3 %’ SYSTEM AND METHOD FOR ADAPTI NG" - THE TRANSM SSI ON RATE TO THE

Ll NE™ QUALITY AND MODEM SUI TABLE FOR SUCH A SYSTEM
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a transm ssion system for connecting nodens which have
vari ous common transnis- sion rates, and tb neans for adapting the

tranm ssion rate to the line quality. Such neans provides, during a

synchroni - zation set-up phase of a conmunication, for: = exchanging

bet ween the nodens relating to their trans- m ssion rates, provi di ng
a nmeasurenment of the quality of the transm s- sion medi um changi ng
the rate as a function of said neasurenent. The invention also relates to
a nmethod of adapting the transnmissim rate to the line quality and rel ates
to nodens inpl enenting said nethod. 2. Description of the Related Art

Trasm ssion nmedia are subjected to tenporary distur- bance (inpul se noi se,
anplitude jnups) or permanent dis- turbance during the whol e connection
(whi t e noi sgﬁsﬁmmus causes frequent resynchronizations or a high
error rate to occur. The resynchronizations interrupt the data transm s-
sion for several seconds. There is thus the problemof transm ssion rate

adapt ati on between twrhepeasm 1ﬁ%ﬂﬂ%ﬁ%la@%@@ﬁﬂnﬁssfﬁ’%%ﬁ§i&8?&%ﬁg

function of the quallt of the line and of the rate ca
renot e nodefModeRISwhich have yariaug commerntransmissionPrates, and\tp inieans farradapting the

02 2o050 i 188 U 30 H10E BTN, BB el ki
nodens are [doripgacsdt-upiphisecofaa mmhhleaﬁﬂn for:
- e_xchanging information between the modems relating to their transmission rates,
- providing a measurement of the quality of the transmission medium,
- changing the rate as a function of said measurement.
10 - The invention also relates to a method of adapting the transmission rate to
the line quality and to modems implementing said method. _

Transmission media are subjected to temporary disturbance (impulse
noise, amplitude jumps) or pérmanent disturbance during the whole connection (white
noise), which thus causes frequent resynchronizations or a high error rate to occur. The

15 resynchronizations interrupt the data transmission for several seconds.

There is thus the problem of transmission rate adaptation between two
modems (a local modem and a remote modem) as a function of the quality of the line
and of the rate capacities of the remote modem. This is déscribed in Jaﬁahese Patent
Application no. 62-266581 of 23 October 1987, published under number 1-109935. That

20 Application implies that the modems know.each other perfectly well.
' Currently, modems are proposed which are capable of transmitting data at
7 different rates: from 4800 bits/s to 19200 bits/s in steps of 2400 bits/s, for example.
Thus the problem of adaptation to the right rate is much more acute.
The present invention proposes a system which permits connecting
25 modems which have various rates, so that they can niutually adapt their rate.

Therefore, a system of the type described in the opening paragraph is
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Lran‘s,mttlng data at 7 d|fferent rates: from 4800 bits/s to 19200 bits/s in
steps of 2400 bits/s, for exanple. Thus the problem of adaptation to the
right rate is nmuch nore acute. The present invention proposes a system
which permts connecting nodenms which have various rates, so that they can
nmutual |y adapt their rate. Therefore, a %ystem of the type described in

t he openin aragraph i s charagterized in that for connecting a | ocal nodem
to a Pem)tg M& %@Fﬁ Ng: synchroni za- don phase, it further '
conpri ses pt'a%nﬁﬂuﬁ&cﬁﬂﬁteeraﬂ%rnﬁnﬁé?hl@ﬁa EPRothap def i ning:

2 a m ni mum excha , rate’ fdge), which is the greater
of the val ues r atIate_ndn(exchange)ris thesgreater ofthuvx(luﬂsrmteejun(lobﬂ) and rate_

rare_m n( | ocal and rat m re the m ni num acceptabl e rates
for the I(ocal ) ﬂ&%m’“m%@p@ﬁmwmom afe the PIHRIMUEX change
rate, rat$ rraX(e%epmb,rateﬁnfsmelocﬂah&:em&& mrge smal | er of

the values rate max(l ocal) and rate_ nax(renote rate_max-
(1 ocal ) and- ﬁéﬂ@ﬂmﬂ(¢ngraéﬁ.e‘a@heaxmm,soﬂutcept able rates for the

| ocal and rermte V) The stemis also used after
the synchroni zation %ﬁf(gxchapgé)e‘ggﬁ%g ?lg gm?ﬁ@ﬁ‘ ﬂ@ Ri%e] ng the
transmi ssion rat emdefremets), Whéré@aﬁdﬂd:d(total?’ﬁnd memammosesla?a ﬂ{@ﬂhki'iﬂunh

