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ABSTRACT

With the advent of multimedia era, there are ever increasing interest in computer music and sound synthesis. An

FM type sound synthesizing method makes possible the syntihesis of various sounds of musical instruments with a
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relatively simple hardware architecture. Therefore, in this paper, we designed a hardware architecture for real-time

sound synthesizer and its logic gates.

In this paper, we designed a basic sound generator for implementation of real-time logic gates, analyzed char-

acteristics of sounds synthesized in this architecture and extracted parameters of FM sounds of musical instruments

by using the Csound software. The major blocks to build the hardware are a phase-generator, a sine-function-gen-

erator, an envelope-generator and a multiplier-part. Finally, logic circuits are designed and verified in VHDL and

logic gates by 1.0um standard cell library, which will be easily implementable by the form of ASIC.
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Fig. 2 Waveform of a cello synthesized by the paremeters
listed in Table !
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Fig. 5 Overall block diagram of the designed FM sound synthesizer
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Table 4. Values of the V_REG
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7 6 5 4 32 1o
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1 0.25 8 0.25 8

>
e

-~

8x8 WHH FAV|E, & Aol 7tFEHES 22
Booth ¢¥8]&& &8t tj=oy, Fi8 44
9} Wallace treei- 2 =2 3] 28 A A st}

AAlE AAF2E QuickSim =2 AlH#olHE
Abg-ste] B3-S HEEA T, e HE 8918
A AR A3 3R 29 134 7o

=32 AFE AlEHIH Asd e
o] AA Al Fool M FAed = AW, =8
Zhol) M o} F 2 A3ty DSP Station$ AFEF 714 &
3wy o] Ax e Rdly Axel At FM
%°J6;V*% {f—rﬂil 29l F2-& HEe 5 AU

3 B sol A MASE B2 E A E3E FM A
£ IC?I OPL AM:SQP vl s, A8 1Ce] A E

Rt R SRR ECHED R
= ¥l OPL Al2jze 2 3] e} yto] g E §
J 69 SOKHzR Z9sh, o) S92 A4 sk
| 82l i el ool Wstel 1 8wy
209l Felol HA Za ¥ o])d A= OPL 4
2ol Al 914 @] ok dfam @ gkl
ubel g alsted, FAA W Sl AN g0
A 2 Aol HEANE 4G G 4y 0
olefe] A AR X ste] 27 ) el Mool A
AWﬁlﬂOﬂﬁ“Hwawh+ﬂ§&ﬂ°th
2r3t AHE-s aholl digh 12k W g Eu) A
%%ﬂv@ﬁhwﬂd%WMﬂ@@ﬂ%ﬂ%ﬁ
slo] 3|8y W et nted gl gk OPL
Alg] 2ol A= F7 &9 4 SEfHol A @/2n2) dlo]
Bh M 2700 g MY she] on ghS elshe W
veire] §14 doleb 27 AN sk s Ak
dolet M g s, SEug dx
MR AREske] /2 ghol Sehi ghel wpep A
&w12ﬂ9¢xwue@ﬂatga;u4ewulﬂ
Fi= wbddol Qi et @
14 T A A AT Srhel e

S Aol M A o] v A Masle 3
<] )

ok (f

&

11w 0]

2%

,(ﬂl /‘ /1 G
43 dehdlae
EERS

i
O Gol Al A A A R b 2

fss B WY (o]
B 3= o

¥ ghaina,

ol aiut.

2988

o e T e T e e O e O e W e I e Y e IO
A_1A{15:0] ¥oT [ X weT Y wer' X weTv' ) _offsel X WeT [\ WeT'*** X
A_1B{15:0] }__dPm_ X (2pi] X010 ¢} tingv X_]zp_l) {aindr X dpe 2pi] I
0_add (16:0] [ ¥t} WaT™ e X W (wWev ™ N Tre Y\ Wl X Wer''**'

S_119:0 I Y ovib Y otre Y ¥erd™ ) e
ROM_a {7:0; X dm Y 0_vib Y o_tre* X ¥c [ Tre
ROM_d {6:0] X Sindu X aindv aingr Y Singc X Tret
M_I1A{7:0] X fin¢n R \ Sinée Y Tre

MODE 1
d_ENV (15:0] [ o Y 4 IV B 1l
L_ENV {7:0] N Ltwa X 1_INVc Y Y]

ENV_IN({23:0] [Ximm(nY BV e Y i
M_1B{7:0] X INVa Y ave Y ADI<inde
0_mul{15:0]- X 11, <in bm YA(t)Sindc ) WMeut
OouT ‘7:0] Rout (3] X R
tme (nSec) ¢ ||o(| t'ou I]D(i u'ou l'uo |'cm l'uo ch |'c|o u'ou
O 1A Eg el A w8

