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ARBTRACT
an sutomestic rolsr PEBPQHB
anglusis swstem conlrolled bty an in
5 grene m1crocumputer is descor de A 28O
microrrocessor bessed $5100-buss comruter (& Crumenco
Sustem I dnterfsced with & orie- Lhird-octave
resltime sngluzer  and remote controlled tuenteble
is used to sather resropse srectrs st difterent
angles. The di sk stored ctral  dsts is
subseauently snelwred to  denerste wlar/frequency
resronse  curves end besmwidih/directivite dests.
This rarer emrhssizes the rrescticsl sseecls  and
rroblems encountered in develorment of the swstem’s
hardwsre snd software.

messurenent snd
wl/small-

INTRODUCTIONS Fresent daw  loudsresker hulu desisgn often entails
srecifications of the desired sngulsr b ] and directivite ¥
the horn as & function of frecuwence [ In oo {
these charscteristics of the horny 8 e a2t of
vertical directionsl rolsr messurement:s ne Leken
of different freauencies snd Lhen anslw It the messurement snd
gralusis  is  done menuslly using traditionsl melhods £330y the {ime
consumed can often run into dews for osust one set ol cumeslele  Ohe-
third-octave bendwidth verticel snd horizontsl rolar curves

Iue to  the wostly exrerimentsl nuLUIP of hmrn uevnluvvmunt;
the design cuecle often consists of & lar - of "cut Lrw"

sters with & messurement of the desired rarsmeters sfler gEch Sler
Using manusl methods of wessuremenl  snd snslesises the Liwme snd
labor envolved for even & Tew cweles is less Lhen rlessent Lo bhink
shout .

This rarer describes sn sutlomstic rolsr test setur run bw &
"High-end"  wmicrocomeuter  thst  considersble comnrresses  the dste
taking snd snslusis cwole,
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THE SYSTEM
The ro bluch i B g em
ani its
ontrol led
nk-noise
™ e The ]
i noise  snd
anslucer with its
eosrectres while the
hestrate the
disk file.
iy snsluzed of
tebdes  snd  curves

lar

OGN BE MESsS nt s
& ] detition to i
rhersley bthe swstem includest &
“thivd-octave resl bive see T nnul
bsnaeass i g &L 4 zer P oW umr
under test is CHEIH ed  with ch-limited
rotsted by the  burntlebde. resl- Lim
messurenent wicrorhone HENCY e
loudsresker rotstes.
sustem and stores Lhe

The disk stored dgle is
Line Lo senerste 8 number of very o Uy
including: normslized ETRRA e ncrmsld offauis fr
resronses normslized snd oun-norwslized direc &1l rolar
Bl esch  frecuencgs 6-obvcown  besmwidily versus ffeaueMCWy @i
directivite vereus Treauencd.

EEAR:11

HaRLWARE

The swslem herdware
existing test ewuirment.
whidoh was custom
its  esssocisted w
FrUrFose comruting device

from wiwcee of
wae the turnteble
WiCroLomFut
FUT Chssen 88 &

Wr./ &

Turntetile

The turntsble hss
tiddirectionsl overstion,
stor the  turntable  and
musl be sel menuslly deren
being roteted,

The turntshle west  built
dismetler srPur  gesr  with 192
Bmd1ne F41 frectionsl (15040
s box wes used Lo drive the
control  box wmodified bw Lhe sdailion
reverse wes wesed to control Lhe motor.

Originsllw sn orlicsl shsft Puvlitun coded wes Flanned w0
thaet  the comruler could sense bhe e of thoe turntebkle.  In
rreclicer bhe benrorsrs use of & Looth counting microswiteh to the
susten works so well Lhest the encoder we not needeo. comu e
simrly  senses the oreratlic of the i sewi bohe and Keewrs trasck of
the current rosition of the table e 8 simrle soflwsre routine.
The rositioning resolution rrovided bw this swustem i1s sbout rlus or
winus 0,95  desiree when counting Lhe Looth Ks snd velless on bLhe

ool
The teble’s ]
size of the obd

[EH Lhe

wn (L2 dnetn?

192 tooth srur gesr (srrroxdimstely 360 dess/2 X 1922 = 0.47
e ).

