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Implementation of a Gateway Protocol between LAN
and PABX for Voice Communication
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ABSTRACT

Packet voice protocols have been realized in many research works. But few studies for the
interconnection of LAN and PABX 'to facilitate the voice communication have been done. In this
paper, the gateway to interconnect the Ethernet LAN with the existing PABX telephone network
for voice communication has been designed and implemented.

The implemented gateway protocol is a medified protocol based on CCITT's G.764 packetized
voice protocol. To accomplish this goal the hardware system has been realized, which is divided
into five parts :interface part with the telephone line, voice-processing part, PC interface part,
controller part, and finally DTMF part. And the gateway software is divided into three parts:
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interface to make use of the packet driver which drives the network card, driver to drive the

PABX gateway, and the protocol handling part.
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nel number)

Jeis b 3 osiAl dae 99k Uit ol e
ol HYald gwol gl& Wl dgH1-E hook
on Al 71t}

3.14 Channel HE aiet

Mol Eglo) 7l 48 3hi= AgiMel 27) ol B2 747}
of Aulm s mvo}% 219 359 71y 3-600
Qubasiol ) ARR & AR 9 RS ¥ A%

PABXoll A i ’)luo}f"lﬂfr’—. F AY S T ufel )
W 3 ghdoll s A vfERA QT

vl w7l A sloll A Aol Eglo] 2 call request
packetS wuu] HIHITE 002 3hA B A
o] B2 9 o] ¥+ call accept packetoff Hlojql& iﬁ}érﬂ 3
5 grdatel HEaivh 1 o] ol 7l Mo} Alo]
gflof Abo]oll &} Faimby= wE call packeti voice
packet-£- "1 AWl 5 7] 514] FAl g

Mol Egolo A H 7l A3t2 call request packet
S wllis 790l 4= call request packet ¢toll =¥

F.ir Shdatod 3 osf A A 7] ARE-FI T

3.1.5 x1§|.u1§ &l___rlzb

zhzyol s #lald 3}ell Ethernet carde} Uohd o)
S5 47FH el MEPHEE Hogith PABXol A
Al Adsts & AdY 23 Ao o] HehHEE o}
Aoltigholy- Azt date}l T8 AT 5 ok

3.2 k=Yool P=

1g) 370 AlojrEsjolol gt EHE7E VERE
t}, Alol¥iglo] &lrigholi: MatAxel Qlejm o] &
= vhgahis R E v 849 A/D, D/A gl B E
Wik A s I E vk it DTMF generation -
,ocrelar PCeotel QlEjH o] 2o FHAE REOR
Lhro Evl ol A o] Fo] A 3]l e} 7)ol

o el 4] 4k

3.2.1 MEMIS| CIE{HO[A B8

of Wt APHMET]7E Bl kY HolA
sk Ndtoluh A A Ash| 7 el Ehe Jevha) o
He alsla vlak DallasAbel DS22495 88 ol &
steivh 1yl 380l DS2249R o] HEw7E el
Atk vhdoll DS22497) Bk AES AE g}

— Hook control

dnt dgtol X atr1E £ Rele TlE
gt

ol

tlo
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wx/rAL T At @] o S BN S A% Aol Egole] ¥

PC BUS
b _| DTMF
generawor
8bit y
» FIFO DAC - ring
) DS2249 tip
8bit FIFO ADC !4 [
abie | 4X4 DTMF
register receiver
] A
-t bl conirol logic
1bit
interrupt Counter

18] 3-7. Aol E o] block diagram

TIPO
RINGO

TXA ——iioe] i ) R— —
. F DC 77 SURGE RING
Hybeid LOAD RECTIFIER t ] , TIP
XA y PROTECTION —
AUD[O“QJ

1

SWITCH-
OH - HOOK
CONTROL

RING
RI DETECTION

222! 3-8. DS2249 block diagram
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— Ring Detection
e R S e
hook control& & 4= 914 f?‘}L‘}.
~ Hybrid 71%
Aurg oz Hate
Aol olE HMEwty pAToR Fel sk
3

7]}4.0__ 6’},LJr o]A]-Z% 0] 5 o]

o =

e
_,d
ol
r
ok
s
-~
el
R
ol
ok
2

b Y

A oRd SANET FAROR HEote s ¥ehi
2 a7 A A9 1A BajA olsiel 9
slo] i},

3.2.2 Speech Processing
S 59 A/D, D/AC] wAIE B8 g Ay
ek,

1) Filter
Op-amp& ©]-&3%F Sallen nad key low pass filter
B Abgetg o oo &2 3 4kHzE S ch

