ginvonyana navvouinfnanssli

MIAIVANNNADI

MATLAB REALTIME WORKSHOP

WONYT 5N
Ly daa o a

WMeWugnag — guesysd

WIT09aNa ASNAT

UNAITATT  1TN0Y

’"T {0938 o”’")

19v JJ ......... ‘jruj:u)_\uw.gsgﬁnﬁ b
anzdon, L JL O P hrnseatenraas
umondl.o 7Sﬂ 2554 R e

ﬂ%mumgﬁwuﬁfznﬂudauﬁﬁwmmsﬁnmmwé’nqﬂsﬂ%mtyﬁmnsmmamﬁmﬁﬂ
MUNIAINTINIZVUAIVAN
AzININIINMANS
aanfunalulagnszaemnaudgammsaanszila

= =
Unsany 2553



MATLAB REALTIME WORKSHOP

PACHARA WORRAPOIJ
PHANPHISIT PHOOSAMCHOT
RUANGSAKUL  SIRIPETRA

WARISARA BAOTHONG

THIS THESIS IS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN CONTROL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

ACADEMIC YEAR 2010



= <«
Psayantnusimsfnm 2553
a a @ a 4
A1NIFIAINTTUMTIAUAZAIAY AL IAINTINAANT

aontiuma Tuladnszaound s igunmisaianszals

599 MINIVAUINIAIDT

MATLAB REALTIME WORKSHOP

Avaii UIYNGS ST 50011025
o Jdaa |ld a

wewugnag  qusyls@ 50011088

weisoana NS 50011324

Y9A1I5a51 e 50011401

]
.......... M..........................mmsﬂmﬂﬁﬂm

(39.¢15 83 NYTATUNT)



MIAIVANNNIANT

Taw

UNYT 15N 50011025

weusnayg  quaulesd 50011088

wwiSesana  AaNAIl 50011324

WNaIsas  Wnes 50011401
S (R

219156NU5 A1

=) s a
IRQIBYT INYIATUNT

UNAALD

dyd =) é’ A P a a a Y v d v a a o
TassnuilGous oy iegaseasnanazmuyseansamvduiledduve siyaen
4 a lav o) d v { a 13 ' g
TuTusunsuuunuay iiesnndyddidiuiledduiannsodinszd ldifissssuudiasuniniu
22 o o Y o = a £ J o a a Jd 1Y
isiaiwannlfamnsaniugumsinuinanseld laeflsnduvesfyanizaunsa sy

o ' 9o a A s ' s £ s
LLﬁ%fNﬂ"lﬁ’JLHJﬁWN“] ‘I‘HﬂUﬁZﬂU%‘SQ‘ﬁﬁ@Qﬂﬂiﬂlﬂ'lﬂuﬁ]ﬂNWu‘Vl%iW@i@]ﬂHﬂiiJ PINDTIA

o Y Ao " 9 1 a a Jo a A 4
mgﬂm‘ﬂmm‘nimmzﬁway‘mzmw%y’mﬂ Ui%ﬂﬂﬂi@ﬁiﬂ'@ﬂﬂimﬂ'lﬂu@ﬂ



MATLAB REALTIME WORKSHOP

By

Pachara
Phanphisit
Ruangsakul

Warisara

Advisor

Worrapoj
Phoosamchot
Siripetra

Baothong

Assoc.Prof. Suthian  Kiatsunthon

ABSTRACT

The main purpose of this study is getting more efficiency of Simulink function in Matlab
which is analyzing the simulators. The high efficiency simulator can analyze Real System using
the Matlab to connect the Simulink and the Real System can transfer variable each other and

connect interface devices by serial port in order to connect to computer. It is received the data

which is conversion from analog to digital and digital to analog.

II



o\ =
nnanssulszma

v o a a J o d’l ] 1 % a Y o
mssailSyaninuiaduil  awsaduiegancldidded  wezldsuai

=

A g Ao
Jumaniued1en i]'lﬂ’t]']ﬁ]'lﬁﬁlﬁl‘ﬁﬂi Lﬂﬂi@’du“ﬂi ﬂﬁﬂ!ﬂ‘ﬁﬂTﬂiﬂ‘Hum UIna 1]11?!8&3]?109]

=-

Y Y
@ Y o o

Y "9y 9 v A A A g g Y 2 d?
Auaausny Iianussvaedsug mdulse levuaslnsey  diamganesuduas
< 1
YN TIWYDUNIZABNTUOINGY
~ A Y ] A Y o o A
ypvouquia ynauiinoslianuriomae wazldmuuziigg mnuelasanie
4 - ey
NAUNY UKD LazNTUANA Lawa
d' [ 9 A 3 ]
mammmam uagdesqnnau nldmdele nszquifen sawsnesain lannu
A Y ]
AUNTIVD4 1ATINUDYITND
y ol £ a o oA RS Aa
ganefigiaivenswveunszauial u13a1 wazaseunid naselumailing
=) o A o A I~ @ ~a
Aol sawdemsaiuayuluFessnlszmnanuiamas aasaviluusiuaialang

d

Ngad °1“lw1mwmum¢sﬂmm'ﬁmm"lﬂ

Jd

WY eERURLY
v daa a
wewugiavg  guan s
Weiseana  Aan

UNETas  Wihmes

11



a3VeY

UNAAEID
UNANELBNHIBINGH
a a
daanssuYsema
a5y
stz
CRRSILTREAN

o :
uni 1 umin

[

1.1 NuagANUaIn ey
[ o =<

1.2 agilssaqupmsfny

1.3 YoUIUAUDL IATIU

1.4 35mMsa iUy

Unil 2 NYUHUATHRANMS
2.1 Tilsunsuuunual) (MATLAB)
2.2 Gy AR (Simulink)
2.3 5va'lnnesA%ON (Realtime Workshop)
= da o Jd 3 i %
2.4 5va 1371 1aaN5i0a (Real Time Window Target)
A 9 a wa ~ 4
2.5 MssuAumsUfiianisisealny
o) : A
2.6 19aWINYU (S-Function) AD
2.6.1 io'l5haz 1 Hoafland
2.6.2 Mdeailsnsuldodials
2.7 FUARANATY (C-Mex S-function)
=1 a Y 4’!’
2.7.1 MIAsUFNAR AN TUNUFIU