BRI EF DESCRI PEI ON OF THE DRAW NG =~ The fol |l owi ng descri ption made wt

reference to the 26RARANE rates e local pndreraete modems, aespeatively, i t i ng

The r qud ot R Sset JGng SRSt Sy Ret S lahe 8 Gt Al

which is the transmission rate defined by the quality of the transmission medmm.

The following description made with reference to the annexed drawings,
all given by way of non-limiting example, will provide a more complete understanding
of how the invention can be realised, in which:

15 Fig. 1 shows a modem according to the invention,

Fig. 2 is a functional block diagram of the modem shown in Fig. 1, and

Fig. 3 shows a system according to the invention having a configuration
of two modems according to the invention connected to each other.

The modem shown in Fig. 1 is referenced 1, it interconnects a digital-type

20 terminal 5 and a telephone-type transmission line 7. This modem is constltuted based
upon microprocessor units 10 and 11. Unit 10 is assigned to the management of the
modem and unit 11 is assigned to the signal processor which comprises, habxtually, a
calculation unit (ALU) 12, a random-access memory 13 and a read-only memory 14
containing the program of instructions which implement the invention. A first interface

25 circuit 15 makes it possible to connect the modem 1 to the terminal 5. A second
interface circuit 20 makes it possible to transform on the one hand the signals coming
from the telephone line 7 into digital signals and, on the other, to carry out the reverse
operation. Such a circuit is described in European Patent Application EP 0 318 105.
Unit 11 carries out various functions and, more particularly, transmission channel

30 equalization. This function is illustrated by the functional units shown in Fig. 2.

The signal to be filtered X(t) is received on access 45 coming from line 7
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ElIG .2 is a functional block diagramof the nodemshown in FIG 1, and
FIG "3 shows a system according to the invention having a configuration o
two nodens according to the invention connected to each ot her. :
DESCRI PON OF THE PREFERRED EMBODI MENTS  The nodem 1
shown in FIG 1 interconnects a digital-type terminal 5 and a

transm ssion line 7. This nbdemis constituted based upon

tgal ephone-t éﬁﬁ? A L ! s
m cr opr oces &8¢ iy the sum; of 3 paylead sigpal;S(Yanddine-distyrhance B().iEhe-filtengd signal ¥1t)

t he nodem a cdiﬂ#&re% ithSa PREfeRts | i o rjses,
habi t ual |y, %g cal cu gvtltlhgan uni t (%E%? W’ggr@g%%?n#%}é@%né@héﬂﬁf%ﬁ%géh a
read- onl y merror sighdl E@hwhichi adjustshthepoeffickamtsdf ameduatiztionnlter5s; THigHIteARNt
the met hod of the.i vgntion. first inée face circuit 15 makes it possible
to connect L@W'ﬁﬁ@% Y 118 1mpulse responsg) HE,C) whigh depends oa set of epeffigientsoo
makes it $oges ! r hf]fu cBerRd; | l0d.:fLromthe
t el ephone |?ﬁ%&§&ﬁﬁ)&d@gi&?§?m§‘?§% S gg‘g On@;{eh%ﬁg?ﬁgir@ ?%qgézgr%n{’){]t t he
reverse opegradient algomthm aia erroniminimizatiencr i bed i n Eur opean

Pat ent Appl i cation EP Q 318 105. Unit 11 carrieg out various functions and,
in particular, trans %mﬁeﬂéﬂ#&%l‘q Q‘&tfPﬁﬂwmﬁhi s function is carried
out by the functional units shown in FIG 2.

