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Abstract

In this paper a new algorithm named modified delta modulation (MDM) for encoding
filter coefficients is proposed. And this paper presents the designing method of multiplier less
FIR filters using proposed MDM algorithm.

In the delta modulation (DM) system the quantization levels consist of two levels £1, but
in newly proposed MDM algorithm quantization levels are extended to many levels O, iZ“,
n=0, 1,2 ....

It is recognized by the result of computer simulations that frequency response of multi-
plierless FIR filters designed by MDM algorithm is relatively good. And comparing with con-
ventional FIR filters on the number of hardware devices, this filter needs a little increased
memory, but regardless of filter order it needs only one multiplier which is used for signal

scaling.

I. * ®

FIRtA=gde & RESS REMHEKEST B2
A 732 AT, FHEE] BWe el 2 dHow
5o} glch FIRYe & A" e AAgE Fol: v

< F2 REL A $AY REEKE Folv R
*EFH, HaOARKZ THAR BTIEH

(Dept. of Electronics Eng., Myong Ji Univ.)
*E®A AIABK TS ETI%H

(Dept. of Electronics Eng., Seoul Nationa! Univ. )

BSHT 19844 118 7H

(213)

gul, 2 Fololld= A/DEBRER L DME o] &3]
€ Ho| A& At ftch. DME ©1 &3 Wl
= ANERE DMLl 759 YelthmE DM
Aibsls ALY 2352 vy 4 AU

ANESRE FFRML3HE 293 Lockhart!V'7} analog
Al ZE filtering 3=l LDM(Linear Delta Modulation)
< ol&sH o HE S analogWt 22 3] analog
Az g 293t9h. Lawrence®t Newcomb!* ©] ADM
(Adaptive Delta Modulation) & o|&3}7|x geono,
Peled®} Liu''t LDM$ AM&-3lx $4E 32 4+
W © 2 |ookup-table® ©|& 3t}



1985 S5A WTIMEE H 2% B3R

Pe A 4§ ¥53lsle 2$2 Bateman® Lin97}
DMH WEFsE 2ol 0 & F7hsled e A 55 FA8
t}. =38 Prezas® Locicero®¥ ANEERY HFK
£ FAlol ADMAP-5 33l He| & AdYch

ANEY F-Sstel Ay RlETR DMEA & 29,
DMe| 4o olsted PCMo} HS$2ch BRBRBEML
Folob vlxd AE 48 & Uk AN BXF
B} system clockAHB 2 FAl]l 2AolA, analog
A1z 5 H3388le Aegd ¥ analoghli e €&
£ 7Afole A7t gov, olu] FojA YA
9 7%+ interpolation® decimations Al# o} &
7] af ol AlLg)o]l Babaiz] L aliasing BE7H F7t
et

A RN E RE Faitstd FIRYe| & A¥
e Wy zA, o REAREL dn2EE Addch
U s 29 EEK(Q2n=0.1,-)2 3=
24 AR x| Yoty slwdl, 273 ofW 49 F
& 2 4% n-bit shift 3t Aol F3 Al Fce
ol £& o|&3 AHeojrh

HRBE 29 WEREE Fbse Wwyow Aats)
¥ modified delta modulation(MDM) & DM Al "] €]
BTEEs & +4% Heold, aeli MDMYTEE S
ol &3t el E AL MDM - coefficient ~ filter
(MDMCF) 2 ¥27l2 dvh. =3 Ye|lEE 2icsl
317] H3te] FIRBRAESMIHAe oA A3 RS WG
(symmetrical) =X ¥ (antisymmetrical) A42-&
utE 3 E 2 A gk

