 07h
signal

(Ix+0)
ix, dtmf8
a, 07h

(y). a
check_number

b, 00h

a, (ptr6)
ca

hi, dtmfé
hl, be

a, (x)
(hl), a

ix, ptré —
a, 00h
(ix+0)
nz, j6

b, 04h

¢, 05h
signal



pop ix
pop  hi
Id ac
out (port1+1), a ,
call cleardtmf ; Ix point to dtmf to be clear
call do_button ; do C for line in (y)
ret
nextinter: pop ix
pop hi
Id de, 08h
add hl, de
inc c
id a, 20d
cp c
ret z
ir comp
cleardtmf: Id b, 08h
Id a, 00h
clear: Id (Ix+0), a
inc ix
djnz clear
id hi, ptr1
Id d, 00h ; clear pir
Id 8, (y)
Id e, a
add hl, de
Id (hl), d
ret
; input C = line called
; (y) = line call
do_button: Id a,c
Id (x), a ; save line called in (x)
cp 08d
e ¢, inline
cp 11d
jp ¢, outline
; - SERVICE
; HOLD LINE BY PRESSING #
cp 11d ; # pressed
e z, record
cp i2d ; 51 pressed
Ip z, play
cp 13d ; 52 pressed
ip Z, telout
cp 14d ; 53 pressed
jp Z, comein
cp 15d ; 54 pressed
ip Z, go_out
cp 16d ; 55 pressed
ip z, hold_service .
cp 17d ; *1 pressed
ip z, avmi
cp 18d : "2 pressed
Ip z, avm?2 )
ret
hold_service: id hi, linestate ; 80e If conver_ex
id b, 00h
d a, ()



checknext:

avmi:

avmaz:

l"eoord:

Id ca

add hl, bc
Id a, (hl)
cp conver_ex
ir nz, checknext
Id hi, talk_ex
add hi, be
Id a, (hl)
id (line), a
call hold_line
d a, (line)
Id a, (y)
Id o a
call disconnect_ex
id e, holdstate
id a, (y)
Id ca
call newstate
ret
cp holdstate
ret nz
Id hl, talk_ex
add hl, be
Id a, (hl)
id (line), a
call unhold_line
id a, (line)
Id a, (y)
Id e, 8a
call connect_ex
Id ©, conver_ex
Id a, (y)
Id ca
call  newstate
ret
SET AVM 1
Id a, (y)
cp 00h
ret hz
Id a,01h
Id Ix, use_avm
id (Ix+0), a
ret
SET AVM 2
d oy
cp 00h
ret nz
Id a,0th
Id ix, use_avm
Id (ix+1), a

LINE IN (Y) WANT TO RECORD

id b, 01h

Id a, (y)

id ca

call send_command
ret c

Id ()

a

a
Id b,
b

;'see If In hold state
; hold line talking with

; disconnect in and ext line

; make this fine hold state

; If not in hold state do nothing

: unhold line talking with

; connect in and ext line

; make this line hold state

; It not line 1, do nothing

; ex line 1 use avm

; If not line 1, do nothing

; ex line 2 use avim

; get busy



inc (Ix+0)

Id ix, dtmfé
Id a, 05h
id (¥) a
call check_number
ret
14: id b, 00h
Id a, (ptr4)
Id ca
Id hl, dtmf4
add hl, be
Id a, (x)
id (hl), a
Id ix, ptr4
id a, 00h
cp (Ix+0)
jr: nz, j4
Id b, 04h
Id ¢, 03h
call sighal
ja:
inc (Ix+0)
id ix, dtmf4
Id a, 03h
Id (v), a
call  check_number
ret
12: Id b, 00h
Id a, (ptr2)
id ca
Id hl, dtmf2
add  hl, be
Id a, (X)
Id (hl), a
ld ix, ptr2
Id a, 00h
cp (ix+0)
ir nz, j2
id b, 04h
Id ¢, 01h
call  signal
j2:
inc  (x+0)
Id Ix, dtmf2
Id a, 01h
Id (¥)»a

call check number

; Input IX = dtmf?

i (y) =line number

; output C = 0-7 Internal line found

; = 8, 9, 10 external line found
; =11, 12, 13 service found

check_number: Id hl, interline1
id ¢, 00h
comp:
push hi
push Ix
Id b, 08h
continue: Id a, (ix+0)
cp  (h)
Jr nz, nextinter
“Inc Ix
inc  hi

djnz  continue



id
distribute: rica
djnz
push
call
call
call
call
call
pop
out
ret

a, 10000000b ; mask 1 for line that wants recording
distribute

af

delay

delay

delay

delay

delay

af :
(enable), a

; LINE IN (Y) WANT TO PLAY

['Jlay: id

Id
distri: rica
djnz
out
ret

b, 02h

a, (y)

ca

send_command

c ; get busy
a, (y) :

b, a

b .
a, 10000000b ; mask 1 for line that wants playing
distrl

(enable), a

; LINE IN (Y) WANT TO PHONE OUT

telout: Id

ditri: rlca

go_out: Id

comein: Id

b, 03h

8, (y)

c a
send_command
c

a, (y)

b, a

b

a, 10000000b ; mask 1 for line that wants programe
ditrl

(enable), a

b, 04h

a, (y)

ca
send_command

b, 05h

a, (y)

ca
send_command

INPUT B command line for line in C
; C line that sent command

'send_oommand: in
and

cp
Ir
id

a, (port6+2)
11000000b
OcCh

nz, voice_busy
a,c

a

; 800 If avm ready



wait_avm:

void_this:

voice_busy:

sendbusy:

sendrb:

sla
sla
sla

and

Id
id
add
Id

a

a

a

b

(port6), a ;send it

a, (porté+2) ; s@e if avm accepts command
11000000b :

10000000b ; void

z, void_this '

00h .

nz, walt_avm ; wait until avm accept

a, (status) ; getline

a o .

a

a

a

a 0

c ; 8oe [f this line

nz, wait_avm :

a, 00001001b ; COMMAND OKI

(port6), a ; cancel previous command

o, use_avmestate ; accept, make conver voice state
newstate .
a ; Clear carry flag

a, (status) ; see if this line vold

D oOoO»®

c
nz, wait_avm .

b, 02h ; send busy tone

signal

a, 00001001b

(port6), a ; cancel previous command

hl, linestate ; 8@ If that line in down state
b, OOh v

hil, be

8, (hl)

downstate

z, sendrb ; If 80, book and send RB

b, 02h ; send busy to itself

a, (y)

ca

signal

a, calledstate ; book as called state
(h), a ‘

ringing_on ; send ring to called line
b, 03h ; send ring back to itself
a, (y)

c,a

signal .

hi, linestate ; make this line caller state
b, O0Oh

a, (y)

ca

hil, be

a, callerstate 2



Id (hl), a

Id hi, caller ; write called line In caller
id b, 00h
Id a, (y)
Id c a
add hl, be
id a, (X)
id (hl), a
id hl, called ; write call line in called
Id b, 0Ch :
Id a, (x)
Id ca
add hl, be
Id a, (y)
id (hl), a
ret
; EXTERNAL LINE -
outline: cp &d
ir Z, oxline1
cp od
jr Z, exline2
cp iod
ir z, oxline3
ret
oxiinet: id a, Oh
call check _exuse
ret
exline2: id a, 1h
call check_exuse
ret
exline3: id a, 2h
call check _exuse
ret
check_exuse: Id (line), a
Id hi, exuse
id b, 00h
Id ca
add hl, be
Id a, (hl)
cp 00h
Ir z, book ; that external line avallable
cp O1h g
Jr z, exout ; that external line is phoned out
cp 02h
Jr z,exin ;linein
ret
book: Id a, 0th ; booK this external line
Id (hl), a
ir con_external
exout: Id b, 02h ; send busy
id a, {y) '
id c a
call signal
ret .
exin: Id a, (y) ;seeifline 1
cp 00h .
r nz, exout '
con_external:  Id a, (y) ; connect In line and out line
id e, a
id a, (line)
call connect_ex

Id a, (line) ; close relay



call close_relay
Id hi, talk_éx ; talk_ex (this line) = ex line
id d, 00h .
Id a, (y)
Id e a
add hl, de
d a, (line)
d (hl), a
converex: Id a, (y) ; this line conver_ex state
id ca :
Id 6, conver_ex
call newstate
ret
close_relay: push be
push Ix
push hi
push af
push de
id a, (line)
cp 00h
Jr z, i1
cp O1h
g z, 02
cp 02h
ir z 13
ret
I_1: id a, 100000b
) jr put_it
_2: Id a, 1000000b
jr put_it
I_3: id a, 10000000b
put_it: id hi, portsC
. or (hl)
out (outrelay), a
Id (hi), a
pop de
pop  af
pop.  hi
pop Ix
pop be
ret
open_relay: push  be
push  Ix
push hi
push af
push de
Id a, (line)
cp 0Ch
ig Z,lin_1
cp 0th
r z,lin_2
cp 02h
ir z,lin_3
ret
lin_1: id a, 100000b
r put_jt2
fin_2: id a, 1000000b
ir put_it2
lin_3: id a, 10000000b
put_it2: id hi, port5C
cplia
and (hl)
out (outrelay), a
id (hl), a



pop de
pop af
pop  hi
pop  Ix
pop be
ret
hold_line: push be
push Ix
push hl
Id a, (line)
cp 00h
ir zZ,line_1
cp O0th
r 2,line_2
cp 02h
i z,line_3
ret
line_1: Id a, 100b
r _there
line_2: Id a, 1000b
Jr put_there
iine_3: Id a, 10000b
put_there: id hi, port5C
id b, (h)
or b
out (outrelay), a
id (hi), a
call delay
call open_relay
pop hi
pop ix
pop ~ be
ret
unhold_line: push be
push  Ix
push  hi
id a, (line)
cp 00h
r Z, linet
cp 01h
g z, line2
cp 02h
ir z, line3
ret
line1: id a, 100b
ir put_there2
line2: Id a, 1000b
ir put_there2
line3: Id a, 10000b
put_there2: Id hi, port5C
cpla
and (hl)
out (outrelay), a
id (hl), a
call close_relay
pop hi
pop ix
pop  be
ret
en_ring: Id a, (port3B)
or 10000000b
out (port3+1), a
Id (port3B), a



ret

dis_ring: id a, (port3B)
and 01111111b
out (port3+1), a
Id (port3B), a
ret

; c=line number, g
;b=l=dial 2«busy 3=fingback; 4=off dial

signal: Id h, b " ;saveb
id b, ¢ . ’
Inc b
id a,01111111b » mask 0 for that line means enable
rotate: rlca
djnz rotate '
Id d,a ' ; d reg mask for enable line = 0
id b, h sreturn b
Id ab ; select signal to send
cp o1h .
jr z, dial
cp 02h
r 2, busy
cp 03h
r z, ringback
cp 04h
ir z, off_dial
ret
ringback: ld a, (port4B) ;0
and d
out (lowbyte), a
Id (port4B), a
Id a, d -
neg
id h, a

Id a, (port5B)
h
out (highbyte), a

id (port5B), a
ret

dial: Id a, (pott4dB) ;0
and d
out (lowbyte), a
[¢] (port4B), a
Id a, (portsB) ;O
and d
out (highbyte), a
id (port5SB), a
ret

busy: Id a, d i 1
cpla
id h,a
Id a, (port4B)
or h
out (lowbyte), a
Id (port4B), a
id a, (portsB) ;0.
and d

out (highbyte), a
id (port5B), a

off_dial: Id a,d i1

Id h,a
Id a, (port4B)



or h
out (lowbyte), a
Id (port4B), a
id a, d ;1
cpla
id h,a
Id a, (port5B)
or h
out’ (highbyte), a
Id (port5B), a -
ret o
ringing_on: Id b, ¢
inc b
Id a, 01111111b ; mask O for that line means enable
jet1: rica
djnz jet1 :
id d,a " ; d reg mask for enable line = 0
Id a, (port5A) ; close relay for this line
and d
out (Inrelay), a
Id (port5A), a
ret
ringing_off: Id b, ¢
inc b
. Id a, 10000000b ; mask 1 for that line means disenable
jot2: rica . .
dinz jet2
id d,a
Id a, (portsA)
or d
out (inrelay), a
Id (port5A), a
ret

; subsequent calls must preserve hl, Ix, ¢

&o__changlng:

shift:

down:

nextbit:
oxit:

hangdown:

Id
Id
id
srl
Ir
el
ir
call
ir
call
r
call
sri
inc

hl, changestate ; see which line changes state
ix, nowstate

¢, 00h

(hl)

ne, nextbit ; no change, see next line

(Ix+0) ; changel, see In which case?

