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Design of loudness ratings for an ISDN telephone in a mixed digital/analogue network
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ABSTRACT

In this paper, transmission impairments of an end-to-end connection are analyzed when an ISDN telephone is interconnected to
an analogue telephone through a mixed digital/analogue network. Then, design procedures for loudness ratings for an ISDN tele-
phone and end-to-end speech transmission quality, in a mixed network, are described based on analyzing the effects of two main
causes for impairments, a talker echo and an input level to CODEC, on users ’ perceived quality from opinion tests.

From the results, the proposed overall, sending, and receiving loudness ratings for ISDN telephones in national long distant
calls are 9~12dB, 6~8dB, and 1~4dB, respectively, and these correspond to above the quality that 9%0% of telephone users eval-
vate the transmission quality as above ‘fair’. From the above sending and receiving loudness ratings for ISDN telephones, the
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end-to-end overall loudness rating in a mixed digital/analogue connection is 12.5dB, and the sending and receiving loudness rat-

ings between national ISDN telephones and international switching centers, for an international connection, are 6~8dB and

1~4dB, respectively.
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Futele] dA ZpglAF A dHgS 2T A §
st29 A gsle ol oA, ofgR A A7
29 ol7ld e AAFoln, T Al M=
ISDN #3717} =5z e A%t

o]z} g Al FolA ISDN} ISDN A#7lel =l u
2} 271X 499 ¢ W ©(end to end) AHEIZE
AzZtd 5 Sk 1 F shve ¢ JkiAe] ISDN A3
717F ISDNel H&® H 2 ole A §3=27 g
g A$o #9dtn, E shie ISDN d3ris opd
21 A7 42z ISDN3 PSTN(epd2za/uxg
RS Fi8 F3PEE AFEAM, ole ofdEad
N gAgRe o)l et olF AW A HA
327t g gt e A%, A$R9 &% 34
< 0dBolE=2 ISDNe| 4" ISDN #Hzlr] g
SBAAL AojstH VXY U FHFALE d& £
gk, 3y 5 A9 4, ISDN Azl &%%
7 re Y SAEAE FEHA dAHN A8
£ 9/HA 84% ajstdo} Fth &F, Y @ o
Tl AN Z2REAL oldR e o o) ¢ FAF
A ol 4E HAY 4 Slojof &9, Fdd(opdza A
271 7hdah e 4/24 HaAFe gsiva $9gel
o dAshke 3 WA (DY N9 o A
(ISDN A3l7l) 7iiate] 805 E op7IAlFIAl hopok
9", =, ISDN A}riel CODEC 9¥ #4de #
2o ¥ FR3 G333 A3 FEE AHASA A
¥ = A=E £33 S¥E4E dAseo 07

T[H, ol Eute] FEL A&=wE YAHn
B3 EA B FUHZIE e Aol BN
g A @E FPAFLE BRI dEde AF

3 SriEe AP ¥erth Jen, o 1 dAPY
& A BEnd 2% Ao FRFAL MY
AelA AFE F glolok k. E, A o
7Z12E ITU-TS 34 71&3E FRAEE 3q, F
A7) Az A F4d FU AR wiE
4 slojof & Zolt}

wetd, EfgdA e ISDN A7 3324 3
oA dAR7 AiMe, EUD FAEFe] F
¥2e9 F32 %% 3 CODEC 98 #4o| 71
Aol $3Ed WEE vie P& ool I
o, ol @ Al F# Hrte & F7le) A4 dojd
ate] Fol A G w2} Azt g2A e
e Aol HAEANRE EdE EXHoE HAEA,
a2 EFHE IANER dastodol g

£ ddAe, of2g 4& n#¥std $4 ISDN &
g7)g obd2a A} dA-d/obdras RS
B3l F&E Aeel & o Do $3FY g8 E
ENgta, A4 78 #Hhg B 34 wy o
CODEC 99 #de] 7RI #8532 H&H=d) vlA
' 9T B39, °/§ Ed= A Sy oz
/A EREe Hefvietg ol &3t EFFAAM
ISDN #3719 $344% & o & $3FAL 44
g e Vet

