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Speed Measurement of Induction Motor Using Rotor Slot Harmonics
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Abstract

This project studies the measurement of the speed of induction motor using Digital
Signal Processing techniques. The motor input current is processed by Fast Furier Transform and
the result signal goes through spectral analyzing in order to deduce the motor speed. The project
is divide into 2 part
1. Processing on Off Line that uses MATLAB program to analyze Rotor Slot
Harmonics. The Data acquisition part consists of recording using a Digital
Storage Scope.
2. Processing on Real Time that uses TMS320C50 board to analyze Rotor Slot
Harmonics. Then transmits data to computer for spectrum display.
During the project implementation, more is leamed about the behavior and
conditions of Rotor Slot Harmonics. Also, additional test method improvements and different
styles are tried in order to obtain minimum error so that methods can be developed into Real Time

Mode in the future.
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¥
® FmMsnan (Recursive)

mﬂﬁﬂmiﬂ?‘uﬂ‘liﬁm‘lﬂ(predictive adaptive techniques) Tasl¥ LMS (The least
mean squares) [11] , 93 FRLS (The fast recursive least-squares) [12] JUADUAUHUNITVDI

Kalman [13] (Kalman Algorithm)

FEnsanqdududumadendmSuunumsutasheriyiSes Hlsz@niam

o <2 ar u‘: 0 9 g o Vv dy a o J ::J o
Tunsaaszoznmmstiuiin dniuiildmsminnus i 1dsu lumaianalimaris §
Hudoald9es noagennuduuuATana (Digital band pass filter) Tumsnsoa iosudoya

Y

Wiy lugrsisidoamshies i ldadn Model wazhldfrumddy (order ) vod

. Qddyo ¥ o g v o ag ' : a a
stochastic imIraanarlumsiaunnus aan"linmmﬁmsmmummzuﬂizﬁﬂﬁ

' a o
mwilesnidimsutlasvhanyiSos

]
=

— v a0 aa o 0 nv . ad 1
FRLS lﬂuﬂﬂﬂuiﬂﬂu'ﬂlﬂujﬁﬂ'liﬂ'lu'JmllUUﬂ'liﬂ'l"]ﬂ (recursive) NILIINTA LA

' g 4 4 a s e
a1 lsAmuA1sIAMUEINNAE Steady — State TEmsuilasvhanyiSes sxldniugndes

11NAI

¢ |1a < [y ' -
ns1¥msurlasvhasiyiSes sy batch method gnldodreauyseilumshieg

uaaewa lugafiidsz@nsamuiniiga lusaziildmldsomanivosige

* aw 3 an Y 1 ‘=' = o 1 o - (] =S [ o«

ua Tumsseniud s ldamseTasanusafisseduden  fansolszgnd

ad c; o ¢ o a a ar 4‘
Wudtnisheeawisovenimauveelsmesadon lasda Iudannailnasuvesnssuaine
19 uginssismanmhn18d10d2104 (Self Commissioning) 19U AC Drive (51831

) ¢ o a 4 A o .:'sl a ]
mmuﬂmﬂimawaaﬂ L‘ld]quS'lllmﬂi ‘U'ENLﬂiBQ%ﬂiﬂﬁ'lﬂ‘ﬂ'mﬂﬂﬁﬂilz‘hmﬂﬂiﬂ

Y = d d =
2.3 SEmsimnzrimlanesadenardluiing

oA e Yt a ad ° g
Tuseunaretlfidumnil 1alimsieuematiauazimslumsfiaumanuda

¢ o u’: :; ﬁ a aa < LY dyaa v ]
ypauamesinioni Maiidlumatianwounenuazatasa daluilagiuidsmsdiulnges
maiiane  Adneaiiesnntromumanugndssifumsdnne  uazludmvesnim

d o .{Aﬂ aa Ve o ya o 4
5')ﬂlijuuQﬂﬂimﬂl u ﬂ‘i)ﬂi)avlﬂuﬂ‘liWﬂlﬂﬂﬂﬂﬂ’]‘lﬂﬂﬂli?ﬂ‘lﬂﬂﬂ.



Juzae 30 DN wlimsidngufjues parametric method TumsdawiSuilys

Joiovesmsulasvhaiyfifel  1wu luSeswesmnuenvesmaudeya mslandn
. . v v . . & A asa ' &

(windowing) tazmsdszauaIMelusIs (interpolation) 404 Faumaiindsmsea1en 1ues

zamnsoudaen laaums ldeyalumsiseutanalaiiu 2 Yszianinge 1dus
an o gy v ¥ ¥
- I asdmnaildmsTudeyadnuniiugan (batch data)

ad o P 9/ [ b 1 & .
- 'Jﬁmimmmw'h;mssmegammzmmmum (sequential data)

I. Batch Algorithm

b 4 )
s mstideyafieninmbssuionassgnguidnmn  Taslimsdmuasuiavesdoyaien
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FFT fu GAL lumenusiifiesldauefiondy winmsuazdenteiioves
FFT w02 GAL 38 nmsnsvhaviyi§ o5 (Fast Fumier Transform) seffumsynisilasy
5 ufuuiiumite (Discrete Furricr Transform) : DFT aéhanile udssidunsumsannen
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HATMIOANBUNIANND uAds GAL zflumsiuam msudass sfuvudumioe Tao
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msuﬂmﬂmﬁjﬁﬂ% (Fast Furier Transform)

3.1 uni1 (Introduction)

Taoi lserendn I iledsudenios (Continuos Function) 1aq fifimsdn
Nnaganm T mezamnsadioulieglugimuinvenaulend (Sine wave) Fiauansn
ya(Fundamental) funamdarsueiindfiddugeiull Futhusnouiwesnmindnya 18
e

é’u;n"vuluﬂﬁfimﬂzﬁﬁﬂgn_ﬁm vzna1iInszuIUMs lumMsfuansuie
(Magnitude)uazaauwler (Phase angle) *vml,wiazfhuﬂ'szﬂauﬁtﬂugag1ugsa$1uﬁ1ﬁvaﬁna
find figedu HORIBY IR 1415 0 “oynsuniS o3 (Furier Series) Fanarmsnmudaiugly
71/ TAmA1 (Time domain) tag Tagunud (Frequency domain)

luns@iasiinszidmiuitedsuitaty Feoglugae 0 @1 oo ez
a5z InveromsuriasyiS'os (Furier Transform) Fudumsulasitersululannimllg
Trwuanud uas dunesamsuvaiS o3 (tnverse Furier Transform) ediumsutlasiledsa
TuTamunud g lannan Suhusrernanldi aynsuyiSosfunsdinilivesns
utnaiSed

atne lsPam lunal oA ﬂagaw?mﬁﬁ‘nzﬁmﬁ?ms1zﬁxflu$i1°§a1é’1'ﬂ1nnmfu
711 (Sampled data) vmﬁeﬁ"i’;’u“luiﬂmunme'f}whﬁ'1593aé‘lugﬂmawmmmﬁeﬁ%’u o 1]
Mmseu 51?@53ﬂzmwmmsdmwiazﬂ%”'wzLﬂuahmmﬁu.ﬂuau TumsualaeyiS osvessti
nnmsqumdriissfeeldmsulneiisond mantaeifosiiumioe (Discrete Furier
Transform: DFT) x'ﬂmmnmmﬂawjﬁﬂ%’sﬁwﬁamfu’l%’mﬂumiﬂszmawaﬁau%’wmﬂ
e eimslandSosfmielfagiu 18 leemse @i nsigonh mauhe
vherviyiS o5 (Fast Furier Transform : FFT) 39 FFT @33 manugisetn imad oy 18
Sunageuiumnalumsiinnins e fduuudnn 5@1’514111ﬂ1sfimswﬁﬁqgtgmﬁﬂzﬂdnda