I. MOM et12|&E

Slope Overload error

Total Quantization error

Granalar error

—e MSE

— Step size

a7 1. DMAl2" Y BT (LB
Fig. 1. Quantization error characteristics of DM

system.
312 DM E4ez24, DM9 BTEET
granular®Z ¢} slope overload®B# 2 +HE 4 Urh

step size’t #& 4% granularffZE+ #4529t slope

17

overload®:FEXR el FA3 ZF7+3tR, step size?t &
42 slope overloadi/L#ER 2 7+4 3= granular

e Fohao,

z(n) =xh—1)+A - cln—1) (1)
eln) =zx(n)—z(n) (2)
c(n) = Sgnle(n)] (3)
z(n) I ANAZ
x(n) @ ANELAZ
=k e(n) @EAL

c (n) :DMIFE

A I step size
Al (1), (2), (3)o- LDMAl<" 2] §2& viet
Woled, A(3)dld 3y ste} ZHo| LDM & HhH%
e 184 ASELUEE ol W27 HEE Al B step
size7b "reh olH/E 0% 279 ofeivtx i £¥
Sto A USRS BUMBRLE 028, RAMME
MAE a8 7ol MDMolth o714 M2 2rokzl st
o 225 F AdAF2Mg Mol 89 H54 okt
EHS b5 (A (4))olA viebla, a2y Al

e 9] blockdiagram-& vtepbdct

c(n) = 0 for | e |=0.5A
Sgnle(n)] for 0.5A<]| e |=1.5A
2-Sgnle(n)] for 1.5A<|e|=2.5A
4-Sgn[e(n)] for 2.5A<| e]l=3.5A
8-Sgn[e(n)] otherwise (4)

_cln)

@2, MDMAl AR S] B &5
Fig.2. Block diagram of MDM system.

MDM-& LDMoell uldled ZALALZ S R/pMfr7t 0
olzg &1 9 granularBEfRAA a7t zolx|
£ ugoz AT, HAMNTZE MACIEZ slope
overload B Mgl %= 27 Ztelx & wtgtog 7
Adsize 2BTLHAXS F4H T, dynanic range T
gAslE gzt Yok ol A ADMAlA step size®

{214\



18

WA 7= A e mAdeld), ADM S BHER7H
F10l22 step sizeMEME °] Y33, MDM &
BFE o2 A=Z 322 4 step sizeMfE ] Y
g glch

7% MDM 2 DM ¢ o4l 1bit#5dk7t ofd
multi-bit FFEE{b ol 22 @fFol A o] Eotsk o Xl
¥ st $2 @&x REU, & RolA At

7 obx) Folal AlA®W 2 impulse response® ¥#3

stebod WelA4F ARos dnAZoz  olgIE
A olct,
el {HF x(n) & MDME Sl HEHE

ol ELUESR & (n) S HAES o(n) 2 (1) 2
shof ohg3t ol vebd 4 ek

) =4 B c®k (5)

8122 ¢n)d -Bmoz Ye FHUEW z(n) o
z-MlE 7T 4 ch

R = L2 (6)

e C(z)= n:,Zi_‘,mc(n) 2 "

DM o/} MDM & AJifastel BLE & 7Bl she 2
olmz, A(5)olA Mt vish ol WABRE BH
shol AEMUAM S @dvch shAshA 2 MDMARIL &
g U E AR RHBE ARl B @
4 sleh

M. FEEERit 3 MDMCF

[HG | ={1 Qu=]0]=0 (7)
0 otherwise
ha(1) = Sinﬂc,’:t—Sinﬂmt (8)

duiH o g Fal4g-Egle] A (7)7 g ol4Ad &
€] 2| impulse responsex A (8)# Fo| 347t =
], 2L T3 golng EAILS rectan-
gular window® N-point3t &8 ¥, £ 2 shift A7
causal sequence® h(n) & sEFsld olaflof ek
Nol &4 7%
h(n) ={T ha[ (n—No) T] for 0 =n<N—1(9)
0 otherwise
¥ No=(N—1)/2, T;Sampling interval
No] & ¢
h{n) ={T ha[(n—No+%)T] for 0=ns<N-—1
0 otherwise (10)
tk No=N/2

{218\

REBE ALEstx Yt FIRYE 9 FHitel BY B3

W Aimpulse response h{n) & MDM Y& Fo| =
A€ o, HEEE vohA 24 impulse response
lAl(n) o] vlehrt&dl, slope overload@Ate] WAl & ol
+ E3] A3 Fhol vhelxtct, Hflimpulse response
of HAEAE 547171 #3FH h(n) Y #Z% no-po-
int it MDM & 28] &) 2 £4]7]32, £ZNo-point &

Aol I E Aok YA =2 MDM HAHZ
e (N+1)—point & KR#FHA7 ==, olals} 2

2

o] h(n) @ c(n) 9 B4 % HREME & + At
hin) = A kZZ:ac(k) a1
h?n)
i N=i5
T

AT

10 111213 14 15

c(n)

| ] | n
56 7 la 19 pohuz 13 415

28 3. A impulse response®} MDM &3 3-3%
Fig.3. Approximated impulse response and MDM

output code.