Noise Genersbor
A wseudo snctom nodse generstor L8171 with varisble clock sree
(& Wavelek model 132 VCG-Noise b@nurpt L73) is used ss Lhe no:
spurce  to rrovide s broed bend b 5 The rerititiveness of
the pseudo-randon noise tec veristions  in the
levels of esc of  the one thlu 0 tends of Lhe resl Lime
shalwzer. In Freclticers the generstor’s clock is set Lo the hishest

il
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sreed that rrovides 3 relstivelw flst  low-frecuencs srecbrum e
viewed on  the resl-time sneslweer, AL Lhis clock settings the
snslezer can be sel to rather shorlt eversging bimes to fecilitste
raerid srecltrel urdstes.

Rand-rass Filter

A band-ress Filter de dncluded in the swsblen to concentrste
the brosd-band rendom noise test sisgnal in the desired rags bend
the trensducer beinsg tested. This maximizes the sidgnsl-to
ratio of the swstem while mindwmizing hesting of the devic
tested, Two Krohn-Hite wmodel 3200 hisgh or low-rsss  filters
cascade sre used Lo form s bendrsss Tiller with 36 dE/ooteve r;lier
sikirts £81.

Equslizer

A one~third-octave baendwidth  boost-cul ewuslizer is wsed in
the signel chein to aeximise the signsl-to-noise ratio in  esch  of
the one~third-octave messurement bands, The eauglizer is nors
set Lo arrrosimstely flatten the on-gdis freauency resronse of the
device being tested, A signal-to-noise retic of st lesst 30 4R in
eact srectral bend Tor the on-swis sidnsl is simed for.

Resl-Time Ansluzer

A one-third-octeve bendwidbh resl-time srectrum snslwzer  with
messuremnent microrhone s used Lo messure the srectrsl content of
the radisted sound., The oridgins) snalwzer used wes Lthe older Bruel
& Kdaer model 3347 This snslwrer wses interfgeed Lo the comeuler
through twe 8 kit reerallel 170 rorts. Currently we sre using the
more recent B & N mode)l 2131 Disital Frecuency Anglwzer interfoced
through tLhe YEEE 488 (IEC 425%-1) stesnderd digitel interfsce buss,.

Comruter and Ferirhersls

The microcomruter used in Lhe rolsr messurement selur is &
Cromemco L[91 model Z-20 with 44Kk BEeles of wmdin memorw,. Thisg
microcomsruter is & hesvwe dutw unit  dintended fTor dndustrisl  snd
small-business users. The comnruter [F3-1-3-1 BT Intel) 80
microrrocessor running sl 4mMHez clock sreed snd ds besed on bthe 8100
buss, The following list rerresents the current state of the
microcomruter snd its rerdirhersls!

Quasntity Model Bescrirlion Hanufscturer
1 420 280 4mbHz CFU cerd Cromeneo

1 4FDC Disk Controller Card "

4 16KZ 16K Ram Memorws Cerd "

3 TRY TU~ART digitasl interfece

card with 2 Fersllel &
2 derisl Ports

1 410 4 Fort I/0 Iscleted
Farallel Interfsce "
1 PRI Frinter Interfsce Card "
1 474170 Hulli~Chennel A/D & L/7A
Anglog Interfsce Cerd "
1 Ay High-8reed Arithmetic
Processing Unit Csrd
(uses AMD AM?S51L chir) HewmVTech 1101
1 CT100 Digitel Clock Card Compu/Time L1131

3
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2 g2 Mindflorrw Disgk Orive Wansco
1 277 Duzl 8" Florew Disk
hrive FerScit
1 LP-12%  Twrscl Frinter Intedrsl lals
Swatemns
1 @ 120 Video Terminsl BOROC Tecknologys
Inc,
1 4662 Migitel Flotter Tekiranixs Ing.
1 1350A Grarhics Translator Hewlett Fecksrd
1 13114 Larse Screen
Grarhics Disrlsw "

TEST SITE

Larse test devicesy which rewsuire st lesst & 3 meter
messurement distancer are messured cutside on & lerge ground-rlane
concrele test rad, In everwy cssesy the device under lesl is rotated
s tLhat the rlane of rotstion is co~rlaner (Fgrellel) with the Tlst
surface. Megsuremenis heve been tgKen both with the test device
sng messurement microrhone elsveted 3 to 4 melers sbove Lhe rlane
and  with the device verw close to the ground wlene (in this latter
situstion the microrhc i sctuslly lswing on the concrete). RBoth
messurnent methods v BQler curves whl-r vee altite well  with
corresFonding  messurements mede in anechoic chember. The
latter test method is uite well sumtc: messurenents o very
large devices such ss large low- Ker sustems.,