Fig. 11 Resultant waveforms of the logic circuit simulation

www.dbpia.co.kr




% /94 oy N ESS

HAg 9 ol & FM S84 IC] 4A

G R 32E 179 &4 e A e AN
FM 28 ICQ} OPL Ajfz:¢t “] EEE KA A
S UERR I, 291 A 209 iR E8ol K Ha
St tlolet WEI 7L F7hEA QOB E 827t o
7 2k, 52 Sk o4 AARE F &
g % 9dE 4ol Ark

v.d &

P Ae FM WA ol &3 dAZF 499
A8 1C FAE s, sfridol AL 3 )
g B2 B, o] F2E 0§ AZE
Aol Aol g Fate 7o AnE g &

el 54 ¥4 °U1 o] et g F&3tdl
oho®d 2y aey dabg =edE TEE ¢
stol, 91 dlolete] Aed AT W dx
AE 9} Aatrlel A7 E HAHE shn & A
F2 Ade oS3 3ok

S 718S AT M g Ee] Mas ik

7—‘}°l FA o2 A é" TELR ALY 8l
v R Qo £E vHA e EYER
VeEd e 2T

2. 4ol 5AE VMRS 28] 24 AE

I

ol g %3]“1 A ee HHse A WA
AlZb g Feu "*“:‘Ml*i—l W3 BEAQS ZAMIE W

Hog Eéﬂst‘}m A& 71x2 4y
FM sietol g g & &35t

3.4 A HE A eeslEe ans)
Aake] A w2t wolel M EF HA o U
aste, FA3 34 44 Fo ¥MrR MAeHe
A% &g 7N1FEoq BAsAY £ 44 dejee]
HA HESFE FZ9 Av|9 PG Fog 1}
Bl AR g, doje vESE Mgy A48
o ISHME(RFR:3, 255 12)8 A4 stdct =4
2o R gx)2Ee A1y Ane A4 el
B MES FM gzl Ee) Ay 52t obrl g dhe
VEE Blw A8t A3 st

4. AA =3 EE g BV FRE V22
AR, Fa B8He A4 AR, svE HHEn
E 29t A AR, 299 A9 dxx g

veEhdle 2ot S Rel 2 dS gt Zdgs

AAsE SR Fog TP AA e
dEzs élcw Wyga 2ZAA 109 S8or
) &9ol Mg £9 Fu5rt S0KHZ A
4 IMHzel&t2] A& Felog F3 o] 75EEzE,
&3 MY FM S de) 8o 7Hed 73]
t} & 32 ASICEHE {8 1.0um 2= A
ol B & ALE-Eg e, =] AgHINE T3
of FubE FM .te) 3 2 &4 dlole o] A4S
AZs .

Fo 2 WeH|tol g A ICE F4371 7
TR 2AEA 4T MRS st oerks
s mds B4 w1 Mg ee
2= FM daelEe d3st 4474 1C Al §
3 =2j3lg AV R 7 E

#on 8

1. C. Roads and S. Strawn, Foundation of Computer
Music, MIT press, 1985.

2. ¥ #i, THE THEORY OF SYNTHESIZER OP-
ERATION, Rittor Music, 1988.

3. J.P. Palamin, “A method of generating and con-
trolling musical asymmetrical spectra,” Journal of
the Audio Engineering society, September 1988.

4. C. Dodge and T. A. Jerse, Computer Music:syn-
thesis, composition, and performance, Schirmer
Books, 1985.

5. James Anderson Moorer, “Signal Processing As-
pects of Computer Music: A survey,” Proceeding
of THE IEEE, August 1977.

6. R.J. Higgins, Digital Signal Processing in VLSI,
Analog Device, 1990.

7. YM3812 Application Manual, YAMAHA, 1990.

8. SAMB8905: Digital Sound Generator/Processor for
Musical Applications User's Manual, Onchips Sys-
tems Inc, June 1992.

9. Csound: A Manual for the Audio Processing Sys-
tem and Supporting Programs with Tutorials, M.I.
T. 1992.

10. DSP Architect Processing User’s and Reference
Manual, Mentor Graphics, 1993.

2989

www.dbpia.co.kr



I5.

16.

GFEAAE B AR SCEE "96 - 11 Vol.21 No. 1l

. MATHLAB User’s Guide, MATH WORKS Inc,
1992.

. United States Patent, “Envelope shape generator

for tonc signal control,” Patent Number 3,928,
569, May 1990.

. United States Patent, “Electronic musical instru-

ment with frequency modulation,” Patent Number
5,033,352, July 1991.

. Introduction to AutoLogic and Design Synthesis,

Mentor Graphics, 1993.

Design Architect User’'s Manual, Mentor Graph-
ics, 1993.

V8 QuickSim User's Manual, Mentor Graphics,
1993.

2990

# W TH(Hyeon Seog Hong) A 3] ¢

19613 94 264

19843 29 :AMO 8t A7) Zst
#(F-8rAh

1986\ 24 : A&t A 7)get

3 A (F g AD

19921 3 ~& A g5 a87)= 9

ES T B L P Bl

Ak

19941 3~ {RAFYAF N AR FA I} A
70}1\}

& % ®(Lee Sup Kim) g3

0200 1098 221
A a et 49 AN DT o2 R

www.dbpia.co.kr