2.7.2 Tassadumad@euuuulasu lddmsuInuanisuen

v

II

11

1\Y

VIII

10



M150Y(AD)

¢4
Hin
9y J v
2.7.3 MIuaaUoyavd U alandu 12
2.7.4 M1 ”@mwmﬁuwmmwas’@ 13
@ d v
2.7.5 MIasivaautazmsUszulananlsioalanyu 14
2.7.6 mslfeaisnrunuEoa lndnesasen 15
2.7.7 ¥olugad1viiu RTW Build’s 15
2.7.8 10aflafGu RTW data §M5UMIa319517a828 RTW 15
2.8 55ms M5 ea Inines asen 16
v Y
2.8.1 TAafignas iy 17
2.8.2 Nioad (Target language c.ompiler 18
9y
2.8.3 1UAYNAA (make utility) 18
d o g
2.8.4 oaWandy (S-Function) 18
& y e = =
2.8.5 YugoumMiai e luGea Ininesyew 18
=] L A vg o P P

2.8.6 AMUAANHEILAASS IWG o Indosen 19
2.9 LLUENY (masking) 21
2.9.1 MITNMUANIEINSUTZUVE0Y 21

2.9.2 myafauvalaezasnuondwsoud (Mask Dialog Box Prompts) 21

2:9.3 me’faam@m; (mask editor) 29,
2.9.4 013 L%"‘m?fuwﬁw (the Initialization page) 23
2.10 UHII9DT JX-2148 25
2.10.1 AniauAALYDILDTA JX-2148 26
2.10.2 ﬂ'ﬂll(gl}@ﬂﬂ']ﬁsll@ﬂi&"ﬂﬂ 26
2.10.3 MIMNUVIVBTA JX-2148 26



M5 UY(A1D)

2.11 lulasaouInsamos (Microcontroller) ARM7

2.11.1 aailaenssuvesdsiig ARM7

2.11.2 puaniiandnves ARM Tlsismaes
2.11.3 agilnens sutu Load-store

2.11.4 quantiaygadidaves ARM lisivaises

2.11.5 llillaad
2.11.6 Auavamunaiand Ay
2.11.7 laozunsumsinnu Iagsiuune LPC2148
2.11.8 nuleaNuNaely LPC2148
o Jda o o
2.11.9 fIAIVANLINABS DUINDI 3 1A

Jd a 4 g
251 1.10 WOIADUNWALDIAWAANNLTIY

2.11.11 A10919ANUEINITOVDI ARM7

2.12 WOSADYNTURS-232

2.12.1 M3 1FunesnoYn I RS-232
281922 ﬂﬁﬁﬂﬁﬁllﬂﬂ@ﬂﬂiﬁﬁ (Synchronous)

2.12.3 M3A0dITLUUVDL S 1A HE (Asynchronous)

‘Uﬂﬁ 3 maﬁmamsmzmm%’n
= ¢
3.1 ANEINIUDIVDTA JX-2148

3.2 [WeUMTI ARM7 LPC2148 ¢28 1151051 Keil uVision3

d v
3.2.1 Ysgmamsisen 1§79y (Header file)
o 1 o o [
3.2.2 MHUAAINITTIINIUYDINDTANE)
- 1 o 1Y 1
3.2.3 Usgmadendueosuazfimuaauiilsaieg

o J o [ o . .
3.2.4 MruananTuan1un15%197% (int main)

VI

28

28

29

30

30

31

31

33

33

34

34

43

43

44

48

48

50

50

52

52

52

53

53



a15DY(AD)

Y
n“u
i Y @ [ 1 1 o
3.3 T15un5y Hyper Terminal 19 1un15naasesuaanImIumanesaoynsy 54
o [ 4 1 ] d ]
3.4 Simulink Block d115 UiFouaenuginsainieuenniy 55
4 a
NEWOTADYNTUAINLIAITY
UNi 4 MINAADIATNANITNANDY 56
4.1 MINAADINTSUAIRAINIUNIG Simulink Block 56
1 T o 4 I'd
4.2 HANINANBIDIUMTYAIUDINNAVDIGUNIBlAIBUDN 57
@ U d ) H a
4.3 NAMINARDITUAININYUNTAINIBUDN BAZAIVANNITINNIUNNAINFA 58
d' a d

uni 5 unmnsamazagilia 59

5.1 agwanstguneu 59

5.2 flaylumsiinuuazuuamiaud v 59

53 Wan 1@suen lasenu 59

MANUIN N 60

NANUIN U 74

v A Y a

111389919049 103

VII



ot
|l
=).

