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The  method  for calculating  loudness level proposed  by Zwicker is standardized  in ISO
532B.  This is a  graphical procedure  and  it can  be tedious to calculate  loudness  level by

this procedure. Recently, DIN  45631  has been revised  including a computer  program
for calculating  loudness level in BASIC  which  runs  on  IBM-compatible PC's. Since the
NEC  PC-9801  series compvters  are  popular  in Japan,  thc program  has been modified  for
the NEC  PC-9801 series computers  and  is introduoed in this paper.
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  For the calculation  of'loudness,  a  graphical pro-
cedure  has been proposed  which  was  published in a

German  (DIN 45631)t> and  in an  
'International

Standard (ISO 532B).2) In order  to facilitate the

sometimes  tedious  procedure significantly,  and  to

increase its applicability, computer  programs  in

FORTRANS)  and  in BASIC`)  were  published. Re-

cently, in a revision  of  DIN  45631, a  computer

program  in BASIC  has been included in the  German

standard  which  runs  on  IBM-compatible PC's.

Since the software  of  the  NEC  PC-9801  series  com-

puters used  in Japan  shows  slight  modifications

compared  to that of  the  usual  IBM  standard,  we

were  asked  to  publish a  version  of  the  loudness

calculation  prograrn that  runs  on  NEC  PC-9gOl

serles computers.

  In the  following, the listing of  a  program  is printed
that  .gives exactly  the same  values  fbr loudness in

t He  passed away  suddenly  on  22nd November  1990.

 We  highly esteem  his great achievements  and  his pass-
 ing has been hard to accept.

sone  and  loudness level in phon  as  the program

published in the German  standard  DIN  45631.
Since this standard  is largely identical to ISO  532B,

values  calculated  by  the  program  also  are  in line

with  this international standard.

  By  using  the computer  program  described, loud-

ness  of  stationary  sounds  can  be calculated  in ex-

ce!lent  agreement  with  subjective  evaluation.  For

sounds  with  strong  temporal  variations,  however,

special  nonlinear  temporal  weightings  have  to  be

applied  as  described in Zwicker  et  al.5) and  Fastl.6)

  The  program  described here has been successfu11y
applied  so  far in Europe (see references  in Fastle)),

in the United States (e.g. Hellman  and  Zwicker7)) as

well  as  in Japan (e.g. Namba  and  Kuwano,S)  Kuwano
et aL9,te),  Suzuki et al.it) and  Tachibana et  al.tt)).

In all cases,  a  good  correlation  between subjective

evaluation  and  physical evaluation  by tneans of  the

computer  program  was  found.

  The  listing of  the  program  is the  fo11owing. 
'
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LIST  OF  TIHEPROGRAM

leoo  '-.1010

 '-1020

 --1030
 ..Ie4o

 -ieso

 '.10SO
 .Ie7o

 '.Ioeo
 -tleso

 t-1100
 
..1110
 +-     .Il!O .-1130
 .1140

 --]]io
 .11SO

 -tlTO

 ..11eo
 '.1190

 .-1200
 ..121C
 -1220

 -123e

 .1240

 ..1250

 +.12eo

 .12Te

 .12SO

 .-lzve

 .1300

 ..ISSO

 .13!O
 
+.1330
 +.1ts40
 .13so

 t-1360
 .ISTO

 .ISSO

 .13go

 .1400

 -1410
 ,.1420
 ,.1430
 ,.1440

 
,.1450
 ..Iq6o

 -1#TO
 .L4SO

 .t4SO

 -15oe

 +ISIO

 ,.1520

 i.tfi30
 +t54e

 t+Lsse

 .I5SO

 .157a

 ,+15so

 t.159e
 i.Ieoe
 UIGIe
 r+le2e

 ,+le3e
 '+.te4o
 '+.teso

 +IS60

 ,+le7o

 t.16SO

 +-lago

 i-1700
 ,.171o
 t-IT20

 .IT30

 .IT4o

 t.IT50

 ,-ITsn
 'fITTO
 UITse
 '.IT9e

 '.ISOO
 ,.181D

 
,.IS2D

 
,t-IS3D
 ,lsno

 'ISSolseolSTOIS801sgeteeot91e19201e3o194019501eBolgTolSSOIS902eDo2ele!0202ese20402ose20602D7a20SO2ogo210021102t2e21302I40215D21so217021SO21ge220e2210222o
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LOUDNESSCALeULATION

 TECIINICALINSTiTUTE

lftttlft-t-t-ft-t-l-

-+--------iii----1-i;i--X-ii---

ACCORDINS  TO DIN  45631  CrSO 532B)

 UHIVERSITY  -IUNICH
OF ELECTReACOUSTICS

PROGmm11ptGtt---t---------+------------+-----l--------LANGCAGE:Nes-IAslctMs-Dos)