3 The signal to be filtered X(t) is received at access 45 coming from
line 7, and is the sumof a payload signal S(t) and lninne di sturbance P(t).
The filtered signal Y(t) is comp™Parari®i+ Iuﬂ‘?e—fe&éq&e signal R(t) by a
subtracter elenent 50. The result is an error signﬁF’zE(t) whi ch adjusts the
coeffi- cients of an equalization filter 55. This filter is characterized
by its i@)ul se r ons? H(t, C) which depends on a set of coefficients
denoted ¥ €his acBlter coeffigientaad dyiscthe jteratign step. The value of « is important; it is the

gain of the equalizer, and determines the duration of the convergence and the value of

the residual error.
The error signal E(t) is also used according to the invention for measuring
the quality of the transmission medium. The tmnsmiSsion medium is said to be of poor

15 quality if: '

- the instantaneous error ratio is higher than a threshold Si1s

- the mean error ratio over 5 seconds is higher than a threshold Spp, or
- the mean error ratio over 5 minutes is higher than a threshold S,5.
The transmission medium is said to be of good quality if:

20 - . the instantaneous error ratio is lower than a threshold Sm'l, and

- the mean error ratio over 5 seconds is lower than a threshold S, OF

- the mean error ratio over 5 minutes is lower than a threshold Sm3-
Each of these thresholds is a constant factor determined as a function of the
transmission rate and of the corresponding criterion.

25 Fig. 3 shows a system with two modéems 1 and 80 separated by a
transmission medium 85. Modem 1 will be considered the local modem and modem 80
the remote modem. The remote and local modems may have different rates varying in
steps of 2400 bits/s. For example, the local modem 1 tolerates rates from 4800 bits/s to
19200 bits/s, Wher&s the remote modem 80 only tolerates rates from 9600 bits/s to
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coefficients is realised by an iterative gradient algorithmvia error

m ni m zation. The applicable equation is the following: [err] I n which
Cis afilter coefficient and T is the iteration step. The value of a is
important; it is the gain of the equalizer, and determ nes the duration of
t he convergence and the value of the residual error. The error signal
E(t) is also used according to the inven- tion for nmeasuring the quality of
t he transni $44Qhbitsés)i It is thus aecassary that she changes ofithesrateairemain dompatibjeowith

Sorr)” 't the HOGrmER P G U HRIBLoL e iauissof] g dnte optideration.
threshold Sferr] or = Firkofite SoGing 3hicd vAll Bo QUL e s hi gher than a

threshold S[err]. The transnmission mediumis said to be of good quality if:

t he inst ant Btesunlesalor ratio is lower than a threshold S[err], and

the nean grror ratio c IS than.a threshold S[err],
or t he %ean error r@i‘ﬁ%‘ug‘vg g&gﬁtﬁh@égqﬁ%f “Ran a t hreshol d
S[err]. Eachatemmak(leca):t hresholds is a constant factor determined as a

function of the transm ssion rate and of the corresponding criterion.
FIG 3 shows a systenf@KimMim fale Aeceptabletothe loal modeak at ed by a transnmi ssion

medi um 85. Modem 1 w'fﬁes@%aluggpgéegﬁ’r ﬁggge,ﬂ@ohﬂgﬁlomggwﬁ c!em 80 t he

renote nodem The renote-an nay ’have rates
varyi ng i n Foeflmt ofatterj(Beteiis;s/ s. For exanple, the local nobdem 1 tolerates

rates fr 4300.b:’ts/s to 19200 bits/s, whoreas the renote nodem 80 only
tolerates' r g ®5600 bits/s to 14400 bits/s. It is thus neccessary

that changes of the fiim APdop@HBI Y fontli indddf, Todems while  taking
e quality of the transm ssion nediuminto consid- é&ration.
rate_max(remote):
maximum rate acceptable to the remote modem.
These values depend, by composition, on the remote modem.
15 rate trans: real transmission rate at a given instant, .
rate_opt o optimum calculated rate dep_ending on the quality
of the line for the direction of transmission
from the remote modem to the local modem,
rate_min(exchange): minimum rate common to the two modems,
20 rate max(exchange): maximum rate common to the two modems,

a. -  Before the connection is switched on, the parameters are initially set as follows:

rate_min(exchange) = rate_min(remote) = rate_min(local)
rate max(exchange) = rate_max(remote) = rate_max(local)

25 b.-  After the connection is switched on (by the signals R1, R2 transmitted at 4800
bits/s, as this is defined by the V32 standard of the CCITT), the local modem
knows the tolerances of the remote modem and the remote modem knows the
tolerances of the local modem.