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2:9

2.10

2.11

219

2.13

2.14

2.15

2.16

2.19

2.18

3.1

3.2

3:3

3.4

a5y

v o ' % < J
uaaIn UL IEnI ailnduuaen, laezasnuend
Jg Yo o w a <
uazod IlanTimsiannuvesnganssuvesuden
' { [ v
waasdun1dogluoailandy

Qe g

o w = J o 4
aumsisenuuDalanFuiieimssudydn lu Inuanisuen
AT Rl ¢ 1 Y 9 < v
gannNudNRLTIzn Ao ailangurazteyavo e ailandy
= Yy R o
R amsIvdIdy g
d. Y KX o a
AN dy g duNa
= J Wo
amilaenssuveaioa Inindnyen
UAUNAYDITNY

meﬂszmumsv‘inmmm"lﬂﬂ'lamu ARM7 Tﬂi!“lﬁﬁlcﬁ’ﬂ{

lapzunsumsiamees L2148 lulasaouInsames 32 Tonszna ARM7

MsdnasInIsaNNTINYlL LPC2148
UAAINIIAVIF YYD LPC2148

J
LAAINTS IHITUNDTABY NI RS-232

A ' s o Y o a Y
Llﬁﬂ\‘lﬂﬁl“lfﬂllﬁﬂqﬂﬂimQﬂﬂﬁﬂ!ﬂ%ﬂ@ﬂl‘lﬂﬂﬂﬂﬂuvnmﬂiﬂ’w?ﬂﬂ DB9

4 1 4 '
memsﬁamaqﬂmmmauaﬂmu DBO 1411 Null modem

[ o

TLAUTYAYIUUDI RS232C 1Az T ATy IaiuDd TTL

AR89 IS UaWoyauuuse Tasila

LAAgAI88 19N Ud YA UBd Iasiid
LEAIANYUELA0IR1TZNI VDDA TX-2148
LEAINII995UDIVDT A TX-2148
Wunnvealysunsy Hyper Terminal

I~ a . ardoid
Wumwveelisunsudydfuaen

VIII

11

12

13

14

17

29

32

36

38

44

46

47

48

48

50

51

54

55



QN
=5
=).

4.2

a3Uy31

LAAIMNANTTUAIAINIUNIG Simulink Block

o ' 4 { { a
LLﬁ@\‘iﬂ’]'ﬁﬁ‘UﬂWﬂ'lﬂQﬂﬂ'ﬁ&m’lﬂu@ﬂﬁﬂ?ﬂﬂuﬂ'ﬂhaﬂ']1]!,'3?3']"1]5\3

IX

56

oY/



AIUYAIIN

~
A19199
21 ansuaaemsna lan 1y uazmumanua lWan sy

2.2 A3 1UAAINITIAUIY @Qﬂﬁulﬁﬂlﬁ’ﬂ{ DUNINLUY DBY

Yy A 9 T
HazrtNng lHanunie

41  uaaen Output 1 1491AN3 3R Wisuduan lAnnmMsfuIw

19

45

57



iy ~

1.1 ﬂ?1Nﬁ1ﬂﬁUg!!ﬁ$ﬂN‘l

I~ { [ v Y] I~ { @

Wunnswaudnluiegiuldsunsy wunuad Wuldsunsunariusawain
a 4 Y =1 a a 1< Aa 9 (] 1
AnZHLazenuU Iz VUAIUAN IAg el AnSnw uazlunieyldiuediunivae

Ja a J a d o Y 9y 9 42’

Taomwizns 1dayaen lumseenuuy Ansigdsyuumsizin ldde dremsadie Tumaduwn

o3| < 9 a wva Jd a 4 = . 1 g
Wuvdenlagldnsgiamseinfinuazainuid (Click and Drag Mouse Operation ) tgitilu

o

L { a ' = o ' 3 2 ' 3
ﬁu'ﬂaﬂﬂ]ﬁl‘ﬁﬁnﬂ'iﬂ‘VHﬂ"l'i'JLﬂiTZTTllﬁjLWﬂﬁ‘igUUﬁ]Tﬁ@QLWWUU (Simulated System) N1 Y

9 T

4 ' o ) a o a ¢ & o a
FINN19AIUIA I FA 9711015818995 UV IS IAOUNTINITIATIEY Feo1971 1 1AaA1Y

U

'
[

d‘ 1 aS A s 1 =} d'o/
AaAfouYeA 50199 TamwizszuununlINazonaugIniassvuNa s

=

= J 1 o a Y ¥ V9 A
Nﬂmﬂaﬂuuﬂmmmamam Eﬂ"l]llllﬂ']ll']iﬂﬂiﬂ1i’3mi'l$?i'lﬂ LW]ﬂ'lLi'lﬁ']il']‘im‘]fE]llIEN

a a 1 @ a { L o W o 1
IRFyasd AndenuizuueTaldlasassinalndifesnnueis Aawisaihdauilseaian
9

= 2 a 4

firatuaselunaniudrims s i iiumsiuysznsnimvesdydad
1u1ﬂ311ﬂ3uggnmtxaﬂ1ﬁ’qaﬂ7u

2 3 2 T 1 d

Tun1500NUUUTZUUAIUANI T VLN HITU 9nA2I081UTUTTUDAIVANUDIADS

(Motor Control) 1111891010 ms1zezAsadonarluniseonuundiniugy Tasnissians

a

Ay a Jd = o @ k4 A Y o
igﬂﬂﬂﬁ@\‘iﬂ"liﬂ'lﬂﬂllﬂ\?llﬂalucﬁmﬁ\‘]ﬂﬂi’)u%Qﬂ%i’nﬂ'}i@@ﬂk!ﬂﬂ@?ﬂ?ﬂﬂuqﬂ nas LiJfJVL@Wl'J

