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ABSTRACT

The purpose of this thesis is to programming language provide a tool so that a program
-mer can easily solve a problem involving the manipulation of some type of information. Based
on thig definition, the purpose of a DSP program is to manipulate a signal (special kind of infor-
mation) in such a way that the program solves a signal processing problem. This program
showed that for example lowpass, highpass,bandstop,bandpass filter and frequency response.
Some examples of the applications of DSP to engineering problems are Radar,Ultrasound,image

processing ,communications signal processing and Speech signal processing
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2.1.2 MIVaAFuMIg(Use of the Sampling Function)
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4 x -
Rauietaomneiinasuananguiitefubennisnouaues yin  seessunfitinfindun

Bourl uanslhlnonismeusussdaiadhin ldeSunm xin Tefide
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anaxnTg 2.35) wiyniluniseeulagiuvssdunniussuunisnouaussduiad

& 3
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fantny  Wxin  duBunmesessuyAiiiefindunden’ fuassdienisnauaunayiin
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woadla hin)  uazdun yin Sudlunisneuaueaaninn Avdu xin) use hin Al

RIUNBWINY yin)
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Nr) =x(n)*xh(n) = ix(k)h(n -k (236
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2.4 anyzyUne (CAUSALITY)
- (¥ o o o~ ° i A.‘
TUNINITANNNAGAAARTIIAIAY UAS FANTHn NITIAzaNNATINIIRaUAUSY
duad  1evnstinenaazasnafasiusdalmngiauiiinldtunnla 1 Jaiugl
- 1 1 v
wuiflasnnfigaresaunisuasmnzandmiumaiEnntemauieqeil  atalad
<l 4!' L) v ) 4 1< =‘ v [ 1 4
A alfiRarudaudalifissiumamenmiazanainsoaraevinn s Tunsmay
2 a a4 o 1=d v 4 o ) o = <l o W d&’
aussivdunnedaliiinsld  diesnssindleadt uar Adu Auguluszuumnaniy
nw R nntenisiniansRiansanieduasubset) 2895NsTY UAE ANALTY
anunsoilirailulangasmrnniiuai

o+

‘:’ L] ° L A i o :’/ L -
Fuusnlunniiavadduiimunzan Asmaiiaaula  Aalu Sudsiessund

alata -

finauelement) 1n ) spsindulmruuiduaiald  Seddaiinanilanlasndigudd

1 ° ° .‘
ANTDN F:]uf_l ﬂ’\ﬂUVIl'J‘NVI Lommnm'\umm?nq sdaaniaualagnlsAainanuiutasAy

]
-

Gusuiifuguidsog adhalafid  Fifigniesiiqauesdndla o senfludizasn 3ol

Aunnnawawinfudud  arfuRgedaazsinssin 1Eundt AeTeaRs (CAUSALITY)

vd'dnvo

-ﬂ' o o e al'v 4 :'/ IS o~ ﬂ;v o~ 3
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AnuduRusrasnisnaulagiudmiusanssineatea axnateniiu

y(n)= Zh(m)x(n m)

m=0

v, d
;ﬂuuuutﬂu'lﬂmuﬁ?mmmua nsnauduasduiad An aey uaslilirdmiu m Avie

ningue

2.4.1 aumsarineisy (DIFFERENCE EQUATIONS)

mamm‘lwu ﬂlUElT ADTDR,FIINTE m‘lwuamwtmuw mmmwmuﬂquwg

e lFaunisaninaisuatau N

Z_ ,y(n m) = Zb x(n-p) (2.38)
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fie xin) iusadaadmiusangsin uay yin) Aenadwivieleviynaasianssin  aunnsay

Famanyraflneinlfrdulszdniiamaiuienasladinormalized) TnaAves ag il

Wn)+ Z_amy (n—m)= Z_lbpx (n-p)° (2.39)

m=l p=0

= L
wargtuuLialiouAe

m=}

N-1 N-1
Wn)= prx (n=p)- Zamy (n-m) (2.40)
p=0
IR

y(n) =bx(n) +bx(n—D+bx(n=2)+...
+hy(n—N+1)—-ay(n-1)-ay(n-2)
—=ay Y(n=N+D. (2.41)

naauasaNIEiI 819aLFeIN1TAY N ﬁqqmn | WATAINTEN frwdudeu N 219
arfiFnlUauReduian lumelfiReaes N asgniunelideianslaunenfamedua:
yamslszanusesnitluedauianssin auftein N fpasfunnadog  Tefasiuaz
ummmﬁfiqmummﬁuﬂ?:awﬁr am ‘7;1:4'Lﬂuquémmz‘hiwhﬁué’mmuﬁuﬂszﬁwé bn
avinueud

TLaNN1TT 2.39 WAL 240 AN yin-m) UAT x(n-p) Hhundsuiomissrasiaridu
y(n) UAY x(n) AINATAY ﬁw?ugﬂﬂ 2.13 UAMITNAAU X(n) UAE x(n-3) Fadline
mieddt 1t 3 unnilafiGun nislqmanBnmmisaazaunsi 2.41 Tareada
vita Waans v (flow graph) mmmm’s’w‘lﬁdw?u;ﬂuuuﬁq 11 vewnssinfan

14 ]
ind  Tanaiiiluanfagld 214 uReausarauiugumindelay) gt
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d o H d
2.4.2 Msnssanaara-nuareivvesiInssiiilutiies

(The z-transform Description of Linear Operators)
adlumauanai daldusslsnilunmspnoiaasmng faa anlane
nuanefrldautensiirssiinanfisetile nsuarafy TiEsndn uga nruanedy

warilenylalag

Z{x(n)} = i x(mz (2.42)

n=0

A o L4
e dryydnual Z{ ] unupwutesugansuanefn uar 7 luannsdudou

[}
o e =

\3edart (complex number)  qauiaNANdAyRigadumilimesuganauarlein Aedu
asduiugiunismisananlugdy  iefiszuanqniaiBiiinnismandu xin) foeuga

nugnasy

o0
Z{x<n>}=X<z)=Zox<n>z"’ ,,,,, A

n=

duns\EeuTIAn AL Hsuganauanasundiy

Z{x(n— p)} = gox(”l" pz" (2.44)

- cd o~ o -} 4
e p dlusassuausiuanauas xin) 1 0 1ie n<o

Z{x(n— p)} = ix(”*P)Z—n (2.45)

e

anizilisasiimsunuAsiauls m=n-p uazazld n=m+p Faiu
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Zixtn- )= St

_ i wmz" (2.46)

m=0

3 A o & \I/ ° L [ &
widlannsuFaufsudundu lusunsgafoianms 235 dwiuwsansuanady

4949 xin) aldidn

Z{x(n—p)} =z"”Z{x(n)}=z”’X(z) ..... (2.47)

v
aey =

inanunsnldpuauiRtieausansuanafu teaumeia il dwfusanesin LTI

TS
Z y(n)+zlapy(n—p) =777 Z(}qu(n*q) ..... 2.48)
p= 9=

d - [ & i i 4 o o~
deauzansuarefu Wudillefmsuanefunldauaui@nimnszans uaz nesauyuain

arrndsuannisnataitu

Z{)’(”’)} + iapZ{y(n'—p)} = ibqZ{x(n—q)} ..... (2.49)

o . o
Tnansldauamifininasy 1eusansuaney @unsh 2.47)



F(z)+ Zapz Y(z)= gqu'q X(z)
Y (Z{l_l + Zap P } = X( Z{Z qu—q } ..... (2.50)

gavineil 1szdnisiuannig 2,50 sae newamedaridu Tu Tannusansuanady
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Y(z
= e
Y (2.51)
1+Za 27
p
p=1
k73 4 [ «

Tansldaunis 249 U@ 214 ansnsn@eulindlupliamunaansuanady uay
Tassa¥iniluandlugif 2,16 aansw azwdauiuddrlanizgusion 2 Tl

173 + v
wiuanaty  @ilauiuniaminsesdasaainisusnlamila i lulawuaan

x(2)
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|
i

91171 2.15 Tasea¥ataans vl dvfuuganmuanadi sasdanszin
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2.4.3 nsumnesiantuiihlamuanuavesdnssm

(Frequency Domain Transfer Function of an Operator)

v
o ' 4 v
vmamyFeimauansfuzesannis 2.30 aasdng alviaglu

e‘ [ 4 rﬂi' ) 4 5| [ % .&'
alwes Tawuanad nadniiidasudail

Fly()= Y hm Flxe-m)}

m=0

Tmunw‘lﬁﬁ’amamﬁﬁﬁﬁnﬁmmﬂG'ﬂ':‘wmuama‘u
— ,J2nmn
Fla(n=m)}=e " Fix(n}  _os

ANauNIT 2.48 anin 1y
{ — 2
’ Y(f)= Zh(m)e ey /s (2.54)

wianmsisaasdnasdan X(f)

(/) i
X(f) ,;)h( ) Do (2.55)

FearandnlfinaluphyFaimemanedi vesaynsd him) Tadeulélmidu

Y(f)

X(f) H(f) F{h(m)} ..... (2.56)
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' o
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Fanssvinadind arlfaunnnigataiuazuanauantayauarnaanyuia Mlaridusessi

v v
wds f (Uefasuaneslad saudnsuandas 1T

Linear Time Invariant

X(M)——=1 h(m) [—y(n)

y(n) = m'::oh(m) x(n - m)

7171 2.16 uRealaezunsumidulaiunan 18992UU LTH

L

X(fym—eq H(f) j—e Y{f)

Y() = M) X(f)

317 217 ufenlaazunsuiiflulamuaaind sesszuu LTI

v d 1
9.4.4 ANyt vesa-nuanesudeMInouaHBINIIND
(Relatibnship of the z -transform to the Frequency

Response)

naullgayFainsuanasn

X.(f)= 3 x(nD)e ™™

n=—0

UaY x(nl) = .[w X, (f)ejzgfanf ..... (2.58)

; 4 ) 4 J : ) 1 «
Wanar dunaldiaimasuanealadairas T aAmunaizesgdaduugudas WiAwiady |

X A o - o X
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- X(2)= ix(n)z“"

n=0

annsfl 2,57 uaz 2,59 dAwviiudwmiuaay xin) Taduregas (g4 xinj=0 daufuyn 1

n<0) tn z iunguas

z=€e - . (2.60)
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(1) NMTABUAUBIBNARE  him)

ANNTTAD y(n)= ih(m)x(n—m)

m=0
2) nouamefiardululamiaed  Hif

ANNTTAD Y(f)= H(f)X(f)

(3) ANnTsANIWeLIY

(v 0] v 0]
ANNTAL W)= qux(n—q) —Zapy(n—p )
g=0 p=l
(4) ugm niuanaf nauaaifaidy  Hiz)
A1N3A0 Y(z)= H(2) X(2)
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2.5 fanoatlamai(DIGITAL FILTERS)

v ° -‘l o a f\dl ad < t L7 A:l' al aa
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Aamaafamasuialaiu 2 sluuy dwfugunsivinesuduarees

nszimia I asdsuléidu

0-1 r-l :
y(n)=qux(n—q)—2apy(n—1)) ..... 2.61)
g=0 p=l .

FunairfiaTaamneduBuURiA azgnunudsiiseamnaduilia Tadasadnduluaei
taansiamasiiuaselunaanienan

gilausnrestaneaiamefazil a, whiiguddwmiugn - fr p Aamedails

axf <

! ] . - e ﬂ‘ o
138in41 Finite Impulse Responce(FIR) Filter TaiinsmeuauadTasdNWadniia U

¢ le

duqn FawmefrlintlenFundnetrmildléiin moving average(or MA)  Batainnay

uAnininiadssesAaumm

0-1
y(n)= qux (n—q) (2.62)
q=0
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1aNaaaIRaIneafainesiAe Infinite Impulse Response(lIR) Filter
HamefaiiafliFunandtnaniledn autoregressive (AR) Wawaf  uaran@aulugiuy

ARMA Wawnef unadl AR by iewuad iy g=1 fa 1 gnufuliidugud

y(n)=x(n)- PZapy(n -p) (2.63)

auMms 2.63 Tevuiluaunisued ARMA Aanes

2.5.1 2993nsoaunelen13(FIR Filters)

aunavnluaaseasnsasuuuianleans Aa

0-1
y(n)= zqu(”— q) - 260)
g=0"

(9

° - 4” v 0" o ° e} T I 4
wmsuFuufeuasnistifuanuduiusasinisaeuligiunasinseinhiiuadias

Wny="S h(m)x(n—m)

m=0

] a‘ n’ N - o [ - [
AenuINdNYsLansluaeasnsatianlesns azimilaunudiuresaisunisaauauasdunad

v = [ l:‘ld d’a‘l
dansmavduasduNadilANENINAUgA

A}

bq =h(q) for q=0,12,3,...-1 . (2.66)
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0-1
Y quz_q
Z =0
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1+Zapz“” """
p=1
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WAL 0 aNnisaznaneiiy

Y(z) < ~q
H(z)= X0) = ;qu ,,,,, (2.68)
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01
H(f)= H(Z)‘ueﬂ’f - que_ﬂﬂfq ..... (2.69)

g=0

y !
aunstiiuinaluilualuinderes 21 vidanauanyeanagni(sum of product) #8451uLY

H(z)=b, +hz " +bz 7 +bZ” +...+bQ_IZ*QLl)

doudnAryressasnsadianleanimiuinaluiioa  ansovinlviegfluglsesnagnizena

uan {product of sum} /7N

M-1

1) =[ [ +ar B 1! -7) o,

174
=

annstigmiimauamaifaiduasinlfldan 21 fudueu ezt Hz)  nanedugued

-; A:l' (o a
PqatitlusINT8IaNNNTAIBNIIAA
O=z"+az +f3
- s /7. 2.72)
Halnerialilguasmaumdnasuging uazen v, asilugud

2.5.2 ailasalinsasnsouenlesrs(Linear Phase in FIR Filters)
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H(z)=b+bz" +bz" +bz” +...+bglz‘@1)

..... (2.74)
q

1
=

]2 a
Wasinu z CE\”)EI e 'iz‘lﬁm'z‘m'auﬂumﬂ')'mmﬂu

H(f)=by+be™ +bie 4ty O g

_ Qmﬁwuanmumwﬁuumﬁfmﬁqqm exp[—j2m(Q-1)f /2] waz € winiu (Q-1)/2 A
™
H)= e—fw{ be'™? +he "V 1 BN oyl +bQLle'f2"’}

..... (2.76)
. Lo o o 4 v
yanssaudnlsrdnisurenmanaauginaauazitnaunuaslunadualy

H(f)=e"7 {[boeﬁ"" + bQ_,e'”""] +[”| EN 4 e-nu;—w] +[b2eﬂx(¢-2)f + bg_ae‘f"“"’f] +}

...... (2.77)
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b =by,
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..... (2.78)
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2.5.3 fhoghanInevausIvedlswinsouelesri(Example of an

FIR Filter Response)
o/ [] ; [ 4 ‘ 3 []
fnatiaradnIReLAneInudTeInasnsadienlaanfiudulsednavinlddne

1n  TgnIIvAEaNnIg MA

y(n)=0.11*x(m) +0.22 *x(n—1)+0.34 *x(n~2) +0.22 *x(n-3)+0.11*x(n—-4)
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2.5.6 510azPuAveIHaInD3 (Filter Specifications)
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2.5.7 Inseas19u0929957ainos (Filter Structures)
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TRANSFORM)
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X (k)= Zx(n)e_ﬂﬂmm ..... (2.86)

n=()
al ¢ [ ¢ o 4
uaryFainmuanafunntiuAe

15 2 7den/ N
x(n)=— Y X(ke™
() v (k)

K=0

..... (2.86)

2.6.2 qmﬁmﬁﬂlmamﬂﬁ(hoperties of the DFT)
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N-1
N N —j2aelN
DFT {x(n p)} = z(;x(n pye 2.90)
n=
pnueiagldFulslmi Ae merp Favi n=m+p Faqrinli
n=N-1-p
_ _j2manIN _~j27dpIN
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DFT{x(n~p)} =" X(k) .00
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2.6.5 ﬂ]ﬂﬂﬁﬂéﬂﬂuﬁﬂﬂ;u(The Fast Fourier Transform)
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N-1

X(k)= Z x(mw™ (2.95)
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A(k) = 1(0) + A(1)e 7>*"
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ANNENNUEY DFT Operations FFT Operations
TRANSFORM (N) (N2) N LOGy (N)
8 64 24
16 256 64
32 1024 160
64 4096 348
128 16384 896
256 65536 1024
512 262144 4608
1024 1048576 10240
2048 4194304 22528
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2.6.6 sathauauarlieni(An Example of the FFT)
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o o o .
dszinniaeeFundn wisausnde (Hamming Window)

J J ] t’3 . .
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Input (n) h)  |CURLt (M) = Inpot(n)  h(r

su 4.1
anaunsaiiaLFoasiad
ymy=Zbqy*x(n-q)~Xa,*y(n-p) q=0.Q1,p=0.P1
' flesnnifuilamesinng FIR tuAelifidiutlounduimssaniudaveaunis
ym=Xby*x(n-q) q=0.01
Tugtluyiy Ztransform
Y(@)=X(2)*Xb,*%z7 g=0.Q1

H(z)=%22b,,*z“'l

anansnidaugunisiilfeglugwuvsecladnwaiudu ( Direct Form 1) 6agyl 4.2

Input %l/\ @ output
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/*

float fir filter(float input,FILTER *fir)
float input new float input sample
FILTER *fir pointer to FILTER structure

Returns float value giving the current output.

Allocation errors cause an error message and a call to exit.
*ﬁ

float fir filter (input,fir)

float input; /* new input sample */
FILTER *fir; /* pointer to FILTER structure */
int i;

float *hist ptr,*histl_ptr, *coef_ptr;
float output;

/* allocate history array if not already allocated */
if (1fir->history) {
fir-s>history = (float *) calloc(fir->length-1,sizeof (float));
if (tfir-s>history) ({
print error ("Unable to allocate history array in fir filter");
exit (1) ;

hist ptr = fir->history;
y histl ptr = hist_ptr; /* use for history update
coef ptr = fir-scoef + fir-slength - 1; /* point to last coef */
/* form output accumulation */
output = *hist ptr++ * (*coef ptr--);
for(i = 2 ; i < fir-s>length ; i++) {
*histl ptr++ = *hist_ptr; /* update history array

output += (*hist_ptr++) * (*coef ptr--);

}
output += input * (*coef ptr); /* input tap */
*higtl ptr = input; /* last history */

return (output) ;



61

input (n)

INPUT(n) |—————— coef(0)
| | history(N-2) e coef(1)
history(N-3) f——————""—"%

\’L history(1) :{) coef(N-2)
history(0) |———————)}{ coef(N-1)

Pointer (hist_pir) Pointer (coel_ptr)
A idd 2 dd
wysgnminou L \'l:i’iﬂ)QYﬂlllml

g1l 4.3

fumaunsinauesiariiy (gaingy 4.3) dae :

—

_tsznasiwtlssing q ineade

] © o o -3 1 = ' J
| AAIUUAEIAMNANAWMFULALAY history T89dTyruIas alatRuArasdt oy

AN
wnauntiniiianls

tihdleyaiiag it history usngagniiulaeldeu (coefficient) Aavinegm

L uanFUM history 1 1 audumielaeniidaulyl

 quggruiulyauasy

o .

a d' 1% ] o ay o o~
hdunnniudannlguiulaeiaausumgs
 viAndunfd e AulEu history siavinega

[
ar

¢ oYy
. LQ'WW‘!VWI‘lﬂﬂ’ﬂN@‘Uﬂ\iﬂ'\?ﬂﬂlﬂ’]fyﬁu



62
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4.2 Wantunmwnnlunisesnuvuamnes

int clpf (unsigned fp, unsigned N, float *coef)

{

float wdp, wsampling, twopi, ratio, pi;

unsigned i, a, b, oe;

twopi = 8*atan(l);

pi = twopi / 2;

ratio = (float) fp/sys.sampling;

wdp = twopi*ratio;

oe = odd_even (N);

if (oe == ODD) a =b = (N-1) / 2;

else a =b = N/2;

for (i = 0; i < b; i++,a--) {
coef[i] = 1/(pi*a)*sin(a*wdp);

}

if (oe == ODD) {
coefli] = (float) wdp / pi;
i++;

}

a = 1;

for (;i < N; i++,a++) {
coef[i] = 1/(pi*a)*sin(a*wdp);

}

return 1;

}

e ildnauudasldyGufiitredafelamailamesiae

hin) = 1/(2pi*n)*sin{2pi*n*fp/fs)

coef (n)

