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Thia paper describesg a veraatile digital gospling Aystem which may he
used in many areas of acoustic reAearch,

This pystem hag three prime models of nperntion; (a) translent reecorder,
{(b) » waveforms gencrator and (c) digital delay 1ine. rimarily 11 1A
intended to interface wilth » minlcomputer, which will {ague rommanda ander
program control over on n8232 rerinl Yine. Dale transfers will hno
eccomplinhed by menns of s high speed porallel tnterlace. A typloal commnnd
atring could conrlaet of: initiote tranaient recording, transfer rnta over
parallel interface, relond data after performing desired transformal lone and
finally Inittlate signal generstor to playback the cnlculaled responsae,

The serinl interfsce may he connected directly to n terminnl amd the
commanda issved from Lhere. Thip type of contvol is well sulted o Lhe
delay linn mode of operatfon. When using ithe delay lines to mode ‘
dominant roonm echoea, the length of the delays can quickly be alicred from
the Lermlnal, thus changing the wodel characteristica. The gerinl llae can
also ha connected via a cassette Interface to provide additional dnala
stornge.

Finally the syatem can operatae in 'stand nlone' mode. A Vimlted Aubpet
of coomands are provided ae front panel purh bhuttons, enahling the pyricm
to operate without need of a computer nr terainal, waeful for [leld
meagsurements. A prerscorded flxed command atring eontd he loaded from Lhe
ceagatte interface should the required operation excerd Lhe capnhilily uf
the front paneck.

The three modes nf operation ara described brictly below,

(1} The trangient recorder will store up to 8103 digitized samples of an
annlngue signal, (or 1080 samplea 1n aterea) At a saepling rate which {a
variable from 4 kilz to 288 kilz. A aoftware and n harderre (riggrr are
provided to either start or ftop tho record cyele,

A 12 bit ayatem wna chosen ar A campromlse hetweon spred aml q ire. The
analogne to digital (A/D) converter can renclve down to L bit in 27, which
gives n quantization nolse lovel of =72 di. To go for higher verolullon
wonld reduce the maximum saopling rate of 258 kilz, which =111 attlnw deloction .
of 2 kBx ‘real’ aignala ln GOth scale models.

(1) Tha slignal genarator can be loaded from tha seriml Hine or parallel
Iinea, from a computer or other Auch datn source (cersctte, multl trock tnpe,
dipc...) 1t wonld be Interesting ro.compare the gpeed of there Leo operations.
For the serial line each byte of data (there are two hytes per A/IF converter
word) 1a converted into two ABCII hex characters, and {neerted inlo n

29,




Proceedings of The Instilute of Acouslics

AN APPLICATION OF DIRECT MEMURY ACCESS DATA TRANSFENS

[ormslied 1ine containing addressea, checksum, data type etc. 11 all 8182
words were to be transmitted, thiswould require 40,000 ASC1I charactere,

or 400,000 LItla. Al & data rate ol 1200 band thils glves & trangaisslon time
of 5 minules, Under porallel trenster two pavings In tlae vre mada; firatly
s 40 ILold savingus each clock pulse takes one word, as opposed to one bit of
n chorpcter, secondly this tronsfer i done under DMA control o the dotm
rate 15 nol locked Lo tho throughput rote ol the microprocessgor. The maxlmun
rate for clocking dala Inlu the computar is 20 kHz, thus B1P3 words will be
teansmitted In Just under half a secand, A consldersble saving, especially
1f an experiment regulres mony dota Lironsfers.

Applicationa of the slignal generator include:
(1) prodistorting algnale for systcm eoxcitallon, e.g. romoving nonlinearities
in loud speaker Leatlug.

13
(2) reriudic eacitation wiih a known slgnal (e.g. a swept elne wave) to over-
come Lthe low power inherent in fmpulse testing, the phaee of successlvo cycles
can be accurately locked Lhrough the triggering pechanlsms.

(111} In Lhe delay Yine oparation sn analogue glgnal ke digitized and

slored in the currently mddressed memory location, alter the memory has
cumpleted ona cycle Lhis digital information 1a read out and passed to a
digital to onwlugue (D/A) coavertor. The snelogue signal is thus dalayed

by KaT seconds, whore N ia the mwber of cyclos per memory cycle and T is
sampilng perlod, The delay can wlpo be exprepsed asg H/{2xaignol bandwldih}.
Ffor a apeech signal wllh 8 kilz bandwidth this gives a maximus delay In the
arder of 0.5 socond. The two channels can be sat up with diftering dalaysa by
alterlng Lhe number of samples per mewmory ecycle wilhin each chaunel, the
sompllng rote of both chansels will be ithe pame.