Susller devices whidch cen be wmessured st L meler or less sre
messured in our smsll 280 Hz snechoic Lh THIRTST O

SO0FTWARE

As in sll gutomstic test eouirment swstemss Lhe softwasre  and
progrgmiing became the most Lime consuwing end lsbor intensive raort
of  the swstem (Farticulsre grerbics softwsre).  Beverel moniths of
rrt-time Frosveeming were srent in the initisl s bwisre
develorement of the dsts dgsthering snd snslesis rortions of lhe
rrogram (end this included only the tebulsr ouleul version of  Lhe
srodrem wilth no grarhics! ).

ALl dnitisl erosremming  wes done using Cromemco’s 16K BASIC
languase, Curprent rrogrsmmings which is hesve with dreehdcesy s
veing done using Cromemco’ s RAN snc RATFOR lensusges (RATFOR
stands for "Retionzl FORTRAN": & FORTRAN SO Lhat gllowe

rurely  structured code using IF-THEN EL T losic
stiructuresy etc,r see L1210, For vrugrammlus: &

commerciasl FORTHAM soflwere rookagse is batn# ueed (the TekKironix
FLOT 10 Terminsl Control Bwstem)

Al)l  softwsre develorement is being dong right of the
microcomruter itself Cincluding the writing of Lhis rerer using

Cromemco’ s word rrocessing  sofbwere). Hesvy use of down
siructured" rrogremuing technicues is Leing used in smming

effort to clsrify rFrogrem desisgn snd gxeidite the rrogram-debus-

modifs cucle.

Date Cathering Frosrsm
The detz gathering rrosrem wes written in 16K RASIC with the

4
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ten  B8.5"XLl"  rpedes  {sbuut 18K
matrk stetements ),
Lively : 3

prtending ow
code with
L bw int
command inforsstion from the o Lor.
gathered sl L rpue) snguler increments lected hs the
The frecuency bendwith cen be chosen shuwwhere in Lhe rar
resl-time %
A twplcal ster  in
rositioning Lhe turntasil
test signasly reasesting
the test sis Ly Peauesti
to-neise  ralio  in esch anu Lhird-ocleve bandy
srectrum i the s/sn retic is  sufficient. It the s/n g
insdecustes Lhe susten will rebtre lwo times snd then slert Lhe
orerstor for contipued instructions. A1)l detes on diek ie sbored in

non-binary charscter (ABCIDY formet Lo &llow orerstor review of

disk date withiout sid of & srecisl Prosgraine

the dete gsthering orerstion
to the recuired §
e srectrum from b
robhet srecbrums

Dete Anslwsis Progran
The dels Anslusie rrogrem for isbulsr autrui n aFRLCE) Wew
aleo  wribtten  in HASIC snd Lhe lisling ex Feges with stout
30K characters of source code including re statements.
The tor module of the prosrem sllows O tesKe to be

seleclhed!

1o Ligt descrirtive inf matlun;

24 BOUENCY

3 lar

4, gy lar be snd

9y Generste directivite ds

The freauency resronse  and rPoler  resronse datv generstion

modules sllow the ortions of  listing duts Grr-wibiout
right-left roler sversging and norwsl tion of sll

s to the on-
ie levels is

=1 3
sris  levels. Normslizstion of the dets to Lhe o
very useful in emrhesizing the direclionsl ch : : of  the
device “being  tesled with the wususl non axis frequenpy
resronse effects being cencelled  out. Addltlunal ortions  sllow
intersctive listing of the freeuencwy resronse sl g sreciftic sndgle
snd/or the rolar sronse st & rerliculsr freauencws. af : g
the come dats osn be Frinted oul st enw tiwe, Th@

beamwidih and directiviley modules dgenerste & dets teble with  the
dats listed g function of freauencw.

The srhics  Fortion  of  the snelusis rerogreawmre which will
generste dats rves on the digitel wlotler snd  drarhics  dierlswy
is not comrlele st this bLime and is in the develoerment slede.