 223o
 2240
 !25e

 !2ae
 2270
 22SO
 2290

 23eD

 2310
 2a2o
 23SO
 2a4o
 2eso

 236e
 23Te
 Z3SO

 Z3SO
 2400
 2410

 2420
 2430

 244e
 2450
 24so
 2470
 24SO
 S490
 2500

 2sle
 2520

 253e
 Z540
 2sse

 2sao
 25Te
 25SO

 2590
 2600
 2610
 2620

 2S30
 2B4e

 2650
 2Geo
 2B70

 2SSO

 269D
 2TOO

 2TIO
 2T202T3D

 2T4e2TSO

 2Teo
 2T702TSO2Tgo2sDe2SIO2S202SSO2S402eso2SSO28TO2eee!S9029eo2glo292029SO2g4o2esozg6e29Te2eso299eaeoeaeloao2eeo3oS04030SO30603o7eSDSO3eeo310031103120313o3140S15031SO31TO31se319e3200321e322es23es24e32SO326032TOs2ao32eossoe331e3320333033403350S36033TO33BO3SDO3400341e342e3430344D34SO

 PRIHT 'PuEh  {RETVRN>  key to start  I ":

 d

 GeSUB  5370 ,
 COLaR  T:  RES  ! INPVTS(1)

 IF RE$  = CHRS[1:)  THEN  GOSUe  SSTO  ELSE  ]22o
 CLS

  --t-+----+----+-+--------------------------------i ,

 
,--------.---""-..-..

 TAELES  -- -""-.--------
 '

 '

 
' CENTER  FREqVENCIES  OF 11S  eCT.  nANOs  [FR} .

 DATA  2s,  31.s,4o  ,so ,63 ,sD ,leO,12S ,160.20e

 DATA  2SO,  S15  ,doO,Seo,H3o,sDo,1.0,1.25,1.6.2

 ]ATA  2,5,  S,IS,4  ,S ,E.S,8 Je  ,12,5 k

 
' RANGEs  eF t13 eCT. BANn LEVELs  FDit CoRREcTIeN  AT Low

 
+ ACCOR]ING  TO  EQUAL  LOVDNESS  CONTOUES  (RAP) T

 
]ATA  45,55,G5,71.SO,90,leO,120 '

 d
 
, REnUeTION  OP 113 OCT, BAND LEVELS AT Leve

 
. EqUAL  LOUDNESS  CONscURS  WITIIN  TIIE E!GnT t

 PATA  -32,-24,-IS,-le,-S,e, -T,-3,O, -2 O
 DATA  -29,-22,-15,-le,-4,O, -T,-2,a, -2 O
 bATA  -2T,-19,-14. -9,-4,e, -6,-2,O, -2 O
 DATA  .25,q7,-12, -9,-a,o, "5,-2,Oi LZ O
 DATA  -23,-le,-11. fT,-s,o, L4,-1,O, -1,O
 DATA  .2o,-14,-lo, .6,-3,e, .4,-1,O, -1 O
 DATA  

-iS,-12,
 
Lv,

 
L6,-2,O,

 F3,-1,e, 
-1

 O

 DATA  -IS,-10, .S, -4,-2,e, -s,-1,e, -1 O t
 '
 
' CRITICAL  BAND  LEvEL  AT  AHseLUTE  TT]REsUoLo  wlTHovT  TAKING

 
' ACCOVNT  TI{E TRANsMISSIeN  C"ARACTeElsTIcs  oF TI[E EAR  <LTq) '

 DATA  se,IS.12,  S,  7,  G,  s,  4

 DATA  3. 3. 3, 3. 3, a, S, 3

 DATA  3. 3. 3, 3 ,
 ,
 
, CORRECTION  OF  LEVELS AeCeRDING  TO 1llIE TRANSMISSION

 
, OF THE  EAR  tAO} '

 DATA  o.o.  o.e,  o.o,  D,o,  o.o,  o.o,  o,D,  o.o
 DATA  O.e,  o.e,-D.s"1.G,-3.2.-5.4,-S.6,-4.0

 DATA -1.5. 2.0, 5.0,12,O ,
 '
 
. LEVEL  DIFFERENCE  BervrEau  EREE  AND  DIFFUSE  SeUND  FZELDS  [DOF) 'PATA

 O.e,e.O,e.5,  O.9.  1.2,  1.S. 2,3,2,S
DATA3.0,2,e,e.O,-l.4,-2,O,-1.Y.-1.D,O,5
 DATA S.e,4,O,4,3,  4.e '
 '
 
'
 ADAFrATIoN  OF  lf3  acT,  BANe  LEvELs  10  TI[E  CORRESPeNDING  cRITIcAL

 
.
 EAND  LEVEL  CDCB) ,DATA-.2s,-a.s,-o.s,-o.S,-O,5,O.o,o.S,t.1

DATA  1.S,  1.T.  1.s,  1.s,  l,T,a.6,1.4,1.2
nATA  o.e,  o.s,  o.o,-e.s .
 .
 