-NR2 {N-1)12 N2
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void far *read_data (VOC_FILE *voc)
{
char far *buffer; ,
unsigned long x;
if (tbuffer != NULL) farfree (tbuffer);
if (pbuffer != NULL) farfree (pbuffer);
buffer = farmalloc (voc->length_ data-2);
if (buffer == NULL)
{
print_error ("Out of memory for large data");
return NULL;
}
tbuffer = farcalloc (voc->length data-2, sizeof (float));
if (tbuffer == NULL)
{
print_error ("Out of memory for large data");
return NULL;
}
pbuffer = farcalloc (voc->length data,sizeof (float));
if (pbuffer == NULL)
{
print_error ("Out of memory for large data");
return NULL;
}
fread ((void far*) buffer, voc->length data-2, 1, voc->fp);
for (x=0;x < voc->length_data-2;x++) {

de v od tbufferix] = (buffer[x] - 0x80) * STEP; P
dounnminuyad

}

farfree (buffer);
return (tbuffer)
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4.7 dandsens q Abeadesivszuy

typedef struct {

unsigned long sampling; WAUAN sampling rate
unsigned long length; \ILANENTT8Y block 184%8YA
unsigned int softwaregen; 1%1%”V?Hﬂﬂﬁﬂﬁﬂﬁﬂ§ﬁd%uuﬁ
unsigned int time_freq; ﬁ}ﬁ gndﬂﬁﬂdﬂﬁ7ﬂi3NQaNﬂWﬂq

unsigned int best_run;

unsigned int ptime_freq;

Yo o e P
unsigned int methord; Mnanuadniuiaimaiuuule
(default FIR)
unsigned int type_ fil; 1%Uﬂﬂdﬁlﬂﬂﬂﬂiﬂﬂ§ﬂﬁﬂ1ﬂ
int zoom; 14 uandilunng zoom in , zoom out
int zoom_value; Tfuandn zoom AasAvinle
char *gtitle; /* title for graphics mode */
J aw o oa i
float *coef; pointer A lUNAY coefficient
} System; saulslaseaienedstuiy

typedef struct filter {

unsigned int length; /* size of filter */

float far *history; /* pointer to history in filter */

float far *coef; /* pointer to coefficients of filter */
} FILTER;

o

v i
float far *thufer: {flugag (pointer) axldidndlayaangnninfauasilasFauieaudagn
Wvegnla

float far *pbuffer; (TuTazldddndayaitihumatszunanagnifivegila
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4.8 winmsuazmatianisldvinimia

ArinEae Trdudames (SOUND BLASTER) Whmdnifesanifiusnminifniil
?umwﬁﬂuqmm'lummzﬁ udmnfdnnisindernainnatessugadalug)fas
fulngnnagt \s8 Tugeanunlviviu Fedngluduudafiazifiuing \SBDRVCT-VOICE.DRV

K]
’ [l =4

(54 ¢ v d" =; v = ° « ¢ al o
ﬂ.g]ﬂ’)ﬂ1ﬂﬂ’)ﬂ? mutmazwﬁwzmqmmmamuwmmu@umsmmumﬂwwum?mnw

[l
ted ) W 1

Famanlafnefilfivannisegfidifuaseganuuwila 4 Al wikasleawidn
atfft 0x0000 tinuetannsalmanlafinafiillFdFaudofiuausFanlferidusing

v
o

7 Rl

4.9 uuylva = voc

sluyidunasgiutasniudaie sy @easing 1 azgniiufineglugyuun
» VOC TaiimeaziBuadrdnyay 2 dou

1. l@aLAafuAaN (Header Block)

2. AFUABN (Data Block)

w@atnasuaan : azdsenevlsa
Mamudlndiens (identifier)
- yuNeLaasdu (version)
Of A
- wondina M lUfasruRanusn
- #An (Check code) Mmmaaauindugiluuy * voc A3evidaly
v -3 ] | o [ 1 : d' o -4 ]
pdauaan : azutaduduudan (sub block) tiag  TIAMNUNNETBITULABNUA
1 2 I ] v N o« 3 N [ 8 .,
azgaazusTqdiayasi 4 1iu seudane (voice datal, lsii5ud (silence), NNFALNBTmarker),
waanwmnd (ASCII text)?‘a‘ﬁﬁl (repeat) WAL L9V3NA (end repeat) _
v & e sinasEuga WING sbevoice h Inendalanilsznialiazsiasinen
e + 1234H = 1120H Auaasdniluguuuy * voc 439
Wlufusnrasduudenasion uanlse (block type) (BLKTYPE) Gasnan 3 lusii3en
LRanLauyY (block length) (BLKLEN) uazdeyadaann BLKLEN a1aanilu @en, visedneanis

& « €, ad Y 3 ¥ 1%
WENLIAN, "lwuﬂaumumuw {Time Constant) m&uaqnum'\wmmmuaan‘lﬁuuu "| o1
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BLKTYPE = 0 : tnasfivanef (Terminator) WumedWismenudayaiesyadiishii 4
WAL

BLKTYPE = 1 : 2andasin
01 BLKLEN |TC |PACK | VOICE DATA .........

BLKLEN : AIMNEN1188nda6N (voice data = BLKLEN - 2)

TC - IndAauaumu (TC = 256 - (1000000/sampling rate))
PACK : = 0 Faymrandsssua Wl wiapack) 1011
=1 4 bit packed
= 2 2.6 bit packed
= 3 2 bit packed
BLKTYPE = 2 : qawﬁﬂauﬁwa{u {Voice Continuation)
2| BLKLEN | VOICE DATA .....
BLKTYFE = 3 lasiifud
03 | BLKLEN | PERIOD |TC

%Lmuﬁa’iwammLﬁuwwﬁuuﬁqzﬁmﬂmﬁm 2 lusf NiTemiperiod) 421 BLKLEN

azgnian LIHAY 3 AABALIA
BLKTYPE = 4 : ¥1Ainad
04| BLKLEN | MARKER

BLKLEN 2aq1fiatiazgniamlviian 2 taxe

unfAnafaziiAnlRaus 0x0001 - OXFFFE Tme) 0x0000 Az OXFFFF azgnadauly
iy ctvolce lafined

f-::‘l‘*'itﬁaLﬂuﬂ’mﬁnwm‘lmwdwﬁm'lﬁﬁmﬂmﬂmfmﬁwaﬂnmmfwfvmm‘jﬁ’u
issanAnndninefazgnibitulilusows amfaifaistatus word) viliiaaninsa

| N1 1 g < vV < v
nraaavlddmeutianndniinlideyateluuuds

BLKTYPE = 5 : wagmnnd
05 | BLKLEN | ASCII TEXT | NULL

iAudennu iy Fainas




7

BLKTYPE = 6 : 7Ang (Repeat Loop)
06 | BLKLEN | COUNT

aldiflushuanqaEnsuiasgudeyastuingaiifugateugy lend loop) Tnaazqyl

v

udu9n COUNT + 1 Aa uasiiFnlERaust 0x0001 - OFFFE Brianamliifien OXFFFF Az
inlfiAansgubifau

BLKTYPE = 7 : 1au3#Angy (End Repeat Loop)
07 | BLKLEN

\flugauannsdugauesdieyafiasquisinming BLKLEN azgnigmilu 0 axe

4.10 madmIsa
A dilemeuantazsing ity Tmmﬂ@mﬂa’ﬂuuﬂmtﬁﬂ
1. Az 0 sednannsdufiFualayiadu nitialization)
2. 1 OxFFFFH TeminannsGusuianiudnymieninnoand
3. il 0 tlerief (buffer) Tastiayaifunseldunnuialunsdianiyy

4. WlasusuAfainesnauldandayaluiinifen

9 o~ Y o A’ L4 A'
Ausulsunsuinesnend Srisndasmsiasasaagausaudstiidantlusiaany
. . v = 1 4 A o
directive #pragma loop_optioff) Minilalusunsnios AazATsdeuauanuniannsgy

aanAluy {loop optimize) yaananindiaas {complier)
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‘ do
4.11 Want¥uves CT-VOICE.DRV
a1 16 Warfdu sing - Aall
1. unsigned ctvm_version{) A¥FNBF98TU (return version) gaelafinefunliing

\wafinafTuriuiues (Major version number) azag/lu HIWORD, uay luuefinaffuinwef

(Minor version number) Qzﬂsﬂu LOWORD

2. void ctvm_set_port_addr {unsigned port) iloiEeemaasudn wadn (port) 184
gravininlae
SBPRO WY SB20 fiwadnliAn 220H, 240H
SBMCV Lay SB Hiwaam iAe 210H, 220H, 230H, 240H, 250H uay 260H

audnsin1elsesnuasfinsaliil Lantnsa (address) 220H

3. void ctvm_set_interrupt (unsigned interruptnum) Aniuitavnen 8umedy (interrupt)
Weslamilunisld Al OMA) 1e311 N ialae
sBPRO Hawmedidenlsns 2, 5, 7, 10
3820, SBMcV, sB HaumeiIiaenlsAre 2, 3, 5,7

Twauninielsenuasiase idudwne fliuiues 7

v
4. int ctvm_init () Asin3ATIAdATIYIN LA RaReTTLILA ] Wunnfanae
o 4 (] oy :’/ [ ] (-3 °
wdaanIvinnsRnsedN3a flad (DAC) sntws azgniamli aau (on)
return value 0: Bananisaufidoalaiirdudiaarausn 0 inliusidnlaly
< 3
ANHNEDY
1: Incorrect driver version
2: /O read/write failure
3: interrupt for DMA failure
G 13 r;" -g '.'; [ % = 173 r-‘r .
mmun’lmﬁqnmuunnm‘mmmnmﬂwn‘wﬁqnfnu ctvm_set_interrupt UAY

ctvm_set_port_addr
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5. void ctvm_speaker (int on_off_flag) t i on_off_flag = 0 Azl Alad (a'ﬁwuflu
aev) wit iy 1 AT avaeu  iarsavesviiuiaulusmriuiidsldfaridu n

« ' v al o ] } 4 ) 4
ADTA {record) Llﬂzn’ﬂu’ﬂ’r}nQﬂﬂTﬂ?LLﬂTN’ﬂﬂ\iL‘J"\ﬂ’)?’%l‘ﬁﬂ".ﬂ Aladaan 1enaumltatinan

6. void ctvm_set_status_word (unsigned *ct_voice_status) 'l*ﬁéw?umw-maun'\sﬁq

aureeimialunsdlang < (niFunwds ctvm_init ( dnTudFEuR)

7. int ctvm_input (char far *buffer_ptr, unsigned long buffer_size, unsigned
sampling_rate)
r.’z -jll [ o 2 = = o ] [ Y4 G:l'
Harfduilazinmniunndeslasissariduanul s 1 Al
sampling_rate : SBPRO 4000 Hz 19 44100 Hz mono
SB20 4000 Hz D19 16000 Hz mono
SBMCV. 4000 Hz D14 13000 Hz mono
SB 4000 Hz 9 13000 Hz mono
return value 0: successful
'x: non-zero fail
[ L
Aarfuilaz S uelunslaudedaya uavasianli ansiada dlu oxFFFFH
v = o v a ' J" o ] rtll -!l’ o=
uazdanisaruaN ITUsUNINTRUIMIUN (SaTLBUYABEILDIVAY) usierifuliazgn adl
dl' o« e« o 4 ol r-'/ Al d' a T t A’: -3
waileriies iiuvTa gnisunlaafeddu ctvm_stop (| TUNANAMANITOINAIUIUNAL
yilamsaisn gnisau 0x0000 tneviud
8. int ctvm_output (char far * buffer_ptr) aziirfayazatisnosnarinddaeislu
frwmisrasdiayaracsly uay buffer_ptr idelidesthlindudeaviaiunm wasan
<] r:'z n:l' v e < @ ] v = o d' 4 ° -l}
FuniariduiludaduazAanisacuanviunismiun (AesfeeaniUFasrnusnisinevauag))
o o - o~ 6 o -J
uaz awsianfaszgnianliiiu OxFFFFH YUl wazawmsadfaazgnisaiu 0x0000 e
Faunl¥Waridu ctvm_stop () vidadayairunldvuauda Tuszninan@eelidsngiienyinm
:’/ 1 o ar_ o sJ ) « [d v a :’/
uen awrdafiafargnilasuulaslumndniaineivesnisiuaaaiu 1

return value O: zero {successful)

. s o A’ J =} -d ¢ o 0
x: non-zero (fail) 81RNATULNBNTLIUNTTAU mmmmua;]
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. . 0 :Iz a [ el'cl ] :’/ ° L%
9. void ctvm_stop (void} A¥NINITUEA mauvgwuaumwwwwuaqmmmu LLﬂZ‘VI’]’l'M

AN anmaLTeLLll 0x0000

10. int ctvm_pause (void) aziinalianTnavgainamly uaz amsiadfaaziiugs
L 4 d' ° 13 ] ‘WY
viefivinaudegiely

returh value O: zero if successfully

d" v a U :’/ el [ . 4“ ]
X. Non-zero °1s'lumummﬂuuu‘lumawnmewwmmuaq

11. int ctvm_continue (void) ax¥ialvinannsses vepdnunie (pause) snianluazli
dandidmnssialy
return value 0: zero if successfully

x: non-zero ildgnueadataizientd

12. int ctvm_break_loop (int break_mode) Tugtlunitt *, vOC i:ranusndalsf aand
v -l ' v -~ b % [ o« o H o :’/ P r.'/ c‘i’ °
() seasniinaniads  Mlilaglisiasdaidasdn ) dunan A% Bafaridutasm
4 o - ‘ 4 v - & .
nsugaguiuse (lunsdifinBaussuaulilFes 7 uassfesmvgaidanidnajing
yinnserlsunvetng  sauls break_mode aziiag 2 netilAe
i v
break_mode = 1; avnsuemdsiiaughiwiuiiule uazaziien
fuudan (deyageasellaanguil) delilaanieninnuny
v ° = ¢=i :‘/ v ] dl
break_mode = 0: azsaliinainuradsangiiuausssiunaunavean

T '

yindayagadaluneanianivymsie

return value O:zero if successful

1: voice output Tl&TnsqU
N . . 1 %4 al Q‘QI/ . ¢ a a [Y]
13. void ctvm_terminate {void) 15180 LFHNRINTU ctvm_init () AFAaNALHDY
Bun Wardutlaugiuhlfrafaasinnssauidaalaiaduniio (reinitializes card) WAL

anTmanasgnianlviean

14. int ctvm_get_cardtype (void)
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return wvalue 1: SB and SBMCV
2: SBPRO
3: SB20

i , . X - c r
15. unsigned long ctvm_get_ADC_range (int mode) ATAUAINLANINA 111N
viu 7 afuaypilunniuiindesld fowls mode fufh 0 A mono uaz 1 Gl stereo

A7t return azag]lu HIWORD il LOWORD uarlviindriulsilgusion 10 fau Asay

} 7 : Y
AU NURIINAT

16. unsigned long ctvm_get_DAC_range (int mode) AYAAAN UWTNLAIY 71 sound card

v
o~

1iu 1 avduayulung play voice % Fausls mode dutlu 0 Aa mono uaz 1 Gl stereo
1 A o o + JV :’/ 1
AT return axaadli HIWORD it LOWORD uagltiinAdisulsmiuligmidiag 10 neudsas

(E{C PO VPN



4.12 suzinlunmsnannldsunsuse i

dvd dl ~ 1 ° < (] dl 90 cnd
Wsunsuiliifyunifaniumisaanuadneget 1 esanlfainmemnie

° = 'tl' v v 4 U B‘l’ © '
AMNANRIN BN (heap) axtiudndasnisliitiymmantinualilarsasyiinisassmisaaiy
A lanldfariusas aaga (D0S) TeaunsnaadldnnuafazilgmluGeinmsianimmean

L U

s ludoaunswananuaiinsovesitsunsnil  ansaasiaun ludaued IR RN
d' < < ' 14 r.‘z a Y = 'Y - - _ o
{iasrniiannumaindualdiai i fiRausidaseanuuudiuasenuuuiainafaila

U v
IR WRNFANYINTY

mswanunTusunsu i annuannsaneduGoa ndfgeaunsofasnssinlaiag
[} - a 173 [ « -'/ . ¥
navmstssinanaiios 8 fin wazlduannis Whaireulagdu (Fast Convolution) Lian

¥ [
dne SeaudiinlUsunsuilffianananunsonasvharinauligiuusiiissanniasaaiedelln

al @’ o vy el 5| o 0 t v (v
ieanadainanlddandfianssaiiunasdainanulilignaain



-
NN 5

eV v d J
Hanm3IlgnusaIvis

a r

i % N o ¥
pafrinfasifssuuBumafing uuuwa and wy Tneddaulsznausiag 4 Aull
- 5w a o o = - £
- File [ HiAsafuntaila (Open) fiL(Save) AR 9
. nYoe o~ B - v <l a3
-Record  Widnviuvnnnstiuiindeymdadyainiann e

- Filtering - Wdwdufrmuadassiindayahn iduavinnnlssananaiprocess)

“Option — MiRIVUARA AT RMANS TN 7]

'3 -

—Outout WA IMSULARAILARENNNNAD LARNKA WIRANTALEES(Sound Card)

Faay1H9 uuvIWg(File format) Wnang * VOC 1edeniafn jhwiuresnadruaf uanen

|
1N 5.1

)
Y

1lf1 5.1 naeaniBuadauding o 1esmefruaf

~ v ' ] ' ' ) o J
IR 1 1senau W faedautiat Ang ] AU



FILE

wanaAgL# 5.2

17152 nanudnytiatad e

AUAANUIN | oad 1 XAAG Entar ',:,w“‘f%";n:,;q. ! oad ALAL Q * VVOC
- LOaG LHAla2 Load UaITIA center Aot i el Load o:~b LARIN |9
r|‘ e «*‘Tnﬂu‘ ﬁr:‘:.’ 1A Y9417 f:u:r:\MQVZhMIV Dat+h ,”np\
WPEIRS 1ANLAUEALLASH A ‘\sh NS NN Path 'Ad

- Save """‘/‘JL', ‘U‘]’Jlm (:ﬂwﬂ’?f‘“_;‘::?dﬁf;xﬂ‘.‘ﬂﬁ

A slﬂ(rs o ¥ i c~_4ll “'A".n-iq o : ‘ﬂl c[
- Info VIATUTUAURYAUDN File Vi Load HIIMNTBHRANY Azaslsting ey
|
‘3‘ v“ oy \f‘ln = T r - + ar 2 e

AR /AN VOC Data T IVLATD File, Time Constant LAY Sampling Frequency

RECORD

o =i
uaRasNgLN 5.3



~J
O

KMITL : DIGITAL FILTER (FIR)
B  riitiy Option Output

2171 5.3 NIRUAAILIYEBYLEN record

N\ Y
r:\:fm,ol:rg Rate Hadenundsuniitudons cnter Tsunauazlifldan

winRe AdeennsRd drvi it unRatE A sumiAY faya (Default = 1K Sampling/s)
.l/ al —;H } 2 v ._J [ ~: r: £ “ .-‘ ' P "
UUADRTADUAUDIANMNA WGONABNY fs/2 UATANINLUAIUILABN AN 400 Sampling/s

U

frsaenislEiun1dmdes

|
alal v

- Record lunstimsaenieunnidaswaiudlun’dweisy e ld
o c‘l/ v A& B o c}/ " .o " o :
WaAsutlunfsTunnlé IasA NEMasIuauANquENaNfaRar ANLTNLANeY

Aasiavua l3das

. Software Generator  1WNNFIAIIVIRBANIAMANTRA 7 1esAamesiqld
al al‘ . | ' al' ' \1 ' v o
Aueildanmniuiincioudesias ¢ arkidunisasaanuazldnafidaiey

-’ : s 1 | ) J £ ]

Fatudldabafaffuiaraitenanulian q aduidasnisesnan 2 Werfdu I

o

1senaudaaeridusail



Make Freguency
2. Sweep Frequency

Aeuanelugih 5.4 fal, (o)

gﬂﬁ 5.4 UAANLNYEIDEIURN software generator

(a) Make Frequency

{b) Sweep Frequency

oo

(o]



o
et §

Make Frequency
Lk "4 du v d‘ [ o ° & o '
Warduilazarunsnainannunlsliannaanuau s TuRzaaunINEIn
v v dl o q‘ d‘
FaIN1IAFINANNDATUINNAND
d‘ o n; % v a N v 2 alId‘ % (= o \1 d’
Hansusauunsaansudanazifinauanunnsesnsidusa q 1l auasun
o [~4 o dl ] 23 v o d‘ v | d‘ ]
e wastdsunsufiasiianudsing ) wnmndndeeiuy iesFailugdadulm
SURe 1A AL R AR ITaaNULLEENNTTU @TNITARAINDTN
Y v v . A v i ol
91 Ligeennseaniaviell Aoatinedy a5 9ANDTIUNN 2 69 AB 10Hz WAL 300 Hz WAL

ynnseanuuuiames uuy TadwiddRawas 1iAmaew. iranud 100 Hz Taeldduilss@ng

1 99

|dl - L] e < «
1N 8.5 ﬂ".WLLﬂﬂx‘l(’ﬂ‘,‘@@ﬂLLUUlZ\l’J‘v‘J’]@Z{ Nalnas



EMITL:

R

li56  navwiristuiiizlARuniAnNATNG- 10821300 Hz 19wy

e o Iy « X Vsd f - Y\
WHNAeE A RIUARUAIND 10 Hz HAUNTHALA D 5UIAY

a o a v ¥ < o - : a avy
LHANINNTRBNLULILRTILTELTAEIUA n‘lﬂﬂQLNE} Qutput 1aan Display gﬂﬂﬂuwiﬂQ:LLﬂmd

o g - 5 RV A a Y o ) 4 & -
CNEIJ‘W 5.6 4R HIANUIANUTAUAAIARUNLINA TN AULHY 2 LL&@GEﬂﬁ@UV]QﬂW@

wafudn viielumisnduiudisiasnnsda HRF | AluiendiedieHigh Pass Filter Tuiny
Filter lunifitanualildpuiAnaan 7.300 Hz uas ddulsranaies FECTTLIRG]

Display 1 1y Oltput Aaxldutigiae uahedeupansngeeenuy Mbaadlugln 57



oo
w

31757 AIUTIANULUARATIND 10 Uaw-300 Hz 9aNNY

TARAIAIILAASARANA 300 Hz NinunasHalBasuan

Sweep Frequency

FarFutara¥eanunFeus 0 Qe fs/2 aanua auans liiiuldasing
] 1 = -=J‘ ' ‘1 d‘ n:il o - « ]
10 7 91 ssuUinmepsuAusIANNDREN FuiananiraanuuLNama fLLUsNg

o e ' l=ll i 2 v = v 4 ,‘/,d &1 :4' ° ' v :’/
] ASFNRENVINANINIUNNA ULTELITDEAT Wiaanldnaaiivis Sweep Generator AMEYINAT

6 A

Taeliiidapuaunniassegli 5.8



al

119 6.8 Nuany

Sweep Generator

uantlau

L

NederiugeenAseanuULRAaTIILAY 9 AR nAHDLTNAS
: b L
N6 Enter | AantiAan iUy

1&un LPF,HPF

]

AT aenTaelil LaTaUAD AN NINAALMLN Sweep Generator

FaNnTs F4ariivilaan 4wy
a o
“ANTEN

wdvian s tlauAIAN NN LAT AN

nsiamasudaidenniiiamne S 7 7

b.