T sznduludiuves FFT
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32 M3TNTEvioynIuS S (Furier Series Analysis)

t4

aynsUIS o3 voalaiFUAI (Periodic function) X@ la o19ueneldaail

X(f)= 3 X(f,)e G.1)

n=-w

Toon  a, flusundovesiledau xp

o/ a o @
a,uaz b, Hudulszdnivesoynsuvesileieu xpm

1 T/2
ay =— j X(0)dt (3.2)

-T/2

& 1 =1 L)
Favnetenunldns e xp usae 772 89772

T/2 .
a, = 2 I X() cos(zﬂﬁlt)dt Tagh n=1- (33)
T -T/2 T
o
T/2 '
a, = 2 I X(t)cos( 277;71["[)dt lagn n=1—- (3.4

-T/2

a’:’ - s 1 a
wsnnnuu v alsuilFuminlagldeglu eynsuyis o930 dou

(Complex Form of the Furier series) ‘lﬁﬂuzﬂéﬂﬂﬁ

x(t) = A, + A, sin(az + ¢) + 4, sin(Qat + @) + ... (3.5)

3 o

i 4
Tnoudazdduveseynsuorvansawon 1@l

T/2 .
X( f")=% j x(¢)e > dr e f =nf (3.6)

~T/2
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a &4 ' a
Taoft e Hunnmesniiimiao uoz x@ laq mewsedoulugiSdey

} 4
1Aatl

x(t) = iX( £.)e 725 g f, = (3.7

==

33 msm.lmvj@ uy (Furier Transform)
a o {a c’ﬂ’l o o W P J a o

lumsdeneidoiiu dmiudgapaiduay sieeldhwansdnsziey
1 1] 'é [} \J d' .24 ' z
of lugdveseynsuvendnzaudFuiludnoumhvesnnuindnyaminiu (Series of
, . v P N
discrete frequency component) dusnihwnlsegndldiudyg adedotionia iy iy
doaitudygnafidiumy Tavvoomsnssuinenlusnmu 7 Wiahann 9 nieifuga

v v v Ed

o¢ ues Aniugnnhevesudazanuisadlndaud dntuseeld Heddu xp

Hassureiiivansomedon v g
X(f)= j x(t)e /7 dt (3.8)

1 Qo & \d A 1]
Taoi x@ dhiteidulanmumdedenios wazifon xp hilunsuaises

w99 Tamunal x@ Tunenduiu s1ee 14

x(t) = TX( e dr 39

Fon X TuudunefamsulasiF v vesileddu Tanmnnud xg Tnod xg)

L4 = A o Y
zodlugliFedoudesrafiouldasi

X@) = Re X() +j Im X() (3.10)
drusT e xp mlden
ReX(f) = 0.5(X(D+X(-N}

[x(0)cos2afidr (3.11)



annvemanaN ?;aumnn%mu‘i

HaZAIUIUAN YD XD M 1A

ImX(f) = 0.5(X(N+X(-N}
= [ x(¢)sin 2aftdr (3.11)

k4 ’
aniumlnasuvaeuilaga (Amplitude spectrum) ¥osuAazaNuam 1d9n

X ()= VR X (/) +(m X (f))? (3.15)
uazennasuvoaume (Phase spectrum) 114910

P ImX(f)
#(f)=tan (___ReX(f)) (3.16)

3.4 msufasyiS e 3unudiuviviae (Discrete Furier Transform)
o T s [ iy 1
nmsudasdisuvudumibadunsumlaniiS s dwmiudeyalulawunaili
soipafimunsgu) ThilusluTamunsud lideileusuiu mamsuamiifesn1se

9 [] (] o dy
ilsg noUAIIaIULIENO VTR INAUAIL

1 N-1 2l N
X(fk)=ﬁzx(l,,)€ st (3.19)
n=-0
b4
SenmaulasSesdnvaeiin msuasiSosuym@umiie (Discrete Furier

Transform: DFT)
N-1 .
x(t,) =Y. X(f,)e 2™V (3.16)
k=0

= v dy o I'd o =1 ]
wazisenmisudasanuueiin dunesamsulasiFesuvuauniiie (Inverse

Discrete Furier Transform: IDFT)

QA127
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' a = s o [ . &4 {
gnsurnediSesin IRezeglugiihumioe (Discrete fromyFaufiuguvviinng
aulunmistinndu laemistdssulanauuuasaeass 1dnnaumsi 3.15 s1e1ndouna

L4
mswastugdimildasi

N-1
X(m:—fgzx(t")W*" 317
n=0

Tas#i
W=e/>'N (3.18)
35 mmﬂmwmﬁﬂvﬁﬂ{ (Fast Fourier Transform: FFT)

Taoialmsdnnn DFT dwiudygradifien N &y aeufanesae
Foshnguimaudoui v ave uazyaninauddousn M- s Salaeiall
aoufinees wihnsuanliuezdnnsguinndaiueinndndi awdalums
A0l DFT ﬁuagjﬁn{immﬂ%msamﬁ]uﬁﬁmu

15792 nfhﬁﬁ?msc?mmﬁnaﬂ§1mm§wmmsmsgmm'lﬁ'mﬁa NMog,N s
wiesnunteanlyils Niiog, N) whdadon3EmsiifmsutherhaviiSod (Fast Fourier
Transform ¥5® FFT)

3.5.1 msutashadiS oSunng e (Radix 2 FFT)

* wdnmsiiiosduves FFT

4 o -4 Q‘l’ o
eanuazammsevasne 2 lumsdia DFT AnfumsuasiSesuuy

wumied M3y §101 x(m) fiena N e Ailewde

N-1
_ mk
X (k) = Z:Ox(m).W 520)

lth k, = 0,1,...7 - 1 uaz§wnudesdou w = eV uaz x(m) , Xk Wu
oo luTanninawas Tanuanudawday

mamnsaeuaus 3.23) lugtvesaumswaind 1qdiu

x}={4}-{x} (3.212)
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[ 3 [}
Taon {X}uae {x} Whunnwesinafa (column vector) sz novdaeaundn x
(8 uag x(m) ARV N 10 uoz {4} huwssadegse (square matrix) Y1 NN

MimngadudwaudGidou 7™ wudmansannsdin § = 4 snawsaeuusnsenidsiy

X0 [w® w° w® w[x0)
x| (w* ow' owr ow | xQ)

= 3.21b

X2 (w® w* w* we|xQ2 (3:210)

X3 (w* w ws wx(3)
udiilssnngumuifaudiuamives w Ae

= ko] (3.22)

auns (321b) oadisuldidiy

X0 1 1 1 17Tx0)