Q

A g a Yy 39 0 1 =2 ) 1
aruguiniluiwe laudafdewhueenuuuasasairugunen Isvzamisaii liaenaass

@ a 9 2 9 o o @ o Y [ 1 @ q’/} =2 )
ﬂlligllﬂiliﬁnlﬂ “ﬁﬁ‘ﬂ&’ﬁﬂ\‘]“ﬂ]ﬂﬁﬂ"lﬂﬂalliJTVI']GlﬁLﬁfJL'Ja'llﬂu'ﬂﬂ'NiJ']ﬂ AIUULITIVIAITUUD

4 a 9 o e =K Y o ~ 9 v
BINWAINITSUUITUVININIUIN W'ﬁGlucﬁﬁal'a\iﬂiﬂﬂﬂiQ%Q%Ziﬂﬁ?ﬂ?‘ﬂﬂﬂﬂﬂﬂﬁ@ﬂﬂ?']

U

' ' a 1y Yy Y @ 2 o g Y Yy A
1319 LLJJ‘VILL'GTIJllllﬁ’lll15ﬂ@]ﬂﬂ@ﬂ‘iJ'i%'UUﬂ’lfJu@ﬂllﬂﬂjﬂﬁ'JL@Q 1519991 uApeas 19BIUAID A

J o < 4?} A oI R AT @ 1 9 Aa a
NINTFUUADNUUNT 1oL UA T IY “1um’iﬁdmumuﬂim\‘1@] ININBYDIA "U'Oﬂiﬂﬂlﬂ'ill

=

uunad Taun

(v ¢
1.2 Tagilszasnveslassau
4
1) finims$assszuuiauudyadunazuuuisvalng
2) AnvmsdouTsunsulugiuuy Suneailaddu

A Y 9 3 a 1w 9 J
3) el ladupeumsandenuszuumeuen lagldwesaoynsy



1.3 YO UIUAUDIIATINY

a d

[ 1 a 4 @ oy Blrgy
a$ravden laosunsvuuniiaedyasd luuuuiSoa Ind wazsudeamdyginein

QU

Jd ] J Y
’qﬂﬂiﬂmWEJuE]ﬂNm‘VINWEJmmgﬂSZJ]lﬂ

1.4 IBMIAUHUNY
1) wonuas
- #@aw1ms 19911 11510 UIMATLAB, Simulink, A15:381C-MEX S-Funtion
- TulsunsuMs eI IARM7 LPC2148 a18 11)51n5% Keil uVision
d d;
2) 915133

% ﬁﬂ‘ﬁ]ﬂ?ﬁ&%ﬁ]md@ﬂ]@ﬂ’)ﬂi]ﬁ"UEN‘U@';ﬂ JX-2148 Lﬁ@ﬁ?ﬂﬂ%\‘ﬂu



UN 2

nNYEAUAHANMS

2.1 1)supsuuanuail (MATLAB)
4 a a o a 3 [ o

Tusunsunfidsz@nimwgalumsdruvradiumatn Wumssiuiuvesnsiiuom

[~} {1 ' A
m3sueuiu lduayms@oulydsunsy lugduuidodenisly Tagnilymuaznisudiym

a J v ™ '
gruaaslugduuunadamans anvaizns g ldvesuunuall 1dun
a 4 o

- AAIARAEAS LOTMIMUIL

- MINAUINIAIUSano ANy

- Ms$10095z VY LazMIadIeluea

a Y ) 9
- M3 AnIIZHdeya N30 wazmsuaasszud lagldn
a 9 a o 9 a
- n31MHANIIAUINGIMN TATUAZNIIAUIAINT T Y
- MymLLazMsas umMsaaaenu 19 luuuuns e
S| Al d g g <

uunuaiilusguanl §ausius (interactive system) D amalsznovvestoyanug iy

s IR 1Aaa
upue1ssdae 155a dlnawisousdyminssiiamedmaila laomwiznsaiul
Taeldgas lumaasndiagnames asdosldmadonTisunaulugduuunm mnmsuou
a J = & % ' a o
dumo3t3ANY (scalar noninteractive) 193 AW IAIAE WoFunTu

=) o o A Y Y = 1 5 A A
uunuall vxlgavesdmidunmiznldlunsudilyniGendt yauden (toolboxes) 44l
o w ' " Yq Y X 999 Yo a a v o <
anudrdyedresninaed 1y defldez IdsumaianinmisSouduasimuiyavionas
< L D= T 4 )

52528y e Faduigrelduunuataunsoudilgviinainraie]d wu msiszuae
ﬁmmim (signal processing), MIAIUANILUL (control system), W% aodn (fuzzy logic), 1IN

1an (wave lets), 159180952V (simulation) 49

2.2 B yadn (Slmulmk)

a J [

a [ J S dq Yo Y 0 a 4
Fydsaiumenauas nlddmiunmsadialuea, masiaes uazmsinsenssuy
& Yo I g a " a
wuplawriia Feansaldldnu ssvundugaduuas lugdadulasasresluaalugluuy
' A ) & a = <3| v A
szuunMIaeiiies, szuuna liaeifies uazszunleuse Taefiszuuduunudadsa

(multirate) &



2.3 (3 ln3inesnren (Realtime Workshop)