BPF.BSF slanniaan 1N User Design Filter

Foaniseenuuy - TearldsadnunninsuanesfivandeantneadianaTuLILGEN ) AgUN

5.9 (a),(b),(c),(d)



(3l nMMwAsReuanesaelainnad Nanas

i

(b) NINNITABLALESTE lantad Hawmasd



(¢} AMTNANTARLANDITESULLA niad Rawmad

(d ANAIRALAUBIRILLUS anal Aawmes

A a '
21l7 5.9 nnuapsnITABUALBIYes AT ILLANN 1



FILTERING
Aaffutisznaudg
- Low Pass Filter
- High Pass Filter
- Band Pass Filter

- Band Stop Filter

- User Design Filter

J
Y

5 10 ﬂ’\WLLﬂﬂdeh"ﬂﬂﬁ“ﬂfNW@L”\ﬂ?

Low Pass Filter : lunsdifigaenisiienyiny uuu LPF - AiiNenusing Enter

v v
= | o

3119 e
WNTUY

High Pass Filter : Tunsain

v

Waruiiivingiuy

'
=

RaansIsLa1Y NN WL HPF AUNENWsng Enter

=b.



= [

sl s Ve S Ry e BT T Sk i o
Band Pass Filter : LUNTUNIADINITIALRINWN UL BPF NiNeNWANA Enter NWNNTU

o

; aa vy 1% - o ' o o
Band Stop Filter : lunscifisiaanslAvinyuuy BSF AiNenusing Enter  Nilaridu

{

User Design Filter : Waridutiazanunsnlfiseanuuuldliddnazily  LPFHPF BPF,
BSF LAAsEaeinniniaendtazesnuuuiawmesiiialagrdeulpanisnaidanatinaes
NalAasTFadn1snauian ANARIAANT ['User Design Filter']  TeAwiAn Default 1Huns
panuuY 94 d1aenaanuu HPF
1 Al NN o
Record NaLiNalaenA1 Sampling Rate {4-5000]
(2) \aan Frequency- Software Generate waztaan Sweep Frequency
(3) 1ﬂL§Jiﬂ; Filtering (@an 'High Pass Filter”

- j, i § ; 4 3
(4) luaen "User Design Filter

i Ly .J
TIUAPIANILN 5.11

o a - c
717 5.11 nuasenisideneanuuulaniad Aawmes



WerfduasWialdaranud (fu Hy Tagaudnldagldunnngaliinu fs2  (eu
540 Hz]

' o v o o a > ' a o~

osniarduarifistlousiuoududss@ns  Taimungegalaiiivu 99 fa (Hau 35]

e dtleudrtannnfaziualilédnsv aan Annuindelu usagldinanlunas

Uszunanaunan s

mn,“ | uwlm_

»liii
'"lllnnnnu. i

d‘ Y o a &, o
217 5.12 nanwuamenslfdus@ngsneiu
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OPTION
Usenevlfnadautian 4 ol
- Time Domain

- Frequency Domain

- Hamming Window

- Hanning Window

- Blackman Window

Touanafagaif 513

- ;
2U% 5.13 AMNUARILNYEBEYAY Option

Time Domain  azlflun1s@endtavinnnlssnanadyqnniuiifvesnal  vide
Ava



Frequency Domain szl lun1ai@andtazyinnisszanana (paulagiul u
aa 4‘ ' dll £ % o« Y g <
fRreeanud  wiliaeanniasainilsunanuaranuduteauses Aigorithm (FFT) A
v lflBuadwiilignaemnnsdvifelinalunslsmnanauundmdlammna

a v ~ AT : < a
Tuymmgeijudanistszinaua elilamuanud sssieadnitlamuaainin - axduas
o v ° v v < ' Ha
fagasinnsudla  Tassaiwliianumaiiindrtanuin

Hamming Window Wunsiamesuuusng - Asteenisiinisiamefuuud

¥ ' : é 0 dll < a rn; v v o o
WiNFN Hamming FeanunsanldlaaiiaiaannifainaiNAenIsuaINaanNIEN

AU Hamming UAANA Enter - snatiasauaneluguil 5.14

gﬂﬁ 5.14 NYWILARAN Filter Response U84 Hamming Window

Hanning Window  \fumsiawafuuusine 7 Afeeanisilinisiamefuuusiiu
v : < o 4 - - < v o o
WHNFN Hanning Tannsain lilaailiaidenmiaimefuuuisasnisudaiiaanuiey

AWMLY Hanning Wdana Enter Fatasuanilugiins.1s



gﬂ'?l‘ 5.15 AANILEAN Filter Response @3 Hanning Window
re = ) [ | n:l‘ L v a « i
Blackman Window i1]un1sWatmasuuLsng wraanTvin i amafuuuiu
v d' 0 20 & o a - d'v v o o o
WNFNe Blackman  Ee@IRATOM e Ingiie RanMsNaIae L LILNFABINNTUAINIAANNEN

UM Blackman WiaNA Enter -saadwasnaaslugii 516

gﬂﬁ 5.16 NMNLAAY Filter Response 184 Blackman Window
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ouUTPUT

! . . o o
dssnaudiangoutiansng 4 Aell
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/* _________________________________________________________________
DESIGN.C : For DSP (FILTER FIR) program !
update time 10:21:37p
. date 23/5/94
- */ _______________________________________________________________

#ifnclude <«stdio.h>
#include <stdlib.h>
#include <string.h>
#include <conio.h>
#include <math.h>
#include <graphics.h>
#include "twindow.h"
#include "keys.h"
#include "sbcvoice.h"
#include "project.h"
#include "filter.h"
#include "get.h"

#include "dft.h"

#define XAREA 598

#define EVEN O
f#idefine ODD 1
extern System sys;

extern VOC_FILE *voc;
extern float far *tbuffer;
extern float far *pbuffer;
extern FILTER *fil_ptr;
extern FILTER fir_ lpf;
extern FILTER fir hpf;
extern FILTER fir bpf;
extern FILTER fir_bsf;
extern float fir 1pf35[35];:

static float transform coef [MAX_ COEF];
FILTER fir transform = {35, NULL, transform_coef};
float dlpf [MAX_COEF];

#include "design.i"
void User design (void)

WINDOW *interface;
interface = establish window (10, 10, 6, 40) ;
set_border (interface, 1);
set_colors (interface, ALL, BLUE, GREEN, BRIGHT):
( switch (sys.type_fil)

case LPF: set_title (interface, " Design LPF ");
display window (interface);
design 1pf {interface);
break;

case HPF: set_title (interface, " Design HPF ");
display_window (interface):
design_hpf (interface);
break;
case BPF: set_title (interface, " Design BPF ");
display_window (interface);
design bpf (interface);
break;
case BSF: set_title (interface, " Design BSP ");
display_window (interface);
design bsf (interface);
break;



delete_window (interface);

}

void design_ lpf (WINDOW *inter)

unsigned fp, N;
unsigned i;

wprintf (inter, " Used default sampling frequency \n");
wprintf (inter, " and fp is not great fs/2 \n");
wprintf (inter, " frequency pass (fp) : \n");

wprintf (inter, " length of coefficient : ");

set_cursor_type (5);
cursor (36, 13); scanf ("%d",&fp):
cursor (36, 14); scanf ("%d",6&N);
set_cursor_type (-1);
i = odd_even (N);

if (i == EVEN) N += 1;

clpf (fp, N, transform coef);
fir_transform.length = N;

fil ptr = &fir_transform;
sys.type_fil = DLPF;
save_design (inter, "DLPF.FIR", transform coef, N};

}
void design_hpf (WINDOW *inter)

unsigned fp, N;
unsigned i;

double a;

wprintf (inter, " Used default sampling frequency \n");
fwprintf (inter, " and fp is not great fs/2 \n");
wprintf (inter, " frequency pass (fp) :\n");

wprintf (inter, " length of coefficient : ");

set_cursor_type (5);

cursor (36, 13); scanf ("%d",&fp):
cursor (36, 14); scanf ("%d",&N);

set_cursor_type (-1);

i = odd even (N);

if (i == EVEN) N += 1;
fp = sys.sampling/2 - fp;

clpf (fp, N, transform coef);
// a = (N-1)/2;

a = 1;
for (i=0;i<N;i++,a++)
transform coef[i] = pow (-1,a)*transform_coef [i];

fir_transform.length = N;
£il ptr = &fir_transform;
sys.type_fil = DHPF;
save_design (inter, "DHPF.FIR" , transform_coef, N);

void design_bpf (WINDOW *inter)
unsigned fu, f1, N, fp;
double twopi, fo;

unsigned i;
int a;



wprintf (inter, " Used default sampling frequency \n");

wprintf (inter, " frequency low (f1) : \n");
wprintf (inter, " frequency high (fu) : \n"};
wprintf (inter, " length of coefficient : ");

set_cursor_type (5);

cursor (36, 12); scanf ("%d",&fl);
cursor (36, 13); scanf ("%d",&fu);
cursor (36, 14); scanf ("%d",&N);
set_cursor_type (-1);

i = odd _even (N);

if (i == EVEN) N += 1;

fp = (fu - £1) / 2;
fo = (fu + £1) / 2;

clpf (fp, N, transform coef);

twopi = 8*atan(l);
twopi = twopi * (fo/sys.sampling);
a = (N-1)/2;
a = -a; .
for (i=0; i<(N+1)/2; i++, a++)
| transform_coef[i] = (2*cos (a*twopi)) *transform_coef [i];
a=1;
for {; 1 < N; i++, a++) /
| transform_coefli] = (2*cos (a*twopi) ) *transform_coef (i];

fir_ transform.length = N;
fil ptr = &fir_transform;
sys.type fil = DBPF;
save_design (inter, "DBPF.FIR" , transform_coef, N);

}

void design_bsf (WINDOW *inter)
unsigned fu, fl, N, fp;

double twopi, fo;
unsigned 1i;

int a;

wprintf (inter, " Used default sampling frequency \n");
wprintf (inter, " frequency low (fl) : \n");

wprintf (inter, " frequency high (fu) : \n");

wprintf (inter, " length of coefficient : ");

set_cursor_type (5);

cursor (36, 12); scanf ("%d",&fl);

cursor {36, 13); scanf ("%d",&fu);

cursor (36, 14); scanf ("%d",&N);
gset_cursor_type (-1);

i = odd even (N);

if (i == EVEN) N += 1;

fp = (fu - £1) / 2;
fo = (fu + fl) / 2;

clpf (fp, N, transform_coef);

twopi = B8*atan{l);
twopi = twopi * (fo/sys.sampling);
a (N-1)/2;

U]

a -a;



for (i=0; i<(N-1)/2;
transform_coef [1]
transform_coef [i]

i+,

transform_coef [i]

i+4;

a = 1;

for (; i < N; i++, a++) {
transform_coef [i]
transform_coef [i]

fir transform.length = N;
fil ptr = &fir_transform;
sys.type_fil = DBSF;

a++)
(2*cos (a*twopi) ) *transform_coef [i];
-transform_coef [i];

{

1 - transform coef[i];

(2*cos (a*twopi) ) *transform_coef [i];
-transform_coef [i] ;

save_design (inter, "DBSF.FIR" , transform_ coef, N) ;

int clpf (unsigned fp, unsigned N, float *coef)

float wdp, wsampling, twopi, ratio, pi;

unsigned 1i, a, b, oe;
twopi = B8*atan(l);

pi = twopi / 2;

ratio =

wdp = twopi*ratio;
oe = odd_even (N);
if (oe == ODD) a =
else a =b = N/2;
for (i = 0; i < b;
coef i) =

b =

if (oe == ODD)
coef [i] =
i+4;
}
a = 1;
for (;i < N; i++,a++)
coef[i] =

return 1;

}

int odd_even (unsigned n)

unsigned a;

a=n & 0x0001;

if (a == ODD) return ODD;
else return EVEN;

}

int save design (WINDOW *inter, char *name, float *data, unsigned

{
FILE *fp;
unsigned i;
static char str([25];

i++,a--)
1/{pi*a)*sin(a*wdp) ;

(float) fp/sys.sampling;

(N-1) / 2;

(float) wdp / pi;

1/(pi*a)*sin(a*wdp);

N)

print_error ("can't save data (FILTER COEFF)");

fp = fopen {(name, "w");
if (fp == NULL)
{
return -1;
for (i=0; 1 < N; i++) {



strset (str, 0);

gcvt (datalil, 10, str);

strcat (str,"\n");

fwrite (str, 1, strlen(str), £fp):

}
fclose (fp);
return 1;

)
#define YAREA 200
vdid Vlipf (void)

COMPLEX *filt;

FILTER *fil;

float a, *signal, zoom;
double tempflt;

char strl(25},str2(15];
unsigned m, f£ft_length, x;
int flag=1, 1i;

float min, max, dbmin;
switch (sys.type fil)

case LPF: f£fil
case HPF: fil

&fir lpf; break;
&fir hpf; break;

case BPF: fil &fir bpf; break;

case BSF: fil &fir bsf; break;
default : fil = &fir transform; break;

m = log2(sys.sampling);

fft_length = l<<m;

filt = (COMPLEX *) calloc (fft length, sizeof (COMPLEX) ) ;
if (filt == NULL)

print error ("Out of memory for function
VLPF") ;
flag = 0;

signal = calloc (fft_length, sizeof (float));
if (signal == NULL)

print_error ("Out of memory for function
VLPF") ;
flag = 0;

}
if (flag != 0)

for (i = 0; i1 < fil->length; i++)
filt[i) .real = fil->coef[i];

fft (filt, m);
a = fil->length * fil->length;
for (1 = 0; i < f£ft_length; i++)

tempflt = filt(i).real * filt[i].real;
tempflt += filt([i].imag * £ilt[i].imag;
signal[i] = 10*logl0(MAX(tempflt, le-19));

Graphics_interface (};
setusercharsize (1, 4, 1, 4);
setcolor (EGA_BLUE) ;
i = 0;
max_min (&max, &min, signal, f£ft_length);
/* for (x = 0; x < 200; x=x+10, i = 1 - 10) {
itoa (i, str, 10);
outtextxy (2, 40+x, str);



y +/

gcvt (max, 3, str); gevt{min, 3, str2)};

if (min < 0) {dbmin = min; min = -min;};
zoom = (float) ((float) min/(float)YAREA};
for {x=0; x < £ft_length; x++)
{
a = (float) x / ((float) fft_ length/XAREA) ;
putpixel (a+20, 45-(signal({x]/zoom), EGA_RED);
if (signal(x] == dbmin) outtextxy (2, 35-(signal(x]/zoom),
str2);
, if (signal[x] == max) outtextxy (2, 40- (signal [x] /zoom) ,
str);
get_char () ;
free (filt);
free (signal);

closegraph ();

}

void max_min (float *max, float *min, float *buf, unsigned length)

register i;

*max = *min = buf([0};
for (i = 1; i < length; i++)
if (*max < buf[i]) *max = buf(i];
if (*min > buflil) *min = bufli];
}



#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>
#include <math.h>
#include "twindow.h"
#include "dft.h"

void print_error (char *);
/********************************************************************
* %

PFT.C - SOURCE CODE FOR DISCRETE FOURIER TRANSFORM FUNCTIONS

fft In-place radix 2 decimation in time FFT
log2 Base 2 logarithm

*********************************************************************

**/

/********************************************************************
o % % % Kk d

fft - In-place radix 2 decimation in time FFT

Requires pointer to complex array, x and power of 2 size of FFT, m
(size of FFT = 2**m). Places FFT output on top of input COMPLEX
array.

int £fft (COMPLEX *x, int m)

Ak hh kA hdkk kA A Ak ko kA k ke hkhh kA hk kR khkkdodedd ke hddhkkkkiw
****/

int f£ft(x,m)

COMPLEX *x;
int m;
{
static COMPLEX *w; /* used to store the w complex array
*{
" gtatic int mstore = 0; /* stores m for future reference */
static int n = 1; /* length of fft stored for future
*/

COMPLEX u, temp, tm;
COMPLEX *xi,*xip,*xj, *wptr;

int i,j,k,1,1le,windex;
double arg,w_real,w_imag,wrecur_real,wrecur_imag,wtemp_real;
if(m != mstore) {
/* free previously allocated storage and set new m */
if (mstore != 0) free(w);
mstore = m;
if (m == 0) return; /* if m=0 then done */
/* n = 2%*m = f£ft length */

n=1%1 << m;
le = n/2;

/* allocate the storage for w */

w = (COMPLEX *) calloc{le-1,sizeof (COMPLEX));



if(1w) {
closegraph () ;
print_error ("Error : Out of memory for FFT")

return (-1);

}

/* calculate the w values recursively */

arg = 4.0*atan(1.0)/le; /* PI/le calculation */
, wrecur_real = w_real = cos(arg);
wrecur_imag = w_imag = -sin{arg):
Xj = w;
for (j =1 ; j < le ; j++) {
xj->real = (float)wrecur_real;
xj->imag = (float)wrecur_imag;
Xj++;

wtemp _real = wrecur_real*w_real - wrecur_imag*w_imag;
wrecur_imag = wrecur_real*w_imag + wrecur_imag*w_real;
wrecur_real wtemp_real;

nu

}

/* start f£ft */

le = n;

windex = 1;

for (1L =0 ; 1 <m ; l++) {
le = le/2;

/* first iteration with no multiplies */

for(i =0 : i <n ; i =i + 2*le) {

xi = x + 1;
xip = xi + 1le;
temp.real xi->real + xip->real;

temp.imag
xip->real
xip->imag
*xi = temp;

xi-s>imag + xip->imag;
xi->real - xip->real;
xi->imag - xip->imag;

nowonon

}

/* remaining iterations use stored w */

wptr = w + windex - 1;
for (j =1 ; j < le 3 j++) {
u = *wptr;
for (i =3 ; i <n; i=1+ 2*le) {

xip = xi + le;

temp.real = xi-sreal + xip->real;

temp.imag = xi->imag + xip->imag;

tm.real = xi->real - xip->real;

tm.imag = xi->imag - xip->imag;

xip->real tm.real*u.real - tm.imag*u.imag;
Xip->imag tm.real*u.imag + tm.imag*u.real;
*xi = temp;

wptr = wptr + windex;

windex = 2*windex;

}

/* rearrange data by bit reversing */



j =0;
for (i =1 ; i < (n-1) ; i++) {
k = n/2;
while(k <= j) {
jo=3 - ki
k = k/2;
b
j =3 + k;
if (i < ) {
xi = x + 1i;
. Xj = X + jl
temp = *xj;
*xj = *xi;
| *xi = temp;
}
return 1;

/******************************"**************************************
% Kk k K

log2 - base 2 logarithm

Returns base 2 log such that i = 2**ans where ans = log2(i).
if log2(i) is between two values, the larger is returned.

int log2(unsigned int x)

*********************************************************************
****/
int log2 (x)

unsigned int x;

unsigned int mask,i;

1f(x == 0) return(-1); /* zero is an error, return -1 */
X--; /* get the max index, x-1 */
for(mask =1 , i = 0 ; ; mask *= 2 , i++)
if(x == 0) return(i); /* return log2 if all zerxro */
x = x & (“mask); /* BND off a bit */



#include <stdlib.h>
#include <stdioc.h>
#include <math.h>

#include "filter.h"

void print_error (char *);
/********************************************************************

* Kk k Kk kK

FILTER.C - Source code for filter functions

. fir filter_array FIR filter float array of data
fir filter FIR filter floats sample by sample (real
time)

*********************************************************************
****/

/********************************************************************
& %k %k kK

fir _filter array - Filter float array of data
Requires FILTER structure for coefficients.
Input and output arrays are of equal length
and are allocated by the calller.

void fir filter_ array(float *in,float *out,int in_len,FILTER *fir)

in float pointer to input array
out float pointer to output array
in len length of input and output arrays

FILTER *fir pointer to FILTER structure

*********************************************************************
****/

void fir_ filter array(in,out,in_len, fir)
float far *in, *out;
unsigned long in_len;
FILTER *fir;

int i,j,coef_len2,acc_length;
float acc;
float far *in_ptr,*data_ptr,*coef_start,*coef_ptr,*in_end;

/* set up for coeffieients */
coef_start = fir->coef;
coef_len2 = (fir-s>length + 1)/2;

/* set up input data pointers */
in_end = in + in_len - 1;
in ptr = in + coef_len2 - 1;

/* initial value of accumulation length for startup */
acc_length = coef_len2;

for(i = 0 ; i < in_len ; i++) {
/* set up pointers for accumulation */

data_ptr
coef ptr

in_ptr;
coef_ start;

no

/* do accumulation and write result */



acc = (*coef ptr++) * (*data_ptr--):
for(j = 1 ; j < acc_length ; j++)

acc += (*coef ptr++) * (*data_ptr--);
*out++ = acc;

/* check for end case */

if (in ptr == in_end) {
acc_length--; /* one shorter each time */
coef_start++; /* next coefficient each time */
, }
/* if not at end, then check for startup, add to input pointer */
else {
if (acc_length < fir->length) acc_length++;
in ptr++;

/*****************************************************************#**
g % ok Kk ok ok

fir_filter - Perform fir filtering sample by sample on floats
;
Reqifres FILTER structure for history and coefficients.
Retdrns one output sample for each input sample. Allocates history
array if not previously allocated.
float fir filter(float input,FILTER *fir)

float input new float input sample
FILTER *fir pointer to FILTER structure

Returns float value giving the current output.
Allocation errors cause an error message and a call to exit.