2838 Aan = 9, & 77 A9" T4 impulse
responset &3 o] Hci

h(n—1) =28 ¢ (12)
714 h(n) & h(n—1) 9l z-@HS 27 P33, 2
Ho 2 W TAlsystem functions FaAEH ofle}
28

H(z) =% h(n) 2"
= Bk 2 AN =0)
PP HIOPE 13)
2 Hi() =

1l

S h-1) 2

3 hn=1) 27 (Ch(-1)=0)
=on T ekl 2" (14)

-z HH@) =8 5 2 k) 2™

o BEew e



19854 S5H BTIMEE B 2% R3IM

=A an]. cln) 2"

= A C(z) as)
H(z) = A C(z) 1—z"") " (16)
283 c(n) S KM Z 0=nsNTF el A c(n) =
~c(N—n)& =t£3ng c(n)9 2-WHE olels
Rl & 4 glch

C(Z)=an]. cn) z°"

3 cln) [27°— 2]

n=0

1—2z7') C'@) a7
Nel E4dus A FAA c(No) 7} Hb= 4] gojm g
el 7459 spatzidz 4 17) o BAE =HEHdc
a2 4 (16) 2} TAlsystem functionol 4] BEEARREE
FBEZ AT z=10149 poled A A7) MAH el
z=142 C(2) 9 zero?} Mt A w=0
AN Fotg-ggte]l §4 3tog veh i, BE pole
o] Bl &3t AR EctE QuiHql
FIR¥e 2 548 MDMCFold® w+&8-8 vehdic
283 IEHEMEl 28t ¢(n) 9 amplitude 45
T ob-g 3 Ho| o 44A AFsS $94E
+& v‘il"%.

I

C(e™) ’2 ni_',l ¢(No—n) Sin{wn), for odd N

L2 g}l ¢(No—n) Sinfw(n— %)], for
(18)
19)

2% FIR¥e o o g3

even N
H(e™ = 2A(1—e™) ' C(e™)

Tl e

2 .
"é‘7zLT:

£ AFRKHBMDMCF S B85 2l of 23 2o

% 4. MDMCF#E
Fig.4. MDMCF Structure.

I 4N FEMe(n) L 0 Bx 2702 FAEHE
2, AA hardwareoll A& 279 FA A n—bit ¥z
7tA7lo) 7 sk 528 shift register?t YU,
09 ¥ 7%+ M7=zl dagcl. 2%e9 s

A% overflowE %7 Y8l scalord 2tdl, 23

A
A

19

T

491A step sized F3he AL scalor9} 7ol &
At

222 FIRYE %ol v]dle] MDMCFAAllE= &
Tt level -2 E#istep sized F7ix R7le| ¢} 1
83tk BmT(EE granular@ZE 2 o} slope overload?
A7F o A7 d8L uA =2 ZA impulse re-
sponse® B K77} BABE) impulse response ] &
K@yl 352 step sized A gich

MA 2™ b (n) —h(n—1) | (209

A7l ARFHBRE L2 zle] A o)
B33, 53 main lobe ¥ 2 TAHNA 2irt 2
55 243 B#Hstep sizeF AHach

dAgde o FHRBESNA dolthodZe iy
LHRBN S BEEEEY o2 Fo Kiepigeh 29
22 M BN S W] ¥5F 433 $92 o
€ + =gk, MDMCF 9 24} impulse response ] %
7= HAE 3 step sizeol B2 Hejrk@|e A
Azt & noocodd] h(n) € 0°22 24 impulse
response h(n) £ 09| Sojo} gt 22 Y7 n>Nm
A4 [h(n) |<QU AF hn)E A% 0% #A qe,

[

Impulse Reaponse
we= /4
L=7

N = 31

A = 0764

MDMCF Coefficients

[}

3RS, hn), h(n), c(n)® H#e
Fig. 5. Comparision of h(n), h(n),

llllm..l ..........

