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ABSTRACT In this paper, a improved per-channel PCM Coder with 1-bit interpolation is proposed. The coder
converts a telephone signal to 15-segments y-law PCM signal of a large dynamic range. The A/D conversion technique
of the proposed converter requires a feedback loop around a quantizer operates at high speed, and a accumulater for
accumulating the quantized values to provide PCM outputs. To obtain both linear and compressed PCM signals a im-
proved table look—up method is presented. The operations of the proposed converter are certified through the experi-
ments to be good, The experimental circuit comprises TTL logic gates, a resistive D/A converter and a simple differ -
ential amplifier, From the results of the experiments, it is known that the proposed converter has many advantages to

be adopted economically for per -channel converter used in rural area service,

718 dejdlch, olvl lxg Az AL A

1. A B . -
3 295 o] fo] 3 glom ko &= end
19700 o] = ¢l A&t Fi-¥, LSI, vlolzz —office line%. ©]x|ersl" ZHo] A& FHAAFT
ZeAA JEe FA% e "Y1 54 3= glep
ool Al cbEste) A A5 E sbe HE elxek Az A 23T T-
shAl o Fqlok, 2 Azl SAEAAE ohd carrier line& §3ke] olFojxx vk # &
S /{

22 kAol 4 elxet Ao R Rl A A3 5L A dbankol 4 PAMAe 2 4-E &= ¥

*k

24 Jol &2l & 24 PCM codecol] 4

xet A5 2 upAch 2 A A]—‘?—f{:} o33k

f:ﬁo%e? :l)ift;r‘jti?:ology & Telecommunications Research PAM ’ﬂ_i%‘% ‘LZN‘ /(1 io” ZL = E —?—7}%
Institute, Seoul, 140 Korea =k obvizh A& 7kell cross-talk 7} XLD‘}U} —‘—H]E
SERA 7 K E 15 TR 7= el ool Hkslo] per—channel A/D,D
Dept. of Communication Engineering, Hankuk Aviation JAE 34 o] ) B 25l o] cross;talk
College, Kyungki—Do, 122 Korea {r*ﬂ %‘% ;],say 4-_ ol__ _u;a_ 0]_‘/] EP "13]591

RUEY 82— 07 (S 1982.5. 1)

47

www.dbpia.co.kr



BEAEH AL '82-6 Vol.7 No. 2

7b. B2kl 54, FARF ozt &
7l g F7F ek, 2eiuk 482 A/D, D/AN
oz Adelct A/Dol D/AWELS k= AL
sl24zke] Axu o gl 4 v 5§ A ole)
B =52 o]elg) per—channeld] A 3HEF 1-bit
interpolation A/D, D/A¥ 3tel] kgl A2 4 7+
gt dEel H 2 E o] &, interpolationel] 2js
¥ 213} dynamic rangeoll 4 amplitude s A 57} =
< A PCM(LPCM)A & A8 +&-& HolaL
o] 2} at LPCM-2 companding PCM (CPCM) 2 & u}
© wigker A Fel o] hard-wireduhd] Mot
table look-up¥t4j o] A gfdfeb & Al 418k o},
A3z A5 5% W o] At sxte}l TTL
logic IC& 4 FA3sgdet, A& Ax 8bit CPCM
4] % dynamic range+ °F40dBo|Arsl-& o 4+ o
et olelqt WAL 48] o) chipow T
4ol hsstel o mpAbel Fbssteh, shebd 1

-+

L (o]
L =]

oX

bit interpolation per—channel CPCM ¥ 3} 7]
41 3 2} per-channel A/D, D/A¥ 3luly Z 712
FEHAe wy Fol dhvke «puRcl o]yt
per -channel CPCMA) %= &l 4 48] 5-& 283}
of cbF 3k W A zkok g $olaA ¥ £ UA
el

per -channel A/D, D/A 9 stuldlo )3} t] x]&
AL dAelod dojd gl AFlatzoll 4
THoR A8 4 9oe|et Erf

2. Interpolation A/DY{ gt

=

e
I~

ot o

Candy + 7tekst ok=z} 7] & 7} 2 interpolation
& o] 83te] ok 9] amplitude s A £ 2 o = multi
bit interpolation A/Dw3+-2 A A5} 4 e}, Pinter-
polation A/D¥ 2L ¢ Q|+ cf-F3 2} gaal
%% NyquistF s xwch @ 108 w24 w28
Hgog 4 P ofal A5 E HFS o

il

Clock
Differential amplifier
ot + 1-Bit code
Threshold
- T % Integrater
C @
Quantized signal ¢
D/A 3
~
MsB 1.SB
0 =3 Bi—directional Shift e 1
Register
BSR
y/
[.IPCM output
ACC

&)1 1-bit interpolation 1.PCM encoder &) % &5
Block diagram of the 1-bit interpolation [.PCM encoder