X 1wt w* W

My x(1) (323)

X |1 w2 w® w?{x2)
X3 |11t w w3

s o 9 1y ar a o a o
gueauiannuiumiifisdewendnlsenouvouunsng sonihuwasndg
v a g @ a a ot Vo o A ac )
dovnatoma gty uazandnameluwad nddesiimdlugudinnige 3¥msusndn
4’ [] o [ - @ o T Y ] a o aa
Usznouiiss linszilaensinn udsslimsadudumimSodanguuoaunsndfae3sams
v oA . a Jd o w o o o A 3
NAUIA (bit reversal) HAZ AT AEHAITAMIARUUAWANINNLENAUTE nBUEAATS
aal Qo o el Yar -
AMMnsuenardszaouninitlaeiimsldAuavguaes Tnomsunuassedi &
U m VBIAUNTT (320) AEYFTUADI ATEN ATIFIL £ uaz m seiidldiies 0,12, uae 3
} 4 »
MU Ay

k=@, k) ., m=(m,m) (3.24)

b 4

* [ | 4
Tnoi &, &, m,u0z m, Shuavlaaiiinun 0 uag 1 miniu feil
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k=2k,k, , m=2m,m, (3.25)
U1 wag axluaunis (3.20)

Xk, k) = x(m,my) W "I (3.26)

Am1k1

Tnspuiautiaanuiiuntuves w uaz w™'=1 fnfuaums (3.26) 18mid

1 1
X (k1,k0) = Z{Zx(ml,mo )W‘Z"*‘“}W“*l*"o’% (3.27a)

7y =0 { m =]

- i{x(ko ,mo }W(2k]+k° Yy
nty=0

Tasauualdduds dunmsdunussninnan wavesaums (3.302) Wewdhy
waSnd vy q il

(k. ke, ) (my,m,)
x(0,0) 1 w° 0 0 1 0 w° o x(0,.0)
x10){ (1 w* 0 0 01 0 W |x0.1) (3.27b)
€D {0 o 1 w1 0o w* ol ]x10)
x(1,D) 0 0 1 w°l o1 o w?||=x)

Falisndnisznienan uag sadng Sy

(k k) (my,m,)

x(0,0) 1 0 w° 0] [x0,.0)

x(1,0)] 01 0 wW°{ |x0,.1 (3.28a)

0| 1 0 wt 0 x(1,0)

x(L,1) 01 0 w* | x(

a1 DFT vosdgananiiu
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Type: normal \
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Count: 1
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YData range: 8.06299E-02
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:****k***************k******k*****;

s RSH.ASM

sADVISER DR. VIJIT KINNARES

H Assoc.Prof.DR. VIRIYA
PICHETJUMRERN

sADVISEE JIRA SAE~TEAW

H CHALERMPOL TONG U TAI

TITIPONG SAMAKPONG
NARONGWIT THAMWARARUL

“r we

;*********************************;

; SET PARAMETER
ONEPASS .set 0 ;1=
no avg O=Average on

YES .set 1 H
NO .set 0 H
BITLEN2 .set 54h
20078h ; JUMP CMD
BITLEN .set 0agh
;079h 7 JUMP XMIT
SENDC .set 08f0h

.ds 0x60 H

AIC/FFT Setup data in upper 1/2 B2

H Fclk = 10.368 MHz

Master clock input to the AIC

; Fbit = Fclk/4

Serial port bit rate

b Fs = Fclk/ (2*TA*TB) ADC
sampling rate

TA -word 12 ;
¥Fs=10.286 kHz
TB .word 42 ;

;*******************************

AIC CMD .word  0x0003 ;
0x72 0000 0000 Q000 0011=0x0003

SIG_DEL .word  0x0000
0x73

STAT1 <Wword 0x0000 ;
0x74

ACCU_lo -word  0Ox0000 ;
0x75

ACCU_hi .word  0x0000 -
0ox76

REAL .word 0x0000 ;
0x77

TIMAG .word 0xQ000 7
0x78 '

AUXO0 ~word 0x0000 :
0x79

AUX1 -word 0x0000 -
0x7A

FFT_S -word 256 H
FFT_S-1 -word 255 ;

FFT_S/2 .word 128
FFT_5/2-1 .word 127
scratch .word 0

H SET MEMORYMAP REGISTER

N

.mmregs ;
.ps 080ah »
B RINT

sRINT Branch to receive interrupt
routine

B XINT
;XINT XINT is only for timing, so
just return

START PROGRAM

start:

H T™S320C50 INITIALIZATON

;k***t*t****************t****tt****
-ps 0x0a00 ;
.entry ;

SETC INTM

SETC SXM

SETC OoVM
catch accumulator overflows

LDP #0 ;
All direct addressing is to MMRs
and B2

“

SPLK #0830h, PMST

LACC #0

SAMM CWSR
Setsoftware wait stat eto O

SAMM PDWSR ;

~

7*********************************7
;initialize: and reset ' serial
port

:*****t*****************t*********;

SPLK #020h,IMR
Using XINT syn TX & RX

~

-

initialize AIC and enable
interrupts
AIC_RS SPLK #01h, PRD
To generate 10MHz from Tout
SPLK #20h, TCR
for AIC maste rclock
MAR *,ARQ
LACC #0008h
Non continuous mode
SACL SPC
FSX as input
LACC #00c8h
16 bit words

~e

~

.

“,

~

SACL SpC

LACC #080h H
SACH DXR

SACL GREG

LAR ARO, #OFFFFh 7

Reset AIC by pulsing BR\pin



RPT #500 :
and taking it high after 500 cycles

LACC * 0,ARO ;
(.25ms at S50ns )}

SACH GREG

SETC SXM

LACC AIC_CMD
AIC control

CALL AIC 2nd
call loader

LACC TB, 2
AIC timing B regs

ADD TB,9

ADD #2

CALL AIC 2nd
call loader

. —_ o

’

~

~

e

.

L YR PRRE N

LACC TA, 2 :
AIC timing A regs
ADD TA,9

LYY

CALL AIC 2nd
call loader

LDP #0

Lacc #010h ;
AIC RINT

SACL IMR F

where INTO indicates EOC (End Of

Conv)
;**********************************

MAIN: CALL Init_s ;
Load 512 alternating data points
LAR ARO, FFT_S ;
Sigma FFT
CALL FET ;
.if ONEPASS
CALL TO_HOST :
B MAIN
.else
CALL Init D ;
LAR ARO, FFT_S ;
Delta FET
CALL EFT i
.endif

;**********************************

AVG2: TLAR AR5, # B base
LAR AR6,# D base
LAR AR7, #255
MAR *,ARS
AVGX: LARCC *+,0,AR6
ADD *
SFR
SACL * 4
MAR *4,AR7

BANZ  AVGX,*-,ARS
CALL  TO_HOST

e

’

B MAIN v

;*********************************

Init_S: LAR ARG, # D base H
_D base = Al[n},A2{n],Al{n+1],A2
[n+l], ...