= 9 a J o 9 @

A g = @ vag Yo a ddgl
Ininada lsunsumund laede lulialvnuayaes Suazasesian mIayumn
< a a o o wa o
Tagasanuaen laezunsuvodydsn uazezasalisunsuda ludanaumsaiaulunm
a A 9 A ' o [ 4 Y o
5 ludanadouiaien wu nisitudululasnenInsamesuazailssutadyy i

aa 2 o Y 9 9 Y v [ dyd
AVNDA mmi‘mﬂzmaﬁ%mmﬂumummmuﬂa

2.4 !%Elﬁllmﬁuiﬂ’a’&ﬂﬁ!ﬂﬂ (Real Time Window Target)

A S oI v o 9 = s 4 o Y a
ﬂa“ﬁ@ﬂﬂllﬂﬁﬂauiyqﬂiﬂﬂﬁ%ﬂclﬁ/]ﬂﬂﬁﬁ1\31@8&38@llﬂll!')@jﬂclfﬂw an‘ﬂullﬂﬂlunm’w]ﬂ

U

a Jd

a o ~ a o 9 = a = Jd
YUADUNIUADT Iﬂﬂ“l/lcluﬂﬂil‘w'JLG]E]Silgﬂi’)\illiﬂﬂlﬂillull‘ﬂllﬁﬂ, FYQIA UDS Liﬂﬁhl‘l/lu
¢ 79 Y & a o oo Y a
nesavew nsdszyndlgnaa lveaSealniiulardmsing laun msntuaulunaindy,
@ o J da s
ﬂ'lﬁllﬁ%iJ'JﬂWﬁﬁfqug'lmLLﬁg ﬂTiTﬂﬁ'ﬁ]QLL‘UUSWﬁﬁllﬁiﬂulﬂﬁleﬂ (Hardware in The Loop)
) aa Y dgl o Yy a T o == A o @
TAANHIFNAIINUY ‘IJZ‘VINWUIIG]L'TJ‘U‘L!’JHIWJ’GT95,98 UAZIDUN(NT) mmzwmqmﬂﬂmmiu
a i~ da 4 4 o 1 { o [ @ £
NUIALINTIDIN LiﬂﬁLlWiIUUIﬂ?ﬁV]1§Lﬂﬂ i]zim%’agaiumanawﬁmﬁuﬂmﬂ%mﬁmmmﬁm

A 1 g 9 Y Ao 9}3 3 a YRy a a A a dg’ P o
NIBUINNAITUU LmzElwammu"lﬂumﬂuauwm‘lﬂﬂuTm@a“lumgmﬂmwmumw1mﬁ

U

1 [V 1 1 @ J
Uszuateyasendeondl Jayazgndsdeyaldinisuoniumeresnadyginie1nns

a % 2 114 da J s ] A a ¢
%@Q@HW@L'@TQ‘VEQW@i@ Liﬂf‘lhlﬂlnuiﬂ'lﬁ‘ﬂ']imﬂ Glcb'ﬂ?']llﬁﬂﬂiﬂﬂu'ﬂgcluﬁEJﬁ“l‘V]iJ"UEN

o a o @ @ 1 Aa wva ' a 4 o o <
WDILUANIAY ﬁ']‘ﬂﬁﬂﬁ'u'Uﬂ‘l‘q!uLlﬂagﬂgﬂﬂﬂ']imﬂ@\?'JUIﬂ?ﬂ UAagaIIUAULIIVDINT

o v

¢ q = o Y g o o & a < o o dqy
ﬂ't']ll"lwa (complle) “Ifiﬂﬁilﬂjlllluﬂgﬂﬂﬂiﬂﬂa@ﬂﬂ']ﬁﬂ FINITUIHUINNIT 60 'Ua@ﬂﬂ’]ﬁ\‘]ﬂnlcﬁ

a 1 o) J J o ~ [ t% a v
Tumsaadenuesanls dyaauisigniutazgniiuiindoyanslualall Taeldnishase

A a A a 0 Y @ a = s Y
szUUNeUDNYBITYRN tie ez Idgmeausodunanganssuvesszuy Goa lnid 14
= oda Jd 4 9 ¥ - o @ Jd
Foa lniiulardnising Usgnoudegavesunassudia, wugiudesdmsulasnes
{ 7a 4 4 4 ¢
laws13 (driver libraries) ¥09gUnssiounao1ana, 15190 14 lunrsasielva vazwalua
a 4 @ A <] Al Ao,
Sunesivla (Mex-files interface) nag91n Iaas9ufon laozunsulunaludydsauas 14
~ o o Y o o alaaial e : A 9y a '3 s
Soa lminesaven as1e5ea lndluea Taenisaanfidfuiian (build) Hrdisea lninesvon
< a a ¢ a doiity Ja s Y A y
vo4laoyaonuaen Fydinnisines videveuun IWd duwmesa vgnldiiesynld
° a a d o 1 2 1 o o o
Truanmsiiauntouenuesdydn Minsdemidaus nyldGea lnd Tuga uagsinisii