*********************************************************************
****/

float fir filter(input, fir)

float input; /* new input sample */

FILTER *fir; /* pointer to FILTER structure */
&, .

int i;

float *hist_ptr,*histl_ptr, *coef ptr;
float output;

/* allocate history array if not already allocated */
if(1fir->history) {
fir->history = (float *) calloc(fir->length-1,sizeof (float});
if (1fir->history) {
print_error ("Unable to allocate history
array in fir_ filter");

exit (1) ;
}
}
hist_ptr = fir->history;
histl ptr = hist_ptr; /* use for history update

*/

coef ptr = fir->coef + fir->length - 1; /* point to last coef */



/* form output accumulation */
*hist ptr++ * (*coef_ptr--);
{

output =
for{(i = 2 ; 1 < fir->length ; i++)
*histl ptr++ = *hist_ptr; /* update history array
*/
output += (*hist_ptr++) * (*coef ptr--);

}
output += input * (*coef_ptr); /* input tap */
/* last history */

*histl ptr = input;

return(output) ;

——



#include <stdlib.h>
#include <stdio.h>
#include <string.h>
#include <math.h>

/********************************************************************
de b #de ke

GET.C - Source code for user input functions

get_string get string from user with prompt
get_int get integer from user with prompt and range
get_float get float from user with prompt and range

*********************************************************************
****/

/********************************************************************
ok ok kkk

get_string - get string from user with prompt

Return pointer to string of  input text, prompts user with string
passed by caller. Indicates error if string space could not be
allocated. Limited to 80 char input.

char *get string(char *prompt_string)

prompt_string string to prompt user for input

*********************************&***********************************
****/

char *get string(char *title string)

char *alpha; /* result string pointer

*/

alpha = (char *) malloc(80);

if (lalpha) {
print_error ("String allocation error in get_string");
return (NULL);

printf("%s ",title_string);
gets (alpha) ;

return (alpha) ;

/********************************************************************
% Je %k Kk k

get_int - get integer from user with prompt and range

Return integer of input text, prompts user with prompt string
and range of values (upper and lower limits) passed by caller,

int get_int(char *title_string,int low_limit,int up_limit)

title string string to prompt user for input
low_limit lower limit of acceptable input (int)
up_limit upper limit of acceptable input (int)

*****************************************************************&***
****/



int get_int (title_string,low_limit,up limit)
char *title_string;
int low_limit,up_limit;

int i,error_f£flag:

char *get_string(); /* get string routine */
char *cp, *endcp; /* char pointer */
char *stemp; /* temp string */

/* check for limit error, low may equal high but not greater */
if (low_limit > up_limit)
print_error ("Limit error, lower > upper") ;
return (-1);

}

/* make prompt string */
stemp = (char *) malloc(strlen(title string) + 60);
if (!stemp) {
print_error ("String allocation error in get_int");
return (-1);

sprintf (stemp, "%s [%d...%d]",title_string,low_limit,up_limit);

/* get the string and make sure i is in range and valid */

do
cp = get_string(stemp);
i = (int) strtol(cp,&endcp,10);
error_flag = (cp == endcp) [] (*endcp != '\0'); /* detect
errors */
freel(cp) ; /* free string
space */
} while(i < low_limit || i > up_limit || error_flag);

/* free temp string and return result */
free{stemp) ;
return (i) ;

******************************************************************i‘r*
Yk ke k ke k

get_float - get float from user with prompt and range

Return double of input text, prompts user with prompt string
and range of values (upper and lower limits) passed by caller.

double get float (char *title_string,double low_limit,double up_limit)

title_string string to prompt user for input
low_limit lower limit of acceptable input (double)
up_limit upper limit of acceptable input (double)

*********************************************************************
****/

double get_float(title_string,low_limit,up_limit)
char *title_string;
double low limit,up_limit;

double x;

int error_flag;

char *get_string(); /* get string routine */
char *cp, *endcp; /* char pointer */

char *stemp; /* temp string */

/* check for limit error, low may equal high but not greater */



if (low limit > up_limit) {
print_error ("Limit error, lower > upper");
1 return (-1);

3

/* make prompt string */
stemp = (char *) malloc(strlen(title_string) + 80);
if (1stemp) {
print_error ("String allocation error in get_float");
return (-1);

}

sprintf (stemp, "%s
(¥1.2g...%1.2g]",title_string,low_limit,up_limit);

/* get the string and make sure x is in range */
do {
cp = get_string(stemp);
x = strtod(cp, &endcp) ;

error_flag = (cp == endcp) || (*endcp != '\0'); /* detect
errors */
free(cp); /* free string
space */
} while(x < low_limit || x > up_limit || error_ flag);

.

/* free temp string and return result */
free(stemp);
return({x) ;



#ifdef _ TINY _
#ierror GRAPHICS will not run in the tiny model.
#endif ‘
#define XAREA 606
#include <«stdio.h>
#include <dos.h>,
#include <conio.h>
#include <string.h>
#include <stdlib.h>
#include <stdarg.h>
#include <fcntl.h>
#include <io.h>
#include <graphics.h>

void Initialize (void):
void StatusLine: (char *msg);
void Pause ();

void Screen_GUI ();

int  GraphDriver; /* The Graphics
device driver */°

int  GraphMode; /* The Graphics
mode value */

int MaxX, MaxY; /* The maximum
resolution of the screen */

iht MaxColors; /* The maximum
# of colors available */

int  ErrorCode = 0; /* Reports any
graphics errors */

gstruct palettetype palette; /* Used to read palette
info */

extern char msgf] = " KM I T L : DIGITAL FILTER :: ¥

void Initialize (void)

GraphDriver = DETECT;

initgraph (&GraphDriver, &GraphMode, LD I
ErrorCode = graphresult ();

if (ErrorCode != grOk) '

printf (" Graphics System Error:%s\n",
grapherrormsg (ErrorCode)) ;

exit (1);
)
getpalette (&palette); /* Read
the palette from board * /
MaxColors = getmaxcolor () + 1; /* Read

maximum colors */
MaxX = getmaxx ();
MaxY = getmaxy ();

}

/* ERASESTR: Used to erase a portion of the screen before a new
string *
/* is written to the screen or simply to remove a string from the

screen */
void erasestr (int xloc, int ylog, char *str)

struct textsettingstype textinfo;
int xdim, ydim;

void *textimage;

gettextsettings (&textinfo);
switch (textinfo.direction)



case HORIZ DIR: xdim

textwidth (str);
ydim = textheight (str):
xloc--; break;

textwidth (str);
xdim = textheight (str);
yloc++; break;

1

case VERT DIR: ydim

}

switch (textinfo.horiz)

case LEFT _TEXT: break;
case CENTER_TEXT: xloc -= xdim / 2; . break;
case RIGHT_TEXT: xloc -= xdim; '
break;
switch (textinfo.vert)
case BOTTOM_TEXT: yloc -= ydim;
break; '
case CENTER_TEXT: yloc -= ydim / 2; break;
case TOP_TEXT:
break;
}
while (xloc < 0) {xloc++; xdim--;} /* if
position is offscreen */
while (yloc < 0) {yloc++; ydim--;} : /* move

back to valid area */
textimage = malloc (imagesize(xloc, yloc, xdim, ydim));
getimage (xlogc, yloc, xloc+xdim, yloc+ydim, textimage) ;
putimage (xloc, yloc, textimage, XOR_PUT);
free (textimage);

}

/* GPRINTF: Used like PRINTF except the output is sent to
the screen  */

/* in graphics mode at the specified co-ordinate. Depending on
text */

/* direction, the xloc or yloc coordinate is returned offset
according */

/* to the
string (font) height */

void gprintf (int *xloec, int *yloc, char *fmt, ...)

va_list argptr;

/* argument list pointer */

char str(140];

/* buffer to build string into */

struct textsettingstype textinfo; /* text
gettings information */

int pos_adj = *xloc;

/* default position for adjust */

va_start (argptr, fmt); /*
initialize va_functions */

vsprintf (str, fmt, argptr): /* add
elements to str buffer */

gettextsettings (&textinfo);: /* check
graphic text settings */

outtextxy (pos_adj, *yloc, str): /* write
string in graphics mode */

switch (textinfo.direction) /* adjust
offset for next string */



case HORIZ DIR: *yloc += textheight (str) + 2; break;
case VERT DIR: *xloc += textheight (str) + 2; break;

}i .

va_end(argptr) ;

/* GPRINTC: Used like GRPINTF except the area where the text
will be */

/* written to the screen is first reset to the background
color. */

Yoid gprintc (int *xloc, int *yloc, char *fmt,...)

va_list argptr;

char str(140];

struct textsettingstype textinfo;

int pos_adj = *xloc; /*
default position for adjust */

va_start (argptr, fmt); /* initialize
va_funtions */

vsprintf (str, fmt, argptr); /* add elements
to str buffer */

gettextsettings (&textinfo); /* check
graphic text settings */

erasestr (*xloc, *yloc, str); /* erase the

area first */ ‘
outtextxy (pos_adj, *yloc, str);
switch (textinfo.direction)
{ 'z
case HORIZ DIR : *yloc += textheight (str) + 2; break;
case VERT DIR : *xloc += textheight (str) + 2 break;

~ =

}:

va_end (argptr) ;

/* GPRINTXY : Used like GPRINTC except the area where screen
coordinates */

/* are passed by value rather than passed by address
pointer */

void gprintxy (int xloc, int yloc, char *fmt,...)

va_list argptr;

char str{140];

struct textsettingstype textinfo;
va_start (argptr, fmt) ;

vsprintf (str, fmt, argptr):;
gettextsettings (&textinfo);
erasestr (xloc, yloc, str);
outtextxy (xloc, yloc, str);
va_end (argptr);

}
void Pause (f
static char msg([] = "Press any key...";
StatusLine (msg);
while (kbhit ()) getch ();
getch {();

}

void StatuslLine (char *msg)

int height;
setcolor (MaxColors - 1);



settextstyle (DEFAULT_FONT, HORIZ_DIR, 1);
gsettextjustify (CENTER_TEXT, TOP_TEXT);
height = ‘textheight ("H");

rectangle (0, MaxY-(height+4), MaxX, MaxY) ;
outtextxy (MaxX/2, MaxY- (height+2), msg);

}

void Graphics_interface ()

struct palettetype palette;

struct textsettingstype textinfo;
unsigned int maxx;

int color;

unsigned int x1, x2, yl, y2;

Initialize ();

settextstyle (TRIPLEX FONT, HORIZ DIR, 0);
gsetusercharsize (1, 2, 1, 2};

getpalette (&palette);

maxx = getmaxx ();

setbkcolor (EGA_LIGHTGRAY) ;

setfillstyle (SOLID_FILL, EGA_LIGHTBLUE);
bar (0, 0, maxx, 20);

setfillstyle (SOLID_FILL, EGA LIGHTCYAN);
bar (1, 1, maxx-1, 19);

setcolor (EGA_LIGHTRED) ;

outtextxy (5, 1, msg);

x1 = 17; X2 = 624; yl = 38; y2 = 245;
setfillstyle (SOLID FILL, EGA_WHITE) ;

bar (x1, yl, x2, y2);

setfillstyle (SOLID_FILL, EGA DARKGRAY);

bar (x1+1, yl+2, x2, y2};

bar (x1, y2-2, x1+3, y2); /* little */
bar (x2-3, yl, x2, v1+7); /* little */
setfillstyle (SOLID_FILL, EGA_LIGHTGRAY) ;

bar (x1+1, yl+1l, x2-5, y2-5);

x1l = 17; X2 = 624; yl = 253; y2 = 460;
setfillstyle (SOLID_FILL, EGA_WHITE);

bar (x1, yl, x2, y2);:

setfillstyle (SOLID_ FILL, EGA_DARKGRAY);

bar (x1+1, yl+2, x2, y2);

bar (x1, y2-2, x1+3, y2); /* little */
bar (x2-3, yl, x2, yl+7); /* little */
setfillstyle (SOLID_FILL, EGA_LIGHTGRAY) ;

bar (x1+1, yk+1l, x2-5, y2-5);



______ */ ’

/* @@ Usage . *¥*% TC Version
*x Kk */

/*

*/

/* Copyright (c) Creative Technology Pte Ltd, 1991. All rights
reserved. */

/* char far *LoadDriver (char *szDrvName)

/* DESCRIPTION:
/* Loads driver into memory with the driver name specified. The

/* driver is always loaded to the offset 0 of a segement.

/* ENTRY :

/* szDrvName :- Driver name to be loaded.

/* EXIT:

/* Pointer to the loaded driver if successful, else returns
NULL */

#include <«dir.h>
#include <stdlib.h>
#include <io.h>
#include <fcntl.h>
#include <dos.h>
#include <string.h>

char far *LoadDriver (char *szDrvName)

char far *1pDrvPtr = 0 ;

char far *1pPtr ;

char szDrvFile[100] ;

char *pPtr ;

int Handle = 1, NotDone = 1;
unsigned wDrvSize, wTemp, wDrvSeg ;
struct ffblk stFile ;

/* set the default file mode to binary mode */
_fmode = O_BINARY;

/* locate driver through environment parameter */
if ((pPtr = getenv("SOUND")} != 0)

strcat (strcpy (szDrvFile,pPtr), "\\DRV\\")
strcat (szDrvFile, szDrvName) ;

/* NotDone set' to 0, if found */



]
]

NotDone = findfirst(szDrvFile, &stFile,0) ;
/* locate driver in current directory */
if (NotDone)

strcpy (szDrvFile, szDrvName) ;

/* NotDone set to 0, if found */

NotDone = findfirst(szDrvFile, &stFile,0) ;

if (NotDone)
printf ("Driver file does not exist.\n")

else
if ((Handle=_ open(szDrvFile,O_RDONLY)) == -1)
printf ("Open %s error.\n",szDrvFile) ;
else
{
wDrvSize = (unsigned) filelength(Handle) ;
if ( allocmem((unsigned) ( (wDxrvSize + 15) >> 4),&wDrvSeg)
-1 )
1pDrvPtr = (char far *) ((unsigned long)wDrvSeg << 16)
lpPtr = lpDrvPtr;
if ( DosReadDrv(Handle, lpPtr,wDrvSize, &wTemp) == 0 )
freemem (wDrvSeg) ;
lpDrvPtr = 0 ;
}
else
printf ("Memory allocation error.\n");
_close(Handle) ;
}
}

return (1pDrvPtr) ;

- */

DosReadDrv (int Handle, char far *Buffer,

unsigned wLen, unsigned *lpByteRead)

DESCRIPTION:

Read driver to buffer using DOS interrupt 0x21 function 0

*/



/*  ENTRY:

/* Handle :- File handle to read.

/* Buffer :- Buffer to write to.

/* when  :- Number of byte to read.

/* 1pByteRead :- pointer to number of byte actually read.

/* EXIT:

/* Byte read if successful, else returns O.

DosReadDrv (int Handle, char far *Buffer, unsigned wlLen, unsigned *
wByteRead)

union REGS regs;
struct SREGS segregs;

regs.h.ah = 0x3f ;
regs.x.bx = Handle;
regs.x.dx = FP_OFF (Buffer);
regs.x.cx = wkLen;

segregs.ds = FP_SEG(Buffer);

intdosx (&regs, &regs, &segregs);

if (regs.x.cflag) /* error */
*wByteRead = 0;

else
*wByteRead = regs.x.ax ;

return (*wByteRead) ;



MRECORD.C : For DSP (FILTER FIR) program !
update time 21:57
date 15/5/94
________ */
#include <stdio.h>
#include <alloc.h>
#include <math.h>
#include <io.h>
#include <string.h>
#include <stdlib.h>
#include <dos.h>
#include <bios.h>
#include <fcntl.h>
#include "twindow.h"
#include "keys.h"
#include "project.h"
#include "sbcvoice.h"

extern System sys;

extern VOC_FILE *voc;
extern float far *tbuffer;
extern float far *pbuffer;

void Sampling (void)

WINDOW *sgam;

unsigned int s;

sam = establish window (20, 15, 3, 25);
set_colors (sam, ALL, BLUE, WHITE, BRIGHT);
set_title (sam, " Sampling ");

display window (sam);

wprintf (sam, "fs = ");

cursor (27, 16);

scanf ("%d",&s);

sys.sampling = (long) s;

delete window (sam);

)

int Software_gen ()

WINDOW *mn, *choose;

double arg,twopi;

unsigned int num, freq(20];

int i,73;

int s = 0;

char **cp;

char *titles(] = {
" 1 : MAKE FREQUENCY ",
" 2 : SWEEP FREQUENCY ",
0

}:
release ();

sys.softwaregen = ON;

sys.length = sys.sampling;

cursor {0, 25);

tbuffer = farcalloc (sys.length,sizeof (float));
if (tbuffer == NULL)



print_error ("Out of memory for generator");
return 2;

pbuffer = farcalloc (sys.length,sizeof (floaﬁ));
if (pbuffer == NULL)

print_error ("Out of memory for large data");
return NULL;

mn = establish _window(5, 5, 4, 45);:
gset_title(mn, " Software Generator "),
set_colorS(mn, ALL, BLUE, WHITE, BRIGHT);
set_colors(mn, ACCENT, GREEN, WHITE, BRIGHT) ;
display_ window{mn) ;

cp = titles;

while (*cp)
wprintf (mn, "\n%¥s", *cp++);
while (1)  {
s = get_selection(mn, s+1, "12");
if (s==0) break;
if (s==FWD || s == BS) {
s = 0;
} continue;
choose = establish window (20, 15, 3, 42);
set_colors (choose, ALL, BLUE, WHITE, BRIGHT);
switch (g) {
' case 1: {
display window (choose) ;
set_title (choose, " Make
Frequency "};
wprintf (choose, "Enter number of
frequencies in sum : ");
cursor (58, 16);
scanf ("%d", &num);
clear _window (choose);
cursor (21, 16);
printf ("Enter frequency #");

for (i=0;i < num; i++) {
cursor (38, 16);
printf ("%d:",i+1);
scanf ("%d",&freqlil);
cursor (40, 16); printf ("
")

}
set_cursor_type(-1);
twopi = 8.0*atan(1.0);
for (j=0; j < num; j++) {
arg = twopi* ((double) freq
{31/ (double) sys.sampling) ;
for (i=0; i < sys.sampling; i++)
tbuffer (i] += 2.5* (cos
((double) i*arg)):

for (i=0; i < sys.sampling; i++)
tbuffer(i] = tbuffer(il/
num;
S--;
break;

case 2:
display window {choose};



Generator ");

s§s.sampling;

{{(double) i * (double) i *arg));

: OK");

delete_window (choose):

delete_window (mn) ;
clear_message ();

set_title (choose, " Sweep
arg = 2.0 * atan(1.0) / (double)

for (i=0; i < sys.sampling; 1+4+)
tbuffer{i] = 2.5*(sin

wprintf (choose, "Freq. 0 -- fs/2
get_char (};

s--7

break;



#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <mem.h>
#include <conio.h>
#include <math.h>
#include <graphics.h>
#include <io.h>
#include <fcntl.h>
#include <dos.h>
#include <bios.h>
#include <ctype.h>
#include "twindow.h"
#include "keys.h"
#include "sbc.h"
#include "sbcvoice.h"
#include "project.h"
#include "filter.h"
#include "filtexr.i"
#include "dft.h"

#define XAREA 598
#include "Loaddrv.c"

extern System sys;

extern VOC_FILE *voc;

extern float far *tbuffer;

extern float far *pbuffer;

extern char far * near ctvdsk drv;

void recored (char *name);

void OutputFile (char *szFilename) ;
void PlayVoiceInBkgnd (void);

void RecordUntilStopped (void);

/* Function MENU for OUTPUT */
FILTER *fil ptr = &fir lpf;

#include "rdwindow.i"

void Speaker (void)
WINDOW *wnd;
char name[50] ;

cursor (0, 25);
wnd = establish window(10, 10, 3,

set_title(wnd, " Speaker Output for sound card ");
set_colors(wnd, ALL, BLUE, WHITE, BRIGHT) ;
set_colors(wnd, ACCENT, GREEN, WHITE, BRIGHT);

display_window (wnd) ;
wputchar (wnd, ':');
wecursor (wnd, 1, 0);
set_cursor_type {1);
scanf ("%s", name);
set_cursor_type (-1);
voice (name);
delete_window (wnd);

}

void voice (char *name)

45) ;

extern char far * near ctvdsk_drv;



/* Retrieve the BLASTER environment settings */
if ( ! GetEnvSetting() )

if (sbc_check_card() & 4)
if (sbc_test_int())
if (sbc_test_dma() >= 0)

if ({ctvdsk_drv =
LoadDriver Disk ("CTVDSK.DRV")) != 0 )

if ( 'ctvd_init(16) )

OutputFile (name) ;
ctvd terminate() ;
}
else
ShowErroxr () ;
}

}

else

print_error ("Error on DMA channel.");

}

else
print_error ("Error on interrupt.");

else
print_error ("Sound Blaster Card not found or wrong I/O
settings.")