¢, down ; Now=1, so prev=0, 0-->1
hangup

exit

hangdown

exit

ne, hangup ; now=0, so provai, 1-->0
(Ix+0)

c

a, 08h
c
nz, shift

HANG-DOWN

hi .
hi, linestate ; see down In which case
b, 00h

hi, be

a, (hl)

use_avmstate

z, down_voice



down_volce:

dis:

down_ex:

read_caller:

read_called:

close_conver:

transfex:

add

conver_ex

z, down_ex
conver_caller
2, read_caller
conver_called
Z, read_called
callerstate

z, endcall
diaistate

Z, enddial
holdstate

z, endhold

hl

b, c
b
a,01111111b

dis

a, 00h
(enable), a
b, 00h

send_command

enddial

e,C
hi, talk_ex

hl, de

a, (h)

hl, exuse

e, a

hi, de

(ht),d

o,C
disconnect_ex
(line), a’

open_relay
enddial

hl, caller
close_conver
hl, called

hi

hl, talk_ex

b, 00h

hl, be

a, (hi)

04h

z, normalclose

(line), a
unhold_line
hi

hl, be

e, (h)
connect_ex

; **** only line 1 in this state

; mask O for line that hangdown

; tell avm hang down

d, 00b ; check what external line talking to

; exuse.of talking line = 00

; disconnect

.; If this line talked with some ex line

" ; restore called line

1

hl, talk_ex ; now external a talking with this partrier

d, 00h
hi, de

(hl), a
be
C, e

@, conver_ex
newstate



normalclose:

endhold:

endcall;

enddlal:

incs8:

be
enddial

hi

b, 0Ch ; get partnerind
hl, be

d, (hl)

e,C

de

be .

b, 02 . ; send busy to partner
cd ’

signal

be

de

disconnect_line

enddial

hl, talk_ex ; exuse of line while hold = 00
b, 00h

hl, be

a, (hl)

hl, exuse

d, 00h

8, a

hl, de

(hi), d

(line), a ; unhold and open relay ex line used
unhold_line

open_relay

enddial

b, 04h ; off signal to this line

signal \

hl, caller ; make called line down state
b, 00h

hl, be

a, (hi) ; a = line called

be

c a
©, downstate

newstate

ringing_off ; open Inrelay of called line
bc .

e, downstate . ; make this line downstate
newstate

hi, talk_ex ; make talk_ex this line zero.
b, 00h

hl, be

a, 04h

(hl), a

hl, ptri  ; make ptr for this line 0
b, 00h

hl, be

a, O0h

(hi), a

hl, new ; new for this line 0

hil, be

(hl), a

hl, dtmf1 ; dtmf for this line O

de, 08h ’

b, ¢

a, 00h

c

Z, notinc

hl, de



notinc:
dtmf00:

hangup:

do_avmcall:

pop
ret

inc8

b, 08h
(hl), a
hi
dtmf00
hi

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

hl

hi, linestate
b, 00

hl, bc

&, (hi)
avm_calistate
2, do_avmeall
ox_calledstate
2z, do_ex_call
calledstate

2, do_called
downstate

z, do_down

hi

ringing_off
hl, talk_ex
b, 00h

hi, be

a, (hl)

e, c

(line), a
close_relay
connect_ex
o, conver_ex
newstate

b, 1000b

send_command

hi

; dimf=0

. 780@ up In which case

;' called_state

; get external line coming In

; this line conver_ex state

; this code will work for line 1 if voice mall not used
; If volce mall used, calling made by avm

do_ex_call:

do_called:

call

Id

ringing_off
hl, talk_ex
b, 00h

hl, be

a, (hi)

e, c

(line), a
close_relay
connect_ex
@, conver_ex
newstate
b, 04h
signal

hl

ringing_off
hl, called
b, 00h

hi, be

d, (hl)

; get external line coming In

; this line conver_ex state

; quiet signal

; find caller

; 1starg for line connection



push de

; save 1st argument

push be
Id o, conver_caller . ; make caller conver state
Id c,d
call newstate
id b, 04h ; oft signal of caller
call signal -
pop be
id b, 04h - off all signal to itself
call signal
Id e, conver_called ; make Itself conver state
call newstate :
pop de _ ;restore 1st argument
id e,cC ; 28t arg for line connection
call connect line
pop  hi
ret
do_down: id b, 01h ; ** down state, send dial tone
call signal
id o, dialstate
call newstate
pop hi
ret

; INPUT: D = first line, E = second line

’
connact_line:

push  Ix :

push  be

Id b, d ; converse first line

inc b

Id a, 10000000b ; mask. 1 for that line
rotate1: rica

dinz rotate{

Id d,a ;save ind

Id b, ® ; converse second line

inc b

Id a, 10000000b s mask 1 for that line
rotate2: rica '

djnz rotate2

or d ; or first and second

Id 9, a ;save in e

Id hi, portnumber ; search for empty column

Id Ix, portvalue :

Id b, 05h

Id &, 00h
findcol: cp (ix+0)

ir z, found

inc hi

inc ix

djnz findcol
found: Id ¢, (hl) ; read port number

out (c), ®

Id (Ix+0), ©

pop be

pop Ix

ret

; IN?’UT: D = firstline, E = second line

disconnect line:

push Ix
push be
Id b, d
inc b

; converse first Iine



Id a, 10000000b ; mask 1 for that line
rotate3: rica

dinz  rotate3 .
Id d,a ;saveind
Id b, e ; tonverse second line
inc b
Id a, 10000000b ; mask 1 for that line
rotated: rica
djnz rotate4
or d g ; or first and second
id hl, portvalue ; search for pair to disconnect
Id ix, portnumber ’
e] b, 05h
findcol1: cp (hl)
jr z, found1
inc hi
inc Ix
dinz findcol1
found1: Id e, 00h ’
Id ¢, (Ix+0) ;read port number
out (c). e ‘
id (hl), e
pop  bc
pop ix
ret
newstate: Id hl, linestate
id b, 00h
add hl, be
Id (hl), e
ret
setup: Id a, 10011001b ; port1 A'in, B out, C high In, C low out

out (port143), a
Id a, 10000000b  ; port 2 to 5 all out
out (port2+3), a

out (port3+3), a

out (port4+3), a

out (port5+3), &

Id a, 10001000b

out {port6+3), a

d a, 00h ;resetport2to 5 all 0
out (port1+1), a /

out (port2), a
out (port3), a
out (port4), a

Id a, Ofth

out (port5), a

id a, 00001001b ; tell avm do nothing
out (port6), a

Id a, 00h

out (port2+1), a

out (port3+1), a

Id a, Ofth

out (portd+1), a
out (port5+1),a

Id a, Offh
out (porté+1), a
id a, 00h

out (port2+2), a

out (port3+2), a

out (port4+2), a ; enable port
id a, 00h

out (port5+2), a

Id a, Ofth ; all ex3 Ofh



linezero:

Zero:

zero1:

zero2:

(porté+2), a

a, 00h

(port2A), a

(port2B), a

(port2C), a

(port3A), a

(port3B), a

(port3C), a

(port4A), a

(port4B), a -

(port4C), a

a, Ofth

(port5A), a

a, 00h

(port5B), a

(port5C), a

(port6A), a

8,

(porteB), a

(port6C), a

a, 00h :

(scanline), a ; start get dtmf from line 0
a, (clrring1) ; clear all Interrupts
a, (clrring2) -

a, (clrring3)

a, (clrdtmf1)

a, (clrdtmf2)

g, Offh- ; assume all lines hang down
(prestate), a

hi, linestate ; assume all fines in downstate
b, 08h

a, downstate

(h), a

hi

linezero

hl, ptr1 ; make all ptr* zero

a, 00h .

b, 08h

(hl), a
hi

Zero
hl, new ; make all new zero
a, 00h

b, 08h

(hl), a

hi

zero

hl, dtmf1 ; make all dtimf zero
&, 00h

b, 64d

(hl), a

hl

zero2

hl, portnumber  ; Init port number
a, 10h '
(hl), a

hl

a, 11h

(hl), a

hi

a, 12h

(hi), a

hi

a, 30h

(hl), a
hi



Zero4d:

data:

linedata:

putdata:

cirtalk:
clrexuse;

clrtalk_ex:

clruse_avm:

clrchannel:

circount:id

id

inc
djnz
Id

Id
(hl), a
inc
ret

<J
a, 50h
(hi), a
b, 05h . ; Init all port value zero
hl, portvalue )
a, 00h
(hl), a
hi
zero4
linedata
02h, 01h, 0Ch, 00h, 00h, 00h, 00h, O0Oh
02h, 02h, 00h, 00h, O0h, 0Ch, 00k, 00h
02h, 03h, 00h, 00h, 00h, 0Ch, 00h, 00h
02h, 04h, 0Ch, 00h, 00h, 0Ch, 00h, 0Ch
02h, 05h, 00h, 00h, 00h, 0Ch, 00h, 00h
02h, 06h, 00h, 00h, 00h, 0Ch, 00h, 00h
02h, 07h, 0Ch, 00h, 00h, O0h, 00h, 0Ch
02h, 08h, 00h, 00h, 00h, 00h, 00h, 00h
09%h, 01h, 00h, 00h, 00h, 00h, 00h, 00h
09h, 02h, 00h, 00h, 00h, 00h, 0Ch, 00h
09h, 03h, 00h, 0Ch, 00h, 00h, 0Ch, 00h
05h, 01h, 00h, 0Ch, 00h, 00h, 00h, 00h i
05h, 02h, 00h, 00h, 00h, 0Ch, 00h, 00h |
05h, 03h, 00h, 00h, 00h, 0Ch, 00h, 00h ;2
05h, 04h, O0h, 00h, 00h, 00h, 00h, 00h
05h, 05h, 0Ch, 00h, 00h, 00h, 00h, 00h
0Ch, 00h, 0Ch, 00h, 00h, 00h, 00h, 00h
0Bh, 01h, 00h, 00h, 00h, 0Ch, 0Ch, 0Ch
0Bh, 02h, 00h, 00h, 00h, QCh, 00h, 00h
0Bh, 03h,'00h, 00h, 00h, 00h, 00h, 00h
b, 160d
hi, data
ix, Interline 1
a, (hl)
(Ix+0), a
hi
ix
putdata
a, 0Ch
(talking), a
ix, exuse
(ix+0), a
(ix+1), a
(ix+2), &
a, 04h
b, 08h
hi, talk_ex
(hl), a
cirtalk_ex
a, 00h
ix, use_avm
(Ix+0), a
(Ix+1), a
(ix+2), a
(voice_use), a
b, 08h
hi, channel_use
(hi), a
hi
clrchannel
b, 08h
hi, count

hl

;INPUT: a = external line 0, 1, 2



; e = internal line 07

connect_ex:

exteriinet:

oxterline2:

exterline3:

push
push
cp

Ir

cp

jr

sla

sla

sla

sla

sla

add
out

Id

pop

pop
ret

Id
and
sla
add
out
Id
pop

pop
ret

af

de

00h

Z, exterline1
01h

z, exteriine2
02h

Z, exterline3
de .
at

a, (portéB)
11110000b
e

a,e
(porté+1), a
(portéB), a-
de

af

a, (port6B)
00001111b

o000

a, e
(port6+1), a
(portéB), a
de

af

a, (port6C)
11110000b
e
a,e
(port6+2), a
(portéB), a
de

at

; INPUT: a = oxternal line 0, 1, 2
: e = internal line 0..7

disconnect_ex:

oxteline1:

exteline2:

push
cp

ir

cp

Jr

af

00h

z, exteline1
01h

z, exteline2
02h

Z, exteline3
af

a, (portéB)
00000001b
(port6+1), a
(portéB), a
af

a, (port6B)
00010000b
(porté+1), a
(port6B), a
af



exteline3:

port2A: dfb
port2B: dfb
port2C: dfb
port3A: dfb
port3B: dfb
port3C: dfb
port4A: dfb
portdB: dfb
port4C: dfb
port5A: dfb
port5B: dfb
port5C: dfb
port6A: dfb
portéB: dfb
portéC: dfb
linestate:

prestate:

nowstate:

changestate:

scaniine:
dtmf1:
dtmf2:;
dtmt3:
dtmf4d:
dtmf5:
dtmf6:
dtmt7:
dtmf8:
ptri:
ptr2:
ptr3:
ptr4:
ptr5:
ptré:
ptr7:
ptr8:
new:
new1i:
hew2:
new3:
new4:
new>5:

ret
id
or
out
Id

pop
ret

a, (porteC)
00000001b
(port6+2), a
(port6B), a
af

9000h
;swline 1+
iswliine2 |
;swliine3 -
;swline 4 Lo
; bit 7 enable/disable ringing

; low byte

;enable

; Inrelay

; high byte

; «..1111 gate ring, ex3, ex2, ex1

00h, 00h, 0Oh, 00h, 00h, 00h, 00h, 00h
11111111b

0ch

00000000b

O0h

0O0h, 0Ch, 00h, 00h, O0h, 00h, 0Ch, 00h
00h, 00h, 00h, 0Ch, 00h, 00h, 0Oh, 00h
00h, 00h, 0Oh, 00h, O0h, 00h, 0Oh, OCh
00h, 0Ch, 00h, 00h, 00h,.00h, 0Ch, 00h
00h, 00h, 00h, 0Ch, 00h, 00h, OOh, 0Ch
00h, 00h, 00h, 00h, 0Ch, 0Ch, O0h, 0Ch
00h, 0Ch, 00h, 0Ch, 00h, 0Ch, 00h, 00h
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h
00h

00h

00h

00h

0Ch

00h

00h

00h, 00h, 00h, O0h, 00h, 00h, 00h, 00h

0Ch ; X, y temporary storage
00h



pimemm——— Line number ~---ve=-m-

interiine1: dfb
interiine2: dfb
Interline3: dfb
interline4: dfb
Interline5: dtb
interiines: dfb
interline7: dfb
interline8: dfb
outiinet: dfb
outline2: dfb
outiine3: dib
hold: dfb
fransfer: dfb
callpartner: dfb
confer: dfb
spiit: dfb
seri: dfb
ser2; dfb
sor3; dfb
serd. dtb
called: dfb
caller: dfb
portnumber: dfb
portvalue: dib
; external line interface
talking: dfb
exuse; dib
line: dib
talk_ex: dfb
; voice mall Interface
use_avm: dfb
voice_use: dfb
channel_use: dfb

end

02h, 01h, 00h, 00h, 0Ch, 0Ch, 0Ch, 00h
02h, 02h, 0Ch, 00h, 0Ch, 00h, 00h, 00h
02h, 03h, 00h, 00h, 00h, 00h, 00h, 00h
02h, 04h, 00h, 00h, 0Ch, 0h, 0Ch, 00h
02h, 05h, 00h, 0Ch, 00h, 0Ch, 00h, 00h
02h, 08h, 00h, 00h, 00h, 00h, 00h, 00h
02h, 07h, 00h, 00h, 00h, 00h, 00h, 00h
02h, 08h, 00h, 0Ch, 00h, 00h, 00h, 00h
09h, 01h, 00h, 00h, 0h, 0Ch, G0h, 00h
0oh, 02h, 00h, 00h, 00h, 0Ch, 00h, 0Ch
0oh, 03h, 00h, 0Ch, 00h, 0Ch, 00h, 00h
0Ch, 00h, 00h, G0h, 0Ch, 0Ch, 00h, 00h
0Bh, 00h, 0Ch, 00h, 00h, 00h, 00h, 00h