I. egyel 8552 €3

ISDN®] =glel ate} Hzjnpe] opdz oA tjzE
2 Ay 7ta de ohdRa/Oxe EHtde Al
A, o &9 B@Z(LE : local exchange) Ato]dlA 7}
58 Az 49 FHL E 19 2Y, o] A% @
Z9o| [SDN A7t ¥ 29 33 2& a2y A3
g Eod e @ B9 ojdzo A F3x&
He A4 g ¥3FEA €398 4y

1311

www.dbpia.co.kr



168

ELE{I SRR "95-5 Vol.20 No.5

E 1 s gde] @zt 434

Table 1. Types of telephone circuits with exchanges and transmission paths
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1. &%t dt¥(talker echo)
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Aok, G.1219M e FAREAM] FUA £ 2
SHRNAE A3 BEX2ZA SLR 7~9dB, RLR
1~3dBE, @713 E¥A =24 SLR 7~15dB, RLR
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AHgA 38 Hrte AN d4Y £ e @
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HARE 71eWrt
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b & ME F3A Bl sMYAte] wEHEA v
e %€ n¥PcH 1Y 12 484 AHgE 4% #
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tAg M3tz it A (% zo %3
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Fig. 1. Experiment block diagram of opinion test on talker echo

1314

www.dbpia.co.kr



BC/ERgol A2l ISDN #37lel SF37 4 1M

wn

¢
2 3
=
z O—® 20ms
A—A 60ms
O—-@ 600ms
—— STMR 5dB
. e STMR 15¢B
0 10 20 30 40 50 6 70 80
TELR(dB)

18 2. STMR 5dB¢} 15dBY o TELR® MOSe} 4#
Fig. 2. Relation between TELR and MOS in case of STMR of 5 or 15dB
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Fig. 3. Relation between TELR and the cumulative percentage of subjcets evaluating transmission quality as “bad”
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slo}. a3 Ae¥ BRa fTozw Aste LAEA
ol ds}slx & ¥AE CODEC 98 #4e A3
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GAY LMY AR A AY LB
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TX gain RX gain

=

B o 3
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i axy]  FHAIS :

H
......................................... J

1% 5. CODEC 918 #iye] 483z
Fig. 5. Experiment block diagram of opinion test on CODEC input level
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Fig. 6. Relation between CODEC input level and MOS
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&34 TELRE

TELR=SLR(D)+RLR(D)+JLR+B
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EO  ne e R e B0
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XETIXIKiIxXi X e Hx
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pLo i IR IR R o Ho—X

7 5413 RIELEN
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< P 0548 BdB
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X obdz 1 W37y

'g_{ g A
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obd il 2] EO : End Office( 33)
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--gag WEPCM)

3y 7. U A g3 % 2d

Fig. 7. A modes of network of long distance connections in Korea
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14.7km, HowAL & 25kmeltft. A9 FHAL
Al Al F3AE AT 1450 AW FA e
H&o g ol Fojzlin] (HF H&EAE 1,400km.n=5).
o] A%e YARIE 29 73 Zm, ITU-T dxn
G.1149 A$oAd @ HaAXd L AN} o
2" RTDTE 39mseltt.

g, ZA ko] A9 FHe [SDN Hzprizt 43
Tl ol 2 Arie YL B H&E ALE
ZARsE, Fue szt BF dAgR FAH
onz fARdEe 1Y 8% 2ot o, FA AN

F3F FA A(ER)

379 ohgza 44 3Heg ST FyAI} JY
g @3 agrleg FAJEZ(SCIrteldl shte 44
A& s,

Z grde v¥FRe W44 RTDT, RTDT
o & TELR.; ¥ AM2&d 5& Fesld R 24
vehdck, & 2414 By Iu A9 A%< 11dB
2, 24 F3A9 A%ele 16dB(FHA FUAL 4
A gae = UhHE s

® 29 4 (2} ol43& ISDN ##r)9 OLR(D)
o} BE e BEE AGY SE3e JudAE 2

A chain 3t WA (B)

>

SLR(DYL| v H$EA(0dB)

A

=2#] loop &4 = 3dB

I (v

5
f?_<'| 05 [5=105

EO DC RC ISC

- bA_L
- Sk - PRk - KR - 2K

12X——1X!