48

www.dbpia.co.kr



3 X7 1-Bit Interpolation2 F|H &t Per-Channel CPCM& 1L kol e BF%

AFel A AR e A 4 Yok
L8 qan=2 " z(t)a
N -1 Nq ne= T nr z
+ e(kT)—e(kT—T) )

A olesh W AE

af2luk ol 2] 4fo] 2] X}OIE N2.g 1} oksbe)
grelet, weld o[22 L stepd FH& sl
gk A gl PCMok=}7]) 2 N-L step& Z#=  ofFz}

Aal
A% FULE ¢+ ook

1-bit interpolation A/D¥ ‘_P—?: multi—bit inter-
polation A/D¥ 25 d e} ¥
ment companding PCM&‘_E% °é,t
2 w2 A3tz 2 oAy HENE AHE
o2 shxslct, 28 12 1-bit interpolation
A/D¥zte] EExoelcl, flaiet Alides 4
ul3F shift—register (B. S.R) & <}-&gtt},

thresholdef] A W4 == 1-bitAl 3 &= J& A3
azlel g AR E Tt ot BSRE o
218t 1-bit codeoll 2]l 4 shiftvldko] o] 5 o
LSBell = 1, MSBollw= 0o] gl&sel, vjxe A
E71E AFGsh WA A Al E o] &5 AR
Arch g AL A u et PHaAlE ¢
BSR3} o 2= D/A3| 2ol 4 WA=}, forward
loopeke]l MY+ §JadAld xo HIAZ got9
g AHEget, Ao AEr Aqg r&odA
sted & olelghs AR HRAZ ¢ 9
BAE Feldl 4 A%5¢ oY BSRE 54 9
dof A3ty o FE 5 glong AT
# A 3uld AFF gheb. thresholdol] ¢lsi L4
Hy 1bitAlEE BAAe 2 488 £5 9
o Aol A E 1B a4 W E Aol

1-bit interpolation2] %)+ Nyquist F 7} F ot
i A ek 325 A43te BSRUWES AE HF
Fogs L HAUALE 2t LPCMAZE A+
Aolck, =3l cycled T #wE| 3}E2 L4090k

Auad 2 AE FE3] U Tl Zoteke g o
< 4 Atk Y AFL HAY D/ANRE <
&3t 20y A Foe wprovy ATl o
S v 2% AEE 2E 5 Yok AT P A
AAR 7140z BTz wlw 2o z]%_o =
Tl dA 9 2355 o+ interpolation Ml

42 2] segment companding ) 3 &} 2}&*%}71]

-~

!

f'

[<]
Qo
T

=]
T

grleb, vl | eFACColl 2}80 Nyquist 7 7]-5<F =3
75 LPCMAIZ = dae|ZFe g s CPC 1§
2 H3g 45 9dAaYLPCMa} LPCMO] 1

1o -gol 51_‘1; 3.24 2] ROM-&
look—uput 4l o] A gatet,

o] &%+ table

3. Segment Companding 2| ®i2|

okzp71 2] 2+ @ Wl ¢ adaptation 4} H Al FT A
o] 3+E-% 33 (PDF; Probability density func-
tion)oll whel 4 AAL o ool F44lze] P
DF+ Gamma PDF £+ Laplacian PDFe| -2}
ghep, @

vE ) il

G PDF . P =
amma e () ey

2

Laplacian PDF : P, (x) =

, k=-£5- : Gamma PDF Al

Ox

i . p—aIx] ]
5 e (3)

wk

a= : Laplacian PDF &b«

oy

Gamma PDF7} A4 TA%Z dx i e v

7t 7k A d AL A2 PCMol 4= Laplacian P

DFe]l 54§ z& p—law =& A-law log—com-

A -85l 31‘4.(6" segment companding <

of 44 ¢l log--companding-2- linear piecewise & -
&z Aol e},

t] 2| &+ companding code X + segment® ¥ L&

F 418k mHE A = ‘characteristic bit’ 9} 7+

segmet QF 2} oFzfstep V& T 4| 5hL:,

panding %

n74 2l ‘man-

tissa bit’ & T4 slo] vl g M4 A
segment T+ M =2%6] 1 7+ segmentQF2| ] ok
2} stepTri= N=2"7 o]t} companding4l 3 X 9
clxlegl 28E L3 VE el
X(L,V)=V+N-L (4,
b, X t| 2B compandingAl 3 €10, 1, -
MN—-U
I . segment®l 3 . €10, 1, -, M— 1!
V! segmentQl 2] stepH 3 . €101, -,
N— 1

companding A1 & X ol o £3}= 43
2E Yeeb b= 1, VE Zdo] shssiet, &
Yo=Y, (L, V) (
oAk step 27l 274 9 °LL xiz’sg e
zkel zkel 2 chga} o] F