These requircmenis combine to glve a ayaiem which is shown in Flgure 1.

Mothods of sluring digitized dala

Tho wae ¢f 12 bit date words together wilh en B blit microprocessor
presented cortain design problems. Under normal operation the micro must
transfer vach dota word In two stages, the least siguificant 8 bile first
Followed by tlo most significant 4 blts. The processor connot move this dnla
directly from Lhe A/D Lo the memuly, instead all dala transfere must pass
throngh the accumulator in the processor. The oinipum time requlred for
this twoe byle transfer under progrem control is 35 pa. The equivalent
somplling rate of <30 hilz 18 flne tor gpoech anelysis, just acceptable for
music, bul well balow the speed required for scale model analysls. The anmpling
rate for the dealy lines will cume down to half the abuve rata; since Lhero
are two resd/wrlte cyclesa.

o lncrease speed UMA 18 used, Lo which 12 bit data can paga dlrectly
from A/D Ly mymory wlilhoul Uhe nced for a central (8 Lit) accumuletor. All
the necessary Liming signnls and nddresses 8ro provided trom within Lhe DMA
controller. The only limit on speed now becomes the stslo of the art in A/D
and memory design, in thls cese = sanpllug rale of 256 kilz for a 12 bit AU
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Tho oemory interface eircultry posed some probltems as It hns io commmlcate
deta to nn B blt processor bua, the dunl 12 bit sanalogne converter hus and
the 18 bit parallel hus, Additionally thera nre teo nets of addreasna,
control apd repd/write lines, one Irom the provessor and one from the DRA
conlroller. The key slgnal 15 DMA ON. Whan high the processor cannnt acceRrs
the dato semory and the DMA buses are selected, when low the proeessor bus s
selected,

In osrder to get the 12 blt data onto the B hit processor hus the dnin
{s interlsced, with 8 bit data and 41 bit data on adjacent addresses, thus
one memory address is equlvalent to twe processnr addresscs.

Tho PHA coutroller provides addresses, timing and control slipgeals to
enahle the direct tronsfer of 12 bit detn hetween memory and the suniogue
convertars, The main {eatures are:

(1) Progrvammahle address counterg
{2 Programmable clock
(3) Control register

These erc programmed from the microproccesar tus and provide & Tull vonge of
control for the syatem. The nddrera counlers contain the numboyr of ssmples
per aemory cycle, nnd the progranmable-clack seta up the anmpling rale. -
Any function of the Aampling syslen may he desnribed me an A hit hyte nnd
landed into the contrel register for execution.

Teking n clomer took at the timing in Flgure 2 ahows [ive important
signals durlng the ihree modes of system operntlon.

{1) Clock: The memory irn enabled when this aignal ts Jow

(2) Addreeses: These kncrement on the poaltive edge of the elock,
allowing a setiling time before memory ln ennbled

(1) R/W: This slgna! is low to wrlte datn Into memory duving translent

! record, high to read data from memory in signnl genernlor mode, and
toggles from reand to wrlte when memory 1a enabled to nccnmpligh detay
1ine operatlion

(4) A/D convert: A negatlve eidge will initinie an A/D ennvertlon, Lhid
occurs at the positlve ecdge of CINCK in Lransient record, altowing
time to ensure datn is valid whon memory 1@ enabled at Lhe negnilve
edge of CLOCK.

B) D/A convert: A posltive edge wlil laggy_gntn futn the DB/A canverter,
this occurs on the positive edge of CLOCK in the signal generator
mode, which ensures valld dotn, in the delay line It oecurs Just
prior to the R/¥ 1ine going low, thws previous dnin 1a rend out of
memory before new datn 18 wrltten in.

1.



Proceedings of The Instilule of Acouslics

AN APPLICATION OF DIRECT HEMOLY ACCESS DATA TRANSFERS

| B bit dnta l

serial
1ine
] npry DMA fz::' wewory{24 bil data

| J 1 H
15 bit address

D/A [
-

parallel

intarface

Mux 18 bit I

<«
| <

A/D

Flpgure 1 SYSTEM DIAGRAM

tramslent recorder ' slgnal generstor

asse | LT L J LI 1
ADUN. T r T J

delay line

J——l__l_l

R/W

wo LT

convert

/A | S S B

convert

Flgure 2 TIMING DIAGRAMS

2.

b X
I uf
(M b
| I I S