LAR AR7,#511 ;
MAR * AR7 H
enable buffer f£ill
CLRC INTM 7
Fill FFT array with 512 samples
FILL BANZ FILL, *,AR7 H
SETC INTM ;
LAR AR5, # B base H
LAR AR6,# D base :
LAR AR7,#255 ;
MAR * ARG H
FILLX  LACC *+,0,AR5 ;
Load first 256 into buffer array
SACL *+,0,AR7 ;
BANZ FILLX, *-,AR6 ;
LAR AR7,#255 :
LAR AR5, # D base ;
MAR *,AR6 ;

FILLY LACC *+,16,ARS H
Then backfill last 256 into FFT
array

SACH *4
REAL=X([n]}

SACL *+,0,AR7

~

“~

IMAG=0
BANZ FILLY, *-,AR6
RET

:**********************************

LY T

Init_D: LAR AR6,# D base :

LAR ARS, # B base H
Flip Flop data buffer and FET array

LAR AR7,#255 H

MAR * AR5 H
FILLD LACL * ARG H
get x{n+256) '

LAR ARQ,* H
get X[n}

SACL *+ H
REAL=X[n]

SACH *+,0,ARS

s

IMAG=Q
SAR ARQ,*+ ,AR7 z
save X[n] in data buffer
BANZ FILLD, *~,ARS
RET
hhkhhhhkhhkhhhhrhrhhhhhhkhhhhhhirhhhhh
TO_HOST LACC  #8Gh
CALL BCXMIT
Send frame synch (START)
CALL BRECV
Wait for host start word (01Bh)
SUB #01Bh
NOP H
Insert NOPs to ensure condition was
ready

N e

“y

~

NOP
while execute BCND
BCND TO_HOST, NEQ
LAR AR3,# D base
;AR3=- FFT data array

“



LTI T N ) Ne Ng N2 4 “~

~

~

LAR AR5,FFT_S/2-1
;AR5= loop counter
MAR *, AR3
more2 LACC *4
:scale log magnitude for host
MAR 4
;skipping imaginary
RPT #7
SFR
CALL XMIT
MAR *,AR5
BANZ more2,*-,AR3
RET
H Fhkddddhhkhhhhhhhhhhhhhkhhhkhkdhhhkihkhi
FET: MAR * ,ARQ
Calculate FFT parameters from ARQ
Size
SAR AROQ, FFT_S
MAR e
SAR ARO, FFT_S-1
MAR *q
MAR *BRO+
ARO = ARO >> 1;
SAR ARO, FFT_S/2
MAR o
SAR BRO,FFT_S/2-1
LAR ARO, FFT_S/2
new_stg LAR ARl,# D base

ARl is the TOP BFLY address
LAR ERZ,# D base
AR2 is the BOT BFLY address

LAR AR3,# T base+l
AR3 is the TWiddle p01nter
LAR AR4,FET _S/2
AR4 counts DET blocks
B n DFT2, * .AR1
DFT: MAR *BRO+,ARS
complete circular buffer for TW'
LAR ARS, #1
set up DFT loop with *BRO+/BANZ
MAR *BRO+,AR1

using 1 cuts *BRO+ loop in half!

~ “~

~

[/ TR

ns

~y

~

-
4

; ARI=Top ARZ=Bottom

AR3=Twiddle
BFLY: LACC *,14,AR2 ;
(imagl+imag?) /4
ADD *,14,HKR1 ;
SACH *+,1,AR2
;store TOP imag
SUB *,15 ;
(imagl-imag2)/2
SACH *+,1,ARL
7store BOT imag
LACC *,14,AR2 7
(reall+real2) /4
ADD *,14,AR1 H
SACH *4,1,AR2
;store TOP real
SUB *,15 P2

{reall-real2) /2

SACH *,1,ARS5
sstore BOT real
BANZ OK, *BRO+,AR3

at DFT end guit early

-
’

MAR *+,AR2
7clean up TW base (xxx0000+1)
MAR *+
;smodify BOTom DATA pointer
MAR *0+ e
MAR *0+,AR1 H
n_DFT2: MAR *0+
smodify the TOP pointer
MAR *0+,AR4 H
BANZ DET, *0-,AR3
i;dec DFT block count AR4 by OFFset
MAR *,AR0 :
MAR *BRO+ ;
BANZ new_stg, * sif
OFFset was 1, now cleared
B endFFT H
OK LT *- AR2
; TREG=TWR *NOTE* Twiddles are
Q15
mY e
; PREG=REAL*TWR
LTP *+,AR3
s TREG=IMAG ACCU=REAL*TWR
MPY *
;PREG=IMAG*TWI AR2
AR3=L
LTS *+,AR2
; TREG=TWI ACCU=REAL*TWR~
IMAG*TWI
MPY *
+PREG=REAL*TWL
SACH *~,1,AR2 1<<;
LTP *,AR3 ‘
;TREG=IMAG ACCU=REAL*TWL
MPY *BRO+,.AR2
? PREG=IMAG*TWR
APAC H
ACCU=IMAG* TWR+REAL*TWIL
SACH *+,1,ARZ <<
B BFLY, *+,AR1 ;
endFFT: MAR *,AR2
;Transform REAL & IMAG to log
magnitude
LAR AR2,# D base
sAR3=FFT data pointer
LAR AR3,FFT_S-1
;ARS=FFT loop counter
LAR ARO,FFT_S

-

7 WINDOW: Performs post
raised cosine windowing!

I3
’

FET

: This is done by using the

frequency coefficients of the

7 window in a convolution

filter of the spectrum.

-
'

r

AL T



;mar *BRO+
don't start at DC

~

more_MAG
MAR *BRO- ;
~-IMAG[{-1] 1-COS(nwt/N) + 1
LACC *BRO+, 15 H
IMAG{-0]) filter by post |
SUB *BRO+, 16 ;
+IMAG[{+1] convolution Cmmtbd==D>
ADD *BRO-, 15 ;
IMAG + + -.5
SACH IMAG ;
MAR * 4 ;
REAL
MAR *BRO~- ;
-REAL{-1]
LACC *BR0O+, 15 H
REAL{-0] X({[-1) -2*X[0] + X[1]
SUB *BRO+, 16 :
+REAL{+1]
ADD *BRO-, 15,AR1 ;
REAL
SACH REAL H
SQRA IMAG
;IMAG & REAL can be at most O0x7fff
Q15
LTP REAL
sMPY will result (at most) in max
positive
MPY REAL H
APAC
;soutput is positive Q30
ADD #0x1
;Set up a floor value; log{0) not
Jegal!
LAR AR, #17
ipre-scaling exponent shifts Y axis
RPT #31 H
NORM bt ;
NOP
NOP
MAR * , AR2 H
MAR *BRO- Fad

REAL;dump log(f) into oldest REAL
(odd addr)

SACH *,2
:clr explicit 1.0 and sign bit from
mant

LACL *
iload into ACCU_lo
SAR AR, *
sthen append exponent (AR1)
ADD *,16 S
RPT #10
;jam result into ACCU hi
SFL JIf

needed, Use ADDH to saturate
overflow

; sach * H
; addh * H
SACH * H
LACC * 7
AND #oxfffc,O H

SACL *BRO+

~

REAL

MAR *—- ;
IMAG

MAR *BRO+, AR3
F+IMAG

BANZ more_MAG, *-,AR2
;keep going until all done

[ — e

’

BITREV: LAR BRO,FFT_S
:Now perform Output bit reversal
LAR ARL1,# D base by

moving the magnitude, which

LAR AR2,# D baset+l ;:is
in the REAL slots, into the

LAR AR3,FFT_S-1
:IMAG slots of the FFT data array
more BR LACC *i
;load the magnitude

MAR *4,AR1

SACL *BRO+,0,AR3
;move it to an open IMAG slot

BANZ more_BR,*—,AR2
;more data to move?