49

www.dbpia.co.kr



HEFE A @ '82-6 Vol.7 No.2

A (L)=Y, (I, V+D —
VEN—1

A (1))=Y, (L4+1,0)—
V=N—1

o] 7] of] 4 Ag (1)

Y, (L, V),

Yo (LLN—1),

ol = segment Qkol| A 2] stepL7|l A, (1)
o Vel Fabdlr},

segment u-law & Th-S8

S ot}

7z .
A

R

o} 2] e}

(6)

l

2 segment 5ol 4] 2] step =7

214 8

A, segmenttlt 2ol 4 9l 27 9| segment

2] stepfi. 7] 9]

(1+1)=

£ "‘H Yo (0,

H] =

Ly

A]”H 0(0):

mnzﬂou o2

9o ol el ehg

T A3k

& A% w4 A A4

Y, (1, V) =2~

3714 Y, (L, VA2 (V+N)—

—law 2] R F&H e o)},

ol 4 2| step=1

4+8-9] 15 segment g -255 lawu} 4|

LRI e e

m=3, n=

a =0.5,

A 3b gt

(V+14+a)—N—atc
=Y. (L, V+a)—atc

1712 A4S

ohg
4

sh ek

epnich,

{10

(DILA; decision level assignment)
¢ =0 (midtread)
Z CPCM-2 8bit& T4 o]

= = MSB+

iy =

o

o

Nol =] segment p
aff 7§ ¥ 4= g segment &}

qell A4 ol ezl

’

=, b2 3bit¥ ‘characteristic bit’ &, v}u] 2|
[LSBE Z3'gF 4bit+ ‘mantissa bit’ & }ely
vl o] #{gt 8 segment CPCM4l 3 3= 13bit LPCM
3t F7bolrk.

LPCM2 2 e CPCME % uldy] e olubn
o i okare] el ]38 hard wiredwty] o} &
=3l Al 4l x l bit per channel interpolation A/
15E2 L ardre] AN, & LPCM3k CPCM
ol 1t 1 eh-3o|l™ % hard-wired®F4 el ta-
ble look -upul 4l -2 oj-&-atr} ™ table look up WhA4]
of olek Wzl & 07l 20 el g HEl
7= 128X 12 bit PROM, Memory Address Register
(MAR) ¢} Memory Buffer Register (MBR) &9 %
F-A 5w MBRol 916 Wolxl 22w 12 bit R
OM?®] &2 LLPCMAl 5 ¢ ACC (comparator) ol
A ovslvh s Rl ol £ owbylolel, A&l M
AR ¢ MSBeflal 12 setslv} MBRW£-& MAR
Wl stabsl 22 M gghelrl. LPCM2] =7
i MBRzrab ofsf el s+xb5l MBRzhxs} LP
CM 1717} #relbd MAR®] MSB: clears| ™ L
ok bitvb 1 & setslvh, L t&tﬂ;oi] LPCM 4l &
7k Fiehel MSB bit+ W dla) ot owl TLoeb-g bit
7 12 setslvh, o2&k 3k &2 MAR®| 1.SB7}
AR w7ha] A=l wleld LPCM o 28
i CPCMA1 6.8 oA s},

Z
T

4. 1-bit interpolation A/DH &S| 2] PN

interpolationol] ¢]&f 15 segment u-law PCM-<

counter

MSB
13 bit =
b
LPCM input E
7 5
13 &

50

17
> MSB
5 CPCM output
7 o
Comparator MSH o 7 - 8
0 74 L # B -—f—v—
P a
]
=
7
~ ROM f
m r
= 172 128 x 12
a#l2 oAg <kl

Digital compressor.

www.dbpia.co.kr



i L/ 1-Bit Interpolation& FIHE Per-Channel CPCMZFSf1L #j58oll BHEE B

A7l fsl A= oF 2t stept 1670 o] ofof gbr},
o el 4 BSRL 8bito]ofok ghr}l, ==& cycle 4
S Holx 256kbito] 4ke] ool slc}

Jell e A 5-E 26l AFoR bR 28] 4
g D/ASZE g5l AT g e o
ook gtel, AZAS g chEo AAES
& oF 3tel,

Gnt g1 =2Qn, 040 <8 (1)
Ad el 209 ¢l Htew oz dy
2| A&l of ghe}

(Gnve = qnei) =2(qni1 = qn) (12
o] = segment companding%& A3tz 28 =
7 olcl,

olo} 7ho] g3t A AT

o

o 4
gk 22 segmentcl2] 16ellw F sk E =2 A3k
F7b A ek olE wbEsbe gt & HE 19

ERET-TE

21 349 A% 2449 AFore] wa
The convesion of 3—level to 2—level
ascillation,

contents of BSR [ yquantized | average |binary representa-
(8bit) signal le- | value of | |
vel g, successi- | tion of average
ve (n value