Thus one has: _ o
30 rate min(exchange) = max{rate_min(local); rate_min(remote)}

rate_max(exchange) = min{rate max(local); rate_max(remote)}
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4. First of all the following rates will be defined: (1) rate_mn(local):

m ni fum rate acceptable to the | ocal nodem (2) rate max(local): maxi mum
rate acceptable to the | ocal nodem These val ues depend, by
conposition, on the |l ocal nmodem (3) rate_mn(renote): m nimum rate
acceptable to the renote nodem (4) rate_né8x(renote): maxi mum r at e
acceptable to the renote nodem These val ues depend, by conposition, on

the renote nodem TRtS)rang = 4800 biss/s whielis the saterdefined by the standard atjthecstart).

i nstant, (6) @izf‘a : E_i[{qf' yn cal cul ated rate depending on the quality
of the |'II1F’16 o?ﬁ?rygcﬁéc ion of transm ssion fromthe renote nodem

to the | ocal nodematefopy +atate_tramy exchange): m ni rum rate comon to the
two nodens, (8) rate exc e).: Jraxi numrate conmon to the two
nmodens, Bef‘?f'a@t? W&%M%ﬂgﬁo@m&mms apANgfyr aneters are
initiallysgset as I : I _m n(exchange) =rate_m n(renote)=rate_m n(o-
cal) rate_max( eﬁé’ﬁ% gtg‘tﬂgkrg}ax( renote) =rate_nmax(|o- cal) Af ter

t he connection i s ratejminfexchange) &y rate¢rans gnal s R1, R2 transnitted at 4800
bits/s, as this_ is defined hy the V32 standard of the CCTTT), the | ocal
nodem i s tol'@“’t’ﬁl ?%\e‘é“r!m%dﬁéh%ﬁﬂf’w& Hong3gMetind t he rempte nodemis
- told the tol erancese@pt wgatg%ﬂ% modem  Thus one has:

rate_m n(exchange) =max{rate mn(local); rate_mnin- (renote)}

r at e_max( excbangeyatpimax(exchange) C+ satelttans rate_ max(renot e) }
rate_tr aﬁﬁzﬂocamutlﬁ{o% A’MS r(‘)piirsnu;nhre}lteg %e% rgo fdiirrég y ngetng %n the capacities of the

modem. The following holds: |

If the quality of the line is considered poor, an optimum rate rate_opt is defined as:

rate opt = max{rate_trans - rate variation; rate_min(local)}
If the quality of the line is considered good:
15 rate opt = min}rate_trans + rate variation; rate max(local)}

where in practice the rate variation is 2400 bits/s.

The first synchronization of the modems is always effected at the rate_
max(exchange). When the rate is lowered, rate_max(exchange) assumes the value of
rate_trans. The rising of the rate is thus blocked. To avoid the blocking in the case

20 where the criterion of rate increase has been adhered to for 10 minutes, and if the rate._
opt is not higher than rate_max(remote) nor than rate_max(local), the value of rate_
max(exchange) becomes:

rate.max(exchange) = rate_opt.

In order that this chémge of rate can be effected, the synchronization

25 sequence is relaunched and said signals R1 and R2 are used to make this change
possible. : ' |

Thus, due to the method, the optimum rate calculated by one of the
modems is taken into account and is imposed on the remote modem only if the latter is
in a position to accept. The advantage of this is that the decision can be made by either

30 of the modems and thus solves the problem of dissymmetrical links.

This makes the procedure highly flexible, but also reliable, because each

e
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stantlard at the start). The rate may be changed if: rate_opt=rate_trans
The rate is to be lowered if the follow ng conditions are net"
rate_op<rate_trans rate_m n(exchange) <rate_trans The rate is to be
raised if the following conitions are net: rate_opt<rate_trans

rat e_max(exchange) >rat _trans 6The cal cul ati on of the optinum

rate does not direct depend on the capacities of the nodem The follow ng
hol ds: | fm‘?‘%@ mirqymﬁa? the, acaeptable; mtes dysthe semateynodem and willinot ask at e

rate_opt is cﬂﬁ‘ée’%ﬁ?nﬁmﬁ?t e _opt=max{rate_trans-rate variati on;

rate_m n(l o- the quality of the line is considered good:

r at e_opt =m r}Example ofnuse (seeFigaB) at i on; rate_max(Io- cal)} where in
practice the rate varjatjon is 2400 hits/s. The injtial synchronization
of the nodens is al vvagtsw’é]f&emﬁec&?d bmodem 1,has the fallowiag ratgyrapacities:r at e
is | ow esedo20dbRs/HRS eln £, _ 34% . osLrans. The
rising of the ‘r)gPe S ?ﬁ?gbb o’ci“ed. %Eﬁ;s\%!i gﬂgfggmﬁﬁgt he case where
the criteri dihedransmissionrediumebetweenbmeder dhemartist modem 80Gs degratied andthén]