2) ADC

SN E ) RE HES A/D converterit AHg
stk MEY MBS gHEolal AE Y2 8kHz
2 st on ADCO804 S Ab&-8hlrh

3)DAC
gRIE ] tjxg ST E o= 1 IR up
ook w3 O}LH“}Ag ”] 2l 4 4¥ dlolekst o] &
st DACE % T

4) FIFO Buffer

512ufe] Eg-gke] kA A zloll A A 2bEl KM75C01
AP-255 AF&-&t . At A B AR A
o AEvh ‘T’\JL& 25 8ms vio) IEl g B vF A

W vlo]EbE ¢1ar 2t

3.2.3 Dialing detector

DTMF #37]e] 7lsjes w2
289 F4o] v} o)l A Fure] 28 & ()
A& A 1ol s Fste sl sle] oy 28 ¢
obdit}, ol & 93l A DTMF receiver & 1C¢1 MT8870
S AEEIY Y ol 7 Fabarel =S s A
of dlFsle tjAg AR upoj o

2
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3.2.4 DTMF generation

Az 58 4387 8 dete
el o] Hgsich AR e 1CQ
KS58006 AF&sttt. o 38 3.579545MHz9] <=
arzlatg @A AbEsl= CMOS ICelt), =3
DTMF a2} PULSE %48 FAlol x¢st=d
of wdto 1= PULSE #Ale ma]sha] gbtct

3.2.5 PC22| °|E*l171|0]A 2 controller 5
PC el 84458 BallA o=~ q:”?]g o]
%okai 3 @ += 1/O portol] Y&t H oS ¢l At
CHYITE YEorE ﬂlolEﬂl ole] & 4
#2791 13 A/D 9 &
r’—LiJ’ R 2 R Lﬂ%% d= 1?—%951 01-?-
ol Ut F¥E WEoRE BY o A
i AR S Add olEFS DACH 2 7) R O
7] 31 DTMF generaton® 9l&iA] & 2R o g o
old qlvt, AbRE F2l & DTMF generationdl] o]
/5= 3.579545MHz #l8 AlQstine PC WY
Y EFolA Al yE s 14.31818MHZ F8 & ol &
sl 41 ADC, DAC®) 8kHz £¥& DTMEF receiver©l
3.5795MHZ #28]& 7H-E1 2 B34 Al Zstd

i

33LZEYoe] X

MolEsofe] mTESNol= 19 399 & &
2 Holdh f7l A sfFl melolwo A A Z3)
17 send pkt &7 E AHESTh b HellA #iFl =
glol o} “=Alvt “1e] ar state diagramell s A A
&k vk,

3.3.1 M3l 2o

ale] siatell 4] 7b7) Thit MES 7l=8 Hikgre
2 ANz gel o4y #AIE ob71ARIth o
P 3COMol A v U E ¢ 7= Qo A F 23}

1= EAl AL m1do] Western Digitaloll A & A&

el M= & 3hab A ghizu) o]F FAE sl dst] 9
stal AJe]7bAl 3 Aol o FHAtel A gk
f E2Ql Ao v FTPAF2] Packet driver specifi-
cation, 3Com# MSAFe] NDIS(Network Driver In-
terface Specification), NovellA}2] ODI(Open Data-
link Interface) %] Quh & =i & FTP AH¢]
Packet driver specificationo] we} Azt =g}o)
Wi o] 838t Ethernet MACo] #)@ste 715&
i 28k L}
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RX/EA UG AT SHFAL 93 Ao Eslole] 78

State_diagram

AR

e
send_pkt( , )

oy

packet
copy

BUFFER POOL

/ :

PACKET DRIVER copy

18| 3-9, Alo]Ego] AXEg o] P

Next(2byte)
len(2bvte)
filled(1 hyte)

copy._.ok({2byte)

dbuf(2hyte)

Next field : ©}-8 RBD & 7}2j2ic}.
len field : A1 ¢ Z2j 9 9] 7)ol & viepdct
filled field : RBD 7} 712 7] BD 7 v §l &%) o 28 vJepdich 0->empty.1 ->filled
copy_ok field : s+ A1 ¥l E & o] 72 BD & Abx| 3t e F viepdch
dbuf field : BD $J&] & 2}a}2ich
(a)RBD structure