. UPPER  LIMIT5  OF  APPROXInATED  CRITICAL  BANDS IN TERMS OF CRITICAL
 
. BAND RATE CZUP) .DATA

 O.9,  1.S,  2,a,  S,5,  4.4. 5,4, B.S, T.g
DATA  9,2,10.e,12.3,13.B,15.Z,L6.T,18.1,le,3

DATA  20.6,21.S,22.T,23.6,24.0 '
 '
 
'
 gANGE  oF  spEclFJC  LOUDNESs  FoR  T:TE  DETERMJNATION  eF  THE  sTEEPNESs

 
,
 OF  THE  UPPER  SLePES  IN  TEIE SPECIFIC  LOVDNESS  - CRITICAL  BAND  RATE

 
. PATTERN  (HNS} 'DATA

 21.5,18.0,15.1.ll.5.  e.e,  e,1,.4.4,3.1
DATA  1,IS.i,36,o.s2.0.42.e.3D,o.u,o  15,O.10
oATA  a,e3s,e.e '
 ,
 
- STEEPNESS  eF THE UPPER SLOPES  IN THE  SPECIFIC  LOgDNESS  CRITICAL

 
,
 BAND  RATE  PATTERN  FeR  rHE  RANGES  RNS AS A FVNCTIeN  eF THE  NUMBEa

 
, OF THE  CRITICAL  BAND [USL) ,)ATA

 IS.DO,  S.20.  S.SO,  5.50,  5.50,  5 50  S.50.  fi,SD
DATA  9.00,  T.SO.  S,eO,  5.10,  4.50, 4 50 4,50,  4,50
DATA  7,SO,  B.7o,  S,6e,  4,eO,  4.4o,  3  gO  3.9o,  3,ge
DATA  6,2D,  5.40,  4.Se,  4,ee,  3.50,  3  2o  3.2e,  3.20
DATA  4.50,  s.so,  3.6e,  3,20,  2.go.  2 70 !.To,  z.7o
DATA  3,7o.  3.ee,  2.eO,  2,us, 2,20, 2 2D, 2.2e,  2,20
bATA  2.go.  2.30, 2.le,  1.so,  1.SO,  1  To,  1.Te,1.TO
DATA 2.4e. 1.TO,  l.so,  1.3s,  1,30,  1 SO, 1.3o,  1.30

OATA  1.e5.  1.45,  1.30,  1,15,  1,10,  1 10 1.10,  1,10
DATA  1.SO.  1.!o.  e.e4,  O,SS,  o.B2.  o  S2  O.S2,  O.s2
DA7A  O.7!.  o.s7,  o.S4,  O,63,  o.6:.  D.62  O.e2, O.e2
DATA  e.S9,  O,S3,  e,sl,  e.50,  O.42. o 42 O,42,  o.42
DATA  O.40, O,33, O.2S, O.24,  O.22,  O 22 e.22,  O.22
DATA  O.2T,  O.21.  0,2o,  O.IS,  o.IT,  e  IT  O.IT,  O,17
DATA  O.ls,  e.15,  e.14, e.12, e.tl,O  u  o.u,  o.11
]ATA  O.12,  O.11. 0.le, O.OB,  e.os,  e  o8  D,OS,  O.oB
DATA  o.eg,  o.oe,  o.o7,  o.o6,  o.oB,  o  oG  o.o6, o,os
DArA  O.06.  o.OS;  O.03,  O,02,  O.e2, O 02. o,Da', o.o2tt--"---+N+--H+---i-----t-t----+----------+-------------H--+----

,,------------`

 nlMENSION  AND  STORINC  OF VARrAnLES  ----
,OPTION

 SASE  1
DIM  LTC2S),  FR(28}, CLTC2S),  CFR[2S],  Gl(S),  LlvaC20).  LE(2t)
PIM  LCBC31,  NM(21). RAP[8).  NSI240),  DLL(11,  S). AeC!O)
DIM eeB(20),  DDF(20).  ZVP(21),  RNSC18),  USL(IS.  S}
D[M  TI[11),  Kapml$[Se),  Xp{10].  XB(10],  XX{10)

d-""--+------

-i-i---i-41-------------------------------ll----+--t---+N------

PneCRMIMINC  NOTE

INPVT PARAMETERS

OUTPUT

TIIIS PROaRAM  CALCVLATES  THE U]UDNESS
AN-  TAE  LOUDNE5S  LEVEL  FROM  IHE  IX3
OCTAVE  BAND LEVELS  eF A SOUND

L'r

MS

PARAMETERS:  N

VARIAULES

LNt

 FRHAP

]LL

LTQ

Ao

DDFDCH

---+-------"--------

FIELD eF 2S ELEMENTS  WHICH  REPRESENT
THE lf3 OCTAVE  RANO LEVELS IN dB "ITEI
cENTER  FREqVENCr  FReN  25  l[z Te
12,5  kHzVAnlABLE