-
r

RET ta
FET is finished!!
dThkhkhkkhkhkhhkhkhkhhkhhkhkhhkhhkhkhkhkhhkhkhhhkhkhkhkik
AIC_2nd SACH  DXR

CLRC INTM

~

IDLE
ADD #6,15

7set ACCU hi = 3 for secondary XMIT
SACH DXR ;
IDLE

7ACCU _hi requests 2nd XMIT
SACL DXR ;
IDLE

:ACCU_lo sets up registers
SACL DXR, 2

;close command with LSB = 00
IDLE.
RET 7

hhhkhkhkhhhhhhhhhhkhkhhkhhhhhkhkhhhhdhdhhhhh

; Transmitt a character
khhkhkhkhkkhkdhhkhkhkhhkhhkkdhhkhkhhkhkhhkkhkhkkikki

-
’

Trasmit word routine

-
[4
.
’

xmtwrd SACL scratch
RPT #7
SER
CALL XMIT
send highbyte-
LACC scratch
BCXMIT BCND $+4,bio
expect a sync (0) signal from PC
8 $-2

-

e e

r

;- xmtbyte- follows now H
send lowbyte and return to calling

pgn



‘

; "xmtbyte' requires ARP->AR0O and

sets ACCU="mask for byte'’

; send startbit (0) + databyte +

stopbits (2)
XMIT CLRC o1
startbit=0

LAR arl,#8

counter: 1 startbit+ 8 databits
2 stopbits)

nextbitl BCND snd0, nc

if c=1 send 1 else send 0

sndl SETC xf

send one
B snd
snd0 CLRC xf
snd RPT #BITLEN
send one bit
MAR *,arl
ROR
1sb(accu) -> carrybit
BANZ nextbitl, *-
repeat for entire word (10 bits)
SETC xf
RPT #BITLEN
NOP
RPT #BITLEN
NOP
RET

+

LYY

~

~

.

Read Routine

ETRR TR

BRECV:
wait BCNDD STOK,bio
swait for start bit
LAR AR1, #7
LACL #0
B wait
STCK RPT #BITLEN2
;BITLEN is scaled and
NOP
MAR *,AR1

;number of bits - 1

~

WTBIT SER

RPT #BITLEN
;decremented by 8/3 for
NOP

;BITLEN/2 wait
BCND ZEROBT, bio
ADD #80h
ZEROBT BANZ WIBIT, *-
;last bit ?
RET
;ACC = read value

H khkkdhhhhhhkhhhhhhhhhkhhkhhkhhhhhkhhhhhk
khhkhkhhhkhkhkhkhhkhhkhkkhkhkhkhhhkhhkhhhhddi

; NOTE: This code is NOT written

with context restore!
'-**********************************

hhhdhkhkhhhhhhhhkhhhkhhhhhhhhhhhhhhhhhi

RINT: SST #1,STAT1

;Recover ARP from ARB by LST1
MAR *,AR7 ;
BANZ more_buf, *~,AR6 ;if

buffer is full RET w/o EINT
LAR AR7,#0 ;
LST #1,STAT1 ;
RET ;

more_buf ;
LACC DRR H
SACL *+ H

<<< store Ax[n], point to next

FASTRET LST #1,STAT1 ;
RETE H

XINT: RETE

’

.listoff
.ds 01000h
;NOTE: Twiddles are relocated to
.include "dsk_twid.asm" ;
0x400 (B2) using CONF 1
.liston
.end

~
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/i_.

- i/
/* File: MAIN.CPP Example
Main using the interface.h  */

- x/
#include "interface.H"

# define THR 0 //
Transmitter holding register

# define DHR 0 // Receiver
data register

# define BRDL 0 // Baud rate
devisor, low byte

# define BRDH 1 // Baud rate
devisor, high byte

# define LCR 3 // Line
control register

# define MSR 4 // Modem
status register

# define LSR 5 // Line

status register

# define DATA READY T /7
defined in the LCR register

# define DATA OVERRUN 2 //
defined in the ILCR register

# define TRUE 1

# define FALSE 0

# define XMT_BUF_EMPTY 0x20

# define DD o] // Upload
data from DSK -> PC

# define DP 1 // Upload
prog from DSK ~> PC

# define LD 2 // Download
data from PC -> DSK

# define LP 3 // Download
prog from PC -> DSK

# define XG 5 // Execute

the program

FILE *stream;
this file

// global for

const STRING programme ="Slot
Harmonic Detector"™:

const STRING pgmdate ="1/2/99";
const STRING version ="1.00";
const STRING copyright ="Copyright
(c) Rotor Slot Harmonic Group”;
extern pcom;

// global wvariables

PARAMETER prm; 7/
parameter file and definition -->
getchar.cpp

char INFO[300] >

char title[200};

char buf 0[512];

// Keep past data history for
char buf 1[512];

// time averaging of signals

char buf 2{512]:
char buf 3(512];
char buf 4{512];

int avg_on = 0, restart = 0;
clock_t  duration;

char dskFile[]=("spec50.dsk"}:
void ExePgm(void) s // eXcecute
Go, Address, Single step
INITMONITOR InitMonitor (void):

void init_graphics(void) s

void check_key(void) ;

void setup_vals(void):

void detectSpeed(void);

//

// Main program
// - -
void main(int argc, char *argv([})
{

char *ptr0, *ptrl, *ptr2, *ptr3,
*ptr4;

char *tmp0, *tmpl, *tmp2, *tmp3,
*tmp4;

int x, y, old y:

int two_block length;

int k,c ;

if(arge > 3){
printf("Please enter the
command as *SlotHar -cx'\n");
printf(" where x is the
comport that DSK connect to.\n");
printf(* (The default value
is 1 for comport 1)\n");
exit(0); ’
}
elset
strlwr{argv{1]):
if(argvi1i]){
if (strstr(argv(l},™-c"))
prm.com = argv{l]{2]~-*1‘;
elsef
printf("Please enter the
command as 'SlotHar -cx'\n"):
printf(" where x is the.
comport that DSK connect to.\n"):
printf(® (The default is
1 for comport 1)\n"):;
exit(0);
}
}
}
clrscr();
sprintf(title,"\n%s - Version $%s
/ $s "

“\n¥s\n",programme, version, pg
mdate,copyright) ;
printf(title);



prm.EntryPoint=prm.PGM _CNT=0x0al0;

// standard entry point
prm.INVERSE =YES:

// for standard boards like DSK

prm.speed=57600;
// default !
InitializeMonitor(): //
Establish communication at 57600
baud using old kernel