WN— e nity -

LU

c(n).

AE E°] LPF9 7%, EHIL impulse responses

o33 e BEAL wERch nzNmell A h(n) =0
7 AESE 273 |hin) |$59F 28459 WAANm
% 7Y 4 Uk
=) -Sin_wen i
|h{n)]=| won | = won (1)
__2
Nm= PN (22)
o} Aimpulse responseol4] n=0%¢% o2 #e £&

{216)



20

Ssfol shmz Uelkpel WAE
odet.

che3t

o] 4

(23)

oz MDMCFO%IH% Nonax ol Hell 4 H el g 7}

3 Srbol vhex|al, 2 o4y AS
#l 3}51 Fab-Ertoll obFE A
Zgch wbwdo] DM Y33 HelollAE h(n) >0
AAE h(n) +1& A% wFsfop shmz P2
slof wph RRML Fobde 282
o vhwhz) Al ek,

&l

T

o

V. Simulationfti® % %5t

BRHGor AZA AT (w) /8, 7/4,32/8

(rad) ol LPFE 4l=sta, dejk#(N) & 11,21,31,
41,51% #HYch 2l $ASE level F(L) S 3, 5,
7,99 d7ka Hee LDMoz H3stus AL,
infinite wordlength FIRLE 8 ZA$% vwaslr 9
) AA 90%F2 Fa4SrE T ¥k
7k 7§ g0l FabEt a7l HAS L BE step sized
F& 2 A3 MDM level & 3detAl 2% wl step

size7t 79 Tzl 5|2, = Lol Fule =

ol % step size?t A9 Ful 7hrto] it

Table 1. A @l AlE5 7 7429 step sizefQ &l
cutoff
#or~Jreq z/ 4 x/ 4 3n/ 8
level
9 0. 0206 0.04 0. 055
7 0. 0422 0. 0764 0. 1094
5 0. 0993 0.1471 0.2543
3 0. 1585 0. 3067 0. 3387
o] AL A

Aimpulse response®} MDM I {limpulse res-
ponse 22| MDM EH#F5% 5 27 6 ol A graph® v}
Het

222 simulation®.& +3 MDMCF9 Fal4-&%
286, 7o vehwgled, 237 oA infinite
word length FIRZE 9] $%}(ideal response® HEA))

<
=

2 wasly, 23 7elH= LDMCF 2 &%= via g

o] 7|4 Al4b® dB#-2 2759 H(o),
o2 & Hojch

agjn 77S-d4 ¥ FIRAYAAYE 9 MDM
CFollA] Ab#=]%+ hardware4 24§ ¥ 2o el
of. Zold 2E uhel o] ERTHME FFAN St

71#

H(o) &

(217)

REBE AHEsIal ¥ FIRYE ) Hitol I W

- ® MDMCF
e} ~——— ideal
©Q we= /8
z_lﬂ N = 21
‘g La=7
S —28 Awom=.0622
C sl
S -3e
2
a -aet
@
-59; w4 /2 I WA
Digital Frequency (rad)
o ideal
o we= /4
e L N = 31
o L=7
S -20 Brn=. 0764
o
C
¢ -30
m
Q 49
(@]
] a2 3774
Digital Frequency (rad)
1 ——~ MDMCF
o'_ b — {deal
@ we=37/8
< 1@ N =11
o L=29
E] -28t D=+ 0558
ct
C
g -3e
m
o 40
@
-58 772 T2/8 ,,
Digital Frequency [(rad)
3% 6. MDMCF9 Fal+8%(1)

Fig. 6. Frequency response of MDMCF(1).

stx)ut, EBE 8 B4 Y3k o|H &
signal scaling 4717} step size® F& $Alol 58
g,

7+ 7459 Fal4
AR 2

e gt v g3 Pk

AdF o4 /89 7§ LDMCFe $9%& L
=39 MDMCF9 $%3 A w3 A7 ke
o, = e KEolAE level $7F $7MdlE W &
she]l AAsA gkstes, F& welA

levelg7} &



19856 5P BWTLBEE % 22% % 3%

7hab BAAMREE Sl 7HgA Hich
Table2. Hardware® T H&

% | Conventional FIR filter MDMCF
w\, N\ L\ Memory | Adder | Mutiglier | Memory | Adder | Muhtiplier
/811113 10 10 7 12 6 1
/8 |21 |17 20 2 12 22 22 1
/41317 30 30 17 kY] 2 1
n/4 (419 40 40 22 42 42 1
32812119 2 20 12 22 20 1
32/8(51 |9 50 50 27 52 42 1