 TO DISTJNGUIS}1  TE]E TY?E
OF  SOUNb  FIEL]  [ FREE  l DIFFUSE  }

LevDNEss  zN-soNE  e
LeVDNESS  LEVEL  IN  PHON  G

CENTER  FREqUENCIES  OF  113  OerAVE
RANOSRANCES

 OF  II3  OCTAVE-EAND  LEVELS
FeR  CeRRECTIeN  AT  tovr FREQIIENclEs
AccoRomG  To EQuAL L,euDNEss coN"
Te"RsRanUeTION

 OF 113 OCTAVE BAND LEVELS
AT  LOW  FHEQUENclEs  AcCORnlNG  TO
EqVAL  LOUbNESS  CON,roUHS  "ITHIN  THE
EIGHT RANGES  DEFINen HY RAP
CRITICAI,  BANn HATE LEVEL  Ar ABSOLVTE
THHESHOLD  "JT![eUT  TAKING  INTO  AC-
COVNT  THE  TRANSMISStON  CHAnAorTERIS-
TICS  OF THE EAR
coRRECTION  oF  LavELS  AccORnlNG  mo
THE TRANSMISSION  CHARACTERISTICS  OF
THE  EARLEVEL

 blFFERENCE  BETvaax  FREE  AND
DIFFUSE  SOVND  FIELDS
AbAPTATION  OF 113 OCTAVE  BAND LEVanS
TO THE  CORRES?eHDING  CRITICAL  BAND
LEVML

---+-----------+------"-----"--------M-----H-----+-+--H+----------------"--------A-----N+----+-----

ZUP UPPER LIHITS  OF APPROXIMATED  CRITI-
    CAL  BANOS  IN TERMS  OF  CRITICAL  BANO
    RATERNS

 RANGE OF  $PECIFIC tOUDNESS  FOR  TIE
    OE'rERMrHATIoN  oF  THE  STEEPNESS  OE

    TIIE UPPER  SLePES  IN TIiE SPECIFIC
    LOVDNESS  - CRIT]CAL  BAND  RATE  PAT.
    TERNUSL

 STEEPNESS  OF TJ[E UPPER SLOPES  IN
    THE  SPECJF]C  LeUDHESs  - cRlrlCAL
    nAND  RATE  PATIERN  FOR  THE  RANGES
    RNS  AS A FUNerION  OF･THE  NUMHER  OF
    THE  CRITJCAL  BAND

FEEQUewCIES

FREqVENCIES  ACCORDING
RANGES  bEFINED  EY RAP

INTe

TOCDLL}

CHARACTERISTICS

t---t---N----fi-----N--------------------"-i--t-i-+-----t--

------------------ PREFACE  --------------- -
WIDTH  SO,SRI$ = -tLOCATE

 8,PRINTLO:ATE
 S,Le:aTE
 B.LOCATEPRINTLOCATE

 S,LOCATE
 S,PRINTLVCATE

 lePRINT'LeCATE

 ISPRINT,LOCATE

 IBPRINT
 "well

/tLoaATE

 16,
PRINT "band

LOCATE  16.PRINT "Tlte'locATE

 le,
PRINT  "!n,LOCA7E

 !S?alNT,LOCATT

 lePRLNT.LeCATE

 16,

25:CONSOLE  V 2S O l:CLS  3                               H   tt--Ntt-l----------------+-l---
    3: ceLoR  6
SRIS: SRIS
   41 pRINT  

"-":
 LOCA'rE  71,  4:  PRINT  

"."
   s: pRINT  ".": LecATE  71, 5t PRINT  "."
 r3,  5'LOUDNESS

 CALCULATIoN  AccoRDas'G  To  nlN  4SBSI

   6: PRINT Ht": LOCATE  71, 6: ?RINT  .."   T:SRIS;

 SRIS

   '"Thtslo: CeLoR
 p[og:am

   , 11"p:ecedure
 by12

 Eg  the

4caleulatesZ-tekerloudness

13

 levels of a
15result ts

 IBsene,
 es

CISe 532B)H

, accordtng  te  the  graphte"

tDrN 45831),  the  loudness  N as"

level  LN frent  the  113  octave"

sound.'t

±ventelr

 asnumertcally,

 as  Lovdness  N"

Leedmess  Level  LN tn phon."
   , 18"Input

 each  1/S  ect.  band  teveZ  tn dB"
   , 19"End

 p"]'h-rtRETURN) key  te  enter."