ISC

- =] F - Xk - X e "37\{?[§

'RLR(D) ' =u A4$&4(0dB)

]
Y05

<1
N oy

J% 8. 37 A(&=3)sk 371 Bel IA) B3 el o
Fig. 8. An example of an interational connection between two countries A(Korea) and B

B2 3 FA 3 4 A B3 wepg ¢
Table 2. Parameter values for domestic and
international constructions

FHEF 3% A8 %
TELR g 14.1dB 21dB
(RTDT) (39ms) (76ms)
JLR+B 19dB 19dB
n 5 7
m 8.1dB 8.5dB
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Fig. 9. Relation between OLR(D) and probability of encoun-

tering unsatisfactory echo

E 9o vebdch 2y 98 olgdtd EwrEaze w
FE ALY B8 @y 2} FHede 38 suFA
o Hagho] 23E £ oot

2.2 EHYolA2l ISDN F2j7| SHEX

T 2Y SIFAL 7129 oldza %o 94
4 042 AURA ATE £ YL AT ofy
27 %9 2¢ $FPAUYG Hol v} 3

OLR(A—D) < (OLR(A)) ax 3)
OLR(D—A) < (OLR(A)) oy (4

& WFatdol gtk 7|4 OLR(A-D)e ofgza
M7= 2EH ISDN 4357 Bgez IH"He © o
@9 3% £3F33, OLR(D—A)& ISDN Agran
Y ohd2a Asy] Bgoz e & o 9 23
88 H0lZ. (OLR(A)) ppe® obE2I A7) 7he)
¥ 3349 Aua(@FA 22N, e

OLR(A~D)=(SLR(A)) ., *JLR(A-D)+RLR(D) (5)
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OLR(D—A)=SLR(D)+JLR(D—A)*+(RLR(A)) nax (6)
(OLR(A)) max*(SLR(A)) may*JLR(A)(RLR(A)) sy (7)

% 23, JLR(A-D), JLR(D—A)2 JLR(A)E 2
Z obdza ARz ISDN d3s] $goz
ISDN Ast/12%8 ohd21 Ast7] 430z % ofg
23 A3 2o H&E A9l 9 o @2 4y FS
£332¢ 909t 29 794 JLR(A-D),
JLR(D—A) ¥ JLR(A)YE FW(Al8]) Es3te] 29
2zt 0.5dB, 7.5dB ¥ 7.5dBe]ar, (SLR(A)) oy &
(RLR(A)) may® 212+ 8dB9 -3dBelt}. zdm=z 2t
4 4 (3. 6) % (DY (4), (5) ¥ (& o437 ISDN
7)) +3 % $3 £3FAL U Fahe 29
7z

< 44B (3)
< 84B 4)

% 2o aeR ERYe 24EA0 JZY ojdz
2 Fe FAEA o4 S BAsy] dAsfMEe ISDN A
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#2719 3% €344 OLR(D)7} 12dBelatoloiol @
o,

2.3'ISDN Hst7|2| &3 g2HA

E¢olA ISDN A7 tEsok e 431 &%
BAL AL F3A g <&, olgmavtel #A
+4E4 B¢ ohg 29 94 Hdel SAFH v
Ae 4= mAsAd . F, $3 £IFPHL
CODECY 98 #dg 23ax oz, obgza A
718 A ALY WE ANE EFA o]ide] AHE &
V=S dRske Aol nigzs?

ol AHgxt & HrrE e HoiydYR -12dB °l
&te]l CODEC 98 43 fA=E 43 $334¢
AA8e A& oudTt. 4 Ayl A44 TRiatg
o] A7 AL A E e FARY WA (F2A Wy
of g AE&A FF HrleM 23T AL %
65~87dBSPL7IA #Xx&xn Uz, & 98%2 A#EE
o] 85dBSPLolstol ¥X3tx sich, A@el AL &
AAge HRAE YNEH HFste APAA
85dBSPL =% A& o, dYel AHEH AA2
$317)¢] 988 9, CODEC /8 REo|xel g4