05h, 05h, 00h, 0Ch, 00h, 00h, 00h, 00h
05h, 06h, 00h, 0Ch, 00h, 00h, O0h, 00h
05h, 07h, 00h, 00h, 00h, 00h, 00h, 00h
05h, 08h, 00h, 0Ch, 00h, 0Ch, 00h, 0Ch
05h, 0gh, 0Ch, 0Ch, 00h, 0Ch, 00h, 00h
00h, 00h, 0Ch, 00h, 00h, 00h, 00h, 00Oh
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h
10h, 11h, 12h, 30h, 50h

00h, 00h, 00h, 00h, 00h

00h

00h, 0Ch, 00h

00b

0Ch, 0Ch, 00h, 0Ch, 00h, 00h, 00h, 00h

00h
0ch .
00h, 00h, 0Ch, 00h, 00Oh, 00h, 00h, 00h



ANANUAN 1 Tﬂmnws’fuaﬁmm::uumu&’uimﬁ’wvf



cr equ
it equ
recsize equ
rec equ
ply equ
isin equ
Isout equ
waltrec equ
phoneout equ
recordphone equ
fnum equ
time1 equ
time2 equ
data segment
en_ringidb 0Oh
en_fing2db 0O0h
timedo1 dw
timedo2 dw  0000h
count1 db
count2 db
p301w db
intro1 db
intro2 db
recph db
recphone db
dtmf1 db
dtmf2 db
dtmf3 db
delay_time dw
fir_waitidw 0000h
sec_wait1 dw
fir_wait2dw 000Ch
sec_walit2 dw
fir_walt_flag1 db
sec_walit_flagi db
fir_walt_flag2 db
sec_walt flag2z db
ptr1 db
ptr2 db
ptr3 db
tone label
line db
db
db
db
db
db
db
db
track aw
low_state db
prog_line db
num_ptr dw
chk_tone db
time_flag db
temp db
chk_sig dw
rb_busy dw  000Ch
prog db
pho2 db
aftercloge db
sound db
buttoncode db

odh
Oah

01h
02h
03h
04h
05h
07h ; record for phone out
10d

10d

0000h

00h

Q0h

00
‘e:\ja\ntro1’, O
'c:\ja\intro2', O
‘c:\ja\recp’, O
00h

3 dup(00)

3 dup(00)

3 dup(00)
0000

0000h

0000h
00h
ofth
0000h
00h
00h

?
0000h

; set up with any value except O1h

‘c\ja\prog', O
00h

00h
00h, 41h, 42h, 43h, 44h, 45h, 46h, 47h, 80h, 88h

00h, 01h, 02h, 03h, 04h, 05h, 06h, 07h, 08h, 08h, 00h



lines struc

lines ends
linesvar lines
linessize equ

linesptr

state struc

state ends
statevar state
statesizeequ

namelines db fnum*3 dup (00)
pointer dw 0000h
mess db 3 dup (00)
p_file db 3 dup (00)
pi_fime db ofth ; minite
p2_time db ofth ; hour
number db 10 dup ('#)
statlines db Isin ; rec, ply, Isin, isout
8dup (<)
size linesvar/8

db 00
db linessize
db 2'linessize
db 3*linessize
db 4*linessize
db 5'linessize
db 6'linessize
db 7'linesslze
statstate db 00
namestate db 3 dup (00)
handstate dw 0000h
buffer db recsize dup (00)
index dw 0000h
del db 00 .
count db 00
time db 30
misc db 00
inestate dw 0000h

3 dup (<>)

size statevar/3

;MMI\AI\I\ error mmage AAANAAAAAAA

efror1
etror2
errord
elror4
errors
erroré
error7
emror8
error9
error10
errorii
error12
error13
errori4
erroris
errori6é
error17
errori8
etror19
arror20
efror21
error22
efrof23
error24
error2d
error26
error27
error28
error29

‘can t create file for voice mail 1$', 13, 10,'$’

‘can t create flile for voice mall 2§', 13, 10, '§’

‘can t open Intro file 1$', 13, 10,'§’

‘can t open Intro flle 2%', 13, 10, '$'

‘can t open file for message 1%, 13, 10, '§’

‘can t open fille for message 2%, 13, 10,'¢’

‘Invalid file handle for closing in hangdown$', 13, 10,'$'
‘can t delete file$' .

‘can t create file for recording$', 13, 10, '$'

‘can t open flle for piaying$', 13, 10, '$'

‘write file chi1 errorl$', 18, 10,'¢'

nvalid handle In closing record file ch1$', 13, 10, '§’
read file ch1 errorl$', 13, 10, '§’

‘Invalid handie In closing play file ch1$', 13, 10, '$’
‘delete file error after playing ch1$', 13, 10, '$'

‘write file ch2 errorl$’, 13, 10, '$'

‘invalid handle In closing record file ch2$', 13, 10, '$’
read file ch2 errori$', 13, 10,'$'

Invalid handle In closing play file ch2$', 13, 10, '$'
‘delete file error after playing ch2$', 13, 10, ‘¢’

‘write file ch3 ermror!$', 13, 10, '$'

‘invalid handle In closing record file ch3$', 13, 10, '$"
‘read file ch3 errori$!, 13, 10, '$'

‘invalid handle In closing play file ch3$', 13, 10, '$'
‘delete file error after playing ch3$', 13, 10, '$'

‘can t open message for programme phone out$'; 13, 10
‘can t open message In phone out$', 13, 10

‘can t open record message for phone out$', 13, 10
‘can t create record file for phone out$', 13, 10



error30 db ‘can t close file after phone out$', 13, 10
error31 db ‘can t delete fiie after phone out$', 13, 10
error32 db ‘can t closs flle after. phone rec$’, 13, 10
data ends
code segment
assume cs:code
assume ds:data
main proc far
start:
mov ax,data ;make DS = ES = data
mov ds, ax o
mov ax, ds
mov es, ax
jemmemmemceann SET UP file name ----~-<-===----
mov dx, 307h
mov al, 00h
out dx, al
mov si, 00h .
mov al, 00h ; al counts fnum-
mov bx, 00h
mov dl, 49d ; dl starts from '1’
mov dh, 65d ; dh starts from ‘A’
mov cl, 00h ; ¢l counts line
sotup: mov byte ptr linesvar [si][bx], dl
Inc bx
mov byte ptr linesvar [si]{bx], dh
Inc bx
mov byte ptr linesvar [si][bx], 00h .
inc bx }
inc al i
cmp - al, fnum
jz nextiine
inc dh
jmp setup
nextliine: mov al, 00h
add sl, linessize
inc di ; next line
mov dh, 65d ; run from 'A’
mov bx, 00h
inc cl
cmp cl, 08h
iz finish
jmp setup
finish:
mov al, ofth ; tell PBX ready to get command
mov dx, 306h
out dx, al
mov dx, 301h ; open all relays
mov al, 00h
out dx, al

; setup flle name of message to tell caller

mov
mov
mov

mov

word ptr linesvar.mess, 314dh

word ptr linesvar [linessize].mess, 324dh

word ptr Hinesvar [2*linessize].mess, 334dh
word ptr linesvar [3*linessize].mess, 344dh ;
word ptr linesvar [4*linessize].mess, 354dh ;
word ptr linesvar [5*linessize].mess, 384dh ;
word ptr linesvar [6*linessize].mess, 374dh ;
word ptr linesvar [7*linessize].mess, 384dh ;

; setup flle name of message to phone out

mov

word ptr linesvar.p_file, 3150h

; 'm1 L
; lm2l
; |m3'



word ptr linesvar [linessize).p_file, 3250h ;'p2'’
word ptr linesvar [2*linesslize].p_file, 3350h ; 'p3
word ptr linesvar [3*linessize).p_file, 3450h ; 'p4'
word ptr linesvar [4*linessize).p_file, 3550h ; 'p5'
word ptr linesvar [5*linessize].p_file, 3650h ; 'p6'
word ptr linesvar [6'linessize].p_{lle, 3750h ; 'p7
word ptr linesvar [7*linessize).p_flle, 3850h ; 'p8'

mov

mov

mov

mov

mov

mov

mov
; clear all flag

mov al, 00h

mov dx, 304h

out dx, al

inc dx

out dx, al

mov dx, 307h

] al, dx
jrememeeenan START PROGRAME LOOP
clock: mov dx, 302h
againi: in al, dx

and al, 01h

jnz again1 ;again if 1 found
again2: In al, dx

and al, O1h

Jz again2

; ime out before accepting ring on line 1

H
rrri: cmp
jnz
inc
cmp
jnz
mov
mov

mov
jmp

countt, O1h
rrr2

timedo1
timedo1, 2500d
nr2

en_ring1, 01h
timedo1, O0h
countt, 00h
do_ring1

; time out before accepting ring on line 2

’
rrr2: cmp
jnz
Inc
cmp
jnz
mov
mov

mov
Jjmp

; time out for line 1

i1 cmp
jnz
cmp
Jz
inc
cmp
jnz
mov

count2, 01h

ttt1

timedo2
timedo2, 2500d
ttt1

en_ring2, O1h
timedo2, O0h
count2, 00h
do_ring2

fir_wait_flag1, 01h
ttt2
sec_wait_flag1, OTh

Pq
fir_walt1
fir_walit1, Offffh
ttt2
sec_walt_flag1, 01h
sec_walt1
sec_wait1, 65535d
ttt2
fir_walt_flag1, 00h
sec_walt_flag1, 0Ch
fir_wait1, OOh
sec_wait1, O0h

; clear dtmf1
- ; clear dtmf2

. clear dtmf3

" ;read 2 kHz clock

; again if 0 found



mov
and
mov
out

; time out for line 2

tit2:

dx, 301h
p301w, 11111110b
al, p301w

dx, al

cmp  fir_walt_flag2, 01h
jnz dt3
cmp  sec_walit flag2, O1h
jz pa2
inc fir_walit2
cmp  fir_walit2, Offfth
jnz dt3
mov sec_walit_fiag2, O1h

pg2: inc sec_walt2
cmp  sec_walt2, 656535d
jnz dt3 '
mov  fir_wait_flag2, 00h
mov  sec_walit flag2, 00h
mov  fir_walit2, 00h
mov  sec_walt2, O0h
mov  dx, 301h
and p301w, 11111011b
mov  al, p301w
out dx, al

dt3: jmp do_dtmf3

; Check user break

check_break: mov ah, Obh

’ int 21h

cmp al, Offh
jnz line_command
jmp stop

i

; check hardware ringing on line 1 and 2

’
Hne_command: mov

ri2: test
Jjz
mov
mov
out

Imp

dx, 302h

al, dx

al, 00000010b
ri2

counti, O1h

dx, 304h

dx, al
phone_command
al, 00000100b
checkdtmf
count2, O1h

dx, 305h

dx, al
phone_command

; see if line 1 rings
; élear ring1
; see If line 2 rings

; Clear ring2

; check DTMF on line 1 and 2

checkdtmf:

test al, 00010000b
74 d2
jmp do_dtmf{
d2: test al, 60100000b
iz phone_command
jmp do_dtmf2
jemmmm——eeeeen CHECK COMMAND -—--------=e-ree

; command from internal line PABX

; see if a button pushed on line 1

; see if a button pushed on line 2



phone_command: mov  dx, 306h

in al, dx
mov ah,al ;save command In ah
and al, ofh
cmp al, 00h
jz hang_down
cmp al, 01h
jnz pl
jmp recording
pi: cmp al, 02h
jnz ph
jmp playing
ph: cmp al, 03h
nz Is_In
jmp phone_out
Ie_In: cmp al, 04
nz Is_out
jmp In_office
Is_out: cmp al, 05
jnz cancel
jmp out_office .
cancel: mov al, ofh ; tell PBX ready to get command
out dx, al .
jmp checkstate
jmmmmmem=memem- HANG DOWN —--oemememnmeaen
hang_down: mov al, ah
mov dx, 306h ; tell PBX that command accepted
and al, 01110000b
out dx, al
mov cl,4
shr al, o ; see hanging down in which process
mov ah, 00h .

mov bx, ax

mov bl, linesptr [bx]

mov bh, 0Ch

mov sl, bx

cmp byte ptr linesvar [el].statilnes, rec

iz end_rec
cmp byte ptr linesvar [si].statlines, ply
iz end_ply
cmp byte ptr linesvar [si].statlines, phoneout
jnz op
jmp end_phoneout
op: cmp byte ptr linesvar [sl].statlines, recordphone
jnz sdh :
jmp end_recphone
sdh: jmp clock
end_roc: mov byte ptr linesvar [si].statlines, Isin

mov byte ptr statevar [2*statesize].statstate, 00
mov byte ptr statevar [2*statesize].misc, 00h
cmp byte ptr statevar [2*statesize].del, 01h

jz o1 ; file has been closed
mov ah, 3eh ; close recording file

mov bx, word ptr statevar [2*statesize].handstate

int 21h
jnc o1
lea dx, error7
call write
jmp stop
e1: jmp clock
end_ply: mov  byte ptr linesvar [si].statlines, isin

mov byte ptr statevar [2*statesize].statstate, 00
mov byte ptr statevar [2*statesize].misc, 00h
cmp byte ptr statevar [2*statesize].del, 02h