z2: coLDR  e

40
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  S460
  n4To

  S4SO
  a4go
  3SOO

  eslo
  zs2e
  05:O
  354e

  3550
  35BD
  S5VO

  35SO
  3i90

  3600
  SSIO
  3620
  3C30

  3G40
  3G50

  3eso

  S6TO
  3680
  3GSO
  2TOO

  ane

  ano
  :T3D
  :T40
  3TSD

  3Teo
  3T7n
  3TSO

  3TSO
  3eoo

  ssle

  as2o
  3830
  3B40

  ssse
  3seo

  38TO
  ssso
  3seo

  3geo
  ssle

  3S20
  ne3o
  :g4o
  seso

  3960
  S9TO

  sgse
  aoso
  4eoe

  40JO

  #020
  #030

  4040
  d050
  4oeo
   4070

   40SO
   4oeo
   4Aeo

   4110
   4120
   4130

   4140
   4150
   41BO
   4170
   41se
   nlse
   42oe

   n210

   422e
   4230
   424e

   4ZSO
   4260
   4270,
 4ZSO
   nse
   4300

   A310
   4320
   -:30
   A3no

   4:50

   an6e
   4370

   4:SO
   4n9o
   4400

   4410
   "!o
   44SO

   g"o
   4450
   4460
   447e

   44SO

   449e
   4fiee
   4510
   4s2e

   4530
   g54e
   asso

   4sse
   45Te
   a5Be

   4SbO
   4GDO
   4elo

   4G20
   4G3e
   4fi40

   4e5o
   4660
   4G70
   46Be

   4690
   aTnn
   4710
   4T20

   4T30

RnSTeRE  23Pe
  )'oRr.1ro  2e
   REAb  FR{1)
  NEXT  1
  1,ORI=1TOB

   He/AD RAPCI)
  NEXT 1
  EOHJ;1TOS
   FOR  rt1Te  11
     ]EAn  )LL(I,  J)
   NL,]'r l
  NEXT  J
  FeR  Ii1  To 26
   READ  LTQU)
  NEXT I
  FOR I.1  TO 20
   READ  AO(I)

  NEXT  1
  FOR  I.1  re 20
   HEAn  DDF[I)
  ptEXT I
  I,OR 1 - 1 TO 20
   REA]  DCB[I)
  NEXT  1
  FOR  l-1  TO  21
   READ  ZUPCI)
  NEXT  I
  FOR  Iv1  TV  ZS
   RE,'AO RNSCI}
  NErc  1
  FOR  Ie1  Ta  IS
    [,ORJi1TO8
      REAn USL(I, J)
    NEXT  J
  NExr  r

"T40#T50#TSO4T704Teo4Teo4see4SIO4S2048304S404S504eBo4STO4eso4S904eeo4elo492e4s3e494D495D49GO4970a98o49SOsooesDlese2oso3eS040sosesoBesoTesesosegeSIOOSIIOS120Sl:D514aslsesLeo51TO51eO51905:OO52105220s2ao524052SO5260527052SOS2905SOO53105320533efi34e53505360S3TOS3SO539es4oe5410542054305440S4SD54GO54TO54SO549efiseD551DS5205S30554e555e55605S70sseosseesBee5SIO5B20SGSOS6405SSosseo5BTOsBsassge5TOO5Tlq5T2057305740ST505T605TTeST80

 5T90
 sseoSSIOss2e

 S830
 5S40

 ssse
 Ss6e

 ss7e
 ssse
 ssEe

 seoe
 ssle
 sg2e

 5e3o
 5UO
 S9SO
 59SO
 seTo

 sseo
 sgeo
 6000
 eolO

coLOR  4: LOCNVE  IS, 12
PRJNT  "Input ot  nc"  113  ect.  bnnd  levels
NE$  . INPUT$Cl):  COLOR  T

JF NE$  # "y" eR NE$  e "Y' TllEN 3S5n
]F NES L "n" OH NES - "N"  TllEN 4e!O ELSE
CLSscReEN

 o: coNsoLE  ,,1.o
LOCATE  aT.  11: 1'RINT  "Epa..,"

LOCATII  O,O:  ENO

Cy) er

GOTO

cnd

47Te

(t:)? ":

------------------------------i------i-----------iii-----------+-

--+t--------+------------------------t----t------t---+---------+-

---------------------- IN- ANO  OUTFVT  -----------------------

T=..--..-LhL."-..=--.=SUliLCQUTINESh-tt-n."=t--.t.--=t"

----------------i-d--------4---i--i---ii-i---i---i-i----ii-i-4---l
'.....-.+.. SUUReUTINE  Te OUTPUT  THE RESULTS ON PRIN'rER ....-.-..---+t--"+--+-+-------------+----+-+-----------------+----+t---+"++

+--- JNPUT OF lta OCT, IAND LEVELS
,cLs

 :X.5FoR

,

GeSUB  5370

  1-I  T0  28 -
X.X+1IF
 X . 20 TEIEN  CLS  : X  . 5

r.ocATE  1, 1: coLoR  4
}'RINT  "lnput 113 oet.  b"nd  levcls  (tormat:
LOCATE  1, 2
PRINT  

"Push
 tRErUeN)  key  each  tSme.