RED! = ReD2 S > RBD12 —l
/ r ' r 1 o~
lastrbd

firstrbd 8D lI 8D2 BD12

(b) BUFFER POOL

&l 3-10. RBD structure®} BUFFER POOL
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3.3.2 hich

Falerd g7l mele|lwvh 28 sk MyRxeo} 4°
Al w718 Q) A] A #&ki- buffer pool, “12] 3! buf-
fer poololl A sl %18 71U @+~ receive packet®] 3
-0 2 o) o}

W A4 buffer pool ¥+ 51 A B A} buffer pool ©-
Hl i ¢l BD(Buffer Data)®} wse} #H8ld Huw g
7+2] 71+ RBD(Receive Buffer Descriptor) & 0] =
oA Qluh shibel W 256mbo] B offzola] <
t} 719 3-100] z}zre] formate] vieRubeitl. RBD
(Receive Buffer Descriptor)i= & & &gz 7}
7t A7 o] 9l first rbd, empty rbd, filled rbd
Tol X1 E o] &3te] S

ohros I\/IYRX“’“£ R At MyRxiz #7l
aboln] g4 2391 access_typed BEF o o)
Letolol Al e Zata]olu) Al "'E}Oi
H iz al s W3 524A] o] MyRxehHs -3 43
b, g Belold s o 3l .‘ZE}OPH-\: SR
#Flo] Zoli g0l MyRx7t 71 4ol syl

tirst call

-

Yathene Q4 8 Aok

:

4

W7 gl

firstcall or second call ?

rle] 1R E A7l eabolnfo Al defFch w3
rekelmiz T #Alel =A% AEle Eald %
MyRx& S-®#l#)i2 L8v} MyRxy: 2Al7) gag)
AFE sl Bas xelelel RBD(Receive
Buffer Descriptor)& 43 & b2 szlo] 9=
Af el e 3-119F 219 3-1200 MyRx ¥4
off ¥kaf A apHskA HAFE o] gl
Vb5 2. & receive_packetZ ArH B AU receive
packetiz filled rbd& ©] &3t RDBY filled&tS
dAFse buffer poololl 4Al€ sf3le] =2 &
Srgicl, ukok buffer pool°1 #Hzlo] Qo et rev §
T B A 1 gkl A oAuirtx] dEE shAlEc)
o] et rev $Hvk 8= rAl A0l Y52 call “%}’ﬂ
o3z buffer poolell 4 g & buffer® Falg =3
M AYEET call @ Fo] BYPASS e A& 59‘4
v+ FIFO(First in First out) buffer® 2% 24
dloJebsr & AFstu) 219 3-133 19 3-149) receive

[sA

_packet gFol] 3ka) A xbA & A HAFE o] Qo)

second call (copy &8 )

4

filled_rbd7} 441 &2 § RBD S 7}31 717 3t
reccxvc _packet() Lol A SAIE T YL ol
= 1A Bt

empty_rbd & C3- RBD 2 o] $4] A Ech&

Zoelg e Zu|E Dok

ES:DI of 4 g

ES:DI ¢ 0:0 ¥ (discardlt)

returmn

return

return

8 3-11. MyRx 2] g3
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WX/ FUYH APARBT| o] SHENE A Ao Egolo) 1A

first
call

packet
driver

second
call

packet
driver

filled_rbd.filled = 17

SAlg X e ge}?

[ revptr,revheader,revien of

B 28 Y ok

T

< cail et_rcv()

buffer
check BUFFER
’ POOL

ES : DI «---- BD's address

1) first step

¢d_rbd,emp}ly_rbd

BUFFER

POOL

3) third step

BUFFER
POOL
frame
packet
et 2) second
step
buffer
check BUFFER
X POOL
mpty_rblﬂ
first ES:DI<---- 0:0
call
packet
driver

4) buffer pool is not empty

8 3-12. MyRx 8 A] packet driver#he] 4% zp&

filled_rb¢ ¥ ©-8 RBD 2 $7ic},

retumn 1

Y

return O

212l 3-13. receive_packet ©] 2}

3.3.3 State transition diagram

A7 BSA F s Call 2@t o) W 4
o] el 19 3-159] el S A% EA] A
ol &t e = b33 2ok

1) IDLE state

T H&o] o]FojAz] ¢k AR 27| o]t)
o] Arefofl A 3= Call request packet-2 A& A1} &
AT J e O E 2 o) F gk wheF Abd W
718 Yot 200 adel 2% AHE5d u Call re-
quest packet& W o7 Busy packet& ¥z}