}

print_error ("BLASTER environment not set or incomplete or
invalid.");

else

@@ Usage
OutputFile (char *szFilename)

DESCRIPTION:
Output voice with the filename specified.

ENTRY :
szFilename :- filename to be output.

EXIT:
None.

void OutputFile (char *szFilename)
int Handle ;

/* Open and play the voice file */
if ( (Handle=_open(szFilename, O_RDONLY)) != -1 )

ctvd_speaker (1) ;
if ( ctvd output (Handle) == NO_ERROR )

PlayVoiceInBkgnd () ;

if ( ctvd_drv_error () )
ShowError () ;

else



print_error ("Voice output ended.") ;

else
ShowError () ;
_close (Handle) ;

else
print error ( "Open file error")

}
/e e
/* @@ Usage
/*
/* PlayVoiceInBkgnd (void)
/*

/* DESCRIPTION:
/* Control voice plaing at the background using keyboard.

/*  ENTRY:
/* None.

/* EXIT:
/* None.

#pragma loop opt (off) /* turn off loop optimiaztion */
void PlayVoiceInBkgnd (void)

/* Polls for hot key while playing voice file */
while ( ct_voice_status )

{
if ( bioskey(1l) )
switch ( bioskey(0) & Oxff )
{
case 0xlb : ctvd_stop () ;
print_error ("Voice stopped.")
break ;
case ' ' : ctvd_pause () ;
print_error ( "Pause...\n"
"pressed any key to continue."
bioskey (0) ;
ctvd_continue () ;
break ;
case 'b'
case 'B' : ctvd_break_loop(l) ;
print_error( "Break-out takes
immediately")
break ;
case 'n'
case 'N' : ctvd_break_loop(0) ;
print_error( "Break-out takes
after the current”
" loop finishes" )
break ;
)
}
}

#pragma loop opt ()

place

place



/* @@ Usage x/
/% */
/* ShowError {(void) */
/* */
/* DESCRIPTION: */
/* Display error occurred during the process of voice I/O. */
/* */
/* ENTRY : */
/* None. */
/* */
/*  EXIT: */
/* None. *
/* *
/* _____________________________________________________________ %*
void ShowError (void)

int Err ;

char str[25];

/* Show the driver error and the DOS extended error code */
Err = ctvd_drv_error () ;

itoa (Err, str, 10);
print_error(strcat ("Driver error = ", str)) ;

Err = ctvd_ext_error();
itoa (Err, str, 10);
if { Exr !'= 0 )
print_error (strcat ("DOS error = ", str)) ;

void Recordv (int h, int v)
{
WINDOW *wnd;
char name[50] ;
wnd = establish window (20, 15, 3, 50);
set_colors (wnd, ALL, BLUE, WHITE, BRIGHT);

set title (wnd, " Record to file. "):
display window (wnd);
wputchar (wnd, ':');

wcursor (wnd, 1, 0);
set_cursor_type (5);
scanf ("%s", name);
wcursor (wnd, 1, 0);
set_cursor_type (-1);
recored (name);
get_char ();
delete_window {(wnd);



void recored (char *name)

if ( ! GetEnvSetting() )

{

if (sbc_check_card() & 4)
if (sbc_test int())
if (sbc_test _dma() >= 0)

if ({ctvdsk_drv =
LoadDriver Disk ("CTVDSK.DRV"})} 1= 0)

{

if ( letvd_init(6) )

RecordFile (name) ;
ctvd_terminate () ;

else
ShowError() ;
}
else
print_error("Error on DMA channel.");
}
else

print error ("Error on interrupt.");
else
print_error ("Sound Blaster Card not found or wrong I/0
settings.")

else
print_error ("BLASTER environment not set or incomplete or
invalid.");

/* _____________________________________________________________ */
/* @@ Usage */
/* */
VAd RecordFile (char *szFilename) */
/* */
/* DESCRIPTION: */
/* Record voice with the filename specified. */
/* */
/*  ENTRY: */
/* szFilename :- filename to be output. */
/* */
/* EXIT: */
/* None. */
/* */
/* _____________________________________________________________ */

void RecordFile {char *szFilename)
int Handle ;

/* create and record a voice file */
if ( (Hahdle=_creat(szFilename, 0)) != -1 )

ctvd_speaker(0) ;
if (sys.sampling < 4000) sys.sampling = 4000;
if ( ctvd_input (Handle, sys.sampling) == NO_ERROR )



RecordUntilStopped() ;

if ( ctvd_drv_error() )
ShowError () ;
else
} print error ("Voice record ended.")
else
ShowError () ;

_close (Handle) ;

}
else
print_error ("Create file error") ;

}
/* ________________________________________________________
/* @@ Usage
/*
/* RecordUntilStopped (void)
/*

/* DESCRIPTION:
/* Starts voice recording. Press ESC key to terminate the

recording.
/*
/* ENTRY:
/* None.
/*
/* EXIT:
/* None.
/*
/* ________________________________________________________

#pragma loop_opt (off) /* turn off loop optimiaztion */
void RecordUntilStopped (void)

{

/* Polls for hot key while playing voice file */
while ( ct_voice_status )

{
if ( bioskey(l) )
/* check for ESC key */

if ( (bioskey(0) & Oxff) == 0xlb )
ctvd_stop () :

}

print_error (" Voice stopped.")

#pragma loop_opt ()



#include <stdio.h>
#include <stdlib.h>
#include <alloc.h>
#include <share.h>
#include <string.h>
#include <conio.h>
#incluge <io.h>
#include <fcntl.h>
#include <dos.h>
#include <mem.h>
#include "filter.h"
#include "twindow.h"
#include "keys.h"
#include "sbcvoice.h"
#include "project.h"

#include "save.i"

#define BUFFER 0x20000L
##define OFFSET 32
#define NOCHECKBUFFER
//#define TEST_SAVE 1
void Save (void)

int _flag = 0;
char name [50] ;
char far *1pVoiceBuf, *1pBuf; .
char huge *1pBuf_h;
float far *stbuffer; /* float pointer to voice quantizer */
float far *spbuffer; /* float pointer to process */
unsigned statust, statusp;
unsigned long *1, length, flag=1, num=1;
WINDOW *wnd;
#ifndef TEST_SAVE
if (voc == NULL) _flag = 1;
#endif
if (_flag t!= 1)

wnd = establigh window (20, 10, 3, 40);
gset_border (wnd, 1):
set_colors (wnd, ALL, BLUE, WHITE, BRIGHT);
set_title (wnd, " Save file name. ");
display window (wnd);
wputchar (wnd, ':');
wcursor {(wnd, 1, 0);
scanf ("%s", name);
set_cursor_type (-1);
#ifdef TEST_SAVE
strcpy (voc-sname, "hello.voc");
#endif
if ( (lpvVoiceBuf = LoadFile(voc->name))} != 0)

/* success */
1pBuf_h = (char far *) lpVoiceBuf;
1pBuf _h += {((VOCHDR far *) 1lpBuf_h) ->
voice_offset;
do {
switch (1lpBuf_h(0])

case 0x01: {
/* yes == blocktype 1*/
gotoxy (1,1); printf (" %d ", num);



num++ ;

1pBuf _h = 1pBuf_h + 1;

/* shift 1pBuf h to blklen */

1 = (unsigned long *) 1lpBuf_h;

/* pointer to block len */

length = *1 & OxOOFFFFFF;

/* length is length of block len */

length = length - 2L;

lpBuf_h = 1pBuf_h+5;

/* pointer to data voice */

1pBuf = (char far *) lpBuf h;

stbuffer = quantizer (lpBuf, &statust,
length);

spbuffer = convolution (stbuffer, &
statusp, length);

if (spbuffer == NULL) flag = 0;

else requantizer (1lpBuf, spbuffer,

length) ;
break;

case 0x00: flag = 0; break;

}
1pBuf_h = 1pBuf_ h+length;
if (statust == NO_ERROR)
freemem (FP_SEG{stbuffer));
if (spbuffer != NULL)
if (statusp == NO_ERROR)
freemem (FP SEG(spbuffer));

l while (flag != 0):
lpBuf = lpVoiceBuf;
1pBuf += ((VOCHDR far *) 1pBuf) -> voice_offset;
SaveVoiceFile (name, 1lpBuf);
freemem (FP_SEG(lpVoiceBuf));

else {
/* insuccess */
print_error ("Can't open file for funtion save.c");

delete_window (wnd);



#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <conio.h>
#include <graphics.h>
#include "twindow.h"
#include "keys.h"
#include "sbcvoice.h"
#include "project.h"
#define XAREA 598

#define ROUND(a) (((a) < 0) ? (int) ((a)-0.5) : (int) ((a)+0.5)})

#define STEP2 0.0390625
extern System sys;

extern VOC_FILE *voc;
extern float far *tbuffer;
extern float far *pbuffer;

char *titles[] =

}:

L

=

: NC2¥°Ad- Time Domain (Default)",
2 : NC2¥°Ad- Frequency Domain *,

n 3 . Zoom in (Default)",

4 : Zoom out ",

void St_window (void)

int s = 0;

static int i=0;

static int o=0;

static WINDOW *mn, *choose;
char **cp;

cursor (0, 25);

mn = establish _window(5, 5, 6, 45);
set_title(mn, " jIB.2;RANC2Y°A¢EY WINDOW ");
set_colors(mn, ALL, BLUE, WHITE, BRIGHT) ;
set_colors{mn, ACCENT, GREEN, WHITE, BRIGHT) ;
display_window (mn) ;

cp = titles;

while (*cp)
wprintf (mn, "\n%s", *cp++);
while (1) {
s = get_selection(mn, s+1, "12345");
if (s==0) break;
if (s==FWD || s == BS) {
s = 0;
| continue;
choose = establish_window (20, 15, 3, 25):
set_colors (choose, ALL, BLUE, WHITE, BRIGHT) ;
switch (s) {
case 1:

set_title (choose, "Select Time Domain") ;

display_window (choose);
wprintf (choose, "
get_char ();

hide_window (choose);
sys.time_freq = TIME;
8--i

OK") ;



break;

case 2: set _title (choose, "Select Frequency
Domain") ;
display window (choose);
wprintf (choose, " OK") ;
get_char ()
hide_window (choose);
sys.time_freq = FREQ;

S--3;
break;

case 3:
if (sys.zoom == ZOOMOUT) i = 0;
sys.zoom = ZOOMIN;
i 4= 1;
sys.zoom_value = i;
set_title (choose, " ZOOM IN ");
display window (choose);
wprintf (choose, " %
d", sys.zoom_value) ;
get_char (});
hide window (choose) ;
5--7;
break;

case 4:
if (sys.zoom == ZOOMIN) o = 0;
sys.zoom = ZOOMOUT;
o += 1;
sys.zoom_value = 0;

// if (sys.zoom_value >=

sys.sampling/XAREA)
if (sys.zoom value >=

{

sys.length/XAREA)

sys.zoom_value = 1;
o = 0;

set_title (choose, " ZOOM OUT ");
display window (choose};

wprintf (choose, " %
d",sys.zoom_value) ;

get_char ();

hide_window (choose);

8S--3

break;

delete_window {(choose);

get_char ();
delete_window (mn);

}

#ifndef TEST
void Display (void)

float loop, ypos;
register i;
register x;
unsigned step, op;
float far *1pBuf;

// FILTER *fir_ ptr;

double time;
char str[25];
int dummy;
lpBuf = (float far *) tbuffer;



if (sys.softwaregen != ON)
if (voc == NULL) dummy = -1;
if (tbuffer == NULL) dummy = -1;

if (sys.sampling < XAREA) {dummy = -1;}
if (dummy != -1)
Graphics_interface ();

outtextxy (22,22, "t = ");
if (sys.zoom == ZOOMIN) {
loop = XAREA/sys.zoom_value;
time = {double) (XAREA) / (sys.zoom value * sys.sampling)

gcvt (time, 5, str); outtextxy (50,21,str);

setcolor (EGA_BLUE) ;
line (20, 130, 618, 130);
for (x=0; X < loop; X++)

ypos = 1pBuf(x];
~ i = x*sys.zoom_value; . _ 5
// 12 / 7 / 94 remark 0éascifiaC:-0&"pnd-¢GerA0sEAe -QE160-02aA 104

plot 3 A .

// Ifianscr +, - 8 Ra"¢ ¢0” auehANs- -0§0raA85°6 0N

/* if (x==0) moveto (i+20, 130- (ypos/0.3})
i */

/* if (ypos > 0)

lineto (i+20, 130 - (ypos/0.3));
if (ypos < 0)
lineto (i+20, 130 - (ypos/0.3));
*
// péts ;OBaEeAN5*6BA0%a " OAa» 1811
if (x==0) moveto (i+20, 130 - (ypos /

STEP2)) ;
lineto (i+20, 130- (ypos/STEP2));
}
setcolor (EGA RED);
if (sys.time_freq == TIME) {
Display4 (loop);
// adjust (&op);

for (x=0; x < loop; x++)
i = x*sys.zoom_value;
if (x==0) moveto (i+20, 350-
{(pbuffer (x} /STEP2)) ;
lineto (i+20, 350 - (pbuffer[x]/
STEP2) ) ;

} else if (sys.time_freq == FREQ) {
// Display5 (loop):
Fastcon (loop);
for (x=0; X < loop; x++)
i = x*gys.zoom value;
if (x==0) moveto (i+20, 420-
(pbuffer [x] /STEP2)) ;
lineto (i+20, 420 - (pbuffer({x]/
STEP2) ) ;
// putpixel (i+20, 420 - (pbuffer(x]
} /STEP2) ,EGA_BLUE) ;

} else /* if == ZOOMOUT */

{



loop = XAREA*sys.zoom_value;
time = (double) (XAREA * sys.zoom value) / sys.sampling;
gcvt (time, 5, str); outtextxy (50,21,str);
setcolor (EGA_BLUE)};
for (x=0; x < loop; X++)
ypos = 1lpBuf [x];
i = x/sys.zoom_value;
if (x==0) moveto (i+20, 130-
(ypos/STEP2)) ;
lineto (i+20, 130 - (ypos/STEP2));

setcolor (EGA_RED);

if (sys.time freq == TIME) ({
Display4 (loop);
adjust (&op) ;
for (x=0; x < loop; x++)

i = x/sys.zoom_value;

if (xX==0) moveto (i+20,
350- (pbuffer (x] /STEP2)) ;
lineto (i+20, 350 -
{pbuffer [x] /STEP2)) ;

} else if (sys.time_freq == FREQ) {
// Display5 (loop) ;
Fastcon (loop);

for (x=0; X < loop; X++)

i = x/sys.zoom_value;
if (x==0) moveto (i+20,
420- (pbuffer [x) /STEP2)) ;
lineto (i+20, 420 -
(pbuffer [x] /STEP2)) ;
// putpixel (i+20, 420 -
(pbuffer [x} /STEP2), EGA_BLUE);

get_char ();
closegraph () ;

}
#endif
int min_max (float *max, float *min)

register i;
*max = *min = pbuffer(0];
for (i = 1; i < sys.length; i++)

if (*max < pbuffer[i]) *max = pbuffer(i];
if (*min > pbuffer(i]) *min = pbuffer(il;
}
}

void adjust (unsigned *op)
switch (sys.type fil)
case DHPF:
case HPF:

case BPF:
case DBPF: *op = 60; break;



case LPF:
case BSF:
case DLPF:
case DBSF: *op = 0; break;

default: *op = 0;



/* Function MENU for FILTER TYPE */
void Lpf (void)

fil ptr = &fir_lpf;
sys.type_fil = LPF;

void Hpf (void)

fil ptr = &fir hpf;
sys.type_fil = HPF;

void Bpf (void)
fil_ptr = &fir bpf;
sys.type fil = BPF;
void Bgsf (void)
fil ptr = &fir_bsf;
sys.type_fil = BSF;
/* Function MENU for OPTION */
void Time domain (void)

sys.time freq = TIME;

}

void Freq domain (void)

sys.time freq = FREQ;

void hamming (void)

int i;

double ham, factor;
unsigned n;
FILTER *dummy;
switch (sys.type_f£il)

case LPF: dummy = &fir 1pf; break;
case HPF: dummy = &fir_hpf; break;
case BPF: dummy = &fir bpf; break;
case BSF: dummy = &fir bsf; break;
case DLPF:
case DHPF:
case DBSF:

case DBPF: dummy = &fir transform; break;
default: dummy = &fir 1lpf;

fil ptr = &fir_ transform;
n = £il ptr->length;
factor = 8.0*atan(1.0)/(n-1);
for (i =0 ; i < n ; i++){
ham = 0.54 - 0.46*cos(factor*i);
fil ptr->coef(i] = dummy->coef(i] * ham;



Yoid hanning (void)
int i;
double han, factor;
unsigned n;
FILTER *dummy;
switch (sys.type £fil)

case LPF=: dummy = &fir 1pf; break;
case HPF: dummy = &fir hpf; break;
case BPF: dummy = &fir bpf; break;
case BSF: . dummy = &fir_bsf; break;
case DLPF:
case DBPF:’
case DBSF:

case DHPF: dummy = &fir transform; break;
default: dummy = &fir 1pf;

fil ptr = &fir_transform;
n = £il ptr->length;
factor = 8.0*atan(1.0)/(n-1);
for (i = 0 ; 1 < n ; i++)
han = 0.5 - 0.5*cos(factor*i);
fil_ptr->coef[i] = dummy->coef (i) * han;

void blackman (void)
unsigned n,i;
double black, factor;
FILTER *dummy;

switch (sys.type_fil)

case LPF: dummy = &fir 1pf; break;
case HPF: dummy = &fir hpf; break;
case BPF: dummy = &fir bpf; break;
case BSF: dummy = &fir bsf; break;
case DLPF:
case DHPF:
case DBSF:

case DBPF: dummy = &fir_transform; break;
default: dummy = &fir 1pf;

fil ptr = &fir_transform;
n = fil_ptr->length;
factor = 8.0*atan{(1.0)/(n-1);
for (i=0; i<n; ++1i){
black = 0.42 - 0.5*cos(factor*i) + 0.08*cos(2*factor*i);
fil ptr->coef(i] = dummy->coef[i] * black;