Jz e3 '
mov  ah, 3¢h ;cldsé playing file
mov  bx, word ptr statevar [2*statesize].handstate

int 21h
nc e2
lea dx, error7
call write
Jmp stop .
e2: cmp byte ptr statevar [2*statesize].del, 00h
jz o3 g
cmp byte ptr statevar [2*statesize].del, 01h
jz o5 '
jmp clock Coe
e5: mov ah, 41h ; delete playing file
lea dx, word ptr statevar [2*statesize].namestate
int 21h
jne e3
lea dx, error8
call write
jmp stop
©3: jmp clock

end_phoneout: mov byte ptr linesvar [si].statlines, isin
mov byte ptr statevar[2*statesize].statstate, 00
mov chk_tone, 00h
mov num_ptr, 0Ch
mov  byte ptrlinesvar [si].p1_time, 00h
mov byte ptr linesvar [si].p2_time, 0Oh
mov prog_line, Otfh
jmp clock

end_recphone: mov byte ptr linesvar [si].statlines, isin
mov byte ptr statevar [2*statesize].statstate, 00
mov chk_tone, OCh y
mov time_flag, O1h
mov num_ptr, 00h
mov prog_line, Ofth
mov byte ptr statevar [2*statesize].misc, 00h
cmp byte ptr statevar [2*statesize].del, 01h
Jz er3 ; flle has been closed
mov ah, 3eh ; close recording file
mov bx, word ptr statevar [2*stateslze].handstate

int 21h
jnc er3
lea dx, etror32
call write
jmp stop
er3: jmp clock
jrommmm—————- ~ RECORDING —-----==eeaneeenm
recording: mov al, ah
cmp byte ptr statevar [2*states|ze].statstate, 00h
Inz no_chan

and al, 01110000b ; toll PBX that command accepted
mov dx, 306h '

out dx, al

mov cl, 4 ; find the line requesting
shr al, ¢l

mov ah, 00h

mov bx, ax ; bx =-line number

mov bl, linesptr [bx] ’

mov bh, 00h

mov sl, bx

mov &h, 3ch ; create file
mov ¢x, 00h

fea dx, linesvar [sl].mess



no_chan:

int
jnc
lea
call
jmp
mov
mov
mov
mov
mov
mov
mov
mov
Jmp
and
mov
or
out
Imp

PLAYING ---

;alaylng: mov al, ah

x1:

m
— e N LT §

phone_out:

cmp
jnz

and
mov
shr

mov
mov
mov
mov
mov
cmp
nz

mov
ghl

Jmp

mov

int

cmp

jz

mov
Jjmp

21h

i

dx, error9

write

stop

byte ptr linesvar [si].statlines, rec

byte ptr statevar [2*statesize].statstate, rec
word ptr statevar [2*statesize].handstate, ax
byte pir statevar [2*statesiZe].misc, 00

byte ptr statevar [2*statesize].del, 00

word ptr statevar [2*statesize].Index, 000Ch
byte ptr statevar [2*statesize].count, 00h
byte ptr statevar [2*statesize].time, 30d
clock

al, 01110000b

dx, 306h ; tell PBX that command volid
al, 00000010b ‘

dx, al ‘

clock

byte ptr statevar [2*statesize).statstate, 00h
no_chan :

al, 01110000b - ; see [f file to play exist
cl, 4 ; find the line requesting

al, ¢l
ah, 0Ch
bx, ax ; bx = line number
bl, linesptr [bx]

bh, 00h
si, bx

word ptr linesvar [si].pointer, 00h

2

o, 4 ; dl = line requested
al, ol

no_chan ; no file to read, same as no channel .
dx, 306h ; tell PBX that command accepted
c, 4

al, cl

dx, al

word ptr linesvar [si].pointer  ; decrement pointer by 1
bx, word ptr linesvar [si].pointer

dx, bx ; save ptr in DX

bx, 1 © 1 bx = 3*bx

bx, dx .

ax, 3d00h ; open flle for reading
dx, linesvar [si].namelines [bx]

21h

x1

dx, error10

write

stop

byte ptr linesvar [si].statlines, ply

byte ptr statevar [2*statesize].statstate, ply

word ptr statevar [2*statesize].handstate, ax

ax, word ptr linesvar [si].namelines [bx]

word ptr statevar [2*statesize].namestate, ax

word ptr statevar [2"statesize].index, 000Ch

byte ptr statevar [2*statesize].del, 01h

byte ptr statevar [2*statesize].misc, 00

clock ‘

prog_line, Ofth ; see If no body programing
con_p

al, ah

no_chan



con_p:

con_p2: and

pri:

e

Em——— |y W] = = o]

out_office:

do_ring1:

tr:

mov al, ah
cmp byte ptr statevar [2*statesize].statstate, 00h
jz con_p2 ‘
jmp no_chan
al, 01110000b ; tell PBX that command accepted
mov dx, 306h
out dx, al
mov cl, 4 ; find the lire requesting
shr al,
mov prog_line,al - ;line in programing
mov ah, 00h )
mov bx, ax ; bx = line number
mov bl, linesptr [bx]
mov bh, 00h
mov si, bx ; sl = pointer-to Knesvar
mov ax, 3d00h ; open programe message
lea dx, prog '
int 21h
jnc pr1
lea dx, error26
call write
jmp  stop
mov byte ptr linesvar [si].statlines, phoneout
mov statevar [2*statesize].handstate, ax
mov statevar [2"statesize].statstate, ply
mov statevar [2*statesize].index, 000Ch
mov statevar [2*statesize].misc, phoneout
mov statevar [2*statesize].del, 00 ,
jmp clock

IN OFFICE -----nse-uneme-
mov al, ah
mov dx, 306h < ; tell PBX that command accepted
and al, 01110000b
out dx, al
mov cl, 4
shr al, c
rmov ah, 00h
mov bx, ax
mov bl, linesptr [bx]
mov bh, 00h
mov byte ptr linesvar [bx].statlines, isin
jmp tr
mov al, ah )
mov dx, 308h ; tell PBX that command accepted
and al, 01110000b
out dx, al
mov c, 4
shr al, cl
mov ah, 00h
mov bx, ax
mov bl, linesptr [bx]
mov bh, 00h
mov byte ptr linesvar [bx].statlines, Isout
jmp clock

jmm=mmmmmmmemens DO RING 1 ov-remmmsevmsnaeae

or p301w, O1h ; close relay
mov al, p301w
mov dx, 301h
out dx, al ‘
mov en_ring1, O0h ; disable ring 1
mov  ax, 3d0Ch ; open intro file 1
lea dx, Intro1
Int 21h
jnc (4]



lea dx, error3

call write
jmp stop
1 mov statevar.handstate, ax

mov statevar.statstate, ply
mov statevar.index, 0000h
mov statevar.misc, 00
mov statevar.del, 00

mov fir_walit_flag1, 01h

jmp clock

jrmmmme—————— DO DTMF 1 =----eeememmeneee .

do_dtmf1: mov dx, 304h ; clear dtmf1
out dx, al .
mov dx, 303h ; read dtmf1
In al, dx :
and al, Oth
cmp  ptr1,00h ;see if first button
jnz transfer1 * -;second do it
mov dtmf1, al ; first button
inc ptr1
jmp clock

transfer1: mov ptr1, 00
mov dtmf1 [1], al ; save second button

mov cx, 08h ; search for internal line
mov i, 00

mov bl, 00
mov ax, word ptr dtmf1
! compare: cmp tone [sl], ax ; \
jz do_transfer1 ; If found transfer
inc sl
inc sl
inc bl
loop  compare \
mov al, 00000001b  ; not found transfer to line 1
mov  dx, 306h
out dx, al
jmp clock

; transfer external line 1 to internal line in bl

do_transferi:  mov bh, 00h ;see If the line absent
mov al, bl
mov bl, linesptr {bx]
cmp byte ptr linesvar [bx].statlines, isout
jnz transf{
mov ah, 00 ; tell caller maliling
mov statevar.linestats, ax
mov ax, 3d0oh

lea dx, linesvar [bx].mess
int 21h
jnc t1
lea dx, etror5
call writé
jmp stop
t1: mov statevar.statstate, ply

mov statevar.handstate, ax
mov statovar.index, 0000h
mov statevar.del, 00

mov statevar.misc, waltrec

jmp clock .
transf1: push ax ; make sure that PBX send no commamd
mov dx, 306h .
sure: in al, dx
and al, oth
cmp al, 1001b
rd tell_pbx

cmp al, 1010b
jnz sure



tell_pbx: pop

walt_ac: in

ax
mov
shi
or
out

al, dx

and
cmp
Inz
jmp

cl, 4 ; tell PBX to transtfer
al, d .

al, 00000001b

dx, al

; walt until PBX accept command

al, Ofth .

al, 1010b

walt_ac

clock

DR— 010 ) 211 ¢ J- R —

rr2:

or
mov
mov
out
mov

© mov

lea
int
jne
lea
call
Jmp
mov
mov
mov
mov
mov
mov

p301w, 04h ; close relay
al, p301w

dx, 301h

dx, al

en_ring2, 00h ; disable ring 2
ax, 3d0ch i open intro file 2
dx, intro2 )
21h

rr2

dx, error4

write

stop

statevar [statesize].handstate, ax
statevar [statesize].statstate, ply
statevar [statesize].index, 000Ch
statevar [statesize].misc, 00 ,
statevar [statesize].del, 00
fir_walt_flag2, 01h

clock

jmp
jrmmmemeboamce DO DTME 2 wos-smememocmeeas

transfer2:

compare2:

mov
out
mov
in
and
mov
shr
cmp
jnz
mov

cmp
73
inc
inc
inc
loop
mov
mov
out

Jmp

dx, 305h ; clear dtmf1
dx, al )
dx, 303h ; read dtmf2
al, dx
al, Ofch
cl, 4
al, cl
ptr2, 00h ; see [f first button
transfer2 ; second do it!
dtmf2, al ; first
ptr2
clock
ptr2, 00 .
dtmif2 [1], al ; save second button
cx, 08h ; search forinternal line
8i, 00
bl, 00
ax, word pir dtmf2
tone [sl], ax
do_transfer2 ; If found transter
si
sl
bl
compare2
al, 00000001b ; not found transfer to line 1
dx, 306h
dx, al
clock

; transfer external line 1 to internal line in bl

do_transfer2:

mov
mov
mov
cmp
jnz

bh, 00h ; see If the line absent
al, bl

bl, linesptr [bx]

byte ptr linesvar [bx].statlines, isout
transf2



t2:

transf2:

sure_2: In

tell_pbx2:

walt_ac2:

;:heolstata:

do_state0:

ci:

mov ah, 00 ; tell caller mailing
mov statevar [statesize].linestate, ax
mov ax, 3d0oh .
lea dx, linesvar [bx].mess
int 21h
jnc 2
lea dx, errorS
call write
jmp stop
mov statevar [statesize].statstate, ply
mov statevar [statesize].handstate, ax
mov statevar [statesize].index, 0000h
mov statovar [statesize].del, 00
mov statevar [statesize].misc, waltrec
jmp clock ‘
push ax . ; make sure that PBX send no commamd
mov dx, 306h :
al, dx
and = al,Oth
cmp al, 1001b
jz tell_pbx2
cmp al, 1010b
jnz sure_2
pop ax
mov cl,4 ; tell PBX to transfer
shl al,
or al, 00000001b
out dx, al ; .
in al, dx ; walt untli PBX accept command
and al, ofh
cmp al, 1010b
jnz wait_ac2
Jrop clock
jrmmmmmm—naan CHECK STATE ~----=-==-==sen-
cmp statevar.statstate, 00 ; see if walt recording
jnz nextchan
cmp statevar.misc, waltrec
jnz nextchan
mov bx, statevar.linestate
mov bl, linesptr [bx]
mov bh, 0Ch
mov sl, bx
mov bx, word ptr linesvar [si].pointer
mov ax, bx ; save bx in ax
shi bx, 1 ; bx=bx*3
add bx, ax
mov ah, 3ch
mov cx, 00h
lea dx, linesvar [sl].namelines [bx]
int 21h '
jnc ci
lea dx, error1
call write
Jmp stop
Inc word ptr linesvar [si].pointer
mov statevar.statstate, rec
mov statovar.handstate, ax
mov statevar.index, 0000h
mov statevar.count, 00
mov statevar.time, time1 " ;record for 15 sec
mov statevar.misc, 00
jmp chant
cmp

nextchan:

byte ptr statevar [statesize].statstate, 00 ; see if walt recording
t



jmp chan1 :
t: cmp byte ptr statevar [stateslze] misc, waitrec

Jr4 do_state2

jmp chant ,
do_state2: mov bx, word ptr statevar [statesize].linestate

mov bl, linesptr [bx]

mov bh, 0Ch

mov si, bx
mov bx, word ptr linesvar [si].pointer

mov ax, bx ; bx=bx*3
shi bx, 1
add bx, ax

mov ah, 3ch
mov cx, OCh

lea dx, linesvar [sil.namelines [bx]
int 21h
jnc c2
lea dx, error2
call write
jmp stop
c2: inc word ptr linesvar {si}.pointer’

mov byte ptr statevar [statesize].statstate, rec
mov word ptr statevar [statesize].handstate, ax
mov word ptr statevar [statesize].index, 0000h
mov byte ptr statevar [statesize].count, 00
mov byte ptr statevar [statesize].time, time2
mov byte ptr statevar [stateslze] misc, 00

jmp chan1
jrmmmmesmenee DO DTMF 3 ------meeommeeee
do_dtmf3: cmp  chk_tone, 00h ; if not In programing, do nothing
jn chkphone .
jmp rec_phone y
chkphone: mov  dx, 302h ;see lf there is tone on ch3
in al, dx
test al, 01000000b
jnz tone3_In
jmp rec_phone
tone3_lIn: mov  dx, 307h ; clear tone
In al, dx
mov  dx, 304h ;read tone
in al, dx

and al, ofh ; al = tone decoded

cmp  chk_tone, 01h :

jnz more2 :

mov ah, 00h ; convert al
mov bx, ax

mov cl, buttoncode [bx]

mov  temp, cl ; 1st button
inc chk_tone
jmp rec_phone
moré2; cmp chk_tone, 02h
jnz more3
mov ah, 00h ’ ; convert al

mov  bx, ax
mov  al, buttoncode [bx]
mov  bl,temp ;2nd button

mov ah, bl ; bl*10
mov ¢|,3 .