@ o @ [ @ dy aiad
daanasoaind luganduun mdsamsouaasdyanaioanmed ladvessyden 1d

a' Y a wa d a d
2.5 mmmumsﬂgumnnmma"lnu

P Yy A P2 Yo & v Y
Lll@ﬂﬁﬁ’i'lﬁlﬁfJﬁlIVlﬂJiiJlﬂﬁ]lﬂﬁ']Lii]uﬁ’]t‘j1?(13J1§ﬂﬂﬂﬁ@ﬂqﬂiﬂﬂﬂﬁﬂﬂﬁﬁlﬂﬂ'ﬁ
v v

o ~ a A a &K a wva S A 9 Aa va '
vmmmamfuﬁmazg]wamﬂmumﬂmiﬂgm\msm !,'iiJG]Hﬂ'l'ﬁJ{]‘lJﬁﬂWim rtvdp Tuma



a v A

G s o o s ¢
Iﬂﬂ‘lﬂlﬁﬂﬂﬂWﬁ\‘ilﬂﬂcﬂm%iuﬂﬁ (extemal)“lummawmaﬁvu LLﬁ%La@ﬂﬂTﬂﬁﬂﬂumﬂV]‘Ig‘ﬂ'lﬁlﬂ@

u

'
[ garrel

< 1 a = o IS Y %
(Connect to target) uazazuNaINIaNIzAenMdIaasnisea lnilda (Start realtime code)

a [

u’/’ [ Y dgl A a 1 A ~ Y a
i]']ﬂuui]zﬁﬁm%tﬁuﬂi'mlﬂi']ﬂ;]slluﬂﬁiﬂﬂ‘llﬁlﬁcﬁgaﬁﬂﬂﬂﬂ”]Lﬂa@uﬂﬁ@ﬂﬂﬁﬂﬁﬂﬂnﬁﬁ]ﬁﬂ

=Yooy O £

Y v 9y Y Y
wasnniuiininanesisnass lasminaaeumathiauues lumafiiuasanudyan ag

U

W5 ealniuladamsing szmiunmsiauee lidu ldawnansa

d A
2.6 19aWINFU (S-Functions) Ao
Jd v I~ a o a & =}
L@f’f‘mﬂﬂ%’ulﬂuﬂTﬁ'llﬁﬁfﬂEJﬂ'l‘hl'lﬂﬁ]iJW’Jm@ﬁsUf’J\‘ﬁg‘U‘UUlﬂL!'liJﬂ °‘If\3’d'll|15ﬂi;]ﬂlellﬁluiﬂﬂ

) J { ¢
THuunuadvsonuuealanduuesd (C language S-function) vzgnaow Indvaziwa Ina

E4
Aaeldiungnan (Mex utility) g Ds58100¢ 14 The Application Program Interface Guid 11wz

4 o A a 1 ] 4 o [~ J v Y a da
nun lrladuqszanaesganoararluuunuail weduilweaflendu s loduunngwiey

1 [ 9 P |

e AT aAAADNIANNIINIUAT YN 1U09%YAIA (Simulink’s  Equation  solvers)

a 1 Y @ @ a 1 1 e asidiid
msaaseuuuiad1oaiunfuMsAenesendesduiiyn wagmsadedydvuaen

U

d v I~{ 1 9 o [ A L A
suvvveueailenyy sztlugluuuaeun wazausn N UsEVUdle9, lasiinuay

Y Aa

a o a o g [ @ Jd o
TouSailluaung i Fyasd luaa Ranuaianulndifesdueaileddn eaflsiduazgnld
Mg 49 a a ¢ ) v du .y
wifowduluaoniislugyd s lasenunsasenduan lanneadangsuuaenlulausdes

U
v

£ 9 Jd I~ 28 A M A ] '
(sublibraly) m‘ﬂma’dﬂ&ﬂ%ﬂﬁﬁﬂﬂ*‘uﬂﬂﬂﬂzﬁ@ﬂﬂ@ﬂcﬁ INBNVSITSYVOUDIYBIIINUDI

Jo A £ a 4
wailsnduiiull deetuneawgili 2.1
4
Y] U 9 a

o ) Y o < = 1o e
GLHGI’J@EJNUTiJLﬂﬁ ‘ﬂ%‘ﬂigﬂ@‘ljﬂ')ﬂ 2 L@ﬁﬂﬁﬂ%uﬂﬁ@ﬂ %Gﬂﬂﬂ%z@TQ@ﬂiHLLﬂﬁﬁﬂ%Mﬂ

U
Y

v
TR (mysfun, sy lanadma g vazen i) drvisdmalnd wazeulnd

'
Y A A (=)

Jd 33| 1 ! a
Usingaaedeimeatudiuald sniluarungnizonld queaiuseldunana (masking) vou

P S 4 { 4 ) [

FUAIN 'E']TN'JUﬂ'J"IiJ’ﬁSﬂ'JﬂLﬁE]ﬁﬂZﬂ%j'Nllﬂﬂgﬂ'f)ﬂll@ﬂ‘;]f Uuae "laﬂau (Icons) 113U 0@
J o ] o { 2 a J o o

Wﬁﬂ%uﬂﬁ@ﬂ%@ﬁﬂm LLa%LLlJﬁhlﬂ@?,ﬁﬁﬂ‘U@ﬂcﬁ ﬁ']iJTiﬂﬁfﬂgizuﬂTﬂWMﬁ'}ﬂWTiTNm@3?(']‘1’73‘U

v A a J =
Lf’)ﬁW\?ﬂGﬁUﬂﬁUiiﬂwmﬂﬁﬂﬁL‘Wil WWEWNLG\@SL!@ZLLNﬁﬂQ@iH Using Simulink

A 1 JU
2.6.1 o lrInazlFeanantu
I~ 1 A 9 d o 9 . e~ ] 9 d o
Wumsiehgavesns 14 eailsndu adrwdydnuton queaiuisoldeailendu

o [ 9}d‘ =2
dmsuMms I ENraInate 59409

a

A &  da % oo a o
- mawvaentgalszasn v Tudedyden

QU

1 A v A a R
- mssauiienud Tsunsulumsdyadu



A A d a o
- afeszvundlugunvrumsneadiamedaas
14 ns Aty (Graphical animations)
dou A a3 < o
Yo lduSonvesms doailinduni gaueuisaadnuaenyallszasani luazquainse