000600000 % 0 _|00000000

2 1 00000001
00000001 1*3‘

1 3 00000011
00000011 47

2 7 00000111
00000111 9§

1 15 00001111
00001111 20—3—

p 31 00011111
00011111 41%

63 00111111

00111111 84—;‘

p 127 01111 1
01111111 769-% 11

255 11111111

11111111 341%

ol R-2RE A Faa +7 ek, wa
BSRZ %4 (+) 2] A7) ekg ixifgk ogleng
H(=)A 5 M Eroggles| 22 A4S AE6te
logic 3| & & *‘1°1§:L°i“‘] (]9| H ()42 E o
S 4 glvb. forward loopete] HE 72| rC e
o=k ceycleF 7] ol AFo R Eokg w H IS B &

= PPN

oj2} zFe]l 1-bit code®

o] &3}

A% A% el e Aol el d )
759 2342 obvlgel,
/(

£3 EENES
#2412 companding 41 3 ¢l ]3] ‘0*01 o3 4l 2}
dtet. o342 wbAdks] glsl 4= NOR 312§
Ap&sked Q) ® Al 3 2| zero crossingF 3}ol| wHel
T 3|84 4 ek ¥mal D flip-flop®] reset
£ AH-&3tod BSRQI —‘i’—ﬂ"ﬂ A okrld = de
Al =

for
3
=
~N

m

F Url,
5 2 ﬂ‘ﬂ' X]%Oi HEtsle 3 A
3t Zrl. BSRE 1-bit codedl|l 23R shift
downg- Ztcl, H12ZXE ALl 249
qikel - BSRU &2 279 g & &%
495 o + vk, web4 1-bitAlEsE B
HE2 downd &7 o, shiftz} doi )7
0;\{ 4 ACCol| loads|olo} &b=] chift upg &7
@] = shift upe] o] Fojx % BSRuW&o A
Coll load%| ook gtrl, $1o} o] 2702 A4 ¢
ZEe] & 164 st a4 7 BSRW£.&
2122 a4y 5] ACCO glge] "l ACCE
A7AE7l ol dl A el B A A e, ACCH) 2| &
eloll A=l ] B2 8kbit/secZ £ ¥ 2L
ol load¥l 5| clear®lch, o] 3/28F% Q&34
el Sl ek,
5. 4#&nt 8 N
1315 O8] 33 o]l TAsksTl 3]
T 4L TTL logic IC, 741 OP amp, LM710
A 59%0] W 2 2%" £z2l2 At =3
ﬂlﬁiﬂi’l gabsk A= g2 FHoghol di gt A
B 24 ‘/HFLH Ark. AlAbA el & A7k
b

ot} N[
E
,Lol

|

w
o

LI

Fn|o_d
N

i
i

O‘qgl;___Q__‘U)\o \o_g ([o

o

{'6}_9_;‘(]»9]» range ™ -5-of] 2|3 A 7] &
qhxl o 3 2 F A=l 2] Eranget 241

N
-

Ark, =gt ey AESE e4dEAIS
sl ol 4| sholsbedch, (AFRl 1, 800Hz 73
A ol
H

Pole B 2k o ot e fu

S/Q. N+l (dB)+= 800Hz7) &+ Fsl+& &
2 cycle clocko] 256kHz, 128kHz<4 = #+7}
Aeb(E 3). A3 WA H4 UTZ] %8
Aeorel Agto 2 sbE-slAe fdt —40dB A 7}z
ol sbeaict O” 429 S/QNaFAHLRY
] dynamic range (28dB o} 4} )= 2F40dB o] 4} o) 2
o?l- _/‘—_ oloh;}

rn:?.

<
O
T

olsl 2 Azt N el EAGd A A= 1-
bit mterpolatxon—~ o] &% CPCM¥ 37| = &4

Asol hel FER AL E

& ATES ¢ A

-2 dynamic range

51

www.dbpia.co.kr



28

C

Analog input J’
» I

"‘“—'Avvv ;}

o)
AN
X

-IH }——ﬁ
‘l“!:?

A'A ‘:q ;.
—

Clock CK,
Comparator
- CK 1-Bit code
M1 D)——-D Q
0
Mse I
c——

<
: )
™~ ~ 3
ﬁ 13 e 13 z
. x %
" N Eamb
: 7 Ny 7 -
1) vi = ;_ =
e o a
YT = 2 g
= < ‘& 2

K
4
g s

\ E o
se{ YT (¢ = =
f Z

1
7
—CK, }3 Load

7

O

CK,

e

O8l3 LPCME oi7] $18F 1-bit interpolation A/D #3312

1- bit interpolation A/D conversion circuit for

LPCM.

www.dbpia.co.kr

— CK,

ZTON L'IPA 9-78, P WBEESR
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