shi b, cl

add ah, ah

add ah, bl

add ah, al

mov bl, prog_line
mov bh, 00h



more4:

moreb:

prri:

mov  bl, linesptr [bx] '
mov  byte ptr linesvar [bx].p2_time, ah
inc chk_tone .
jmp rec_phone
cmp  chk_tone, 03h
nz more4
mov ah, 00h ; convert al
mov  bx, ax _ '
mov  ¢l, buttoncode [bx]
mov  temp, cl o ; 1st button
inc chk_tone ‘ '
jmp rec_phone
cmp  chk_tone, 04h
jnz moreS
mov  ah, 00h ; convert al
mov  bx, ax '
mov al, buttoncode [bx]
mov  bl,temp ;2nd button
mov  ah, bl ; bi*10°
mov c¢l,3
shi bl, ¢l
add ah, ah
add ah, bl
add ah, al
mov bl prog_line
mov  bh, 00h
mov  bl, linesptr [bx]
mov  byte ptr linesvar [bx].p1_time, ah
inc chk_tone
jmp rec_phone
cmp  al, 1100b ; if # button found
Jz rty
mov  sl, num_ptr
mov  bl, prog_line
mov  bh, 00h
mov  bl, linesptr [bx]
mov  byte ptr linesvar [bx].number [g]], al
mov  byte ptr linesvar [bx].statlines, recordphone
Inc num_ptr
Inc chk_tone
Jmp rec_phone -
mov  ax, 3d0Oh ; open recording message
lea dx, recph
int 21h
jnc prri
lea dx, error28
call write
jmp stop
mov  statevar [2*statesize].handstate, ax
mov  statevar [2*statesize].statstate, ply
mov  statevar [2*statesize].index, 0000h
mov  statevar [2*statesize].misc, recordphone
mov  statevar [2*statesize].del, 00
jmp rec_phone
jremmmebeaneen RECORD VOICE FOR PHONE OUT -—---—cseruees
cmp recphone, Oth
sd
jmp check_time
mov bl prog_line
mov  bh, 00h
mov b, linesptr [bx]
mov  ah, 3ch ; create file



mov cx, 00h

lea dx, linesvar [bx].p_file
int 21h .
Jnc isd1
lea dx, error29
call write
jmp stop ‘
Isdf: mov  byte ptr linesvar [bx].statlines, recordphone

mov  byte ptr statevar [2*statesize).statstate, rec

mov  word ptr statevar. [2*stateslze].handstate, ax
mov  byte pir statevar [2*statesize].misc, 00

mov  byte ptr statevar [2*statesize].del, 00

mov  word ptr statevar [2*statesize].index, 0000h

mov  byte ptr statevar [2*statesize].count, 00h

mov  byte ptr statevar [2*stateslze].time, 30d

mov  recphone, OOh ; disable this routine
jmp check_time ‘

K mmmne CHECK TIME FOR PHONE OUT ----eveseuneniee
check_time: cmp time_flag, 01h

2 sdf
jmp check_signal
sdf: cmp afterclose, 01h
73 he -
cmp pho2, 01h ; see if sending tone not in process
jnz chk_time
jmp
chk_time: mov ah, 2ch ;' no, read time
Int 21h

search_time: mov sl, track ; see If tracked line to phone out
mov dl, linesptr [si]
mov dh, 00h
mov sl, dx :
cmp word ptr linesvar [gi].p1_time, cx

jz do_phone
inc track ; no, next line
cmp track, 08h
jnz I
mov track, OOh
i jmp check_signal
do_phone: cmp num_ptr, 0000h
jnz cmp_next

mov afterclose, O1h
mov dx, 301h :
or p301w, 10010000b . ; close relay

mov  al, p30iw

out dx, al .
he: inc delay_time ; delay 4 sec. after closing relay

cmp delay_time, 8000d

Iz cmp_next

jmp check_signal '
cmp_next: mov dx, 304h ; clear ring 1, BUGI

out dx, al

mov afterclose, 00h
mov delay_time, 0000h
mov pho2, 01h

of: mov dx, 302h ; see if pulge low or high
in al, dx .
and al, 80h
jnz send_tone .
mov low_state, 01h ; pulse'low, set low_state flag
jmp check_signal

send_tone: cmp low_state, 01h ; pulse high, see if high from low
74 send_it

Jmp check_signal
send_|t: mov low_state, 00h ; reset low_state flag



mov bx, num_ptr
mov s, track
mov ¢l, linesptr [sl]
mov ch, 00h
mov sl, ex
mov al, byte ptr linesvar [si].number [bx]
cmp al,'# ; see if last tone
jnz num
mov dx, 307h ; off tone
mov al, 00h :
out dx, al .
mov al, '‘# ; yes, make all tone buffer '#
lea di, linesvar [sl].number .
mov ¢x, 10d
rep stosb :
mov chk_slg, 01h ; enable check_signal routine
mov pho2, 0Ch '
mov num_ptr, 00h - ; reset buffer pointer
mov time_flag, 00h ; disable this routine
jmp check_signal
num: Inc num_ptr ; send tone on rising edge
mov dx, 307h
mov bl, al ; convert code
mov bh, 00h
mov al, sound [bx]
out dx, al
jmp check_signal
jrommmmme e CHECK RESPONSE -—---=e~--—---
check_signal: cmp chk_slg, 00h ; see If sending tone fihished
jnz five_minite
jmp check_break \
five_minite: Inc chk_sig ; count chk_sig until 7 sec.
cmp chk_sig, 15000d :
Jz say
jmp check_break
say: mov si, track ; O found, ring back detected
mov bl, linesptr [si]
mov bh, 00h
mov sl, bx
mov ax, 3doch ; open flle to phone out
lea dx, linesvar [si].p_file
int 21h
jnc 888
lea dx, efror27
call write
Jmp stop
858: mov statevar [2*stateslze].handstate, ax
mov statevar [2"statesize].statstate, ply
mov  statevar [2*statesize].index, 0000h
mov statevar [2*statesize].misc, phoneout
mov statevar [2*statesize].del, 00
mov chk_sig, 00h ; disable this routine
jmp check_break

include c:\ja\channels.asm

code ends
end

start
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READ/WRITE IN SAMPLING PROCESS

j---==mmmm=meees CHANNELS.ASM—-esemeaeeeeme

chan1: cmp statevar.statstate, rec
nz r1
jmp reci

r: cmp statovar.statstate, ply
jnz chan2
jmp  piy1

chan2: cmp byte ptr statevar. [stateslze].statstate. rec
jnz
jmp rec2

r2: cmp byte ptr statevar [stateslze] statstate, ply
jnz chan3
jmp  ply2

chan3: cmp byte ptr statevar [2'stateslzo] statstate, rec
jnz 3
jmp rec3

r3: cmp byte ptr statevar [2"statesize].statstate, ply
jnz p3
Jmp ply3

p3: jmp clock

jm-mmmweereeeee CHANNEL 1 -e-eermeomomomeeee

rect: or p301w, 00000010b
mov dx, 301h ; select record channel 1
mov al, p301w
out dx, al
mov si, statevar. Index >
dec dx ; read voice ch 1
In al, dx
mov statevar.buffer [l], al ; save In voice array
inc sl .
mov statevar.index, si .
cmp sl, recsize : '; 8ée If buffer full
jnz notfull1
mov ah, 40h ; fulll write to file

mov bx, statevar.handstate
mov CX, recsize

lea dx, statevar.buffer
int 21h
jnc mi
lea dx, errort1
call write
Jmp stop ;
mi: mov statevar.index, 00 . ; see If time out
inc statevar.count

mov al, statevar.time

cmp statevar.count, al

jnz notfull1

and p301w, 11111110b ; open relay 1
mov al, p301w '

mov dx, 301h

out dx, al
mov statevar.statstate, 00 ; time out, close file
mov statevar.misc, 00 ; end of recording

mov statevar.count, 00
mov ah, 3eh
mov bx, statevar.handstate

int 21h

jnc notfull1

lea dx, etrort2

call write

jmp stop
notfull1: jmp chan2

ply1: and  p301w, 11111101b



m2:

|_read1: mov

cont:

end_of_flle1:

cmpi:

delt:

ee1:

mov
mov
out
cmp
jne
mov
mov
mov
lea
Int
jnc
lea
call
jmp
cmp
nz

sl, statevar.index

mov
mov
out
inc
mov
cmp
Jz
jmp
mov
Jmp
mov
mov
mov
int
jnc
lea
call
jmp
cmp
z
Jmp
mov
lea
int
jnc
lea
call
jmp
jmp

al, p301w
dx, 301h
dx, al .
statevar.Index, 0000Ch
| read1
ax, 3f00h ;read file
bx, statevar.handstate
cX, recsize
dx, statevar.buffer
21h .
m2
dx, error13
write
stop
ax, recsize
end_of file1

; play channel 1

; end of file!

al, statevar.buffer [sl]
dx, 302h ; write volce ch 1~

dx, al

sl
statevar.index, si
8l, recsize
cont
chan2

; It start, read a section
; If not, play remainder

; soe If play all of this record
- ; not all, not load record later

statevar.index, 00 ; all, reset index for reading next

chan2
statevar.statstate, 00
ah, 8eh ; cloge file
bx, statevar.handstate
21h
cmp1
dx, error14
write
stop
statevar.del, 01h
del
chan2

ah, 41h ; delete flle
dx, statevar.namestate
21h
6ol
dx, error1s

write
stop
chan2

jreememeessones CHANNEL 2 -—sremmeseene

rec2:

or
mov
mov
out
mov
in
mov
inc
mov
cmp
jhz
mov
mov
mov
lea
Int
jnc
lea
call

p301w, 00001000b
dx, 301h

al, p301w

dx, al

sl, word ptr statevar|statesize].index

al, dx ; read voice ch 2
byte ptr statevar|statesize].buffer [si], al
si ‘

word ptr statevar [statesize].index, si

si, recsize ; see If buffer full
notfull2 .
ah, 40h ; fulll write to flle

bx, word ptr statevar [statesize].handstate
X, recsize :
dx, statevar [statesize].buffer
21h
m3
dx, error16
write

; select record channel 1

; save in voice array



jmp stop
m3: mov word ptr statevar [stateslze] Index, 00  ; see if time out
inc byte ptr statevar [statesize].count
mov al, byte ptr statevar [statesize].time
cmp byte ptr statevar [statesize].count, al
jnz ~ notfull2
and p301w, 11111011b s open relay 2
mov al, p301w
mov dx, 301h

out dx, al
mov byte ptr statevar [statesize].statstate, 00 ; time out, close file
mov byte ptr statevar [statesize].misc, 00 ; end of recording

mov byte ptr statevar [statesize].count, 00
mov ah, 3eh
mov bx, word ptr statevar [statesize).handstate

int 21h
jnc notfull2
lea dx, error17
call write
jmp stop
notfull2: jmp chan3
ply2: and p301iw, 11110111b
mov al, p301w
mov dx, 301h ; play channel 2
out dx, al
cmp word ptr statevar [statesize].index, 0000h ; if start, read a section
jne |_read2 .+ If not, play remainder
mov ax, 3f00h ; read file

mov bx, word ptr statevar [statesize].handstate
mov CX, recsize

lea dx, word ptr statevar [stateslze] buffer
int 21h
jne m4
lea dx, errori8
call write
Jmp stop
m4: cmp ax, recsize ‘
nz end_of_file2 ; end of fllel

j_read2: mov sl, word ptr statevar [statesize].index
mov al, byte ptr statevar [statesize].buffer [sl]

mov dx, 303h ; write volce ch 2
out dx, al
inc sl
mov word ptr statevar [stateslze] index, sl
cmp sl, recsize ; see if play all of this record
jz con2 ; not all, not load record later
jmp chan3
con2: mov word ptr statevar [statesize].index, 00 ; all, reset index for reading next
jmp chan3
ond_of_flle2: mov byte ptr statevar [statesize].statstate, 00
mov ah, 3eh ; close file
mov bx, word ptr statevar [statesize].handstate
Int 21h
jne cmp2
lea dx, error19
call write
jmp stop
cmp2: cmp statevar [stateslze] del 01h
jz del2
jmp chan3 :
del2: mov ah, 41h ; delete file
lea dx, word ptr statevar [statesize].namestate
int 21h
jnc 082

lea dx, etror20



call write

jmp stop
002: jmp chan3
jremmmeemme—enen CHANNEL 3 -----me-reenceneee-
rec3:, or p301w, 10000000b
mov dx, 301h *; select record channel 3
mov al, p301w
out dx, al '
mov si, word ptr statevar[2*statesize].index
mov dx, 305h
in al, dx " ;read volce ch 3
mov byte ptr statevar{2*statesize].buffer [¢l], al ; save in voice array
inc sl
mov word ptr statevar [2*statesize].index, s
cmp si, recsize ; see If buffer full
jnz notfull3 :
mov ah, 40h © - fulll write to file
mov bx, word ptr statevar [2*statesize].handstate
mov CX, recsize
lea dx, statevar [2*statesize].buffer
int 21h
nc m5
lea dx, error21
call write
jmp stop
mS5: mov word ptr statevar [2*statesize}iindex, 0000 ; see if time out
inc byte ptr statevar [2*statesize].count

mov  al, byte ptr statevar [2*statesize].time
cmp byte pir statevar [2"statesize].count, al
jnz notfull3
; make del = 01 means this routine has closed the file .
mov byte ptr statevar [2*statesize].del, 01h
mov byte ptr statevar [2*statesize].statstate, 00
mov byte ptr statevar [2*statesize].count, 00
mov ah, 3eh ; close file
mov bx, word ptr statevar [2*statesize].handstate

Int 21h
jnc notfull3
lea dx, error22
call write
jmp stop
notful3: cmp byte ptr statevar [2*statesize].misc, recordphone
jnz ue .
mov time_flag, 01h
ue: jmp clock
ply3: and p301w, 01111111b
mov al, p301w
mov dx, 301h ; play channel 3
out dx, al
cmp word ptr statevar [2*statesize].index, 0000h ; if start, read a section
jne j_read3 ; if not, play remainder
mov ax, 3f00h ; read file

mov bx, word ptr statevar [2*statesize].handstate
mov cX, recsize

lea dx, statevar [2*statesize].buffer
int 21h .
jnc mé
lea dx, error23
call write
jmp stop
me: cmp ax, recsize
jnz end_of_file3 ; end of file!