}



/* dft.h - function prototypes and structures for dft and fft
functions */

/* COMPLEX STRUCTURE */
typedef struct {

float real, imag;
} COMPLEX;

/* function prototypes for dft and inverse dft functions */

extern int f£ft(COMPLEX *,int);
extern int log2(unsigned int);



/* FILTER.H */
/* FILTER INFORMATION STRUCTURE FOR FILTER ROUTINES */

typedef struct filter {

unsigned int length; /* size of filter */

float far *history; /* pointer to history in filter
*/ :

float far *coef; /* pointer to ceefficients of
filter */

} FILTER;

/* filter function prototypes */

extern void fir filter_array(float *,float *,unsigned
long, FILTER *);

/* note: if you have a compiler that passes floats then change

the two double declarations to float. This problem
is

a result of using the old style function
declarations. */

extern float fir_ filter (double,FILTER *);
extern float iir_ filter(double,FILTER *);



/* get.h - prototypes for get.c functions and common macros */

extern char *get_string(char *);
extern int get_int(char *,int,int);
extern double get_float (char *,double,double);

/* MIN, MAX, ROUND macros */
#define MAX(a,b)  (((a) > (b)) ? (a) : (b))

#define MIN(a,b) ({(a) < (b)) ? (a) : (b))
#idefine ROUND(a) .({{a) < 0) ? (int)((a)-0.5) : (int) ((a)+0.5))



#define MAX COEF 100
#define NOT_SUPPORT OxFFFF
#define STEP 0.01953125
#define NO_ERROR 0
#ifndef ON

#define ON 1
#endif

#ifndef OFF
#define OFF 0

#endif

#define ZOOMIN 1

#define zZOOMOUT 2

#define XAREA 598

#define _FIR 0x0001

#define _IIR -0x0002

#define LPF 0x0001

#define HPF 0x0002

#define BPF 0x0003

#define BSF 0x0004

#define DLPF  0x0005

#idefine DHPF 0x0006

##define DBPF 0x0007

#define DBSF 0x0008

#idefine TIME 0x0004

#define FREQ 0x0005

#idefine RUNTIME = 0x8000

#define BESTTIME 0x0800

typedef struct {
unsigned long sampling;
unsigned long length;
unsigned int softwaregen;
unsigned int time_freq;
unsigned int best_run;
unsigned int ptime_freq;
unsigned int methord;
unsigned int type_ fil;
int zZoom;
int zoom_value;
char *gtitle; /* title for graphics mode
float *coef;

} System;

typedef struct (
char id[20] ;
ungigned voice_offset ;
unsigned version ;
unsigned check_code ;
unsigned int sampling ;
unsigned int tc;
unsigned int pack;
unsigned long length file;
unsigned long length_data;
char *name;
FILE *fp;

} VOC_FILE;

typedef struct

char blktypel1];
char blkleni3];

*/



unsigned int tc_pack;
} BLOCKTYPEL;

typedef struct

char blktype(1l];
char blklen|3];
} BLOCKTYPE2;

void voice (char *name);

char far *LoadFile (char *szFilename);

int DosRead (int Handle, char far *Buffer,
unsigned wLen, unsigned *wByteRead);

int OutputVoice {(char far *1lpBuf);:

void Recordv (int , int );

void RecordFile (char *szFilename) ;
void RecordUntilStopped (void);
void ShowError (void);

void Display2 (float);

void Display3 (float ,int x);

void Display4 (float);

int min_max (flaat *max, float *min);
void adjust (unsigned *op);

int Fastcon (float);

unsigned Display5 (float);

/* external function for this program */
void Graphics interface (void);

/* General Function */

VOC_FILE *open_read voc (char *file name);

void readblk (VOC FILE *voc,BLOCKTYPE1 *blkbuf),
void readblk2 (VOC_FILE *yvoc, BLOCKTYPE2 *blkbuf) ;
void release (void);

void far *read_data (VOC_FILE *voc);

/* Function Prototypes */
SaveVoiceFile A(char *,char far *) ;
RecordvVoice (char *szFilename) ;
Recording (char far *1lpBuf,long lBufSize) ;
WriteToFile (int Handle, char far *1pBuf, long lSize) ;
DosWrite (int Handle, char far *Buffer,
unsigned wLen, unsigned *wByteWritten) ;
void release (void);

void design_lpf (WINDOW *);
void design_hpf (WINDOW *);
void design_bpf (WINDOW *};
void design_bsf (WINDOW *inter);

int save_design (WINDOW *inter, char *name, float *data, unsigned N);
int clpf (unsigned fc, unsigned N, float *coef);

‘int odd_even (unsigned n);

void max_min (float *max, float *min, float *buf, unsigned) ;

void Save (void);
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SIGSYS
A Signals and Systems Interpreter
TUTORIAL

Description. SIGSYS is an interpreter that has been designed to generate, manipulate
and display time and frequency signals. A wide fnd flexible range of operations is

supported.
Contents
0 Using SIGSYS 13 Graphic display of signals
1 Data types 14 Entering polynomials
2 Entering scalars 15 Operations among polynomials
3 Elementary data management and 16 Functions and evaluation of
command line editing polynomials
4 Operations among scalars 17 Fourier transformation
5 Functions of scalars 18 Macros and shell escape
6 Creating time signals 19 Integration of differential equations
7 Changing the default values 20 Iteration
8 Operations among and on signals 21 Command flow control
9 Functions and functionals of signals 22 User-defined functions and
10 Pointwise evaluation and composition of procedures
signals 23 Export and import of signals
11 Change of domain of signals 24 Help and diary facilities and
12 Creating and manipulating frequency diagnostics
* signals 25 Synopsis of commands




seven digits precision. The precision of the
display may be changed to 15 digits with
the command

format long
and changed back to seven digits with
format short

Also, by default SIGSYS displays complex
numbers in Cartesian form. The display
may be changed to polar form by the com-
mand

format polar

In this format, the complex number lf +
is shown as

1.414214%exp (j*0. 7853982)

The display may be changed back to Carte-
sian form by the command

format cartesian
The single command
format

reverts the display to default.

2.3. Exercise. Define the variables a
and b as in 2.1, and display them in polar
and Cartesian -format and with long and
short precision. ‘ ]

3. Elementary Data Management
and Command Line Editing
At any time during a session, the command

who

shows a list of the variables that have been
created so far, together with their types.
The command

clear

clears all variables, while

clear a,x,A

clears a, x and A only. It is useful to know
that a session may be peacefully ended at
any time by typing

exit

and that SIGSYS accepts the keyboard in-
terrupts

(CTRL)S halt execution,
{CTRL)Q resume execution,
(CTRL)C cancel the current operation.

(CTRL)S means that the CTRL key is
pressed together with the (lower case) s
key.

At any point during a session all
variables and their values may be saved on
disk by typing for instance - '

save data

This creates a file on disk called
DATA.DAS. The extension .DAS is added
by SIGSYS, dnd no extension should be
specified. If the file name “data” is omit-
ted, the default file name SIGSYS is tised.
In file names no distinction is made be-
tween upper and lower case characters.
Saved data may be retrieved by typing

load data

where any existing SIGSYS data file name
(with extension .DAS) may be used instead
of “data”. The variables in the data file
that is loaded are merged with the existing
variables. Variables with duplicate names
are overwritten by the file that is loaded.

3.1. Exercise. Display the variables you
have created so far and clear some of them.
Save your variables, exit SIGSYS and enter
it again, and load the saved data. "

The rest of this section may be skipped on
first reading.

If nd more memory is available for
storing variables, SIGSYS displays an error
message. Free space may be created by



clearing variables. The stored variables
may be reorganized to make more efficient
use of the available space by the command

pack

This command first saves all variables on
disk in a temporary file, then clears all
variables, next reloads the variables from
file and finally erases the temporary file.

The effectiveness of the (CTRL)C
command is increased by issuing the DOS
command BREAK ON before starting
SIGSYS (or by issuing the shell command
'BREAK ON from SIGSYS—sce 18.) This
facility slows down execution; it may :be
switched off by the DOS command
BREAK OFF.

By default, .DAS files are written to
and read from the current disk and sub-di-
rectory. The command chdir (“change di-
rectory”) may be uscd to change this.
Thus,

chdir c:\sigsys\data

changes the  default  directory to
CASIGSYS\DATA. The same may be done
before starting SIGSYS by the command
(from DOS)

SET SIGSYS=C: \SIGSYS\DATA

where of course any other valid path name
may be used.

SIGSYS has a simple but effective fa-
cility for command line editing. While typ-
ing a command line, the cursor may be
moved back and forth by the < and —
keys, and the (INS), (DEL) and (BACK-
SPACE) keys have their usual functions. By
means of the 1 and | keys commands
that recently have been issued may be re-
called and displayed. They may be re-is-
sued, possibly after editing, by pressing the
(ENTER) key.

3.2. Exercise.  Experiment with the com-
mand line editing facility. u

4. Operations Among Scalars

The following operations among scalars
are defined

a'b exponentiation,

-a unary minus,

a*b multiplication,

a/b division,

a+b addition,

a-b subtraction, ;

amod b reduction of a modulo i
b

The operations apply both to real and com- ég

‘plex numbers. If a and b are complex, the

modulo operation is applied to the real and *
imaginary parts separately and returns a
complex number, that is, a mod b is the |
complex number with real part Re (a) mod ¢
Re (b) and imaginary part Im (a) mod Im
(b) §
The scalars may be entered by name $
or by value, Operations may be combined }:
to algebraic expressions. The usual prece-
dence rules apply. Parentheses may be used *

’
to change the natural precedences. %
4.1. Exercise. To compute the root to ?
the base 10 of j type ;,J

37(1/10) .

N3

4.2. Exercise.  Compute E{*‘H

11412j mod 3+44j)

PRI
b= SR

See what the outcome of 5 mod 0is. © ® A5k

ing it to a variable produces the result d.i‘— ;
rectly on the screen. The result is stored in
a variable named ans. The previous value

of ans is overwritten.
4.3. Example.  Typing b

245
ans/1 i



results in successive displays of 7 and 1.
After completion, ans has the value 1. =

5. Functions of Scalars

A number of standard functions have been
implemented. They are the following

real (a)  real part,
imag(a)  imaginary part,
abs (a) absolute value,
arg(a) argument,
conj (a)  complex conjugate,
exp (a) exponential,
log(a) natural logarithm,
log10 (a) logarithm to the base 10,
sqrt(a) square root,
sin(a) sinc,
cos (a) cosine,
tan(a) tangent,
asin(a)  arcsine,
acos (a)  arccosine,

' atan(a) arctangent,
sinc (a) sin(a)/a,

sign(a)  sign,

floor(a) largest integer less than
or equal to a,
ceil(a)  smallest integer greater

than or equal to a,
round (a) nearest integer to a,
I for a= 0, 0 otherwise,
a for a= 0, 0 otherwisc,

step ()

ramp (1)

rect(a) I for —1/2<a< 1/2,0
otherwise,

trian(a) 1—[a|1, for [a|=I, 0
otherwise,

sat (a) a for |a|=1, sign(a)
otherwise.

The operations are all defined for real and
complex argument a. If the argument a is
complex, the functions sign, floor,
ceil, round, step, ramp, rect, trian
and sat operate on the real and imaginary
parts scparately, and return a complex
number. Thus, sign(0.1-5*j), for in-
stance, returns the complcx number 1-j.

5.1. Exercise. Take a=pi/2 and b=
exp (j*a). Check that the real part, the

‘imaginary part, the absolute value and the

arpument of b are as expected. Check some
of the other functions as well. .

Note. Complex scalars with imaginary part
equal to zero are automatically converted
to real scalars.

6. Creating Time Signals

A time signal is handled by the program as
a finite-time discrete-time signal. A signal
is represented by the following attributes:

The increment, which is the distance
between the sampling instants.

The domain, characterized by two
real numbers, denoting the lower and
the upper limit of the time axis on
which the signal is defined. The dif-
ference between the upper and lower
limit is an integral multiple of the in-
crement.

A list of real or complex numbers,
representing the signal values at the
sampling instants.

A direct way of creating a time signal is by
using the cat function. Cat is a contraction
of concatenation. The command

x=cat (2,3, 1)

creates a real signal x, whose increment is
1, whose domain is [0, 2] and that takes
the successive values 2, 3, and 1. The cat
function uses the increment inc, which is
a permanent variable with default value 1.
The list of-arguments of the cat function
(which may have arbitrary length) specifies
the successive signal values. The first signal
valug is placed at the time origin. An excla-
mation mark may be used to change the lo-
cation of the time origin. Thus,

y=cat(5,4!3,2,1)



creates a signal with increment |, domain
[—1, 3] and successive values y(=1) =5,
y(0) = 4, y(1) = 3, y(2) = 2 and y(3) =
1.

6.1. Exercise. Create the signals x and
y. Display them. n

The cat function may not only be used to
define signals from their sampled values,
but also to concatenate signals that already
exist. The general format of the command
is

u=cat(a,b,...,m'n,...,2)

Herc a, b, ..., z are either scalars or
signals. The signals must all have the same
increment. The new signal is formed by
concatenation of the signal and scalar val-
ues. The exclamation mark indicates the lo-
cation of the origin. If m is a scalar, this
signal value is placed at the origin. Ifmisa
signal, the origin of m becomes the origin
for u. If no exclamation mark is present,
the signal starts at time 0.

6.2. Exercise. Dcfinc x=cat(2,3,1)
and y=cat(5,4!3,2,1) as before. Check
that cat(x,y!) is the same as
cat(2,3,1,5,4!3,2,1) and that
cat(x,y) is cat(2,3,1,5,4,3,2.1).
What is cat (x!y)? "

Once a signal has been defined, four func-
tions may be used to extract some of its at-
tributes:

returns the increment of

inc(x)
X, o

num (x) returns the number of
samples of x,

low (x) returns the lower limit
of the domain of x,

up (x) returns the upper limit of

the domain of x.

6.3. Exercise.  Verify that inc(y),
num(y), low(y) and up(y), with y as in

Exercise 6.2, result in the expected an-
swers. n

. -n'vr‘,
There are two important permanently

defined time signals, named dot and dot-
plus. In Section 9 it is explained how they
may be used to generate a wide class of sig-
nals. The signal dot has increment inc
(with default value 1), two-sided domain

[_m- (‘.‘_“2_1)-]
2 inc, 2 inc

(provided num is even), and signal values
specified by dot(r) = ¢. Here num is an-
other permanent variable with default value
10. Displaying dot results in something
like

signal specifiers
num=10

inc=1
domain={-5, 4]
signal data

signal axis signal value

-5 -5
-4 -4
= -3
-2 -2
-1 -1
0 0
1 1
2 2
3 3
4 4

If num is odd, the signal dot has domain

_num—l . num-1 |
5 inc, — inc|.

The signal dotplus has increment inc,
right one-sided domain



{0, (num-1)inc],

and signal values specified by dot-
plus(r) =t.

It will be seen in Section 9 that the

main function of the signals dot and dot-
plus is to define a time axis. A more
flexible way of doing this is with the com-
mand a:b:c, with a, b and c three real
numbers with b positive and ¢ = a. The
command

x=a:b:c

creates a signal with increment b and do-
main [a, c] such that x(r) = r. If neces-
sary, a is rounded up and c is rounded
down so that a and ¢ are integral multiples
of b. The real scalars a, b and ¢ may be
called by name or by value. Thus, the com-
mand

x=2:0.5:14

creates a signal x with increment 0.5, do-
main {2, 4] and successive values y(2) = 2,
v{2.5) = 2.5, y(3) = 3, y(3.5) = 3.5 and
y(d) = 4.

6.4. Exercise. Display dot, dotplus,
and the signal 2:0.5: 4. L

A further permanent time signal is delta.
It has the same increment and domain as
dot (and hence is two-sided), whilc its sig-
nal values are given by delta(0) = 1/inc
and delta(r) = O for ¢ # 0.

Besides dot, dotplus, and delta
another permanent time signal is noise.
The command

z=noise

gencrates a signal z with increment inc
and two-sided time axis, whose successive
values equal random numbers. The succes-
sive random signal values are generated as
rand/Vinc (sce the description of the
permanent scalar rand). The command

z=noiseplus

generates a similar random signal but on a
right one-sided time axis with increment
inc and one-sided domain.

6.5. Exercise.  Generate the noise signal
z. See what happens if you change the dis-
tribution. a

Note. Complex signals that have their imag-
inary part equal to zero are automatically
converted to real signals.

7. Changing the Default Values

The scalars j and pi are permanent and
cannot be changed. In addition to the per-
manent variables inc and num that we al-
ready met there is a third permanent vari-
able, called INC. INC is the increment for
frequency signals, which are discussed in
Section 12. The default value of inc is I,
that of num is 10 and that of INC is 0.1. The
default values of inc and num can be
changed by simple assignment statements
such as

inc=.01
or
num=100

Whenever a new value is assigned to
inc, num or INC, the new values for
inc, num and INC are all displayed.

The meaning of the permanent vari-
ables is the following. That of inc, the in-
crement for time signals, is clear. The vari-
able num defines the number of sampling
instants of the standard time signals dot
and dotplus. Together, inc and num
define the time axes of the standard time
signals dot and dotplus and via these of
all signals derived from dot and dotplus.
How this is done is discussed in Section 9.
Given inc and num, thg.q‘o.r\?ain of dot is
taken (more or less) symmetrically with re-
spect to the origin (imitating a two-sided
time axis) and that of dotplus at the right-



hand side of the origin (imitating a right
one-sided time axis).

7.1. Exercise. Change inc to .01 and
num to 100. Verify that the lower limit
low (dot) and the upper limit up (dot) and
those of dotplus are as expected. Try also
num = 101. .

There are three set commands that may
be used to set some of the defaults automat-
ically. They arc mainly useful when simul-
"taneously working with time signals and
their Fourier transforms (see Section 7).
The commands are the following

set INC make INC cqual to
1/(num-inc),

set inc make inc equal to

1/(num-INC),

round up num to the next

integral power of 2.

set num
8. Operations Among and on
Signals

The following pointwisc operations among
signals are defined:

X'y pointwise éxponcnlia-
tion,

-x pointwisc unary menus,

X*y pointwise multiplication,

x/y pointwisc division,

X+y pointwisc addition,

X-y pointwise subtraction.

x mod y  pointwise reduction of x

modulo y.

In each of these cases x and y must have
the same increments. The domain of the
signal that results from any of the binary
operations is the smallest closed interval
that includes the domains of the operands.
Signal values of the operands outside their

domains are set equal to zero. If x ory is a
scalar (called by name or by value), it is
taken as a constant signal. If x and y arc
complex-valued, then the modulo reduction
operates on the real and imaginary parts
separately, as in the case of scalars.

8.1. Exercise. Define x=cat(2,3,1)
and y=cat(5,4!3,2,1) as before. Com-
pute x +y and verify the result. Also
check some of the other operations from
the list. Is dot mod 4 what you expect it to
be? How about (—1) “dot? n

Two important binary operations between
signals are not defined pointwise. They are

X**y fast convolution,

X 00 Y fast cross-correlation.

The spaces before and after oo are impor-
tant, like those before and after mod. The
signals x and y need have the same incre-
ments. Both x and y are taken to be zero
outside their domains. The domains of the
convolution and the cross-correlation of x
and y arc made equal to their supports.

The fast convolution x**y and cross-
corrclation x oo y use the fast Fourier
transform as an intermediate step. When
the command x*#*y is inVoKed, first the dis-
crete Fourier transforms of the signals x
and y are computed, next the transforms
are multiplied, and finally the inverse dis-
crete Fourier transform of the product is
calculated. Before the transforms ar~ deter-
mined the signals x and y are padded with
sufficiently many zeros. At the end of the
computation the domain of the result x**y
is trimmed to the correct interval. For the
correlation x oo y a similar algorithm is
employed.

The commands

X*.*y direct convolution,

x o.0oy direct cross-correlation,



also perform convolution and cross-correla-
tion, respectively, but do it directly by first
computing the convolution or cross-corre-
lation sum applied to the lists of signal val-
ues, and multiplying the result by the (com-
mon) increment of x and y. For long
signals (over 100 samples or more) fast
convolution and correlation are much
quicker than the direct algorithms.

8.2. Exercise. Define x=cat(2,3,1)
and y=cat(5,4!3,2,1) as before. Com-
pute their convolution z using the fast and
direct algorithms. Verify that x**y =
yE*X. -

8.3. Exercise.  Sct num equal to a fairly
large number (e.g. num = 256), and create
some time signal x (e.g. x=dot). Gompute
the convolution of x with itself by the fast
and the direct algorithms, and compare the
computation times as well as the results. =

Two further commands arc available to
compute the cyclical convolution of two
time signals. They are

fast cyclical convolution,

direct cyclical convolu-
tion,

X cecy
X c.cy

Before computing the cyclical convolution
of two signals, any parts of the signals
defined for negative times are truncated.
Next, for positive times the shortest signal
is padded with zeros so that the signals
have the same length. The two resulting
signals are the starting point for the direct
cyclical convolution. For fast cyclical con-
volution the signals are further padded with
zeros to a length consisting of a number of
samples that is an integral power of 2, and
the fast Fourier transform is used. As a re-
sult, fast and direct cyclical convolution
may not produce the same outcomes.