/)=~ ———— ————
// Load Slot Harmonic detect DSK
file to TMS320CS50

// —_—

printf ("\nDownloading Slot
Harmonic Detector Program...\n");
stream=fopen (dskFile, "rb"j ;
duration = LoadDsk():
ExePgm() 7
re_start:
// - - ———
// Reinitialize PC serial port to
115200 baud.
// -
prm.speed=1152001;
InitPort();
init_graphics();

//

// This module test the transfering
of data without handshaking
//

two_block length=128;

tmp0 = buf_0;

tmpl = buf 1; tmp2 = buf 2: tmp3
= buf_3; tmp4 = buf 4;

ptr0 = tmpo;
for (x=0;X<256:X+=2) *ptrO++ =
128; // init 1st line

for( ; ; Y {
ptr0 = tmpo;
// Set buffer data pointers
ptrl = tmpl; ptr2 = tmp2;
ptr3 = tmp3; ptrd = tmp4;

detectSpeed () s
for(x=0;x<512;x+=4) {
old_y = 128 - *ptro;
switch(avg_on) {
case 1l: *ptrQ =
(*ptri+*ptr2) >> 1; // avg of 2
break;

case : *ptr0 =
(*ptri+*ptr2++*ptr3+*ptrd) >> 2; //
avg of 4

break;
default: *ptr0 = *ptri;
break;
// avg of 1
4

y = 128 - *ptr0;

if(y > old y){
old y++;
line(x+5,01d_y,x+5,y)7
}
if(y < old_y){
yt++;
line (x+5,0ld vy, x+5,y):
}
ptro++;
ptri++; ptr2++; ptr3++;
ptré++; // next data
}
if(kbhit()) check_key()
if(restart) {(
avg_on=restart=0;
// closegraph () ;
goto re_start;
}
ptrl = tmp4;
// Rotate the buffer pointers
tmpéd = tmp3; tmp3 = tmp2;
tmp2 = tmpl; tmpl = ptri;

for(k = 10000; k > 0; k—){
Walthr(XMT BUF_EMPTY);
// Send a pulse to DSP then wait
for
outportb (pcom,NULL) ;
// starting pulse 0x80
delay(1):
¢ = inportb (pcom) ;
if( c == 0x80 ){
// reveive. starting pulse 0x80 send
WaitFor (XM7T _BUF_EMPTY) ;
// 0x1lb to DSP indicate "ready to
outportb (pcom,0x1B) ;
// receive 128 data with interrupt
break;
// turn-off
}
}
if{ k==10){
printf("Fail to get start
pulse\n")s
exit(0);
}

// Turn off interrupt and reading
the data from DSP

asm cli;

WaitFor (XMT_BUF EMPTY) ;



outport (pcom, NULL) ;

for (k=0;k<two_block length;k++)
*ptri++ =

rcvdata (pcom) ;

asm sti;

}
}
void detectSpeed(void)
{
for{int i=1;i<10;i++){
if (*ptr0 >*ptro+1) {

} -
}

void check key(void)
{
int key;
key = (bioskey(0})) >> 8;
switch(key)
// Key traps for various routines
{
case Ox1lE: avg_on += 1;
// (A)veraging select
if(avg_on >2)
avg_on = 07
break:
case 0x1F: while (tkbhit()){}:
case 0xl1l3: restart = 1;
// (R)eboot code
break:
case 0x10: closegraph();:
// (Q)uit to DOS
exit (0);
break;
default : break:
}
setup_vals():
// redraw the setup values
setviewport (100, 40,600,274,1);
// Set window to show display
setwritemode (1)
// display lines are XOR drawn
setcolor (15);
// light gray
}

void InitializeMonitor (void)
{

UINT error;

int pass=FALSE;

InitPort(); //initialise serial
com regiaters.

pass=FALSE;

BaudRateDetect(}); //send 0x80 to
DSP to calculate BITLEN.
delay(2); // what is the right
time ??? was 1 up to version 0.98

switch(error=InitMonitor())

{
case 0:
case 1:
case 2: pass=FALSE;
break:
case 3: pass=TRUE;
break:
}
if(!pass) {

printf("\nCommunication not
successful\n");
switch(error) {
case 0: printf ("\nNo
Response.\n");
break;
case 1l: printf("\nTest
Erroxr.\n"}:;
break;
case 2: printf("\nNo
Escape.\n");
break:;
default: break:
}
exit(l):
}
}

void InitPort(void)
{
UINT COMADD([]={0x3f8, 0x2f8,
0x3e8, 0x2e8}:
int BRD=1152001/prm.speed;
pcom = COMADD[prm.com];
UINT port_no=pcom;:

asm mov DX,word ptr port no //

asm add DX,3 //

asm mov AL,087h /7
SET BAUD access :

asm out DX,AL //

asm sub DX,3 //

asm mov AX,word ptr BRD //LO//
Set 19200 baud

asm out DX,AL //
asm add DX,1 //
asm mov AL,byte ptr BRD //HI//
asm xchg AL,AH /7
asm out DX,AL //
asm sub DX,1 //
asm add DX,3 //
asm mov AL,07h //
CLR BAUD access... N-8-2
asm out DX,AL //
asm out DX,AL //
N-8-2

asm mov DX,port no
//0x3FC 0x2FC modem control
register

asm add DX,5
/ /check LINE STATUS Ox2FD 0x3FD

(+5)
Xempty0: //
asm in  AL,DX //



asm and AL,060h
//wait for DXR & TXR to empty
before RST!

asm cmp AL,06Ch //
asm jne xempty0 //
}
//-=== -- -

INITMONITOR InitMonitor (void)
{
int i=10000;
int ans=inportb (pcom+LSR);
int byte return;

while(!(ans & DATA READY) && i){
// data received?
ans = inportb (pcom+LSR) ;:
i--z
}
1f(i<1)
return O0;
if( inportb(pcom)!=KB~ESC)
return 2;

delay (1)

UINT send=QxAA; //
test for reponse with random
pattern

WaitFor (XMT_BUF_EMPTY) ; //
wait for buff empty

outportb (pcom, send) ; //
send a byte

WaitFor (DATA_READY); //
wait for data received

delay(1);

if ((byte_return=inporth
{pcom) ) I=send) {

printf ("\nbyte recieve =
%x\n",byte_;eturn);
return 1;

}

WaitFor (KMT BUF_EMPTY); /7
wait for buff empty

outportb (pcom, (send=KB_ESC));: //
send a byte

WaitFor (DATA_READY); /7
wait for data received

delay (1) ;

if ((byte_return=inportb
(pcom) ) ==send)

return 3; //
all tests are successfult

return 1;

}

//

void reset50 ()
{
UINT port no=pcom:
if (pxm.INVERSE) {
// do the inverse DTR for reset of
c50

asm mov
port_no//modem
02FC Q3FC

asm add
//

asm mov
//RTS=1, DTR=0

asm out

delay(1):

asm mov
port no//modem

asm add
//

asm nov
//RTS=1, DTR=0

asm out

delay(1l):

asm mov
port_no//modem

asm add
//

asm mov
//RTS=1, DTR=0

asm out

delay(1);