j_read3: mov si, word ptr statevar [2*statesize].index
mov al, byte ptr statevar [2*stateslize].buffer [si]



mov dx, 300h ; write vofce ch3

out dx, al
Inc sl .
mov word ptr statevar [2*statesize].index, si
cmp sl, recsize ; soe [f play all of this record
2 con3 ; not all, not load record later
jmp clock .
con3: mov word ptr statevar [2*statesize].Index, 00 ; all, reset index for reading next
jmp clock '
end_of_file3: cmp byte ptr statevar [2*statesize].misc, phoneout
nz ku

mov chk_tone, 01h :
mov dx,307h  ;clear tone ch3

In al, dx
mov dx, 301th  ; off nolse
of p301w, 10000000b
mov al, p301w
out dx, al |
ku: cmp  byte ptr statevar [2*statesize].misc, recordphone
jnz gd
mov recphone, O1h '
gd: mov  byte ptr statevar [2*statesize].statstate, 00
mov  ah, 3eh ; close file -
mov bx, word ptr statevar [2*states|ze].handstate
int 21h
jne cmp3
lea dx, error24
call write
jmp stop
cmp3: cmp byte ptr statevar [2*statesize].del, 01h
jz del3
jmp open_relay ;
del3: mov ah, 41h ; delete file
lea dx, word ptr statevar [2*statesize].namestate
int 2th
jnc open_relay
lea dx, error25
call write
jmp stop
open_relay: mov byte ptr statevar [2*statesize].del, 02h

mov dx, 301h
and p301w, 11101111b
mov al, p301w

out dx, al
jmp clock

stop: mov dx, 301h
mov al, O0h
out dx, al
mov dx, 307h
out dx, al
mov ax, 4c00h
int 21h

main endp

write proc near
mov ah, 09h
Int 21h
ret

write endp
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R e,

Programe for sending inform file to 8031 *

ARARARRRRRAAARAERAEAARAARABA AR RAEARRERRRAREEEARERNRRRRRARANR AR RAY

*

=Q-

comi
data
inform
inf
data

code
main
start:

get:

waitt:

stop:

equ Oah

equ 0dh

assume c¢s:code

assume ds:data

equ 3fgh
segment

db 'inform’, 0

db 256 dup(?)
ends

segment

proc far

mov ax, data

mov ds, ax

; open inform file

mov ah, 3d0Ch

lea dx, inform

int 21h

mov ah, 3th

mov bx, ax

mov cx, 256d

lea dx, inf

int 21h

mov dx, 301h

mov al, 00h

out dx, al

dec dx.

out dx, al

mov ax, 00F3h

mov dx, 00h

int 14h

mov si, 00h

mov cx, 255d

mov dx, 300h

mov al, 00h

out dx, al

mov dx, 306h

in al, dx

test al, 80h

jz get

mov dx, 300h

mov al, inf [si]

out dx, al

mov ah, 02h

mov dl, al

int 21h

mov dx, 306h

in al, dx

test al, 80h

jnz waitt

inc si

loop get

jmp stop

mov ax, 4c00h

; read data

; 9600 baud 1, stop bit, none, 8 bits
; com1

. ; send nuil

; see if board ready

; ready, send new data

; wait till jr31 accept data



main

int

endp

21h

; INPUT: BL=character to send

send

8.

send

proc
mov
in
test
jz
mov
mov
out
ret

endp

near
dx, com145
al, dx

al, 20h

s
al, bl
dx, com1
dx, al

; OUTPUT: Al=character received

recev

r.

recev

delay

von:

delay

code

proc
mov
in
test
jz
mov
in
ret

endp

proc
push
mov
dec
cmp
jnz
pPop
ret

endp

ends
end

near
dx, com1+5
al, dx

al, 1

r

dx, comi
al, dx

near
dx

dx, 8000d ; 5000d
dx

dx, 0000h

von

dx

start
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CPU
HOF

"8051.TBL"

"INT8"

;MCS-51 INTERNAL REGISTERS

B: EQU OFOH ;B REGISTER
ACC: EQU OEOH ;ACCUMULATOR
PSW: EQU ODOH ;PROGRAM STATUS WORD
IPC: EQU 0B8H ;INTERRUPT PRIORITY
P3: EQU 0BOH ;PORT3 )
IEC: EQU 0A8H ;INTERRUPT ENABLE
P2: EQU OAOH ;PORT2 .
SBUF: EQU 99H  ;SEND BUFFER
SCON: EQU 98H  ;SERIAL CONTROL
P1: EQU 90H ;PORT 1
TH1: EQU  8DH ;TIMER 1 HIGH
THO: EQU  8CH ;TIMER O HIGH'
TL1: EQU 8BH ;TIMER 1 LOW
TLO: EQU  8AH ;TIMER 0 LOW
TMOD: EQU 89H ;TIMER MODE
TCON: EQU 88H ;TIMER CONTROL
PCON: EQU 87H ;POWER CONTROL REGISTER
DPH: EQU 83H ;DATA POINTER HIGH
DPL: EQU 82H ;DATA POINTER LOW
SP: EQU 81H STACKPOINTER
PO: EQU  80H ;PORT O
org 00h
contri: equ 0e100h
porta: equ 0e101h
portb: equ Oe102h
portc: equ 0e103h
mem: equ 0e000h ; 256 byte EOGOh to EOFFh
start: limp init
org 100h
Init: mov  sp, #30
lcall delay
leall delay
mov a, #0fdh ; baud rate = 960
setbaud: mov  thi,a 7
mov tmod, #00100000b ; timer mode 1, 8 bit auto-reload
setb tr1 ; enable timer1
mov  scon, #01010010b ; set serial mode 1
; serlal mode 1, 1 start bit + 8 bit data + 1 stop bit
st1: mov  dptr, #contrl ; 8155 mode a, ¢ output
mov a, #00001101b ; b Input
movx (@dptr, a
mov a, #00h ;test porta
mov dptr, #porta
movx (@dptr, a
lecall read_data ; read data from PC
mov a, #00h  ; start from station 1
send: mov  dptr, #portc
movx @dptr,a
push  acc
Icall send_to_PC
pop acc
Inc acc
cjne a, #04h, send
mov a, #00h
fimp send



read_data:

null:

char:

send_to_PC:

sendPC:

tx_byte:

delay:
di1:
di2:

t_delay:
dii:
di:

mov  dptr, #mem

push  dpl ;-save dptr to mem
push  dph

mov 10, #0d

mov  dptr, #porta ; toll PC that ready to get data
mov  a, :

movx @dptr, a

mov dptr, #portb ; s@e if a character found
movx a, @dptr

cjne a, #00d, char

lmp null : ‘

pop dph ; found! save in 8155 memory
pop  dp!

movx @dptr, a :

inc dptr ; point to next address
push  dpl ‘

push dph

mov  dptr, #porta ; tell PC data accepted
mov  a, #00h

movx @dptr, a .

Icall tx_delay ; walt until PC walting for new data
leall tx_delay /

Inc 0

cjne r0, #255d, null

pop dph

pop dpl

ret

mov  dptr, #mem

mov 10, 255d

movx  a, @dptr

lcall b byte

lcall tx_delay

inc dptr

djnz ro, sendPC

ret

jnb t,$ ; tim1 when presvious byte has been sent
clr ti

mov  sbuf,a

ret

jnb r, $

clr r

mov  a, sbuf

ret

mov  r1,#70h

mov 12, #0fCh

nop

dinz r2, di2

dinz r1, di1

ret

mov ri, #00h

mov 12, #10h

nop

dinz r2,d!

dinz r,dll

ret

end
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MOTOROLA

mx SEMICONDUCTOR 150 S ——"

TECHNICAL DATA

MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simplified approach to digital speech encodifg/
decoding, the MC3517/18 series of CVSDs is designed for military
secure communication and commercial t;lephone applications.
A single IC provides both encoding and decoding functions.

e Encode and Decode Functions on the Same Chip with
» Digital Input for Selection

Utilization of Compatible 121 — Linear Bipolar Technology
CMOS Compatibie Digital Output
Digitai Input Threshold Selectable (Vcc/2 reference
provided on chip}
MC3417/MC3517 has a 3-Bit Algorithm (General
Communications)
e MC341B/MC3518 has & 4-Bit Algorithm {Commercial Telephone)

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

T

L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 620-10 CASE 648-08

DW SUFFIX
0 PLASTIC PACKAGE
, CASE 751G-01
SO-16L

CVSD BLOCK DIAGRAM

Encode’
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Vee/2 4 Switch
cc 3= , -
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Output  Inpur  1nput
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PIN CONNECTIONS
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~input L ty EVCC
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Syhabe 7
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Dignat
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ORDERING INFORMATION

Tempersture
Device Package Range
MC3417L Ceramic DIP 0Cto +70°C
MC3418DW Piastic SOIC oCto +70°C
MC3418L Ceramic DIP 0°Cto +70°C
MC3I4I18P Plastic DIP o*Cto +70°C
MCI5I2L Ceramic DIP -55"Co +125°C
MC351IL Ceramic DIP =55°C 10 4325°C

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

282




MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS

[AH vohages referenced 10 VEg. Ta = 25°C untess otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage vee -D410+18 Vde
Oitierential Analog Input Voltage Vip <50 vdc
Digital Threshold Voliage . VTH ~04w0Vee vdc
Logit Input Voltage VLopic -0410+18 Vde

{Clock, Digitat Date, Encode/Decode)

Coincidence Qutput Voltage VotCon) -0.410+18 Vde
Syilabic Filter Input Volage Vitsyl) -0410Vee vde
Gan Control Input Voltage VHGC) -0410Vee Vde
Reference Input Vohage VitRet} [Veoe/2 - 1.010 Ve | Vac
Vee/2 Oviput Current IRet -25 mA

ELECTRICAL CHARACTERISTICS
(Vee = 12V, Vgg = Gnd, Ta = 0°C to + 70°C for MC34

1718, Ta = - 55°C 10 +125°C for MC3517/18 unless otherwise noted.)

MC3417/MCI517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Supply Voltage Range (Figure 1) VCCR 4.7% 12 16.5 4.5 12 16.5 vdc
Power Supply Cusrent (Figure 1) Icc mA
(@ ldle Channel)
(Vee = 5.0 V, All except MC3418P,DW) — 37 5.0 — 37 5.0
(Vee = 5.0V, MC3418P.0W) - = - - 37 55
(Ve = 15 V. All except MC3418P,DW) o €.0 10 — 6.0 10
(VCC = 15 V., MC3418P,DW) — - — - 6.0 1
Gain Contro! Current Range (Figure 2) IGCcR 0.002 - 3.0 0.002 - 3.0 mA
Analog Comparator Input Range Vi 13 - vee-1.3 1.3 ol Vee-13( Vde
{Pins 1 and 2}
(475 V = Ve % 165 V)
Analog Output Range (Pin 7) Vo 1.3 - Vee-1.3 1.3 —_ Veg-13] Vde
475V < Vpe < 165V, Ig = =5.0 mA) {
Input Bias Currents (Figure 3} hg HA
{Comparastor in Active Region}
Anaslog Input {11} — 05 15 -— 0.2% 1.0
Analog Feedback (12} — 05 1.5 - 0.25 1.0
Syllabic Filter Input (13} —_ 0.08 05 -— 0.06 03 .
Reference Input {15} — -0.06 -05 - -0.06 -0.3
input Oftset Current ho nA
{Comparator in Active Region) 7
Anslog Input’Analog Feedback — 0.15 0.6 - 0.05 04
[}1 - 12| — Figure 3
Integrator Amplifier —_ 0.02 0.2 - 0.01 0.1
115 - 16} — Figure 4
input Ofiset Voltage vio e 2.0 6.0 — 2.0 6.0 mv
Vi Converter {Pins 3 and 4] — Figure 5
.| Transconductance om mAmvV
Vil Converter, 0 to 3.0 mA 0.1 03 —_ 0.1 0.3 —_
Integrator Ampilifier, 0 to = 5.0 mA Load 1.0 10 —_ 1.0 10 —
Propagation Delay Times {Note 1) us
Clock Trigger to Digitat Output PLH — 1.0 25 — 1.0 - 25
{Cy = 25 pF to Gnd) tPHL -— 08 25 - 08 25
Clock Trigger to Coincidence Output tpLH —_ 1.0 a0 - 1.0 3.0
{C = 25 pF 10 Gnd) 1PHL - 08 20 - 08 20
(R = 4.0k 1o Vee) }
Coincidence Output Voltage — VOoL{Con) - 0.12 0.25 - 0.12 0.25 Vde
Low Logic State
(1oL (Con) = 3.0 mA}
Coincidi Output Leakage Current — IoH(Con) -— 0.01 0.5 - 0.01 05 pA
High Logic State
(Vou = 15 V. 0°C « Tp < 70°C)