LD 12t e OPk2 oy MRS, HRAglG'5 oL Sggh) 107, Lhan Tale k(T ocal),
order that (Hyré afe)theGesullant Madgedf i@ rifef ected, the
Modem 1.
10 rate_max(local) = 19200 bits/s
rate_min(local) = 4800 bits/s
Modem 80.
rate_max(local) = 14400 bits/s
rate_min(local) = 9600 bits/s
15 STARTING SYNCHRONISATION
Modem 1. _ "
rate_max(remote) = 14400 bits/s
rate_min(remote) = 9600 bits/s
rate_max(exchange) = 14400 bits/s
20 rate_min(exchange) = 9600 bits/s
rate_trans = 14400 bits/s
Modem 80. | |
rate_max(remote) = 19200 bits/s .
rate_min(remote) = 4800 bits/s
25 rate_max(exchange) = 14400 bits/s
rate_min(exchange) = 9600 bits/s
rate_trans = 14400 bits/s
1 : RATE_OPT = 16800 bits/S -
80: RATE_OPT = 12000 bits/S
30 i
RATE REDUCTION BY 80

(LT
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synchreni zati on sequence is relaunched and said signals RlL and R2 are used
to make this change possible. Thus, due to the nethod, the optimumrate
cal cul ated by one of the nodens is taken into account and is inposed on the
renmote nodemonly if the latter is in a position to accept. The advant age
of this is that the decision can be nade by7either of the nodens and thus
sol ves the pr f di ssymmetrical |inks. Thi s nakes the procedure
highly flexible, but also reli- able, because each nodemis infornmed of the
accept abl e r aates may(exbieangeyred 2000058y and Wil 1 not ask for an unac- ceptable
change of rat . Exanpl e of use (see FIG 3) It will be
recol | ect ed t‘ﬁf&-%mgﬂzﬁ Q600 tits/sl owi ng rate capacities: 19200 bits/s to
4800 bits/s, Cerigdem 8Q .bits/s to 9600 bits/s. Assune that the
transm ssign lﬁn‘tgfii umin the lém&'?%n from modem 1 towards nodem 80 becones
degr aded ahd Modem 8@ t er several minutes, the quality is restored again.

Here are the t?sr%{#(anthéghfinges of the rate: Modem 1. rate_nmax(local) =
19200 bi t/s rate i eaese)=12000bitsist s/ s Modem 80. rate_max(local) =
14400 bi ts/ s ratatminfexehhrfpes'D 950 §RYS DI 1S/ S |

rate trans = 12000 bits/s
1 : RATE OPT = 14400 bits/s
10 - 80: RATE_OPT = 9600 bits/s

v
RATE REDUCTION BY 80
Modem 1.

rate_max(exchange) = 9600 bits/s
15 rate_min(exchange) = 9600 bits/s
rate_trans = 9600 bits/s
Modem §0.
rate_max(exchange) = 9600 bits/s
_Tate_min(exchange) = 9600 bits/s
20 rate_trans = 9600 bits/s
1 : RATE_OPT = 12000 bits/s
80 : RATE_OPT = 7200 bits/s

)
NO CHANGE OF RATE
25 THE QUALITY OF THE LINE BECOMES GOOD AGAIN
Modem 1.
rate_max(exchange) = 9600 bits/s
rate_min(exchange) = 9600 bits/s S
gl 2 ——
o bits/s This Sheet Has Been Re 1
Modem 80. ' I ’"I, i
e a0 W
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STARTI NG SYNCHRONI SATION Mddem 1. rate_mn(renote) = 14400 bits/s

rate _mn(renote) =9600 bits/s rate_nmax(exhange) = 14400 bis/s

rate_m n(exchange) =9600 bits/s rate_trans = 14400 bits/s Mddem 80.
rate_max(renote)= 19200 bits/s rate_m n(renote) = 480 bits/s

rat e_max(exchange) = 14400 bits/s rate_m n§exchange) = 9600 bits/s
rate_trans 44 bi.t s/ . Modem 1: RATE_OPT = 16800
bits/s rate,_min(ex q‘%em%@"&#f’é_@T = 1000 bits/s RATE
REDUCTI ON BYad il 80 Modgob bits/s ' at e_rrax(exchange) = 12000 bits/s
rate_m n(exchange) =9600 bits/s rate_trans = 12000 bits/s Mdem 80.
-continued rate_max(exchange)d 1RAJE BPTs ~s 12000 bitsts n( exchange) =9600

bits/s rate_trans = 12000 b Modem 1: RATE_OPT =
14400 bits/s ‘%bTE-rS!&E TH2000 BHYS8 hits/s