<+ -5dBV(Fd nRd #de digh ddA2E -
12dB)7t HEE g¥d FE7l9 ol5§ A&, o}
ol A3 o] FolAE $3tete FE(S,)Fs E
4% nefstd 3 $334¢ [TU-TH A3 P.79¢
of& ALrstgt,

Sy = 20 * logo(Vy/P,) dB relative 1V/Pa  (8)

714 P,(Pa)e &3del &% AdesoladAg
48 Steln, ViVie #3199 A7 Qe o] 20
el Aol AdEA, #33FPHFL 4 6dB
olB g

SLR(D)=6dB (9)

ol Ay

2.4 ISDN H=zt7|o] S8 4A

MA@ HEAHRE FHaed PP ISDN
HEAN 7 REFeoF dte $3 2 #3 FFFA W4
& 71€dch ITU-TA wad $32 dhgo] 71g e
BnEze nAe 4% nddd SFFAE 2Pse

Wdle, $3a WEez Q¢ BV AER
F8E JHY H8o] 1% MV o4 P A%
10% owd 444 g3 Evb goeu® s3yAn
MOS9 3#"¢ Jehdle 19 1000 ofgza A3
71 e @AFA] MOS 2.70714&9] 50%7 ‘HE
oY o322 Hridte FA)o HFsE 20dBY A
3 ISDN9 @AFA] MOS 3.5(74&e 90%7}
‘HEoT o]}z Hrtdte FA) HFie
12.5dBY & ol &3t E¥Fe 2R &FHA(SDN
Ao7)s} opd2a A Atele] &34 A)E 20dBel
3z fAsA ISDNY $AEd 4= FHE4E
AZE 5 e dez 44sax sd, Fue FA
(MY E) e Afe BF2el %L NG
ggol 5%°l9 o1& DEHPc}. ol F ol g, 1Y 9
oA i (A18]) B2l 4o ISDN A2rl9 2§
244 L ok 9dB o]Zdolojol ¥} F,

OLR(D)=9dB {10

ol d¥¥e. e AEY, (4, (9) % (108 183
W ISDN Az7e &334 889 28 119
HEY P gEdg.

9dB<OLR(D)<12dB
6dB<SLR(D)<8dB h)
1dB<RLR(D) <4dB

ol Ag@ct oW, RLR(D)e #Age OLRMDY
Hagst SLR(D)Y HdigtolA AAsledol g}, o
¥ 29 10614 & & %] MOS 3.5°14, & 718
el 90%7t ‘REeltt ol For Hrksle F4 ol4d
g 2ate Aol

A% 91el ISDN Azr1e) $3, 43 3349 ¥
A e Ed9e & o & FE %34 (OLR(A—~
D)2 OLR(D—A))R IZW(AlY) F39 7%
12.5dBel g}

TE, 4 (e #3 3 £FPAY WQE o183t
b, qie SAREZAAY JEEFHFe] 0dB(2Y
8)elm2 Fuel ISDN A7 71YAE 2y IAWE
AN £33 EPBAL 6~8dB, +8 SHFAL
1~4dBoit}. o] g& Az G.1119 @7 FEA (3
F#4 A 7~15dB, #3} $¥F¥A 1~6d4B) FIAM %
3 S%AHL o 1dBY AolE HeolAw, 1TU-TAA
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Fig. 10. Relation between OLR and MOS

destn e Mahr] A Mxzea & +3dBE 2
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£49 TELRy, o422 43 sn

(i) £l [SDN Agrier opdza Al A}
ole] ¥ W %5}4 S4EHE Holz ofgR 3
o el & o & SAHEA ol FAER &,

(iii) CODEC ‘il@? #lo] shate] F3FH UF
Eo vlXe d¥gez B CODECH #¥3r7t Az
%+ ISDN Ag7ie %3 FFFAHE AAstd

[SDN ##717t w&Fsiof 3te £33 S3FFH
SLR(D)® 3 &334 RLR(D) ¥ &¢%e %3
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dB A
1 OLR(A -5 D) < OLR (),
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Fig. 11. Desirble sending/receiving loudness rating range
of an ISDN telephone
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