NOTE 1. All propagation delay times measured 50% 10 50% from the hegative going {from Vo 1o + 0.4 V) edge of the clock.
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ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418'MC3518
Characteristic Symbo! Min Typ Max Min Typ Max Unit
Appiied Digital Threshold Voliage Range VTH +1.2 — Vee-20| +1.2 K Veg~2.0) Vde
(Pin 12) .
Digital Threshold input Current l{th) HA
12V=ViysVee - 20V)
(VjL epplied to Pins 13, 14 and 15} —_ — 5.0 -_ - 5.0
(Vi spplied to Pins 13, 14 and 15) - -10 - 50 — -10 - 50
Maximum Integrator Amplifier o =250 -— - =50 -_ —_ mA
Output Current
Vce2 Generator Maximum Output Cutrent]  TRef +10 - - +10 — - mA
{Source only)
Vee/2 Generator Output impedance 2Ref - 3.0 6.0 -—- 30 6.0 N
{0 to0 + 10 mA)
Vce2 Generator Tolerance e - - =35 - - =358 %
475V < Ve < 165 V)
Logic input Vottege (Pins 13, 14 and 15} Vdc
Low Logic State - g Vi Gnd — Vih-04 Gnd — Vih—-0.4
High Logic State VIK Vin+ 0.4 18 Vin+ 0.4 —_ 18
Dynamic Total Loop Offset Voltage IVoHset mv
(Note 2) — Figures 3. 4 and 5
Ige = 12 pA Vec = 12V
Ta = 25°C {All except 3418P,DW) —_ =7 = -_ =05 215
_ {MC3418P,DW) - —_ - - =205 230
0°C € Tp € +70°C {(MC3417118L) v = — - =0.76 223
{MC3418P.DW) = N = ot =075 =38
~55°C = Tp < +125°C (MC3517/18) =Y - = | - =15 =40
ige = 33pA Voo = 12V
Ta = 25°C L =25 =50 —_ -—
0°C = Tp < +70°C (MC3417/18) - - =30 =75 —_ — _
- -55°C & Tp < +125°C {(MC3517/18) =245 =10 -
Igc = 12uA. VeC = 50V
Ta = 25°C (AN except MC3418P,.DW) - — - - =10 220
| (MC3418P,DW) - - - - =1.0 =35
0°C & Tp & +70°C (MC3417118L) - al £ - =13 =28
{MC3418P,DW) —_ = -— -— =13 =43
~-55°C « T = +125°C (MC3517/18) ' ord -2 -— - =25 =5.0
Ioc = 33 A, Voo = S0V,
Ta = 25°C . 4.0 =6.0 - —
0°C & Tp < +70°C (MC3417/18) b - =45 280 - -
-55°C & Tp < +125°C (MC3517/18) —_ =55 =10 —
Drgita! Outpul Voltage - Vdc
ligL = 3.6 mA} Vou at 0.9 04 - 0.1 0.4
{oM = -0.35 mA) VOH |Vcc-10{vec-02 — Vee-1.0{vece~0.2 -
Syllabic Filter Applied Vohage (Pin 3) Viisyl) +3.2 -_ vee +32 — vee Vdc
{Figure 2}
Integrating Current (Figure 2) ° Mgl
e = 12 pA) . 8.0 10 12 8.0 10 12 HA
{Ige = 1.5 mA} {All except 3418P.DW) 1.45 1.5 1.55 1.45 15 1.5% mA
(MC3418P,DW) - — - 1.42 1.5 1.58 mA
{ige = 3.0 mA) 2.7% .0 3.25 275 3.0 3.25 mA
Dynamic Integrating Current Maich Vo(ave) mv
(Ige = 1.5 mA) Figure &
{All except MC3418P,DW} - =100 =250 — =100 =250
{MC3418P,DW} . - —_ -_ —_ =100 = 280
Input Current — High Logic State WH .y
(ViH = 18V)
Digital Dats Input — - +5.0 —_ -— +5.0
Clock Input - - +5.0 -— - +5.0
Encode/&coae Input —_ - +5.0 — +5.0
Input Cutrent — Low Logic State [T . N uhA
v, =0V)
Digital Data input —_ - -10 - - -10
., Clock Input —_ —_ - 360 -_— —_ -360
Encodm Input - - -36 - - -36
Clock Input, Vit = 0.4V - — -72 - —_ -72

NOTE 2 Dynamic 1o1al loop offset (XVozer) squals Vio (comparator} (Figure 31 minus Viox (Figure 5). The input offsel voltages of the snalog comparator
and of the imegrator amplifier include the eNects of input offset cutrent through the input resistors. The slope polarity switch current mismaich
appears a5 an average vohiage scross the 10 k integrator resistor For the MC3417/MCI517, the clock frequency is 16 kHz. For the MCIIY
MC3518, the tlock frequency i 32 ka. idie channel performance is guatantieed if this dynamic 101! loop offsat is less than one-half of the
change in integrator output vottage during one clock cycle (ramp step size). Laser trimming is used to nsure good idie channe! performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where
the voice signal is applied. it may be ac or d¢ coupled
depending on the application. if the voice signal is to
be leve! shifted to the interna! refetence voltage, then
2 bias resistor between Pins 1 and 10 is used. The resis-
tor is used 1o establish the reference as the new dc
average of the ac coupled signal. The analog compar-
stor was designed for low hysteresis (typically less than
0.1 mV} and high gain (typically 70 dB).

Pin 2 — Analog Fesdback

This is the noninverting input to the analog signal
comparator within the IC. in sn encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or 8 low pass filter output
connected to Pin 7. In » decode circuit Pin 2 is not used
and may be tied to Vce/2 on Pin 10, ground of left open.

The analog input comparator has bias currents of
1.5 A max, thus the driving impedances of Pins 1 and
2 should be equs! to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Sylliabic Filter

This is the point at which the syliabic filter voltage is
returned 10 the IC in order to control the integrator step
size. It is an NPN input to an op amp. The syllabic filter
consists of an RC network between Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of the
syllabic filter and is the voltage between Vcc and
Pin 3. The active voltage to current (V- I} converter
drives Pin 4 1o the same voltage at a slew rate of
typically 0.5 V/us. Thus the current injected into Pin 4
(ige) is the syllabic filter voliage divided by the Ry
resistance. Figure 7 shows the relationship between
Igc (x-2xis) and the integrating current, lint {y-axis).
The discrepancy, which is most significant at very fow
currents, is due to circuitry within the slope polarity
switch which enables trimming to 2 low tota! loop
offset. The Ry resistor is then varied to adjust the loop
gin of the codec, but should be no larger than 5.0 k1
to maintain stability. G

Pin 5§ — Reference Input

This pin is the noninverting input of the integrator
amplifier. It is used to reference the dc leve! of the output
signal. In an encoder circuit it must reference the same
voltage as Pin 1 and is tied to Pin 10.

Pin 6 — Filter Input
This inverting op amp input is used to connect the
integrator external components. The integrating cur-

tent (ljny) flows into Pin 6 when the enalog input {Pin 1};

is high with respect to the analog feedback (Pin 2} in

the encode mode or when the digital dats input
{Pin 13) is high in the decode mode. For the opposite
states, ljny flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 should
slways be between 8.0 kf} and 13 k2 to mainiain good
idie channe! characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable
of driving @ 600-ohm load referenced to Vce/2 to
+ 6.0 dBrm and can otherwise be trested 2s an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/gs. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
10 the most negative supply.

Pin § — Digita! Output

The digital output provides the results of the delta
modulstor's conversion. h swings between Vcg and
Vgg and is CMOS or TTL compatible. Pin § is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Ve = 12V end C = 25 pF to
ground.

Pin 10 — Vgc/2 Output

An internal low impedance mid-supply reference is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is 8 current source
and must be loaded with a resistor to insure its sinking
capability. if & + 6.0 dBmo signal is expected across
2 600 ohm input bias resistor, then Pin 10 must sink
2.2 V/600 1 = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a resistor normally and will
soutce only the difference under peak load. The ref-
erence load resistor is chosen accordingly. A 0.1 pF
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The Vg c/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
scross Cg. The coincidence output will be low whenever
the content of the interna! shift register is all 15 or all
0s. In the MC3417 the register is 3 bits long while the
MC3418 containé 8 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires 8 pull-up resistor.
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I the syllabic filter is to have equal charge and discharge
time constants, the value of Rp should be much less
than Rg. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg white
the decaying constant is (Rg + RplCg. Thus ionger
decays are easily achievable. The NPN device should
not be required to sink more than 3.0 mA in any con-
figuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R = 4.0 k{l to
+12Vand Cp = 25 pF to ground.

Pin 12 — Digita! Threshold

This input sets the switching threshold for Pins 13,
14, and 15. 1t is intended to aid in interfacing different
logic families without external parts. Often it is con-
nected 1o the V2 reference for CMOS interface or can
be biased two diode drops above Vg for TTL interface.

Pin 13 — Digital Dats Input

In @ decode application, the digital dats stream is
applied to Pin 13. In an encoder it may be unused or
may be used to transmit signaling message under the
control of Pin 15, It is an inverting input with respect to
Pin 9. When Pins 9 and 13 are connected, a toggle flip-
fiop is formed and a forced idle channel pattern can be
transmitted. The digital data input level should be main-

FIGURE 1 — POWER SUPPLY CURRENT

tained for 0.5 us before and atier the clock trigger for
proper clocking. .

Pin 14 - Clock Input

The clock input determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching thieshold of the clock input is set by
Pin 12. The shift register circuit toggles on the failing
edge of the clock input. The minimum width for 2
positive-going pulse on the clock input is 300 ns,
whereas for 8 negative-going pulse, it is 900 ns.
Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the
internal shift register. if high, the result of the analog
comparison will be clocked into the register on the fali-
ing edge 81 Pin 14. If low, the digita! input state will be
entered. This allows use of the IC as an encoder‘decoder
or simplex codec without external parts. Furthermore,
it allows non-voice patierns 10 be forced onto the trans-
mission line through Pin 13 in an encoder.

Pin 16 — Vee N

The power supply range is from 4.75 to 16.5 volts
between Pin Vg and VEE.
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N FIGURE 4 - INTEGRATOR AMPLIFIER OFFSEY

FIGURE 3 ~ INPUT BIAS CURRENTS, ANALOG
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|Hne)- INTEGRATING CURRENT (a1 - PN §

TYPICAL PERFORMANCE CURVES
FIGURE 8 - NORMALIZED DYNAMIC

FIGURE 7 — TYPICAL 1 versus IGc (Mean : 20}
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FIGURE 12 — CVSD WAVEFORMS

e~

/

7] TN
N\

AN

integrator Out

(Reconstrucied Aucio)

Put

Input A

udio

N

N,

AN

s

et Ovte Maly

~

FIGURE 13 ~ BLOCK DIAGRAM OF THE CVSD DECODER

Aucho
Out

Cloch

I
Oigivet > < o | Levet Derect »” $ o':u’
n v bl Atgorithm b 4 sonitude
. Control
Siope
waf———{ tntegraror (el Polarity
Switeh '

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

289




MC3417, MC3517, MC3418, MC3518

FIGURE 14 — 16 kHx SIMPLEX VOICE CODEC
{Using MC3417, Single Pole Companding and Single Integration}
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CIRCUIT DESCRIPTION

The continuously variable slope deltz modulator
{CVSD} is a simple afternative to more complex conven-
tiona! conversion techniques in systems requiring digital
communication of analog signals. The human voice is
snalog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communicstions and is an economicelly efficient
means of digitizing anafog inputs for transmission,

The Delts Modulator

The innermost control loop of 8 CVSD converter is
a simple defta modulator. A block disgram CVSD Encoder
is shown in Figure 11. A delta modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple contro! loop. The inputs
to the comparator sre the input snafog signal and the
integrator output. The comparator output refiects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator,
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and delivered t0 a sitnilar integrator at a remote
point, the remote integrator output is a copy of the
transmitting control loop integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates from 8 k and up sre possible. Thus the
delta modulator digitizes and transmits the analog input
10 a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one 2ero alternation
is transmitted. I the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zet0 and receive restart beging without framing when the
receiver reacquires. Similarly a delta modulator is 1olerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.
f1s limitations are its ability to accurstely convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the
integrator,

The trequency limits are bounded on the upper end;
that is, for any input bandwidih there exists @ ciock
{requency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unforiunately, the basic delta
modulator has a small dynamic range over which the
noise level is constant.

The continuously varisble slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For » given clock frequency and input
bandwidth the additiona! circuiiry increases the delta
modulator's dynamic range. External to the basic
delta modulator is an algorithm which monitors the
past few outputs of the delta modulator in a simple
shiti register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coingidence output charges
a single pole low pass filter. The voliage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been tried. The key 30
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
sbout the shape of the input curve. The purpose of
the algorithm is 10 conurol the gain of the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit siream without changing the channel
bit rate.

The effect of the algorithm is to compand the input
signal. If a CVSD encoder is pleyed into & basic delta
modulator, the output of the delta modulator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm a1 the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from 8 standard delta modu-
lator with a constant level input,

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing & voice input
in @ manner which is especially convenient for digital
communciztions requirements.

APPLICATIONS INFORMATION

CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are genera! purpose
CVSD building blocks which aliow the system designer
1o tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission caps-
bilities are constrained by the fundamental limitations
of delta modulation and the design of encoder param-
eters. The performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerstions involved in designing
these basic CVSD building blocks into 8 specific codec
application, snd they are as follows:

1. Selection of clock rate

2. Required number of shift register bits
3. Selection of loop gain

4, Selection of minimum step size

6. Design of integration filter transfer function
6. Design of syllabic filier transfer function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
their sjmplest form. The syllabic and integration filters
are both single pole networks. The seiection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from anslog signal paths
(Pins 1-7 and 10) in order to achieve proper idle channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kM2
clock rates, Obviousty the higher the clock rate the higher
the S/N performance. The circuit in Figure 14 typically
produces the S/N performance shown in Figure 15,
The sefection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Haz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
a1 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NDISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 36X BITS — TYPICAL

1 e B ~C
= i
: / Clock Rpve = 164Nz \
E "B Test Tone » 1 LKz Sine Wave

Nobr Weghung C Message
10 7
/
80 d
-4 -3 -2 -1 10

INPUT LEVEL (4B} RELATIVE TO SLOPE DVERLOAD

Shift Register Length {Algorithm)

The MC3417 has a three-bit algorithm and the MC3418
has » four-bit algorithm, For clock rates f 16 kHz and
below, the 3-bit slgorithm is well suited. For 32 kHz
and higher clock rates, the 4.bit system is preferred.
Since the algorithm records » fixed past history of the
input signal, 8 longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4-bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well.

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor

Ryx- Ry must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does no! exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:

1. The maximum level and frequency of the input

signal.
2. The transfer function of the integration filter.