RATE REDUETI ON BY MODEM 80 I\/bdem 1. r at e_max(exchange) 9600 bits/s
rate_m n(exchange) = 9600 bits/s rate trans = 9600 bits/s Modem 80.

rate_nax(exchange) = 9600 MONITORING OF THE RATE RATE_OPT (¥)
FOR 10 MINUTES
| ‘
1 : RATE_OPT = 12000 bits/s
10 80 : RATE_OPT = 12000 bits/s
RATE RAISED BY 1
Modem 1.
rate_max(exchange) = 12000 bits/s
15 rate_min(exchange) = 9600 bits/s
rate_trans = 12000 bits/s
Modem 80.
rate_max(exchange) = 12000 bits/s
rate_min(exchange) = 9600 bits/s
20 rate_trans = 12000 bits/s
1 : RATE_OPT = 14400 bits/s
80 : RATE _OPT = 14400 bits/s
V
MONITORING OF THE RATE RATE_OPT (%)
25 FOR 10 MINUTES
. .
- 1 : RATE_OPT = 14400 bits/s
80 : RATE_OPT = 14400 bits/s
)
30 | RATE RAISED BY 1 OR 80
Modem 1. | |
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rate_m n{exchange) = 9600 bits/s rate_trans = 9600 bits/s

Modem 1: RATE_OPT = 12000 bits/s Modem 80: RATE_OPT =7200
bits/s NO CHANGE OF RATE THE QUALITY OF THE

LI NE BECOVES GOOD AGAI N 7 Miem 1.
rat e_max(exchange) = 9600 bits/s rate_m%) exchange) = 9600 bits/s
rate_trans = 9600 bits/s Modem 80. rate_max( exchange) =960 bits/s
rat e_m n( exoieumpx(exchamgs) =ildd0Q bits/sat e trans = 9600 bits/s

Mbdem 1: _bj Modem 80: RATE_OPT =
12000 bi tslg"”%(e"c%%gp G oF THE RATE RATE OPT (¥)

FOR 10 M NUMES trans = 14400 bits/svbdem 1: RATE_OPT = 1200 bits/s

Modem 80: RATE OPT = 12000 bits - RATE RAI SED BY MODEM 1

Mbdem 1. M‘Hﬁﬁl_ﬂﬁx(excahange) = 12000 bits/s rate_m n(exchange) = 9600
bits/s q a}ﬁt%ﬁa&chafge}&oqm& Bﬁé@ Modem 80.
rate_min(exchange) = 9600 bits/s
rate_trans -~ = 14400 bits/s
1 : RATE_OPT = 16800 bits/s
80 : RATE_OPT = 16800 bits/s
10 . 4
NO CHANGE OF RATE

It will be noted that to avoid an incessant weighing between two adjacent
rates, the lowering and rising thresholds are defined for each criterion with a hysteresis
15 of 0.1 between the two thresholds (i.e. about 3 dB).

* the error ratio is satisfactory for this duration and a rise of the rate is
considered).
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rat e_m n{ exchange) = 12000 bits/s rate_m n(exchange) = 9600 bits/s

fate~trans = 12000 bits/s 1: RATE OPT = 14400
bits/s 80 RATE_OPT = 14400 bi ts/s

MONI TORI NG OF THE RATE RATE_OPT (*) ——FOR- lO_MLNUT ES
1 1: RATE_OPT = 144080bis/s

RATE OPT = 14 its/s RATE RAI SED BY M%
Modem 1. é.Lét(i&;ﬁﬁx(exchange) =14400 bits/s rate_m n( m
bits/s rate _trans = 14400 bits/s Modem 80. rate