2) DIALING state

Ab g 710l A AolEgelZ & A g Aoyt
vhehdth IDLE efellr & 2137 72425 0E& o)
ol A E ALY, o el M= 42ke] 9] M3pA
&7} lE" wrix) vk o] 442)e] A E
7h EEE 1 U3 E glo] AahHE "ol oA &
FHE olmd A8 32350 Call request packet&
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receive_packet()

filled_rbd check

L

BUFFER POOL

1) first step

et_rcv()

copy
frame

BUFFER POOL

3) third step

rcvheader

receive_packet()

rcvptr
rcvlen

BUFFER POOL

2) second step

l filled_rbd modify

BUFFER POOL

4) fourth step

12| 3-14. receive_packet T A] o] ¢ A

Bt} 4z18] o AhH 3 E 9] 9l st DTMF
receiver chip(MT8870) 3} 4x4 Fifo chipg o] &3¢
=3

3) WAIT state

AP g7 A Alo]Edlol 2 & A 2 Aoyt
veldth DIALING Atefoll 4 Call request packet
£ Rl 5o o] Aol A Calle] AcceptE 7jvigic},
ghef Aol & 3k5-d 49 Busy packet& &4l3t
Al 5 =H), o] W= Busy Atel g A $sho} 3} Call
accept packetg FA3hH RINGING ez «dg
Fia=3

4) RINGING state

AR BT ol M Aol Ediolg T A 2 At
el Calle] Accept® Fof sfzlabdsle] W&
ST FHEA ARE a7 FA] g gk
ehpabg2 & 4 ek Call connect packet & o
W BYPASS 482 7tH S4d3& Fardtol £3)
2 ¥ 7 Ue dErt "€ o] o B obRHH

1360

STOP ez d&3ich

5) BUSY state

AP g7 A o] Eglola 5 H g H Al
vhERYFLE Call request packet$ HWR S wf Ao
o] ¥ 8}%<¢ ¢ Busy packet2 F4AlsHAl gt} o)
Ahefol M= ARM aghvl g ke & 4 U A
3}419 Hook on &+ 3 IDLE el & 283t}

6) STOP state

AR nL8hol A Aol Eglo)la & MA QA Alolvt
Lhebctel, o] Atefoll A= #3E Hook on A7)
IDLE Abefae A $hat A Fo)

7) CALL IN sate

7l gl A Ao E gl & %3le PABXE 3
A3 2 Falo] el IDLE 4eiel A Call re-
quest packet& Whe-Foff o Hejg e A€} Call
request packetqtol] U&= HEHIE A3 Fo
DTMF Ael g d gha)7ic
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Bx/oAe BAYH AMdugre $HENE AT AolEd] A

8) DTMF state

A7 A Sl A Ao E o] E Eatd AMnETE
F AR g A Jehdoh o] AdelelAe DTMF
generation& & $ol Call accept packet& Wil
BYPASS Aelz AgAZlty, oluf Call release
packetd ¥Wrow 3ty U& F#3tn IDLE FH=
kI Edl=

9) BYPASS sate

T AAo] B o] AelE oba | ubdslet A
Agy] Alelod SAMNZES FAANAEH. F
Al A S A Q¥ SAWNES ofdRIR By
o] PABXE £83 1 PABXAAM L& olg® Al
55 Wo wite] PG U dEsict ol
8mst} 16ms® interrupt7t 22l 64u}o} Bt 1284}
oEH Frloz wrEo] WA} ojue] dalole
ok gmstt lemsAEolth, F4ltke A= sequence
number & 7FA 12 S MG ek olwf FAH 2o}
ol MAY g olAre® o2 Pou Wi}
o) Aro] A Z e}y Hehdte] Callg s dct o3t}

zyFo Hzig Astel A HEE iy o Aol
Ego] & call release packet & BjA E ) AHolE
gloli= o) & wrow AZYHBZE call release
ack packet2 @il PABX ZE HsdS
Hook on%} Fofl IDLE Atel & H#A| 71tk