Vv [
Tévaneqase Tu 1 Tuaa lumsasunilasaiaee ludmsaudazudon
2.6.2 Weaiantuldedrsls

1 [ a a o I @ o Ja J
uaazvdenludydn lueaszdluluawansuznag lvearamessuna u nanes

d 4 1
DI y LASIANBTUIITDIUS AN

P

Lok Pasmetaiy: 59
g - S¥an S g
QWW‘M &?M.xw!xm «me«m sl
Zw*lmaa St sandess Las el ey we sdomaioaly peoiadis
o} the Sdmhon by Seaded, et wmmi«zm&wimﬁq <4
3§$Wwwmm " Sy o %
=y S-{unction
gl o ; source file
; . P e . 5 i
A model that includes St prvagee’ L EET MRS R S 5 B W
edl B Erechri o — é = T *MYSFUY
two S-Function blocks i 1§ H <
J ,
Pt peh de Bew P b Tl Oaw  The fatio

#detine S Fu

“ O MEX il
: : a of
| Ut it ok, B omay b by i b, Lw%‘mﬁim :
¢ cndarn 0 B henosion starderds | Lude o Bag de dotnrinc oy pacosd by | 4 E
| e Shuanestion by Gk, Tt et e wpweeund iy e 2 functionisys
g Sdurnon puatstnn fedd L i 4 % mysfun ¥-file
Y %
W g e IR switen{fiag}
N Sk s : 4 S
i é’wﬁ’u« 1l
’% St P raens
I
e  wfET § : (- AV M e
Lol Ao {7 Bowt Hep | Lo f; L Bl

ﬂﬁZlLLﬁﬂ\‘iﬂ’NNﬁ’qu‘ﬁi‘”WJ’N waflanguudon, laszasnuend, uazwoa g

flAss1van UMy Anssuvenion

a ¢ :
2.7 FuatoaWan¥u (C-MEX S-Function)
I 4 Y aosanid, 9 I'd [ ] 4
Tuow Id eailendu Sydendsensudisnamesaoiuzlu 2 daufe dorudeiiios
[ d' 1 & @ 1 4 [N d‘ @ ' ~
waz'ludoilos anuzaiinarz e lUEIULIAVDIIAWDS taz luADIloIY I UIRIAIUN
' o Ay 1A A A g L ' do Jou A

2 dauvaeni luflaniug fde x Nidunamesalar daumssisiasway eaflnfugiu

a a

. . . J o é U
(Simulation stages & S-Function Routines) FYAIAVLNINITTINTITEHI1INTLIZVITDIUL

u



a [ 1 I v o A a va 9 ~ ] o 4
voudyatulunaazutonluluwa ldduiulaoas uioaz U uanim wu drunaeiana

o Y ' [ 4 o o oo : 5 1 a a
Yoy owanA1veeszuL liAvLios nToR U IS (Deriavatives) AIUNTITUNINLIAN

E] o'lﬁ\?ﬂ”l‘il‘iﬂmuuﬁ“’i]ll“llﬂ\‘iﬂﬁ cvma%umammﬂguwmmimuua”ﬁuﬁﬂ

a a A gy

'il"Vl 22 Lﬂuﬂ'lilm'ﬂ\i')']“]iilﬁﬂﬂ ﬂgv‘hnﬁc};yga%uama‘lﬁ BEJ"I\‘]LL‘Sﬂ“]ﬁ;lJﬁQﬂilg‘V]"Iﬂ'li

Y L0

A 9 A g ' <3 =< d v a @ A 4 1 9
lelﬁuillmﬁ (fniljNﬁullﬂﬁgﬂa@ﬂﬁjﬂﬂﬁlﬂﬁﬂﬂﬂsﬂﬂ) LLaZ%HLa‘BuQﬂ(ﬂcﬁﬁuﬂﬁglﬂu“fnﬂ%3

1 2 9 KX a @ ' 1 a @ arsaliad a va d
HIUNYarEeedeFadumalssnnudasFyaduaal, Fyasdzlgiamsal
d v I [} 1 d' o a = 9 e e o = o”
L@ﬁﬂﬁﬂ%uuaﬂﬂmmﬂmammmum ‘ﬂuﬂﬁgﬂx‘lﬂ'ﬁ"ﬂumﬂ)’l‘llﬁUﬂﬁﬂﬂ“ﬁﬂﬁﬁﬂﬂz‘ﬂ']ﬂ']ilﬁﬂﬂ"lﬂ]l‘ﬂ
%

o Jd o ' ! =1 a dJa
ﬂmaﬂﬂﬂﬂmiuInmmmﬂmiu5zmnmmaﬂu YOIALT Umaaﬂmﬁﬁuwu IGHEERE

y A v ' 9y A =
ﬂu"l“VWlQﬂ@@\‘iﬂﬁLlﬁlﬂzﬁﬂ'lugﬂHWWi’mﬂﬁ

a

-, = @ e G o a Jd o
- Initialization AOISNGUUINUBINITIATU TyFeavzsinissudueailanduy

a

1 a J
FENINADIULYOITFY AR
i o R : £ Yy g A o
- Initializes the Simustruct (a simulation structure) %Qﬂ’i%ﬂﬂﬂﬂ’wﬂl@y‘mﬂﬂﬂﬂu
d o
aanFu
v a '8 o
- IYAANAVLAZYUIAVDI DUNALASIDIANANDIA
I~ ] 1
- AUV ABNNITFUA
o d’, = v a e
- WNUNMTIAN VLAY UIAVDIDI5158
- MMIATUINYDIAT next sample hit
o o J 1 [ [ 24 4 '3 4 (?:
- 1IN MLIMEIANATHAINDUIAMANHAINNMIFENHANYTALD IR NANDTATIY