}
else {

else we have a

DX,word ptr
control register

DX, 4

AL, 0xB

DX, AL

DX,word ptr
control register
DX, 4

AL, OxA

DX,AL

DX,word ptr
control register
DX, 4

AL, 0xB

DX, AL

hardware negate

function from PC to ¢50

asm mov DX,word ptr
port_no//modem control register
asm add DX,4
//
asm mov AL,OxA
//RTS=1, DTR=0
asm out DX,AL
delay (1)
asm mov DX,word ptr
port_no//modem control register
asm add DX,4
r/
asm mov AlL,0xB
//RTS=1, DTR=0
asm out DX,AL
delay(1):;
asm mov DX,word ptr
port_no//modem control register
asm add DX,4
//
asm mov AL,0xA
//RTS=1, DTR=0
asm out DX,AL
delay(l):
}
}
//

void BaudRateDetect ()

{

reset50() »
delay(12):
need delay for

// v.02 ROM code

boot loader



if (prm.speed<57600) {
while (! (inportb (pcom+LSR) &
KMT_BUF_EMPTY));
outportb (pcom, 0x80) ; /7
write a byte to the com port
(320c50)
}
else
outportb (pcom, 0x80) ; //
write a byte to the com port
(320c50)
}
void WaitFor (UINT what)

{
int j=10000,i=j;

while (! (inportb (pcom+LSR) & what)
&& i--);

if(i<1) (
fprintf (stdout, "Handshake
error”
"\r\nWait loop finished
in WaitFor () with start=%d",3j):
exit(1l):
}
else return;

}

void sendbyte (UINT send)
{

WaitFor (XMT_BUF EMPTY) ; //
wait for buff empty

outportb (pcom, send) ;7 //
send a byte

WaitFor (DATA RERDY) ; //
wait for data received
delay(1):
UINT receive=inportb (pcom):
if (receive!=send)
fprintf (stdout, "Handshake
error”™
"\r\nSent byte in
*sendbyte() ' is not correct!\r\n"
"Sent : 0x%02x
Received:
0x%02x\r\n",send, receive) ;
1

UINT sendword(UINT send)

{
UINT sl;

WaitFor (XMT_BUF_EMPTY);

// wait for empty

31l = (send>>8) &0xff;
outportb(pconm, sl); // send high
byte of end address

WaitFor(DATA;READY):
// wait for data rec
delay(l):

UINT receive=inportb (pcom);

WaitFor (XMT BUF EMPTY);
sl = send&Oxff:
outportb (pcom, sl) ;

low byte of end address

// send

WaitFor (DATA_READY) ;
// wait for data rec
delay(1):
if ((receive=(receive<<8)+inportb
(pcom) ) I=send)
fprintf (stdout, "Handshake
error"
"\r\nSent word in
sendword() is not correctt!\r\n"
"Sent : %$04xh
Received: %04xh\r\n",send, receive);

return receive; // return sent
word for check if necessary
}

17~ -- --

//--- Load a program/data file in
TI-Dsk Format: default ext. dsk -

-

/! -

double LoadDsk(void)

{

char linebuf [MAXLINE],
*pbuf=linebuf;

UINT line=0; // line
counter of file

UINT data [MAXLINE]; // max 100.
words to download

UINT numdata=0; /7 num of
words to download

ULONG  sumdata=0; // sum of
all downloaded words

UINT address; // address
for download

BOOLE program; // type: if

program 'yes' , no if data ‘no*
double d;
clock t start=clock():
while(1l) {

// for all lines

pbuf=fgets (linebuf, MAXLINE, stream) ;
switch(*pbuf) {
// analyse line
case ":':
case 'K': numdata = 0;
breaks // Do something with
the name ?
case '9': address=GetDskaAdd
(pbuf+l); // DSK for an address
switch(* (pbuf+5)) {
case '7': break:
// Do nothing with checksum 2



case ‘M':
program=NO; break:

case 'B':
program=YES; break;

default :
fprintf (stdout,*\n\nerror 1: ‘'Wrong
Tag "

"in Posg 6'!\n\n\rPlease check
whether"”

" the
file is a valid *.dsk
filet!\n\n\zr");

return 0;
}
numdata=GetDskData

(pbuf+5,data):
sumdata +=numdata:;
break:
case 'l': address=GetDskhdd
(pbuf+1) ; // Entry address
if (address==0)
break:; // dska
generates address=0 if no entry
defined!

prm.PGM CNT=prm.EntryPoint=address;

break;
case NULL: fclose(stream):;

fprintf

(stdout, "\nLoading of prog/data

finished"):
d=clock()-start:
return d>0 2 d :

0.001;

default : fprintf
(stdout, "\n\nerror 2: 'Wrong Tag in
Pos 1' in LoadDsk()"™

"i\n\n\rPlease check whether"
" the
file is a wvalid *.dsk
file!\n\n\r");
return 0;
}

if (numdata) {
// download line
UINT i,cmd=(program=<YES) ?
LP:LD}
fprintf (stdout,"\r %4d %54
$81d s%s",

++line,numdata, sumdata,program 2
"program™:“data");

sendconmand (cmd, address, nunda
ta):

for (i=0;i<numdata;i++)
sendword(datafi]):

}.
}

UINT GetDskAdd (STRING pbuf)
{
UINT x=0,1i=4;
char c=*pbuf++;
for(;isi~~,c=*pbuf++)
{
X =(x<<4) + c;
if(isdigit{c))

K -= L 0 L ;
else
x -= "A'-10;
}
return x;
}
//-== -- ————-

—————

UINT GetDskData (STRING pbuf, UINT
*data)

{

UINT num=0,i;

UCHAR c;

while (* (pbuf++) I="7")
{
for(*data=0,i=4;isi~-)
{
c = *pbuf++;
*data<<=4;
if (isdigit(c))
*data +=c-'0';
else,
*data +=c-'"A'+10;
}
data++;
num++;
}

return num;
}

void ExePgm(void)
{
sendbyte (XG); sendword
(prm.PGM CNT) s // execute
outportb (pcom, NULL) ;
// Startpulse / sync for
windows/0S2 2222722
return:;
}
void setup wvals(void)
{
setwritemode (0);
// turn off XOR write
setviewport(0,300,200,309,1);
// clear window
clearviewport():
//
setviewport(100,0,620,30,1);
// Write the title in yellow
setcolor(14):;



settextstyle(0,0,2);
outtextxy (60,10, "Slot Harmonic
Detector™) ;
setviewport(0,30,620,330,1);
// Write to window in bright blue
setcolor (11);