LeCATE  IB,  X
IF Z ( IT TimN  4o2e  ELsE  4050
PRINT  "ltS  ect,  band  ]evel  at  ":
COLOR  e: ERrNT UslNo  "###,#": FR{I):  :

SOTO 40TOPRINT "113  ect.  band  ]:vcl  at  ":
COLOR  6: PRINT  USING  ,,##.##": FRCI):  :

COLOR  T: LOCATE  S2, X: INPUT LT{I)
IF LTCI) .O THEN  LTU)  = -60
IF LTCI)  ` -eO OR  LT(I)  ) 1!e  TIEEN  410e
COLOR  2: LOCATE  1, 22
PRINT  "Attentton  !r
LOCATE  1. 23
?RINT  HInput levels  are  aoccpted  enly
Emp:ceLegT
LOCATE  St, Xt PRINT  SPA[ESCIO)
GeTv  40TOCOLOR

 6: LeCATE  sl, x: pRmT  uSrNG  '#####

LOCATE  5S.  X: PRINT  H dB  fi: COLOR  T
 COSUB  5370
NEXT I

--t-f)  :-

COLDR  4: PRINT ri ]Ezt -

COLOR  T/  LOCATE  1. 17r  PRINT  SPACESCT9)
COLOR  4/ LDCATE  29. 17

PHIrvT "Reedy?"
LOCATE  ze, IS
PRINT  "Push any  key  to stavt  t"
COSVB  S3TOt,  GOSVB  7Z40
ON  ERROR  GOTD  7110
CLS)Tl$

 - MlbS(OATE$,  4, 2)
)T2$  i LEET$tDATES,  2}
nT3S  - RIGHTS{DATE$.  2)
DT$..  MZ$  + -."  + DTIS  + h.H  + DT3S
LPRINTLPRINT

 SPACE$Cle):  ".-- DIN  - LeVDNESS
LPRINTLPRINT

 SPACESC12):
L?R!NT  HDA'rlit-: - t; liTs;  ,H -; hTIME;";
LPRINTLPRINr SPACE$CIT):
LpHINr  "N . -;
IF H (e  le THEN  LPHINT  USINC  H####.##":
IF N > l6 THEN  LPRINT  VSING  "##e#,#H: N:
LPliINT  ' sene  G":  MS
LI]HirvrSIbACESCIT);
LPRINT  

.LN
 - ";

 : LPRINT  VSING  
.###.#-:

LPRINT  
-
 phon  G";  MS

LPHINTcoLoR
 T: ceTo  4T3o

,
 -------d

cALeUtanoN  "--

- h:

N:

TIMES

Ll,RINT  " ":

mu:

CeLeR  4: PRINT  - kHz: .

--i--+--+--t---------M+--N-l-------------------------"-}

ELSE  41TO

between  -ee dU and  12e dB t"

.#.; tT(Z);

.....---..."-.  SUBROVTINE  TO  CLEAR  THE  HEY  BUFFER  t..t....t.tt..----t------tt--tt-t--Ftt---tt-t----tt----t----"-t-----------------

FOR  "e1  TO  5e
 w$  . INKEYS

  rF LEN(WS) - O THEN RerVRN
NEXT "-+----+-------H-----+------+------t--t---

 t-----
+------`i----..-  SUEROUTINE  - LOUDNESS4-t--td---t------t--ttt-t---tt----"t--------
, CORRECTION  OP IIa
    CONTOURS  (XP)  ANO
    BANDS  UP  TO  S15  Hz

--tt---tt----t----

CALCULATION-----Ptt-tt-tt-

--- SELEeTIeN  OF SeVND FJELn  (EREEtnll:FVSE)
GOSVB  S310CLScoLOR

 4: LOCATE 2D,  11
PRINr  "lnput  ef  rhe  type  of  sound  fleld:"
LOCATE  20, 13

i'RJrvT 
"ftee

 CF) er  alffusc  (D)  sound  fteld7  
';

 : COLOH  T

MS - INPVTS(1}
IF MS - "F" OR MS  = 'e" TIIEN  MS - "F": GoTe  43To
IF M$ L "D" eR "1$ . "d' TnEN MS - "D" ELsE  GOTO  433D

CLseOLOR
 5: I.OCATE  SO, 12:

PHINT  "New cHlculnt]ng..."