V. a3 g

Ay 13 413 go| st B AelA= FDDI
Huboll A 1+ Ethernetwtloll 7134 A shet AbA
WE7| 9 AFE Ao|E g olg Ax|dted PN
dyols R oz sty Astd SAANNE
pantolEA 7|2 &gt &2 FA a9t
2.2 (silence) detection Y& AHEEA &
gttt o] & i3] AolE g o] st=slolol LHE F
o] 8msvitt QlE| Y Bt Zel JHPE dE el
H7 H50 Fos dES FAsHAE stk 1
23} 92 oA ghep Aubd siatolol] FdA F3Ht
sbzslthE RE #lsty . Call release packetol
o3 & HAE YAHos FPHAAL dIAe 2E

BYPASS

< A
~
~1i
4 I\ - \hook on
60& ~
\ | . ~
o N call coml'lect received
M, N
e N | B -
I -
ring signgl \ ~ time out
y '
\ v
s 27
H
ZQ‘.‘G -
o - hook on

e \

~
~
~ -
LN P
send call request
WAIT L o & — — -
busy received

12 3-15. State diagram
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= =

TIC 8 >
= c
PC Ethernet %f o Ethernet PC
Adaptor ol E Adaptor

FDDI

SACKET Neth

PC
(gateway)

PABX CIRCUIT Network

A %/

AL AA HE s

243t o} E3loll A FE F v op ATt A} 729} vl s A 4 2ol 7t glAL}. ol & 100Mbps <]

]J

Aagv|dster sjFlwste] 4§ vawshd, A &8 zki- FDDI w9loll Aol 2 A] (ko] A o
A& ApHugvlel e Ao dg gl #JEd ol 2 A E " 45 Avhes Ae s
7} sl 7l a4 shol| M= A fsl 48ttt o] Ether-
net@ A i "alolst Ao = gel, TIC board V.d &
o M Wk sl FEuw el Aoy FHEY Sie
T H kel Al o) 7t ‘é‘ﬂo?%ﬁ{'. ALl =] o atf BomRdde fAHd8AE 71Ee Hada
Za L Lelvh & Fobd ol 2]of y= W x}o] AZA) 771 9 ste] DOSE A}&-8h+= IBM PC ol A
7k glol @ e 87t 7Hs akdvl HolEglols HAsw fH3IAY ol d4+E §

2 5100 R 2lizubel (ro} Aol sol e} o shof AZlapoll o) &ALl Wl V& Hapgo
ZiulAglg & Ethernet$lo] H&1 74 99 18] @ GHAAHr A E e VB & A Ao A 7l
e Aol el M AEadv | o E W ES ksl TIC(Telephone Interface Card) board& A}
€ FDDIE *¢t2.2 7} Hubel Ethernete] % Satgct, stedlolis Wakd g9k A/D, D/A W
JE ez Yoyl St A Ethernet addressy? sy dg/aal wudel DTMF d$d/Fildes
ZAA A% 71 el ofr]o s diolEpEAE o 4 2 Aol ALE ABtA Ha R DS2249 B E S A
. AdEe dinidagiel AolEdelE AME vt sdon FA2 gkHzz MEHHD 7t MES
EthernetWoll FolA afivt oluf AHA2 3 8bits2 A/D, D/A W &s) v A4/44 = FIFO
Ethernet & A\t FDDI%§ /) * chi: Ethernet'd & chip& AR&3tRAE 2l dsir) owl Hstd &
AubA] sk oo wAskAlE ok A @ A JH ‘Hook on’ Al715 o] DTMF =41kl A =) 2l vhH 8}
A she} Aol g o] & ¢+& Ethernet w2l & o] Address& W=t} DTMF a2 o2 1&g
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Bax/aAel BT Abdau gl o] FHEUS 21§ Aol Eslole] 1 d

£ du ALR-Erh

Ethernet & 7%3%+ 282 FTP Ale) sizlz=g
oy A#o] WA Qe FHol AE T3 ol ol &
stach Alage AstE AAY, wEE d¥A
(event)oll wel tiARlE A E Holdw %3¢
t}. 4% BYPASS el g 711 st=do] IHHPE
7} 8ms nhtt A A 64upol EA mFlo g vhgol A
Fat FA8 e S H AR

A8 Ay Abdwdrjel e FAgAel 9
A EA7)150] 2EHE BHon, o|F o]t
A Ao e NS SH4FUNMAR WE
FiR=a

.‘LJ gjo
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