TEST RESULTS

Turicsl test results of  the messurement sustem will  be
illustreted by nessurenents takan on & larde high-frecquencwe raeoisl
horn shod compression r the JBL model 2330 90 deg X 40 ded
hworn end 2440 drivers The [urmat of bthe date stor in the  disk
file ds  shown in Fig., 2, Fisgs, 3 to 5 show some of the Lsbulsr
results of the snslusis FrOos-sm.

[nd

Setur and Messurement Time
fAs with all comrlex messurement setursy it often  tsKes more

=

w3
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wore  Lime Lo get  the swsten setur  Lhen  to wmeke the sclusl
wessurements, The roler messurement swstem once sel ur cen take &
set of roler messuremenle and sneluyze the results in & Lime sren of
ghout 30 minutes (one sxis onlw with 8 5 dedgree angulsr increment).
The dsts dethering cersbililies are suech thst & seversl sresker
sustens (sboul 5 Lo 15) cen be messured in & single dee  long  work
session. The biggewsl eroblem in the selur often Limes ends urp
being mechanicsl difficulties in trwing Lo mount Lhe lest device Lo
the turntsble (esrecislly lsrdge horns ),

SUMMARY

A sutomstic microcomruler orersted sustem far toking
louderesker rolar resronse deles was described. The sustem hes
turned out to be s Liwme saver for messuremenls sssocisted with  Lhe
develorement of  hish frecuency horng,  The susiem softwsre design
and develorement however turned out to be & msdor  bLime consuming
Lasi.
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ORRRCoRlok ko Rk R DATA FILE JBL2ZBGOH RN RO KRR R KKK
HACkE FOLAR FREQUENCY RESPONSE DATA Rk¥EX

NAME/ZDESCRLIPTION OF LEVICE TESTEN
JEL 2350 HORNY 2828 ALAFTER, 2441 DRIVER

DATE:
NOV. 20078

NAME ERSON (8) DOING TEBTING?
LON WALT DICKy LREW DAMIELS

NAME/DESCRIFTION OF TEST S1TE?
QUTGIDE GROUND FLATFORM FROM RB&K 1

HIC TO SPEAKER DISTANCE AHU’REFERENCE POINTS?
3 METERS FROM HORN HOUTH

MICROFHONE HEIGHT?
4 METERS

TEST DEV]
4 METERS

+

TYFE

GENERAL COMMENTS!
UGING 172" BEK %0 DEG MIC, PHEURD RANDOM NOISE

STARTy 8TOF FREQUENCIED IN HZ. ¢
200y 20000

START s STOFy INCREMENT ANGLES IN DEGRLEES!
WO0000y  360,00000, G400000

THE FOLLOWING TABULATION AT EACH ANGLE LISTE THE LEVEL IN
DR GFL AT EACH 1/3RD OCTAVE CEMIER FREQUENCY STARTING
AT 200 HZ AND ENDING AT 20000 HZ,

ANGLE= 0 NEGS.,
TPe2y B2.8By 82,0y 84.0y 87,2y 86,6y BL.8y B4.4y B2 6y 85,2
B0y B4.8y 85,6y B0 Hb.4y BB.2r 89,0 Y0,0y BE,2y 81,6

ANGLE= & DEGS.
704y 83,0y 8202y B4.2y 874y Bk BE.8y B4, 4y 83,0y B
84,6y B0y BEL2y 87,0y BHWEY BEB.By 89,8y 90,4 88,8y 82,8

ANGLE= 180 LEGS.
BO8y 78.29 798y 778 73,09 Fh3eby 72,2y 66,0y 64,4 47 4 0
65007 57,4y 58,09 55,6y Ghads 50041 50,00 50 60 50,04 E0.0

ANGLE= 360 NEGS,
P06y 82,8y 8204y B4ohy 87,49 Bé.dy 86,0y B4, 4 82.8y 85
B8U.0y 84.8y 85,40 87,0y Bbeds 88,4y 89:4: 90.4: 8§.6Z 82'2

Fig, 2 Format of stored dels file i Treste
hessurement svatem’s dsls sathering grggzéé? th?ﬁelslgzifkgd ?: e
aﬁt?al A Frintout  of the date file for the hurigontal Pulzz
ﬂggburemgnts taken on & large JEBL redial  horn  snd driver (model
2350 horn  and 2440 driver)., File ig stored in s non-binsrw ASLIT

text formst to facilitste orerator ] i i
srecisl uiilivy coilitete & review of file contents without
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