CeLOR  7: GOSUB  551o

.---  END  OF  PRO:RAM  - OUTPUT  OF RESULTS  eN DISPLAV/eRINTER
CLSCuLoH

 e: LecATE  g, s:

PRINT  SRIS: SEUS
LOCATE 9. 6: PRINT  V.":  LOCATE  72, E: PRINT  -.-
LOCATE  9. 7: PRINT  "+": LOCATE  21. T:
VRIrv'r "LouDNEss N!  ';
IF N ct 16 11dEN 1:HINT  USING  -####.e#-: N:
]F N>  IS THEN  PHINT  Usma  "####,#h: N: : PRINT
PH[NT " sane  G": -IS
LecATE T2, 7: pHrNT  ".-
LecATE  e, S: PRINT  "+": LecATE  21. st
PRINT  

-LOUDSESS
 LEVEL  LN  # H:

 ; PHINT  USING  
H###.#-:

 LN:
PHINT  

'
 phon G":  MS

LeCATE  T2, s: 1]RINT  ".-
LocATE  S,  S: PR-'r  

".":
 LDcATE  72.  S;  PRIST  

'.'

LocATE  9. Ia:
PUtptr  SRI$: SRI$
Gosve  s3TeCOT.OR

 4! LOCATE  24, IT: PRINT  "Prtnt  out  ef  the
vfis  - INpuTsu}:  cer.eR  T
IF PRS  = "y" OR PRS  e "V" TllEN GOTO  4gBO
II; 1iEIS - "]I' oR pHs  - "N" TLIEN  GeTo  4T3o  liLSE COTe  46SO
CI.S : ouSVB  5370

tnble  nbeve?  Cyh)  ";

----+----------------

OCT.  UAND tEVELS ACCORI]INc  TO
CAI.CV[ATION  eF  THS  rNTENslTIEs

FORM71TO  11
 J=Z

  IF LT(I)  ̀ -  RAPCJ] - DL"I.  J) T]IEN  GOTe  5560
  J=J-1  -
  IF  J ( S TIIEN  GOTO  5530
  Xe - LTCII + DLL{I. J}

 TICJ)  = le 
-
 {.1 . XP)

NEue  I,-"-

 DETERMIts'ATION  OF  LEVE[.S  LCBCI),  L:B[2)  AND, FIRST  THHEE  CRITICAL  BANDS
PEF  FNCI  U)  . 10 . LOGtSI(r))  t LOG[10}
GI")  - TIcl}  . TI[2) + TI(3) . r:t"  + TUS)  .

GI{2) = T"  T) + TJ CS) . TI{9)
GI{3)  = Tl(10]  t trICII)
FeR I-1  Te 3
  IF  SICJ)  > O  anIEN  ncB[I)  ! FNalCl)
NEXT  I,'--.

 CALeUtaTIoN  oF M,uN  LOUDNESS
FORI.1TO20

LE[I)  = LTCI  t S)
IF I c-  3 T][EN  LEI(J) - LCB[l)
LECI] . LE{I) - AO")
N-ICI]  t oIF

 FIS = "[}H eR  MS  = ,,dH
 THEN  LEU]  .

IF LE{I)  t" LTQ(I)  T][EN  5gOe
LECI}  4 LE{I]  - bCH[I)
S . ,25MPI

 a  ,Oe35 .  Ie  
-
 C,02S .  LTqCI))

MP2  s (1 - S + S . 10 -(.1 - (LEtl) -
NMCi)  - MPI . MP2
rF NN[1)  "  O T]IEN  NM(r)  i o+
  r
    -o

LE[J)  +

NEXTNM[21),---

 CORHECTION  OE  SPECIFJC  LOUI]NESS  IN'
 TnKIliG lliTo.AccOUNT  

'1'HE
 -.'vEL'NDENCE

- vrITILIN  THIS  CICITiCAL  tsANV
KOttitY - .4 + .32 . NM[1) " .2

EQUAL
 FOR

LCBCS)

Tr[6]

DDFCI)

 LOVDHESS113 OCT.

WJTI[IN

LTQ(l))))  ' .2fi - 1

T[IEOF

Ti{E

LonEST  CRITICAL  BhND
AUSeLUTE  TI[RES]SOLD
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:::g::gg::?:::::gt7:glzg:2g::iijg:lg::;g:gg:::;gg::g:-g;g:E:::

 ,:::g::g:::sijg.:g::g

 :g2gg::z::2gg

 
':t#::t::g::g:ggg:::g:

 :ggij:g:g:::g:::a!eo::::

 :

IP  XeRRy  ) 1 :-EN  KoHRv  = 1
NMC!)  m HMCI)  t KORRr
:'---

 START  VALVES-NieZl=ONI.OIZt1Z=

 ,1:'---

 sTEP  To  FIgST  ANP  sUBSEqVENT
,FaRI.1Tv

 21
,

 2vp(r)  =' zupcrJ  + .oool,
 IG.:-1
 IF IG .a  THEN  IG =S
:
 IF  NI s NMCr)  TEIEN GOTO e560
 IF NI = ts･M(1) THEN  GeTO  641D,:---