9. Functions and Functionals of
Signals

All the functions that are introduced in Sec-
tion 5 also work when the argument a is a
signal. The evaluation is pointwise. Thus,
assuming that inc = | and num = 10,

x=sin(dot)

creates a signal x with increment 1, domain
(-5, 4] and signal values sin(—5),
sin(—4), - - -, sin(0), + -+ , sin(4). In
this way, using the standard functions of
Section 5 and the permanent time signal
dot, a variety of well-known elementary
time signals may be created, such as real
and complex harmonic signals, steps,
ramps, and pulses.

9.1. Exercise.  Verify that

num=100; inc=1/num
period=up (dot)—-low(dot)+inc
x=sin(2*pi*dot/period)

creates a single period of the sinusoid. Plot
the signal using the command

plot x

Plotting signals is discussed in Section
13. "

9.2. Exercise. Check that

num=20; inc=l
z=rect ((dot-2) /4)

generates a rectangular pulse starting at
time 0 and ending at time 3. [

9.3. Exercise.  Generate a step of size 10
starting at time 2 on the same time axis as
in 9.2. .

The following unary operations on signals
arec not pointwise:



int (z) integral,

der (z) derivative,

sum (x) sum (synonymous with
int),

dif (z) difference (synonymous
with der),

del (2) delay by one increment,

inv(z) inverse (z real only),

sort (z) sort,

hist(z) histogram (z real only).

These operations are explained in what fol-
lows.

If z is a signal, then x=int (z) is an-
other signal representing the running inte-
gral of z, while y=der (z) is its derivative.
The signal int(z) is obtained by simple
Euler integration and der (z) by taking dif-
ferences and dividing by the increment.
The signals sum(z) and dif (z) represent
the corresponding opcrations for discrete-
time signals but actually arc synonyms for
int and der. The signal x=del (z) is de-
fined on the same axis as z and given by
x(r) = z(t — iz) with ¢ ranging over the
domain of z and iz the increment of z.

9.4. Exercise. Let z be the rectangular
pulse of Exercise 9.2 and look at the sig-
nals int(z), der(z), and del(z). "

Suppose that z is a real, monotonically in-
creasing or dccreasing signal. Then the
command x=inv (z) creates a signal x that
is the inverse of z taken as a map from its
domain to its range. The domain of x is
[min(z), max(z)] (see below for the
definition of max and min), while the num-
ber of increments of x equals that of z. I z
is not monotonically increasing or decreas-
ing, then it is truncated to the initial
monotonically increasing or decreasing
part. The inverse x of z is computed on a
uniformly sampled signal axis, and its Val-
ues are obtained by linear interpolation.

9.5. Exercise. Compute x=inv(dot)
and verify the result. Also, compute
z=exp (0:0.1:1) and x=inv(z). Define
e=exp (1) and compare x with the signal
y=log(1: (e-1)/10:e). Explain. ]

The command sort (z) returns a signal on
the same axis as z but whose signal values
are rearranged in order of increasing mag-
nitude. Duplicate signal values are re-
tained. If z is complex, then the real and
imaginary parts are sorted separately.

If z is a real signal, then the com-
mand h=hist (z) generates a histogram of
z. The number of sample points of the sig-
nal h according to a well-known rule of
thumb is chosen as 10 logo thum) , rounded
to the ncarest integer. Its domain is
[min(z), max(z)] (see below), and h(r) is
the number of signal values of z in the in-
terval [t — ih/2, t 4+ ih/2), with ih the

‘increment of h.

9.6. Exercise.  Gencrate the signal x of
Excrcise 9.1. Compute and plot sort (x)
and hist (x). "

The following functionals may be used to
determine certain signal characteristics:

mean(z)  airthmetic mean,

rms (z) root mean square value,

ampl(z)  maximum of the magni-
tude of z,

max (z) maxima of real and

imaginary parts of z,
argmax (z) values at which real and
imaginary parts of =z
take their first maxi-
mum,
minima of real and
imaginary parts of z,
argmin (z) values at which real and

imaginary parts of z

min(z)



take their first mini-
mum,

zero(z)  values at which real and
imaginary parts of z first
Cross zero,

<x,y> inner product of the sig-

nals x and y.

If the signal z is complex, then mean(z),
max(z), and min(z) are computed as
complex numbers whose real parts are the
mean, maximum, and minimum of the real
part of z and whose imaginary parts are the
mean, maximum, or minimum of the imag-
inary part of z, respectively.

Similarly, the numbers argmax (z),
argmin (z), and zero (z) are computed as
complex numbers indicating the times or
frequencies at which the real and imaginary
part of z take their maximum or minimum
or cross zero, respectively. If several max-
ima, minima, or zero crossings exist the
smallest time or frequency is taken. The
values of argmin(z) and argmax(z) arc
taken at sampling instants but thosc of ze-
ro(z) arc obtained by linear intcrpolation
of adjacent sampling instants.

9.7. Exercise. Generate x as in 9.1
and check whether mean(x), rms(x),
ampl (x), max(x), argmax(x), min(x),
argmin (x), and zero(x) are as expected.
Define period as in 9.1, and let

y= exp(j*2*pi*dot/period)

Check if mean(y), rms(y), ampl(y),
max (y), argmax(y), min(y), argmin
{y). and zero(y) are as expected. How
about (x,y)? n

10. Pointwise Evaluation and
Composition of Signals

Let x be an existing signal and t a real
scalar. Then the command

x(t)

results in the evaluation and display of the
signal x at time t. If the time t does not
coincide with a sampling instant, then
x(t) is evaluated by linear interpolation
between adjacent sampling instants. Thus,

dotplus (1. 6)

displays the value 1.6.

The same construction may be used
in an assignment. If x is an existing signal,
t a real scalar and c a scalar, then the com-
mand

x(t)= ¢

assigns the value c to x at time t. If t is
not a sampling instant, then it is rounded to
the nearest sampling instant. If x does not
exist, then the command is rejected. If t is
outside the domain of x then the domain is
automatically expanded. Missing signal val-
ucs are set equal to zero.

If x is again an existing signal and a
another existing real signal, then the com-
mand

x(a)

results in the composition of the two sig-
nals as follows. The increment and the do-
main of the signal x (a) that is created are
the increment and the domain of a. The
successive signal values of x(a) are evalu-
ated as x(a)(t) = x(a(t)) with ¢ ranging
over the time axis of a. If for some value of
t the value of a(t) does not coincide with a
sampling instant of x, then the value of
x (a(t)) is obtained by linear interpolation
between adjacent sampling instants. If for
some value of ¢ the value of a(r) is outside
the domain of x, then x(a(f)) is set equal
to zero.

If x is a scalar (called either by name
or by value), then x (a(r)) is set equal to x
for each ¢ in the domain of a. Thus,



y=1 (dot)

results in a signal y that has the constant
value | on the axis of dot.

The composition operation is mainly
intended to change time scales on existing
signals and to shift them. Suppose that x is
the rectangular pulse generated in Exercise
9.2. Then,

x(dot/2); x(2*dot)

generates two rectangular pulses that have
double the length respectively half the
length of the original pulse. The command

x (dot-8)

shifts the pulse so that it starts at time 8
rather than at time 0.

Another use of composition is to
generate periodic signals. If x is an existing
signal and P some positive real scalar, then

x (dotplus mod P)

generatcs a periodic repetition of the part
of x dcfined on {0, P).

10.1. Exercise. Dcfine x as in Exercise
9.2. Look at the signals

x (dot)

x (dotplus)

x (dot/2)

x (2*dot)

x (dot-8)

x (dot mod 6)
(1+j) (dot)

and explain what you find. =

11. Change of Domain of a Signal

Suppose that x is an existing signal. It is
possible to change the domain of x by one
of the following four commands:

y=x{a:b]
y=x(a:b]
y=x[a:b)
y=x(a:b)

Here a and b are real scalars. The com-
mands generate a signal y that equals x but
whose domain is extended or restricted to
the interval delimited by a and b, which is
taken (half) open or (half) closed as indi-
cated. Thus

(a sets the lower limit of
the domain equal to the
smallest sampling in-
stant greater than a,

la sets the lower limit of
the domain equal to the
smallest sampling in-
stant greater than or
equal {o a,

b) sets the upper limit of
the domain equal to the
largest sampling instant
less than b,

b} sets the upper limit of
the domain equal to the
largest sampling instant
less than or equal to b.

If the domain of y is extended beyond that
of x, then the missing signal values are set
equal to zero.

If in any of the four commands a or
b is replaced with ., then the current lower
or upper limit is taken. By way of example,
let x=cat (1,2¢1). Then

x=X(—5:5)

makes x equal to cat (0,0,0,1,2!1,0,0,
0), but

X=X [-5:5])

results in x being equal to cat(0,0,0,0,
1,2!1,0,0,0,0). The command

x=x(.:.)
reduces x to cat (2!), while
x=x[.:.]

leaves x unchanged.



I11.1. Exercise. Letting x=cat(1,2!1)
as above, verify that

z=x[low(dot):up(dot})
leads to the same result as

z=x (dot) n

I1.2. Exercise. Generate and plot the
signal x that is given by

o) = { 1 forr <0,
o cos (2mt/P) fort = 0,

on the default time axis dot with inc = 1,
num = 20 and P = 10. u

12. Creating and Manipulating
Frequency Signals

Frequency signals are only distinguished
from time signals by their default incre-
ment, which equals INC. Frequency sig-
nals may be created directly using the caT
function. This function works precisely the
same way as the cat function except that it
assigns INC to the increment of the signals
it creates.

Frequency signals may be generated
indirectly by using the standard frequency
signals DOT and DOTPLUS in the same way
as dot and dotplus are used for time sig-
nals. DOT has increment INC (default value
1/10), domain

[—l—ummc bl 1
) , T INC

if num is even and

[_num— lINC num — |
2_‘" 'TINC

if num is odd, and signal values specificd by

l
DOT(f) = f with f ranging over all sam-

pling frequencies in the domain. porpLUS
has increment INC, domain

[0, (num — 1)1INC]

and signal values similarly defined by por-
PLUS( f) = f.

The permanent frequency signal
DELTA is defined on the time axis of por
and given by DELTA(0) = 1/INC,
DELTA(f) = O for f # 0.

All functions and operations defined
for time signals also work for frequency
signals.

12.1. Exercise.
signal z defined by

Create the frequency

2 =5 T 07 <0

with increment INC = .05. Compute the
magnitude and argument of Z as a function
of frequency. "

13. Graphic Display of Signals

The command
plot x

with x the name of a signal or a signal ex-
pression, provides a plot of the signal. The
rcal and imaginary parts are plotted in dif-
ferent frames. If the signal is real, then the
frame for the imaginary part is not dis-
played and the whole screen is used for the
real part.

When the command plot is in-
voked, the screen is changed to graphic
mode and the normal text display disap-
pears. The text display may be recalled by
pressing the (ESC) key. Typing

plot

without argument restores the last plot, if
available.
A hardcopy dump of the graphics



screen on a printer connected to the com-
puter may be made by holding down the
shift key and pressing the (PRTSCR) key.

Scaling of the plots is automatic, the
axes are labeled by default, and the sample
points of the plot are connected by straight
lincs. Several signals may be displayed in
the same frame by a command such as

plot x,y,2z

If the format status is polar, the plot com-
mand provides plots of the magnitude and
argument of x rather than of the real and
imaginary parts.

13.1. Exercise.  Generate a single period
of a sine and two periods of a cosine as

inc=.01; num=101
x=sin(2*pi*dotplus)
y=sin(4*pi*dotplus)
z=x+j*y

Display the signals by

plot x

(ESC) plot y
(ESC) plot z
(ESC) plot x,y

Look at some of the plots in polar format
(see 2). »

The command
polarplot x

provides a plot (in a single frame) of the
imaginary part of x versus its real part.
Several plots can be made in the same
frame as for the plot command.

13.2. Exercise. Compute z as in Exer-
cise 13.1 and give the command

polarplot z

Note that actually the signal x is plotted
against the signal y. »

Curves in a plot may be marked with a
number or letter. For instance,

plot x"x"

marks the plot of x at regular distances
with an “x,” while

plOt x"1" R ynzn

marks the plot of x with “1” and that of y
with “2.” The command

plot x"."

plots x point by point, without connecting
lines. The command format

plot xn‘n

finally, is meant for displaying discrete-
time signals, and plots each point as a ver-
tical bar located at the correct horizontal
coordinate whose height equals the vertical
coordinate.

13.3. Exercise. Display the signals of
Exercisc 13.1 with different markings and
as discrete-time signals. .

If a color monitor is available, curves may
be plotted in color. For instance, the com-
mand -

plot x"/r*"

plots the signal x in red. The available col-
ors are

/b blue
/c cyan
/8 green
/x red

’y yellow

Default is white.

Once a plot is on the screen, it may
be relabeled, titled, or a grid may be drawn
in. After reverting to text mode the com-
mand

title "Legend"

writes “Legend” at the top of the current
plot, which may be récalled by the com-
mand plot. The commands



hlabel "legend”
vlabel "legend"
vlabelt "legend"
vlabelb "legend"

overwrite the default labels beneath the
horizontal axis, next to the vertical axes,
next fo the vertical axis of the top plot and
that of the bottom plot, respectively.

The commands '

text x,y, "legend”
textt x,y, "legend"
textb x,y, "legend"

write “legend” in both frames, the top
frame and the bottom frame, respectively,
at the location (x, y), where (0, 0) is the
lower left corner of the frame and (t, 1) the
upper right.

The command

grid

draws grid lines on the current plot. The
grid is extinguished by repecating the com-
mand.

The command

haxis xmin, xmax

freezes the left-hand and right-hand side
ends of the horizontal scale at xmin and
xmax, respectively, This command has to
be given before issuing a plot command,
and cannot be used to change the scale of
the current plot. Similarly, the commands

vaxis ymin, ymax
vaxist ymin, ymax
vaxisb ymin, ymax

freeze the scales for both plots, the top plot
or the bottom plot, respectively. The com-
mands

axis

haxis

vaxis

vaxist
vaxisb

display all scale scttings, respectively those

for the horizontal and vertical axes sepa-
rately. The commands

set axis
set haxis
set vaxis
set vaxist
set vaxisb

revert all scalings to automatic, respec-
tively those for the horizontal and vertical
axes separately.

13.4. Exercise. Compute z as in Exer-
cise 13.1 and see what the effect is of typ-

ing

plot z

(ESC) haxis 0,.5
plot 'z

(ESC) hlabel "time"
vlabelt "x*
vlabelb "y"

haxis -2, 2

vaxis -2,2
polarplot z

Put the legend “Lissajoux figure™ both at
the top of-the plot and somewhere inside
the frame by using the commands title
and text. Add a grid as well. "

The command
plotfile (file name)

finally, creates a plot file of the current plot
(i.c., the last that appeared on the screen).
The file name should not have an extension;
SIGSYS gives it the extension . pPLT. If no
file name is given, the default name
SIGSYS.PLT is assigned. The file may be
printed from DOS by the command
copy SIGSYS.PLT prn: assuming that the
file name is SIGSYS. PLT.

14. Entering Polynomials

Polynomials may be entered by using the
indeterminate variable sigma. Typing



p=1.5+(243*j) ‘sigma+si.gma‘2
defines the polynomial

p=15+@Q+ 3o+ o2
Displaying p results in something like

(1.5+j*0) *o" 0+
(2+j*3) *0” 1+
(1+j*0) *c" 2

Note that the indeterminate variable is dis-
played as o, which does not exist on the
keyboard. The indeterminate variable
sigma may be redefined, for instance to the
handier s, by typing

indeter=s

The display remains in terms of ¢, how-
ever. The current name of the indetermi-
nate variable may be displayed by simply

typing

indeter

If p has been defined as a polynomial, the
command

p(n]=c

with n an intcger and ¢ a real or complex
scalar, sets the coefficient of the term with
the nth power equal to c. If n is greater
than the degree of the polynomial, the de-
gree is automatically increased.

If the leading coefficient of a polyno-
mial equals zero, then its degree is auto-
matically decreased by 1. This is repeated
until the leading coefficient differs from
zero. Similarly, if all the coefficients of a
complex polynomial have zero imaginary
part, then the polynomial is converted to a
real polynomial.

" 14.1. Exercise. Enter the polynomial
p=1+20 + 30+ 40* + 0°. Change
the leading coefficient to 0 and see how the
degree of the polynomial decreases to 4. m

15. Operations Among
Polynomials

The following operations among polynomi-
als are defined:

p'n (with n an integer) ex-
ponentiation,

-p unary minus,

p*q multiplication of polyno-
mials,

p/a (with a scalar) division
by a scalar,

p+q addition of polynomials,

p~q subtraction of polynomi-
als.

15.1. Exercise. ~ Compute the polynomi-
als py=(1+0)° p,=( - 0)"° and
determine p = p, + p,. ]

16. Functions and Evaluation of
Polynomials

For polynomials there are three attribute
functions, namely,

the degree of p,
roots(p) the roots of p,

pln] (with h an integer) the
cocfficient of the term
with power n.

degree (p)

The roots roots (p) of p are returned as a
signal with increment 1 and domain [0,
degree(p) — 1]. The roots are given in
order of iricreasing magnitude.

Two further functions convert poly-
nomials into other polynomials:

p' replaces the indetermi-
natc o with —a,
replaces the coefficients
with their complex con-
jugates.

conj (p)



Finally, the command
p(a)

with a a scalar, returns the value of the
polynomials at ¢ = a. When a is a signal
p(a) is a signal that is obtained by point-
wise substitution of the signal a.

16.1. Exercise. Enter the polynomials
p=1+o0+c?and ¢g=1+ 0" Com-
pute the roots of p and g. Detcrmine the
leading coefficient of the product polyno-
mial pg. Compute and plot the frequency
signal Z defined by

1+o0+a°

z(f) = |1 +¢o*

with o = j2mrf, where f ranges over [0, 2)
with increment INC = .05. Hint: Set
INC = .05, num = 2/1INC,

s=j *2*pi*DOTPLUS

and simply compute Z=p (s) /q(s) . L]
17. Fourier Transformation

SIGSYS provides the following Fouricr
transforms:

fft Fast Fourier Transform,
ifft inverse Fast Fouricr
Transform,
fc Fourier coefficients,
fs Fourier series,
‘ddft discrete-to-discrete
Fourier transform,
iddft inverse discrete-to-dis-
crete Fourier transform,
cdft continuous-to-discrete
Fourier transform,
icdft inverse continuous-to-

discrete Fourier trans-
form,

deft discrete-to-continuous
Fourier transform,

ideft inverse discrete-to-con-
tinuous Fourier trans-
form

ceft continuous-to-continu-
ous Fourier transform,

iceft inverse continuous-to-
continuous Fourier
transform.

The various transforms differ only with re-
spect to

The domain of the signals they oper-
ate on, and

a scaling factor.

All transforms are based on the Fast
Fourier Transform. One consequence of
this is that all signals that are transformed
need be defined on a number of sample
points that is an integral power of 2. The
domain of signals that are defined on a dif-
ferent numbcr of sample points is automati-
cally extended; missing signal values are set
equal to zero.

Two types of domain are used:

“One-sided.” The domain of the sig-
nal is

0, (v = 1],

where N is the number of sample
points of the signal for nonnegative
times, and T the increment of the
signal. Signal values for negative
times are discarded. If N is not an in-
tegral power of 2 it is increased to
the next integral power of 2 and the
signal is supplemented with zeros.
“Two-sided.” The domain of the sig-
nal is



4 8-}

where N is the number of sample
points of the signal and Tits incre-
ment. If N is not an integral power of
2 it is increased to one and the signal
is supplemented with zeros.

The various transforms are based on the
formula

A

£2(f) =c > ke,  fED,

€0

while the inverse transforms are given by

x(t)=2¢ E £(f e, t €D.
eb

D is the domain of the time-signal and D
that of the transform, while ¢ and ¢ are
constants. Given a time signal with N sam-
ple points and increment 7, the increment
of its transform is F = I/NT. Given a
transform with N sample points and incre-
ment F, the increment of the inversely
transformed time signal is T = 1/NF. D
and D both contain N points, and are one-
or two-sided depending on the transforma-
tion.

For the transform pair fft/ifft
(Fast Fourier Transform and its inverse) the
constants are ¢ = 1 and é = 1/N, accord-
ing to the usual convention. Both D and D
are one-sided.