For voice codecs the typical iﬁpu( signal is taken 1o be
2 sine wave st 1 kHz of 0 dBmo level. In practice, the
usefu! dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
tilter. In the basic circuit of Figure 14, 2 single pole of
160 Hz is used.

) Ry = 10kf), Cq = 0.1 uF
Voo 1 - K
l; CIS+1/RC) S+wg
we = 2nt
103 = W = 2nf
f=159.2 Hz

Note that the integration filter produces a single-pole
tesponse from 300 to 3 kHz. The current required to
move the integrator output & specific voltage from zero
is simply: v oV ’

L= if + (c1 x -—d—f)

Now a 0 dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak vatue. The CVSD step should trace that change.
The required current for 3 0 dBm 1 kHz sine wave is:

1.3V 0.1 puF(1.1)
= + =0.935mA
00K 0.a25ms oM
*The maximum voltage across Ry when maximum

slew is required is: -
1.1V
2

.Now the voltage range of the syllabic filter is the

I

bower supply voltage, thus:

1
Ry = 0.25(V, R S
Rx = 0.25(vect 0.835 mA

A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS (continued)

Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero alternating patiern
and the analog output becomes & small triangle wave.
Mismatches of internal currents and offsets limit the
"minimum step size which will produce a perfect idle
channe! pattern. The MC3417 is tested to ensure that
a 20 mVp-p minimum step size a1 16 kHz will attain a
proper idle channel. The idle channel step size must be
twice the specified total loop offset if a one-zero idle
pattern is desired. In some applications a3 much smaller
minimum step size (e.g., 0.1 mV) can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive. A long series of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor (Cg) would decay to zero. However, the voltage
divider of Rg and R (see Figure 14} sets the minimum
allowed voltage across the syllabic filter capacitor. That
voltage must produce the desired ramps at the analog
output. Again we write the filter input current equation:

Yo

l;=R1

av,
dvo
2L

For values of Vg near VC/2 the Vo/R term is negli-

gible; thus
AV

AT
where AT is the clock period and AV, is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14
0.1 pF 20 mv

e mn 2 SOMV L 33,0

! 62.5 us b
The voltage on Cg which produces a 33 pA current is
determined by the value of Ry.

1iRx = Vgmin; for 33 pA, Vgmin = 41,6 mV

In Figure 14 Rg is 1B k2. That selection is discussed
with the syllabic filter considerations. The voliage divider
of Rg and R i, must produce an output of 41.6 mV.

li=Csg

Rs .
VCCm VSmin  Rmin=> 2.4 MQ

Having established these four parameters — clock rate,
number of shift register bits, loop gain and minimum
step size — the encoder circuit in Figure 14 will function
at near optimum performance for input levels around
0dBm.

INCREASING CVSD PERFORMANCE

“Integration Filter Design

The circuit in Figure 14 uses @ single-pole integration
network formed with @ 0.1 pF capacitor and 8 10 k§2
resistor. It is possible 10 improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network. The improved circuit is shown.

The first pole is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhere above the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the lower in frei:uency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 1B0P. This 2ero should
be placed slightly above the low-pass output filter break
frequency so 2s not 10 reduce the eHecﬁvenes; of the
second pole. A network of 235 Hz, 2 kH2 and 5.2 kHz
is typical for telephone applications while 160 Hz,
1.2 kHz and 2.B kHz might be used in voice only channels.
{Voice only channels can use an output low-pass filter
which bresks st sbout 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

1
R1Cy

1 e
(Rp+ R1)Cy 2C2

FIGURE 16 — IMPROVED FILTER CONFIGURATION

RpR +
Vo s} 1(5
li

R2C2(Rp + Rl)(S +

Ansiop Output

Thess component values are for the telephona channe! circuit poles described in
the texi. The R2, C2 product can be provided with different values of R ang C. R2
$hould be chosen 10 De equsl 10 the terminstion resisior on Pin 1.
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The velues in Figure 16 represent one implementa-
tion of the telephony filter requirement,

The selection of the two-pole filter network etfects
the selection of the loop gain value and the minimurm step
size resistor, The required integrator current for a given
change in voltage now becomes:
= v_oo(chz + ﬂ_cl 'S C])% +

Rp Rp Ro AT
R1C1R2C2\BV2
(nzc;c1+ 1C1R2 2)A °
Ro av2

The calcutation of desired gain resistor Ry then proceeds
exactly as previously described.

Syliabic Filter Design

The syllabic fifter in Figure 14 is a simple single-pole
network of 18 kS ‘and 0.33 pF. This produces » 6.0 ms
time constant for the averaging of the coincidence outpul
signal, The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resuiting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/Vee. . |

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
if different portions of the 10tal Ry are shunted by diodes,
the integrator current can be other than (Ve — VSIRy.
These breakpoint curves must be designed experimen-
tally for the particular system application. In general,
one would wish that the current would double with
input level. To design the desired curve, supply current
to Pin 4 of the codec from an external source. Input 8
signal level and adjust the current until the S/N perfor-

mance is optimum. Then record the syllabic filter volt-
age and the current. Repeat this for all desired signal
tevels. Then derive the resistor diode network which
produces that curve on 2 curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ay in the circuit and the
forced optimum noise performance will be achieved
{from the active syllabic slgorithm,

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17,

FIGURE 17 — RESISTOR-DIODE NETWORKS

3] R2 R3
=} D2 D3

n R2

D1

{f the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. ht
simulates the companding characteristics of nonlinear
Ry elements in a different manner.

Output Low Pass Filter

A tow pass filter is required a1 the receiving circuit
output to eliminate quantizing noise. In general, the fower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
10 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended to meet the 'per(o§mance veﬁuiremems
of commercial telephone systems. First, slope polarity
switch current matching is laser trimmed to guirantee
proper idie channel performance with 5 mV minimum
step size and @ typii:;l 1% current match from 15 gA
to 3 mA, Thus » 300 1o 1 range of step size variation is
possible. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides » 30 dB S/Nc ratio
over 50 dB of dynamic range for 3 1 kHz test tone at
2 37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested for 10-7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber foop concentrators and
small PABX installations,
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued)

The Active Companding Network
The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syliabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. it is the parameter mea-
sured by the syllabic filter end is the voltage across Cg
divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of Pin 11 is 6.0 volts.
The operating cbmpanding ratio is analoged by the volt-
age between Pins 10 and 4 by means of the virtusi short
across Pms 3 and 4 of the V 1o ! op amp within the
integrated circuit. Thus, the instantaneous tompanding
ratio of the codec is slways avallable al the negative
input of A1. )
The diode D1 and the gam of Al cnd A2 provide a
* companding ratio reference for eny input level. if the
, output of A2 is more than'0.7 volts below Vce/2, then
the positive input of Al is {Vcc/2 — 0.7). The on diode
- drop at the input of Al represents a 12% companding
ratio (12% = 0.7 V/6.0V). '
° The present step size of the ope}aﬁng codec is directly
_relmed to the voltage across Ry, which estnbhshed the

integrator current. In Figure 18, the voltage across Ry
is amplified by the ditferential amplifier A2 whose out-
put is single ended with respect to Pin 10 of the Ic

For large signal mputs. the step size is large and the
outputof A2 is lower than 0.7 volis. Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% com-
panding ratio and the instantaneous companding ratio
st Pindis amplmed by Al. The output of Al changes
the voltage across Ry in # direction‘which reduces the
difference between the compeanding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at Pin 4
will be forced 10 12%. The selection of R3 and R4 is
initially expenmemal However the resumng compand-
ing contro! is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codéc. ’

-for small input levels, the companding ratio reference
becomes the output of AZ rather than the diode drop.
The operating companding ratio on Pin 4 is then com-

-pared to’s companding ratio smaller than 12% which is

-getermined by the voltage drop across Ry and the gain
of A2 and Al The gam“of A2 is also experimentally
determmed but once determined, the clvcuntry is easily

FIGURE )8 TELEPNONE QUALITY DELTAMOD CODER

IBclh double ‘integration and sctive companding control sre used to obtain impvov-d CVSD performance. P ! '__,
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 ~ SIGNAL-TO-NOISE PERFORMANCE repeated.
AND FREQUENCY RESPONSE With no input signal, the companding ratio at Pin 4
(Showing the improvemnent realized with
the circult in Figure 18.) goes lo' 2ero andhthe voluge' across Ry goes to zfro.
SIGNAL.-TO-NOISE PERFORMANCE OF TELEPHONY The v? tage at the outp;t ow52 beco!'nes z‘ero sm:e
QUALITY DELTAMODULATOR there is no drop across Ry ith no signs! input, the
sctively controlied step size vanished.

> L The minimum step size is established by the 500 k .
h resistor between Vo and VC/2 and is therefore inde-
L] h pendently selectable.
z h The signal to noise results of the active companding
w 30 ) 50 a8 l network are shown in Figure 19. A smooth 2 dB drop is
o 4 4 BIT ALGORITHM realized from +12 dBm to - 24 under the control of Al.
g 4 377K BITS At -24 dBm, A2 begins to degenerate the companding
° 1 kMI TEST TONE K L
o p C MESSAGE WEIGHT reference and the resulting step size is reduced so as to
; 25 extend the dynamic range of the codec by 20 dBm.
g 4 The slope overload characteristic is also shown. The
T . active companding network produces improved perfor-
: mance with frequency. The O dBm slope overload point is
20 e L raised 10 4.8 kH2 because of the gain available in control-
a8 .36 -28 1z 0 12 ling the voltage across Rx. The curves demonstrate that
INPUT LEVEL IN oBmO the level linearity has been maintained or improved.®
b. FREQUENCY RESPONSE versus INPUT LEVEL The codec in Figure 18 is designed specifically for
{SLOPE OVERLOAD CHARACTERISTIC) . 37.7K bit systems. However, the benefits of the active
. companding network are not limited -to high bit rate
0 0Bm INPUT systems. By modifying the crossover repion {changing
£ 9 the gain of A2), the active technique may be used to
2 104 improve the performance of iower bit rate systems.
z The performance snd repeatability of the codec in
b * . Figure 18 represents a significant step forward in the art
§ =301 and co’t of CVSD codec designs.
s ~404 4 B1T ALGORITHM ’
i 37.7 X BITS
» -504 "
3 | *A larger value for C2 is required in the decoder circuit ™
-eo X than in the encoder to adjust the level linearity with
trequency. In Figure 18, 0.050 pF would work well.

Y

4

LANRER Bt S T
[ 2hH2 4 kHy €hMr BkHr 10 kH2

INPUT FREQUENCY IN H2

FIGURE 20 — MIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

c1
M

175k

876 &k

(<] (]
157 pF 78 pF

T

247k Designed for .28 a8 ripple in the pess band
wp = kM2
Wy = 6 kN2
AdB #t wy and sbove 26.5 08

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

277




MC3417, MC3517, MC3418, MC3518

FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3512/18 eND MC3503/6 OP AMP
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Codec Components
Py y, Mxg- 3.3 802
Ppy. Rpz ~ 3.3 kN2
Rgy. Rgy - 100402
Ay Mg - 20602
Ryg = 1 a2
Apm. Az -5 M (MC3417)
Minimoum step size * 20 mv
R, Pz = 15 MI (MC3438)
Minimum step si7e = 6 mV
Cgy. Csg - 0.05 uF
C)y. C)3 - 005 uF
2MC3417 lor MC3418)
1MC3403 {or MCI406)
Note: Al Res. 5%
Al Cop. 8%

Input Filter Specifications
12 a¢B8/0Ociave Rotiof! sbove 2.3 W H2
6 a8/Ocieve Rolloft below SO M2

Ovutput Filter Specifications
Break Froquency — 3.3 kM2
Stop Band — 9§ kH2

Siwop Band Atten, ~ 50 ob
Roliott — > 40 ¢B/Octave

Filter Components

A1 - 965N
R2 - 72 a0
R3 -~ 72482
R4 - €546k
RS - 12740

R6 — 365.5 kN2
A7 - 1645 M0
"8 - 72k
A9 - 72 &2
R10 - 29.5 kN2
Rt - 72k}

C1 ~ 3.3 ,F
C2 -~ 837 pF
€3 - 536 pF
C4 - 1000 pF
C5 - 222 pF
C6 - 77 pF
C? - 38 oF
C8 - 837 pF
CH ~ $36 pf

Note Al Res 01% 10 1%.

Al Cap. 1.0%
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COMPARATIVE CODEC PERFORMANCE

The salient feaiure of CVSD codecs hsing the MC3517
and MC3518 family is versatility, The range of codec
complexity tradeofts and bit rate & so wide that one
cannot grasp the interdependency of paiameters for
voice applications in a few pages.

Design of a specific codec must be tailored 10 the
digital channel bandwidih, the analog bandwidth, the
quality of signal transmission required and the cost
objectives. To illusirate 1he choices available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
rahge of various codec design options a1 32K bits.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bit rate
will reduce the dynamic range and noise performance
of" ali techniques. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more complex designs diminishes.

Non-voice #pplications of the MC3517 and MC3518
are slso possible, In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking in1o account the
different signal bandwidth requirements,

FIGURE 22 - COMPARATIVE CODEC PERFORMANCE -~
SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE

M-
- 10 3 ——— o
g — L ——T |\
8 »n — -
A N
% 7 Dl e [~
H 7 =
: WA Pl 37K 84 CVSD woh
=z /// // MCI817 0 MCIIE
Y Py 7
50 //
1J )
8 40 .3 .30 .75 20 0% -0 50 O

AMPLITUDE taB)
These curves demonsirsie the improved petformance obtained
with several codec designs of varying complexity.

Curve 8 — Complex companding and double inegration
(Figure 18 - MC3418)

Curve b — Double integration {Figure 14 using Figure 16 —
MC3418}

Curve ¢ — Single integration (Figure 14 — MC3418} with
6.0 mV step size 3

Curve d — Single integration {Figure 14 — MC3417) with
25 mV step size
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