14400 bits/s rate_m n(exchange) = 9600 hits/s rate_trans

bits/s Mbdem 1: RATE_OPT = 16800 bits/s
Modem 80: RATE OPT = 16800 bits/s [err]
NO CHANGE OF RATE It will be noted that to avoid an incessant wei ghing

bet ween two adj acent rates, the lowering and rising thresh- olds are
defined for each criterion with a hysteresis of 0.1 between the two
t hreshol ds {i.e. abouTraasmE;:on systemt fioe connegting modems which hmvarmuyoommqrw S

duration ‘f’mﬂ'ar‘fi1 il ssion 9ate§ rtgtxﬁeaﬁ fo Oad%pgﬁg ﬁ'l%) transmission rate of these modems to
the line quality, comprising first means used during a set-up phase of a communication
for:
S5 - exchanging information between the modems relating to their transmission rates,
- providing a measurement of the quality of the transmission medium,
- changing the rate as a function of said measurement, which system is characterized in
that, for connecting a local modem to a remote modem which implies a synchronization
phase, it further comprises second means used prior to the whole synchronization step
10 for defining:
~ a minimum exchange rate, rate_min(exchange), so that:
rate_min(exchange) is the greater of the values rate_min(local) and rate_
min(remote), where rate_min(local) and rate_min(remote) are the minimum
acceptable rates for the local and remote modems, respectively,
15 - a maximum exchange 'rate, rate_max(exchange), so that:
rate_max(exchange) is the smaller of the values rate_max(local) and rate_
max(remote), where rate_max(local) and rate_max(remote) are the maximum
acceptable rates for the local and remote modems, respectively,
third means, used after the synchxfoniza_tion.stage, for establishing a rate_trans value
20 which is the transmission rate defined by the quality of the transmission medium.
2. .System as claimed in Claim 1 for which certain modems of its modems
satisfy the V32 standards of the CCITT, characterized in that for these modems the
information signals changed are the signal R1, R2 of said standards.
3. System as claimed in Claim 1 or 2, characterized in that the quality is
25 measured via the error signal controlling th'e. echo cancellers. -

4, System as claimed in one of the Claims 1 to 3, characterized in that it
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Ve cl ai m 1. A nethod of operation of a transm ssion system V\:hl ch

incl Udes a | ocal nodem a renpte nodem and a transmis- siis WBesnReplaced
which data is transmtted there-between |n both directions;

having a plurality of accept- able transm ssion rates at le

whi ch are common to both nodcns; said net Add conprising the steps o

during a synchronization setup phase prior to data transm ssi on betvveen

sai d npdenscomprisesaate changiagimeans conditionedhaothefact that th; valverrateaphg- lies

i nf omati on bet ns

I denti fying nE3fe ?‘?‘g‘?ﬁgi’n&g&e %@és merﬂpﬁﬁﬁngﬁ%é ?ﬁéf' a@%@c‘gg%&ﬁ%f&‘b"t a
trans- lin&'qgality Tor fieaditection of tran@iission frond the@niotd middemi torthé| ekl t y of
the tansm s- sion nediumin each direction, and based_thereon

det er ni ni ngmagemsERie0ph RaYIng heoyalyepbmte. transplug Or minus Fate; Mariation; aherenrate,c h
di rectiory @@Ha on_is'a variatiBa ¢ HOrad'td A&%lfehzﬂg the HRdRf %ﬂaﬁlgnﬁgﬁ{&ﬁﬂd}%h%ﬁg

for ransm SSi on over sal ransm SSiI on

function of tirarate being providedfos effestinga iowering of the rateiibraté optsidildwer than rate_
synchrom zation se%sg.aﬁhase i.) determ ning a m ni mum,exchange rate

which is th&ansand n(exghange)ds Jowerthan fate &3h%And provided farraising the rate
rates of bOiPm@oﬁ%fﬂgggﬁgﬁ %e Nehns and 'rhte fiBIEL éﬁgﬂﬂﬁeé? g%ﬁbf%%%&ﬂ%ﬂe rate

which is th max! mum accept a sm ssion fate
of both of $Sai d nodenMethmdcof coﬁ)xedtmglthe\mugemalvdnslyha\hrmomammmmmatqs and

phase, t ransm ss| rat.e betyween said d sp as to
conf orm ?@ gg?‘gam "f’ﬁlﬁ?ﬂ np,sgﬂgmtg aﬁ %p“smggﬁfﬁo‘(ﬁ‘?gch i's
consi stent Esutilifed Auinpas@&nh hase@]awm@ﬁ@dﬁ%ﬂge rates of both of said
nodens. : met hod as cI ai rredpl n claim1, wherein in step (A thereof:

the transm semhanqqaf mfynoatmnhlelattmgst,mtl%ram betweenmthegnodemseval uat ed as
being eit her 0O el Lr when the transm ssion
quality of t Mﬁ?gée&?f% rfn@ﬁ t%ﬁfmﬁmgndﬁ‘e%n‘gﬁ on fromthe renote

medi um t o t hehange of the rate as a function of said measurement,

15 "which method implies a synchronization phase for connecting a local modem with a
remote modem, characterized in that before the synchronization stage there is defined: |