 DETEmurlINATIoN eF  T"E  NuMBER  J

cRITICAL  eANDs

                 COMRESPeNDING  Tt) TIIE RANaE
eF SPECIFIC  LOUDNESS
FeR J ± 1 To le
  IF  RNSCJ}  ̀  NN{I)  Tl[EN e410
NEXT  J---

 CONTRIBtrllON  OF UNMASHeP  MAIN  LOUnNESS  TO TOTAL  LeUPNESS
  AND CALCVLATIoN  OF VALVES  NS{IZ}  Wl"]  A  SPACING  OF
  Z k :Z . O.1  ]AHK
  z2  .. zup(r)
  N2  - NM[l)
  N=N+N2-tZ2-gl)

  FOR  K = Z TO Z2 STEP .1
    NSCIZ; = N2
    IZ.IZ.!

  HEXT  K
  Z.l= K
  goTo  e7so

----bE:rsleNORN2IFDZZ2IFZ2DZN2
   WHETHER  TIIE CRITICAL
?ARTLY  MASHED  ]V  ACCESSORY

- RNS(J}N!
 < NM(I)  THEN  N2 = NM(r}t tHl  - N2)  f VSL(J.  IG]mzl+DZz2
 <i  ZUPCI)  THEN  esso. zUPCI)#Z2-2t-

 Nl  
-
 DZ +  VSL(:,  IG)

EAND  rN QUESTrON  IS CoMpLETELY
LOUDNESS

6eeeS6106aso6690B700e71n6T20eTsO6T406750e76oS7TO6780G7SOfisoo6SIOaszo6S3e6sao6s5a6S6eGn7e6SSOeeeo69oOeglo69206g3oG9406gso6gsosgTe6gsoesgeveeo7U.1070207D307oqO7ose7eGe7o7eTOBoT090TIOOTIIOT12071SO7140715e7t6071TO71BO719072DO721e

 ,n2eT2se

 '724e72SOT2SO･7zTe72SO72eo

T---
 CeNTRIMUTIoN  eF  ACCESSORY  LOUbNESS  TO  TOTAL  LeVDNESS

'

   N!N+IZt{Nl+N2)I2

   FoR K v Z TO Z2 STEP .1
    

'
 NS(IZ)  - Nl  - (K - Zt)  .  VSL(J]  !G}

     IZ-IZ+1
   NEXT  K
   Z-K1,---

 STEP  TO  NEXT  SEcuENT.
   IF N! <!  RNS(J) AND J c IS T}fEN  ; = 3 . 1: GOTO  6780
   IF li! t=  RNS(J)  AND  J )z IS THem  3 . IS
   ZIAZ2
   NltN2

   IF ZI  ̀ ZUPtl)  THEN  e250,NETT
 ItIPN(eTFTENNEO

-IF
 N ttr  le  TUEN  N  ! rHT(N  . reOO  . .5) 1 laOO

IF N )  IG  TI[EN  N  .  INT[N  .  IbO +  .S) X 100
I,---

 CAtCVLATIeN  eF  LOUbNESS  LEVEL  FeR LN <  40 PHON, ORN<1SONE.LN
 t 40 . (N + .ee05) - ,35

IF  rw {3  THEN  LN \S
:.---

 CALCULATION  eF LOUbNESS  LEVEL FeR  LN  ,. 4e  PIION. OHN)=1SONE.IF
 N  )=  1  THEN  LN  = JO  +  LDatN)  1 LOC[2)  -  40

.RErVRN:----+lt-t--"-t------------------t+-+----s----e-----et-+-tt-----

-----------t-tt-SVHEouTmE  FaR  ERRORS  OF PRINrER  -.---H....+---.
--d---H+------+t---+---"------"----+-'-htt-t-t-----+l-tJ-----t-

a,Lctedat\E-tgeATE:Rgu%:t
E:  LeCATE  tS.  12:  PRZNT  

"Prtnter
 ts  not  ready,'

4S. 12: PRrptT 'Try'agein
 1

la,  l4:  PRrNT  
'Push

 any  key  t'
53TO: GOSUB  7Z40
4470t--H----------"H--+---･-kH-----"-"-----t-+-+---I-----i-+---

tt------H+---  SUSROVTINE  Te "AiT FoR  KEY  INPUT  tt-----------t++-l---l------+--Ht-"--+-+----t-t--p-e---H+----+i+-ll---+-------

LET  AS --'lrlLE A$:INHEv$m "": LET  A$  = INHEVS;  trEND: RETURN

--------------------------+-"---------t--------------t---------

4----+l----------"--"--i-----------t--tttt----------------"-+-
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