(gpyepnitubey o7

Dlgltal Frequency

(a)

(rad)

(gpy@pnitubey Bo7

-58 TR )
Digital Frequency

3T/4
(rad)

-
o
(o]
=
o
[/e]
3
=
C
o
1]
a
@
-Say - T4 7
Digital Frequency (rad)
(c)
A% 7. MDMCF9 Fal434(2)

Fig. 7. Frequency response of MDMCF(2).

21

FAZ AdFald 49 74S LDMCFS EES
Aol A el gl & vieplAul, A7t FolA
Ad B RA 7hx 7 gl ﬂ%q.LzyﬂMw
F& 7% N=21,31,41,51 ul7bx] o gxbo] A} v}
k=], o) 99 step sizevw A=0.306722 A 23
224 BAKEE AASHE Npau=17°] Hoi N=119}
SHAchE J3g SelA T 2 oAb AfaAe
S5l #sbrt 9ol L=59 H$5E N=31 o|Atol
A 7&% #HAatol vielyich
A 7ZAt2 kel 34/89 %S LDMCFY &
J%—%&de1ﬂ ] A2 7h2 s AAgen,
L=3 %=+ L=5% MDMCFE 57}z a4l S5t
algkedod ol Zhsigks L=3% 7% 10dB, L
59 7% 15dBA = ol vhex] ofgkrh L=7=%¢
=99 7¢5 —30dBA =2 A7)
Aotorn] FHAEo] YI4E |evelTE Wol
bab E5tel = vgicl

e r[o

(=5
A

Py

a4

(@]

[}

| 22,

noise floor7}

L
7
#o

V. & =&

K FAME FIRYE S @t dreEos
MDM ¢ A<atslgerd, A4E 0, 12722 Fo F4b
715 ASEA g e AAY S A4 sk

ol Wloz AMAE FIRYE S A& simulation®
2 8 £ A3 LDMF33se] AHY vdE g3y
A7t vigtem, ol A4E ZF7MAFL level &
£ F7HA 71" PCM ¥-33F 759 Ak 2
vt F A Eo] YolA4E skl noise floor
7t 2% wA vlebstch

HardwareA oA+ BEETFH @54 F7hsiA
ah, A We Ao BAIYlel AAMu e smg,
Y| F it axz A FA33sed 8o =
Aol

ANALZ 2 word lengtholl I} B level &, B&
step size® FET F Uv WyEol doz WY
7} A} o) <t

u

2 2 XM

[1] G.B. Lockhart, “Digital encoding and
filtering using delta modulation,” Radio
Electron. Eng., vol. 42, pp. 547-551, Dec.

1972.
[2] W.F. Lawrence and R.W. Newcomb,
FIR Filter Hardware Reduction With

Adaptive Delta Modulation. Proc. 1979

(218)



22 FH#=E A85al %be FIRYE 9 Hitol A3 HE

IEEE Int. Conf. Acoust., Speech, Signal circuits and systems, vol. CAS-27, pp.
Processing, pp. 849-852, Apr. 1979, 451-456, June 1980.

[3] A. Peled and B. Liu, “A New approach to [5] D.P. Prezas and J.L. LoCicero, “A delta
the realization of nonrecursive digital modulation filter for speech-type signals,”
filters,” IEFE Trans. Audio Electroacoust., IEEE Trans. Commun., vol. COM-28,
vol. AU-21, pp. 477-484, Dec. 1973. pp. 801-806, June 1980,

[4] M.R. Bateman and B. Liu, “An approach [6] A. Antoniou, Digital filters: analysis and
to programmable CTD filters using co- design, McGraw Hill, New York, 1979,

efficient 0, +1 and —1,” IEEE Trans.

(219)