- a minimum exchange rate rate_min(exchange), so that: rate_min(exchange) is the
greater of the values rate_min(local) and rate_min(remote), where rate_min(local)
and rate_min(remote) are the minimum acceptable rates for the local and remote

20 modems, respectively,

- a maximum exchange rate raﬁmax(exchange), so that: rate . (exchange) is
the smaller of the values rate_max(local) and rate_max(remote), where rate_
max(local) and rate_max(remote) are the maximum acceptable rates for the local
and rembte modems, respectively,

25 and in that after the synchronization stage fhe rate_trans is established being thus the
transmission rate defined by the qualit)" of the transmission medium.

6. Method as claimed in Claim 5 for which the modems satisfy the V32

standard of CCITT, characterized in that the information signals exchanged are the

signals R1, R2 of said standards.
30 7. Method as claimed in Claim 5 or 6, charactenzed in that the measurement

of the quality is carried out on the error signal which controls the echo cancellers.
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|.ocal_ modem i s eval uated as bei ng. poor, the optinmm trar]srrj ssi on rate
i'n such direction is determ ned as the greater of (i) tThs SkeanHaaBeen Replaced

il

acceptabl e transm ssion rate of the | ocal nodem and (i l““ OI 'III II
: cal nodem

di fference between the then existing transm ssion rate a .
transm ssion rate variation which is 13l erable to the lo

when the transm ssio ality of the transm ssion mediumin a direction
fromthe refiote mdemoflﬁ’é claimgd in one f the Glairos A fa (7 ¢haracterizedyinythatithet he

optimum t lof $4 i AN | I_n he _ |esser
of (1)t he AABElOF i s BN ORATH| the Thdt ol B vilhie SR ST T Book R mte- 20
(ii) the sutrans, wheee riteoptisi the optimumt ratedetersisined) on aheebasivlofSthe dinerquakfy fop! on
rate vari at whi CP is tolergble to the |local nodem and the initially

sel ect ed tr%%@g?%ﬂ frapsmission, the regote, modem tp)the Jocakmodem; mte opten t he

opt i mum rat Rayj X680 ot (S BIBE o il i Vb YRR 3"
nodens ar% E%tdri]g Fﬁvea\r[ t?]alr'#%' e i?}lggiog y selecte Fh?@;gﬁ l(\aan !tilt()§:i IP S
rai sed whenvariationfithe nate olerated by gie\modem,chiateedtangin_gar_lehln}s flbemg}’:prb?idgd Ifél: e
' ate.
S om;ron*t 0 bgﬁgcﬁng a o%ve”%ng 'of tl?eO}aQe ;}I lgthe?c;pttié1 ﬁ)réve:trh Ipalté_{rgns ansreatee_C ea T
min(exchange) is lower than rate_trans, and provided for raising the rate if rate_opt is

higher than rate trans and rate_ max(exchange) is higher than rate trans.

10 9. Modem comprising first means used during a set-up phase of a
communication for: _

- exchanging information between this modem and a remote modem relating to their
transmission rates,
- providing a measurement of the quality of the transmission medium,

15 - changing the rate as a function of said measurement, characterized in that, for
connecting this modem to a remote modem which implies a synchronization phase, it
further comprises second means used prior to the whole synchronization step for
defining:

- a minimum exchange rate, rate_min(gxchange), so that:

20 rate_min(exchange) is the greater of the values rate_min(local) and rate.
min(remote), where rate_min(local) and rate_min(remote) are the minimum
acceptable rates for the local and remote modems, respectively,

- a maximum exchange rate, rate_max(exchange), so that:
rate_max(exchange) iS the smaller of the values rate_max(local) and rate_

25 max(remote), where rate_ max(local) and rate_max(remote) are the maximum

acceptable rates for the local and remote modems, respectively,.
third means, used after the synchronization stage, for establishing a rate_trans value
which is the transmission rate defined by the quality of the transmission inediurh.
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