//

settextstyle(0,0,0);

outtextxy (10,33, " +10dB") :
outtextxzy (10,59, " +0dB"):
outtextxy (10,72, " M ")z
outtextxy(10,85, " A -10dB"):
outtextxy(10,98, " G ")
outtextxy(10,111," N -20dB"):
outtextxry (10,124, I ");
outtextxy(10,137," T -30dB"):;
outtextxy(10,150," U )2
outtextxy(10,163," D -40dB~7):
outtextxy(10,176," E "):
outtextxy(10,189," ~50dB") ;
outtextxy(10,215," ~60dB") ;
outtextxy (10,241,"” -70dB") ;

outtextxzy(450,270,"SlotHar.EXE
") // Name of program
outtextxy (450,280, "FFT: 256
Radix-2"); //
outtextxy(450,290,"10 dB/div:
")z //
outtextzry (96,250, "DC") ;
outtextxy(185,250," 95Q");
outtextxy(285,250,"13900"):
outtextxy(385,250,"2850");
outtextxy(485,250,"3800"):
outtextxy(585,250,"4750");
outtextxy (224,260, "
Frequency (Hz) "):
outtextxy(100,290,"(Q)uit to DOS
"z //
outtextxy(100,280,"(S)top Graph
)i //
switch (avg_on)
{
case 1: outtextxy(1G0,270,"(R)
verage 2");break; //
case 2: outtextxy(100,270,"(A)
verage 4"):;break; //
default: outtextxy(100,270,"™ (A)
verage 1"):break; //
}
}
void init_graphics (void)
{
int gdriver = EGA, gmode = EGAHI,
errorcode, Y, X;
// registerbgidriver
(EGAVGA_driver);
BCC for no EGAVGA.BGI
initgraph (&gdriver, &gmode, "");
// if possible open EGA mode
errorcode = graphresult():
if (errorcode != grok)
{

// Use with

printf ("Graphics error: $%s\n",
grapherrormsg (errorcode) ) ;

printf ("Press any key to
halt:");
getch();
exit(l);
}
clearviewport():
//
setup vals();
// dispaly the setup
setviewport (100,40,600,274,1);
// Set window to show display
setcolor(2):

// reticle is green
for(¥=0;Y¥<=234;Y+=26) line
(0,Y,500,Y); // draw reticle
for (X=0;X<=500;X+=50) line

(X,0,X,234): //
setwritemode (1) ;

// display lines are XOR drawn
setcolor(15):

// light gray

}



_*/

/* File: interface.CPP -> Host
Interface Library Source Code Ver
1.00 */

/* i 0 e o e o A e e i e et 0 e e o

#include "interface.H"

static FILE *stream;

extern char appfilel): /*
app filename with .DSK extension
*/

extern int MSGRx=2,MSGRy=21: /*
X&y coordinates of messenger window
*/

extern UINT pcom=0; /*
commport address

*/

extern PARAMETER prm; /*
you can use these in main

*/

extern STRUCT_IMR imr; /*

*/

et s S e ot B S e i o S o e e A 008 S S S o T S ki b e on

ungigned char rcvdata(int port no)
{

unsigned char c;

asm mov DX,word ptr port no //
RECV a character

asm add DX,5 //
check LINE STATUS Ox2FD Ox3FD
(+5)
asm mov BX, 4000 //
chksts //
asm sub bx,1 //
asm jz timerr //
asm in AL,DX //
asm and AL,06lh //
asm cmp AL,061lh //
asm jne chkst //
wait for DRR & RSR to fill
asm sub DX,5 //
asm in AL, DX //
asm mov byte ptr c,AL //
return(c); //
timerr: /7
return(-1); //

}



/t et e e e e e 2 e i e o o e e e o e e o
- x/

a

/* File 'interface.H'

/* et e e e e e
—— t/

n|

typedef unsigned. int UINT;
O

typedef unsigned char UCHAR;
)
typedef
a
typedef unsigned long ULONG;

char* STRING;

include <alloc.h>

include <conio.h>
include <ctype.h>
include <direct.h>
include <dos.h>
include <fcntl.h>
include <io.h>
include <malloc.h>
include <math.h>
include <graphics.h>
include <setijmp.h>
include <stdio.h>
include <stdarg.h>
include <stdlib.h>
include <string.h>
include <float.h>
include <time.h>
include <bios.h>

TR IR RO

# define KB _ESC 0x01b

/*---UART definitiona: register

etc.
e */

# define THR 0 /*
Transmitter holding register
*/

# define DHR o]
data register
*/

# define BRDL 0 /* Baud rate
devisor, low byte
*/

# define BRDH 1
devisor, high byte
*/

# define LCR 3 /* Line
contral register

*/

# define MSR 4 /* Modem
status register

*/

/* Receiver

/* Baud rate

# define LSR 5 /* Line
status register

*/

# define DATA READY 1 /*
defined in the LCR register

*/

# define XMT_ BUF EMPTY 0x20

const int MAXLEN = 0x100,
MAXLINE = 100;:

/*
Addresses of 'C50 registers
*/

const int ACCU =0x60, /*
Address of the Accumulator
*/

ACCB =0x62, /*
Address of Accumulator B
*/

PREG =0x64, /*

Address of Product Register

STO =0x66, /*
Address of STO
*/

8T1 =0x67, /*
Address of ST1
*/

TREG =0x68, /*
Address of the T register
*/

STACK =0x69, /*
Address of the hardware stack
*/

ARX =0x71, /*
Address of the Ruxillary ergisters
*/ '

TIMER =0x74; /*
address of Timer register
*/

/* ———w—————enumarations -————————

*/
enur BOOLE {NO, YES}:

enum c5QCOMMANDS { /* commands for
comm between PC and monitor kernel
*/

DD=0,DP,LD,LP, /*
these 4 are also defined in c50
*/

XCH_PGM,XG}; /*
these 2 are alsa defined in c50
*/

/-Ir

XCH_PQM is supported on debugger
only */



/* These are used
for status reporting
*/
enum INITMONITOR
{GOOD, TESTERROR, NOESCAPE , NORESPONSE

£

*/

struct STRUCT_ IMR ({
UINT add, user, debug;
BOOLE modified;

}:

struct PARAMETER {
UINT PGM _CNT; /*
Value to init the program counter
*/
UINT EntryPoint;

/* the next 3 parameter
define the comport *f
BOOLE INVERSE; /*

Inversion of the DTR line No/Yes
*/

UINT com; /*
Communication Port number (1 or 2)
*/

ULONG speed; /*
Baudrate up to 115K baud
*/
};
/*
- */

extern struct STRUCT IMR imr;
extern struct PARAMETER prm;
/*

-*/

void BaudRateDetect (void);
UINT getwardcom (void)

void GetArguments (void)
UINT GetDskAdd (STRING pbuf);
UINT GetDskData (STRING

pbuf, UINT dataf]):

BOOLE FreeRun (UINT address):

void InitPort (void);

void InitializeMonitor
(void)

INITMONITOR InitMonitor (void);
void InitRegister (BOOLE
all):

double LoadDsk(void);

void resetb50 (void);

void sendbyte (UINT) ;

UINT sendword (UINT) ;

void WaitFor (UINT):

UCHAR rcvdata(int);

void MSGR (char msg_string
(501)#

/ir — - -
*/

inline void sendcommand (const
c5QCOMMANDS cmd, UINT
startaddress,UINT length)

{

sendbyte (cmd) ; sendword
(startaddress); sendword(length-1);
}

/¥ e —————— e o e e e e e e e o

*/
inline void SendDataWord (UINT
address, UINT word)
{
sendcommand (LD, address, 1) ;
sendword (word) ;
}
/*

*/
inline UINT GetPgmWord (UINT
address)

{

sendcommnand ( (C50COMMANDS) DP,
address, 1):

return getwordcom() ;s

}
/*

*/
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