For the

transform - pair - fc/fs

(Fourier coefficients/Fourier series) the
constants are ¢ = I/N and é = 1, so that
the transform fc generates the Fourier
coefficients (in the alteinative form of
6.4.5) and the inverse transform £s recorn-
structs the time signal from the Fourier
coefficients. D is one-sided and D two-
sided.

For all remaining Fourier transform
pairs the constants are ¢ = T and ¢ = F.
The domains and coefficients of all trans-
form pairs are indicated in the table.

We look at an example. Suppose that
a time signal z is generated by the sequence
of commands

num=200; inc=.01
z=rect (dot)

The time signal is a rectangular pulse with
duration from —.5 to .5, defined on the
time axis [—1, 1), with increment 0.01 and
200 sample points. The command

Z=ccft (z)

first expands the number of sample points
from 200 to 256, then extends the domain
two-sidedly from [—1, 1) to [~1.28, 1.28)
while padding with zeros, and finally com-
putes the continuous-to-continuous Fourier
transform (approximating the integral by a
sum) on 256 points, with increment
F = 1/(256-0.01) = 0.390625, on the
two-sided  frequency domain [—128F,
128F) = [—50, 50). The subsequent com-
mand
zz=iccft (Z)

ATTRIBUTES FOR THE VARIOUS FOURIER TRANSFORM PAIRS

-~

Transform Inverse Name c é D D
fft ifft Fast Fourier Transform | 1/N one-sided one-sided
fc fs Fouricr cocfficients 1/N 1 one-sided two-sided
ddrt iddft DDFT T F one-sided one-sided
deft ideft DCFT T F two-sided one-sided
cdft jedft CDFT T F one-sided two-sided
ceft jeeft  CCFT T F + two-sided  two-sided




leaves the number of sample points and the
domain of z unaffected, and returns zz as
the inverse CCFT (approximating again the
integral by a sum) on 256 points, with
increment T = 1/NF = (.01, on the two-
sided domain [—1.28, 1.28). Because the
original signal z has its support entirely in-
side its domain, the signal zz is identical to
the original signal z.

We continue the example. Given the
time signal z as originally defined, the
command

Z=fc(z)

discards the signal values at negative times,
changes the number of sample points from
100 to 128 (the next integral power of 2 up
from 100), redefines the domain of the sig-
nal to [0, 1.28) and supplements the signal
with zeros. The command considers the re-
sulting signal as a single period of a peri-
odic signal and computes its Fourier
coefficients, The coefficients arc stored as a
frequency signal with 128 sample points,
frequency incremenit F = 1/(128-0.01) =
0.78125 and domain [—64F, 64F) =
[—50, 50). The command

zz=fs(Z)

sums the Fourier series whose coefficients
are stored in z on 128 sample points, with
time increment T = 1/(128-0.78125) =
0.01 on the one-sided domain [0, 1.28).
The signal zz equals the original signal z
only for nonnegative times.

17.1. Exercise.  Go through the steps in-
dicated above and verify the results. ]

18. Macros and Shell Escape

SIGSYS may handle macros. Macros
should be prepared as ASCII files, and
given the extension .MAS. Suppose that
MACRO1.MAS is a macro file name.
When the command

macrol

is given (without the extension, and no dis-
tinction is made between upper and lower
case characters), SIGSYS searches the disk
for a file of that name with the extension
.MAS, reads it line by line, and presents
each line to the interpreter as a command
line. A macro can call other macros.

Macros are searched for in the de-
fault directory, or the directory set exter-
nally or by the chdir command as ex-
plained in Section 3.

Macros may be internally docu-
mented using the % character. Any text on
a command line following the character %
up to the end of the line or the first separa-
tor ; is ignored, including the % character
itself. The % may be preceded by any
number of spaces.

By way of example, a macro that
shows a Lissajoux figure follows.

%*Macro DEMO

%Plot of a Lissajoux figure
num=200; inc=1/num

%Add 1 point

%to obtain a complete figure:
num=num+1
x=sin(2*pi*dotplus*4)
y=sin(2*pi*dotplus*5)
z=xX+j*y

polarplot z

The command

pause

may be inserted in a macro file. When this
command is encountered, execution stops,
and resumes when the (ENTER) key is
pressed.

A useful facility in creating and mod-
ifying macros is the shell escape

A single ! on a command line shifts control
to the “shell,” in this case DOS, while
kecping SIGSYS resident. In this mode, an
cditor may be invoked to create or modify
a macro. After finishing witl, editing, typ-

ing

exit



(from DOS) returns control to SIGSYS.
The escape | may also be followed directly
on the command line by a DOS command.
Thus,

tedit macrol.mas

invokes an editor called “edit” to work on
the file MACRO1.MAS (note that DOS au-
tomatically converts lower case letters to
capitals.) After exiting from the editor con-
trol is automatically returned to SIGSYS.
As another example, the command

tdir

displays the contents of the current direc-
tory.

Note that because SIGSYS stays resi-
dent, the memory available for any pro-
gram invoked via the shell escape is much
less than it would normally be.

18.1. Exercise. Create the macro filc
DEMO1.MAS that will display a Lissajoux
figure, and run it. ]

19. Integration of Differential
Equations

SIGSYS offers a unique facility for the in-
tegration of a set of differential equations.
Consider for instance solving the Volterra
equation

£=x(y = 1),

y(1 = x),

y
on the interval [0, 10] with an integration
step size of .04 and initial conditions
x(0) = 2, y(0) = 2. This is accomplished
by the following sequence of commands,

which are best collected and executed as a
macro.

xX=2; y=2

integrate from 0 to 10 stepsize .04
@x=x* (y-1)

@y=y* (1-x)

write x,y

end

Before enteting the integration loop the ini-
tial conditions need be set. This is done in
the first line. Inside the integration loop the
notation @ may be read as the differential
operator. For the interpreter the symbol @
marks the variables that need be integrated.

The write command indicates the
signals whose values have to be retained
during integration and stored upon comple-
tion. After completion of the command, x
and y are signals with domain [0, 10] and
increment .04 containing the solution of
the differential equation.

By default, integration is performed
with the standard second-order Runge-
Kutta method. Modification of the inte-
grate command to

integrate RKx - ' -

with x = 1, x = 2 or x = 4 results in the
use of the standard first-, sccond-, or
fourth-order Runge-Kutta method, while

integrate AB

uses the sccond-order Adams-Bashforth
method, initialized with a single second-
order Runge-Kutta step.

If stepsize is not specified, the cur-
rent value of inc is uscd as a default for the
step size. If ncither the integration range
nor the step size are specified, integration is
performed on the default time axis dot-
plus. Thus, the sccond command line may
for instance be modified to

integrate from 0 to 10
or to
integrate AB

In the example, upon exit of the integration
loop x and y, which are initially defined as
scalars, are overwritten by the signals in-
cluded in the write command. If this com-
mand is omitted, then x and y on exit have
scalar values equal to their values at the
final time. )

The integration loop may also in-
volve, auxiliary variables and externally



defined signals. For instance, the differen-
tial equation

xX=—-x+u,

with u an existing time signal, may be inte-
grated on the time axis dotplus as

x=0; t=0
integrate
@t=1
@x=—x+u(t)
write x
end

By integrating t along with x, each time
the right-hand side of the differential equa-
tion for x is called the external input u is
evaluated at the correct time instant.

Finally, consider the integration of
the differential equation

dw
— =a(u — w?), .

dt
where u is given by
u=k(w, — w).

Here w might represent the normalized
speed of a car, and u the throttle position,
which follows by proportional feedback of
the diffcrence w, — w between a constant
reference speed w, and the actual speed w.
We integrate this as follows:

alpha=.1; k=1; wo0=0.9

w=0.2

integrate from 0 to 100 stepsize 1
u=k*(wo-w)

@w=alpha*(u-w*w)

write u,w

end

Note that the command u=k* (wo-w) must
precede the integration command to ensure
that @w is evaluated for the correct value of
u. Upon completion of the command, the
solutions for both u and w are stored over
the entire time interval.

19.1. Exercise. Try the three examples
presented in this.section. L]

The integration loop may prematurely be
terminated with the break command. If
we modify the last example to

alpha=.1; k=.1; wo=.9; w=.2
integrate from 0 to 100 stepsize 1
u=k* (wo-w)

@w=alpha* (u-w*w)

if w>.55 break end

write u,w

end

integration is stopped as soon as the speed
w exceeds the value 0.55.

20. Iteration

Sets of iterative equations may conve-
niently be solved by ysing the iterate
command. Suppose by way of example that
we wish to solve the simultaneous differ-
ence equations

xi(n + 1) = x(n),
xin + 1) = x/(n) + xx(n),

forn=20,1,2,---, 20, with the initial
conditions x,(0) = 0, x;(0).= 1. This may
be done as follows in a way that is similar
to integration;

x1=0; x2=1

iterate from 0 to 20
@x1=x2

@x2=x1+x2

write x1,x2

end

The iteration loop is repeated as many
times as indicated in the from ... to
statement. Each time the loop is exccuted
the variables marked with @ are temporar-
ily stored and given their definitive values
after the loop has been completed once.
The values of the variables specified in the
write statement are retained during the it-
eration pro¥ess and stored as signals on the



axis defined by the from - - - to statement
with increment one. If the from - - - to
part is omitted, iteration is performed on
the axis 0, I, - * -, num.

Like integration, iteration may be in-
terrupted by using the break command.
Modification of the example to

num=20

x1=0; x2=1

iterate

@x1=x2

@x2=x1+x2 )

if x1>1000 break end
write x1,x2

end

causcs the iteration process to stop as soon
as x1 exceeds the value 1000.

20.1. Exercise. See how this iteration
works. -

21. Command Flow Control

SIGSYS has several facilities for command
flow control. They are mainly useful within
macros. The first is the if command,
which takes the form

if {condition)
(compound statement)
end

The four basic elements of this statement
may be separated by spaces, commas, or
newlines. An example is

if real (x)>0 x=0 end

In (condition) the following comparators
may be uscd:

== equal to,

> greater than,

>= greater than or equal to,
< less than,

<= less than or equal to,

~= not equal to

Furthermore, the logical operators

& “and,"
| “or,” and

~ not

”

are permitted.
The {compound statement) may en-
compass several statements. An example is

if x>0 & y*=0
x=1; y=0
end

The if statement may include an else op-
tion, in the form

if (condition)
(compound statement)
else

(compound statement)
end

By way of example consider

if x>=0 x=1
else x=-1
end

More flow control is possible with a while
loop. It has the general form

while (condition)
{compound statement)
end

The (compound statemient) is repeatedly ex-
ecuted until (condition) becomes false.
Thus, in

t=0

while t<10
t=t+1

end

the value of t is increased from 0 to 10.
while loops may be interrupted with the
break command. In

t=0; x=1

while t<10

t=t+1; x=2*x

if x>1000 break end
end



the loop is broken when x becomes larger
than 1000.

Finally, a for loop may be exccuted.
It has the general form

for {scalar variable)
in (signal variable)
{compound statement)
end

In this command, the (compound state-
ment) is repeated as many times as (signal
variable) has sample points, with (scalar
variable) successively taking the values as-
sumed by (signal variable). For instance,

for t in dot
z()y=x(t)+x(t)
end

is a way of adding the time signals x and y
on the time axis dot. A more useful exam-
ple is

x=0(0:1:100)

for t in 0:10:100
x(t)=1

end

which creates x as a comb on the signal
axis 0:1:100 with period 10. As a final ex-
ample consider

x==0
for v in x
X=X+abs (v)
end

The final value of x is the sum of the abso-
lute values taken by the signal x.

Also a for loop may be interrupted
with the break command.

21.1 Exercise.  Test the various examples
in this section. u

22. User-Defined Functions and
Procedures

SIGSYS allows the user to define func
tions. The general form is

function (name) ((a. -list))
(compound statement)
return (expression)

end

where “a. list” stands for “argument list.”
We look at an example. The scries of com-
mands

function crt (x)
return x°(1/3)
end

defines a function similar to sqrt that may
be used to compute cube roots of scalars
and signals. Calling crt(8) returns the
value 2. Once defined, a function may be
called as often as desired. Another example
is

function Max(x,y)
if real (x)>=real (y)
r=real (x)
else r=real (y) end
if imag(x)>=imag(y)
i=imag (x)
else i=imag(y) end
return r+j*i
end

The function Max computes the max-
imum of the real and imaginary parts of
two scalars or signals.

All variables within a function
definition are local. This means that exter-
nally defined variables are not available.

Besides functions, also procedures
may be defined. The general form is

procedure (name) ({a. list))
(compound ‘statement)
end

where again “a. list” stands for “argument
list.” The arguments in the list may be in-
put or output parameters. For instance, af-
ter defining

procedure swap (x,y)
u=x; X=y; y=u
end

the command



swap (a, b)

causes the values of a and b to be inter-
changed.

22.1 Exercise. Define and test the func-
tions ert and Max and the procedure swap.
]

23. Export and Import of Signals

Signals may be exported as ASCII files us-
ing the commands

export {s. name) as {f. name)

where “s. name” stands for “signal name”
and “f. name” for “file name.” The file
name should have no extension: SIGSYS
gives it the extension .DAT. If

as (f. name)

is omitted, the file name is the same as the
signal name. The file is written to the cur-
rent directory (see 3.)

SIGSYS writes the signal data in the
file in three column format, with the first
column the signal axis, the second column
the real part, and the third column the
imaginary part of the signal values. Thus,
part of a .DAT file could look like

0 1 1
0.1 1.5 0.5
0.2 3 I
0.3 4.5 1
0.4 6 1.5

If the signal is real, the third column is
omitted.

Exported .DAT files may be used as
input to other programs, such as text pro-
cessing and graphical programs. The con-
verse of the export command is the com-
mand

import (f. name) as (s. name)

with “f. name” standing for “file name”,
and “s. name” for “signal name.” No ex-

tension should be specified; SIGSYS looks
for a file with the extension .DAT. If

as {s. name)

is omitted, the signal name is the file
name. The import command converts a
two or three column ASCI!I file as created
by the export command or otherwise to a
rcal or complex signal.

The export and import commands
may be modified to

export in list format
import from list format

lexport
limport

In files in list format the first column (i.e.,
the signal axis), is omitted. Imported files
in list format are defined as signals on a
one-sided time axis with the default incre-
ment inc.

24. Help and Diary Facilities and
Diagnostics N

SIGSYS offers an on-line help facility.
Typing
help

displays a list of all available commands,
one of which may be selected by using the
cursor keys. By pressing the (RETURN)
key, information concerning the command
is shown on the left-half part of the screen.
Additional related items may be selected
with the cursor and displayed on the right-
half part of the screen by again using the
(RETURN) key. The help command may
be terminated by using the (ESC) key. Help
may alternatively be invoked, even in the
middle of typing a command line, by using
the

{ALT)H

combination (i.e., by using the H key while
pressing the (ALT) key).

The diary facility makes it possible
to keep a record of all text that appears on
the screen. Typing



diary (file name) text. Recording may be resumed by typing
opens a file with the specified name, and diary on
all text that subsequently appears on the The command
screen is written to the file. Plots are not
recorded. The file name should be given
without extcnsion; SIGSYS gives the file
the extension .LOG. If (file name) is omit-

diary close

closes the file.

ted, then the default name SIGSYS.LOG is If during the compilation of a
used. The command SIGSYS command line an error is detected,
an arrow appears below the command line,
diary off approximately indicating the location of the
error in the command line. Moreover, a

temporarily suspends recording the screen concise error message is shown.

25. Synopsis

Syntax element Meaning Section
-, 1.1 command line editing 3
! origin mark for concatenation 6
! shell escape 18
IBREAK OFF - turn off DOS abort feature 3
IBREAK ON turn on DOS abort feature 3
& ; logical “and” . 21
% comment follows 18
’ mirror polynomial 16
) precedence 4
(:) change domain 11
(:] change domain 11
* multiply 4,8,17
* fast convolution 8
** dircct convolution 8
+ add 4,8,15
- unary minus, subtract 4,8, 15
/ divide 4,8, 15
o define signal axis 6
H command separator 2
< less than 21
<, > inner product 9
<ALT>H invoke the help utility 24
<BACKSPACE> delete preceding character 3
<CTRL>C cancel current operation 3
<CTRL>Q resume execution 3
<CTRL> S halt execution 3
<DEL> delete current character 3
<INS> toggle insert mode 3
<PRTSCR> print screen 13

= less than or equal to 21
= . assigment operalor 2

== cqual to 21



Syntax clement

Meaning

Section

>

>=

@

abs

acos
ampl
ans

arg
argmax
argmin
asin
atan
axis
BREAK OFF
BREAK ON
break
CAT

cat

cc

c.c

ccft

cdft

ceil
chdir
clear
conj

cos

deft
ddft
degree
del
DELTA
delta
der
diary
diary close
diary off
diary on
dif
DOT
dot
DOTPLUS
dotplus
else

end

exit

exp
cxport
fft

floor
for
format

greater than

greater than or equal to
differential operator, store temporarily
absolute value

arccosine

amplitude

value of last unassigned variable
argument

argument of maximum
argument of minimum
arcsine

arctangent

return settings for plot scales
turn off DOS abort feature (external command)
turn on DOS abort feature (external command)
break a loop

concatenate frequency signals
concatenale time signals

fast cyclical convolution
direct cyclical convolution
CCFT

CDFT

round up

change directory

clear all or some variables
complex conjugate

cosine

DCFT

DDFT

degree of polynomial

dclay by one increment

unit frequency impulse

unit time impulse

derivative

start a diary

close the diary

suspend writing to the diary
resume writing to the diary
difference

permanent frequency signal
permanent time signal
permanent frequency signal
permanent time signal

clse

end of staternent

terminate SIGSYS, exit from DOS shell
cxponential

cxport signal

Fast Fourier Transform

round down

for loop

revert to default formats

—
WWLLWLOO WKW EOWKL

19, 20, 21
12

6

8

8

17
17

5
3,18
3
5,16
5

17
17
16

21

19, 20, 21, 22
3,18

5

23

17

5

21

2



Syntax clement Mecaning Section
format cartcsian Cartesian format 2
format long long precision 2
format polar polar format 2
format short short precision 2
function define function 22
grid insert grid 13
haxis freeze or show horizontal scale 13
help help utility 24
hist histogram 9
hlabel label horizontal axis 13
iccft inverse CCFT 17
icdft inverse CDFT 17
idcft inverse DCFT 17
iddft inversc DDFT 17
if if 21
ifft inverse FFT 17
imag imaginary part 5
import import signal file 23
INC default increment frequency signal 7, 12
inc default increment time signal 6
indeter redefine or display indeterminate variable 14
integrate intcgrate differential equation 19
int integrated signal 9
inv inverse 9
iterate itcrate 20
j V-1 2
lexport export in list format 23
limport import in list format 23
load load a data file 3
log natural logarithm 5
log!0 logarithm to the base 10 5
low lower limit of domain 5
max maximum value 9
mean mean value 9
min minimum value 9
mod reduction modulo 4,8
noise white noise 6
noiseplus white noise 6
num number of sample points 6
0.0 direct correlation 8
00 fast correlation 8
pack reorganize memory 3
pause pause 18
pi T 2
plot plot a signal 13
plotfile create a plot file 13
polarplot polar plot of a signal 13
procedure define procedure 22
ramp ramp function 5
rand N change distribution to normal 2
rand seed sct seed random number gencrator 2

change distribution to uniférm 2

rand U

v



Syntax clement Mecaning Section
rand random number 2
real real part 5
rect rectangular pulse 5
return return {unction value 22
nns rool mean square value 9
roots roots of polynomial 16
round round to nearest integer 5
sat saturation function 5
save save all data 3
SET SIGSYS= set default directory (external command) 3,18,23
sct axis unfreeze all scalings 13
sct haxis unfrceze horizontal scaling 13
sct INC sct increment frequency signal 7
sct inc sct increment time signal 7
set num set number of sample points 7
sct vaxisb unfrceze vertical scaling of the bottom plot 13
sct vaxist unfreeze vertical scaling of the top plot 13
set vaxis unfreeze vertical scaling 13
sigma default indeterminate variable 14
sign signum function 5
sin sine 5
sinc sinc function 5
sort sort function 9
sqrt square root 5
step step function 5
stepsize integration step size 20
sum summed cqual 9
tan tangent 5
text insert text in plot 13
textb insert text in bottom plot 13
textt insert text in top plot 13
title display title 13
trian triangular function 5
up upper limit of domain 6
vaxish frecze or show vertical axis of the bottom plot 13
vaxist frecze or show vertical axis of the top plot 13
vlabelb label vertical axis of the bottom plot 13
viabelt label vertical axis of the top plot 13
vaxis freeze or show vertical scales 13
vlabel label vertical axes 13
while while 21
who display variables and free memory space 3
write store signal in integration or iteration loop 19, 20
zero zero crossing 9
[ change domain 11
[:] change domain 11
[] extract a coefficient of a polynomial 16
- exponentiation 4,8, 15
] logical “or™ 21
~= not cqual to 21
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