< a [ )
511fmJaaﬂ%zumﬁuawaﬂnaﬂuﬂwuu

Y
a wva C4 @

] E4
- Update anug liaaiioslusrsnamanlunisiSentiazdfidnsel 1 asegranm
MINU
5 Yo A A A B Y Jd o
- Integration 9 190 v I afinoiio91a2/M50 nonsampled zero crossings 91L& INTU

| ' P Y e T = 1 Jd 1 4
maaﬂmkﬂmmuwmum FUAIAISLIYNAIUVDUDIANALUASDYNUTUDN

a

a o o [ 5%
L@ﬁﬂﬁﬂ%um@ﬁﬂmﬂqﬂluﬂﬁUl“l’lilﬁmﬂ SH ¢ mﬂmmaammmﬁmuwmmﬁﬂﬂﬂ%u

v a a d g ey

a 4 Y Y a [ o ~ o a
Fun Inldaz 1 doyanoan Tuaa luUdadydenssninegyadu luvashduiuns

U U
a o Q Q 4 Y2a); A o Y A 9
“If?J”Lﬂ"Ifu 039 ODE SOLVER uae LiJﬂhl‘Nﬁﬂ”ﬂﬂﬂ@ﬂuL‘W@i]“"VI'I\‘ﬂuﬂ']ilﬁu']ﬂﬂW']g"1]\1“],'3
ﬂmﬁuvlﬁ'uﬂmﬁuamﬂmumuua Uﬂaﬂmuiﬂmaﬁﬁmﬂﬁ!,La”mu%m’emwuﬁ aIUY ]lﬁJ

=\

T d
ADLIDAY, megmmﬂ'lwamamaaﬂaﬂw%zmimmimmzmsﬂgummsmmmuﬂmau"lwa .

1 [ @ d' a ua 4
uaazaanu luesvesmsigiamsal



A A ‘o A
2.7.1 ﬂ]ﬁ!‘“ﬂu“ﬂ!uﬂ!ﬂﬂﬁﬂﬂ‘ﬁ‘l—!wu§1u

[l v - Jd v g & S| {
TudausgnandinisilvudiuaioailenFuiugiu Feeziiudaundosnislu

[

waflandugiiu udeds lsfmudldminsoi I lsunsududousdialsn 1 lunieg

e

(3

9 ~ =
ABINIANgUN 2-211

gl & raE 1 %
ﬁi:;Em; Start of stmulation —

mdlInitializeSizes

Tnitialization % ¥

mdlInitializeSampleTimes

e mdloutputs
Smulation
loop
¥
mdlTerminate

51l 2.2 uansdrun1Feglumailaddu

A A 9 Jd o avce g 9 9 A A = v
Wonvz Iseadanyuludyaen sxdoaasna source file iNdNIZSon 14 timestwo.c

9
U
a I ¥ c;dy 1 =< =} o U a o 5
IﬂEJ‘WM‘W meXx timestwo.c °1u‘vm%zﬂlﬂﬂanmgmumﬁ‘Waﬂﬁmszwmmwsgm%umm timestwo
St z a a Jd = = dy d’aa d‘ d' o [
- mdlInitializeSizes FYANASLIYNINUU mmzmﬂmiuma INDNIEDTIHUAITUIU
a J AT = % AAa g
VOIDUNA UASIDINWANDIA FUAINITLTUNUUUUSNITUAU

a Y Ay o o oA
mimgm%uma'smmamummmwmmm:mqﬂszﬁaﬂau



a a 4 dy 4 o !
- mdlInitializeSampletimes FyaaAz150ngNUL IO IMUAVUIAYDINITTUUDI
¢ v
walanau

[~ o 1 o o 1 a
- mdlOutputs Lﬂum’imu’smﬂlmmzmmwﬂ mdlOutputs WIVNIBUNAUAS

o [

Qs 5, = = dy a
WAUUUAIWY 2 #1150 T15un5Y timestwo INUUITYNLTUN

o

A a 1 £ ] a @
vz NI Fyatugluaaziaidazdelinisdmanly
timestwo
o 1 9 1 S ra
- mdlterminate veuaasludiuiogaveslsunsuualy timestwo 9213
y dd 4 a & '
nsuaavosniniliiosnngiuil s
M5 UToYANMANVDY timestwo DZHOIN3
a @ 9 J v > Jd o 9 '
nstewsu laun Fevoueailendu  (tmestwo) wazeailenFuszdvsoglunis
o (% a U P dy Y [ 1 & d! =) 1 1
1a3UuDY level2 nasnienlumeridadoiual 312029619 simstructh ¥992i50n31d94U
I 2 :
189 11a (head file) ¥a1un 1514109 SimStruct 1Az API 499 Matlab :
#define S_FUNCTION NAME timestwo
#define S_FUNCTION_LEVEL 2

#include “simstruct.h”

- mdlInitializeSizes uand 1 laod0819 11/54n53 timestwo

d a o o U C%
Zero parameters 111804 0aflandums1imes vedlaozasnvendazdesinediaiy

a a £

A o a % ¥ 1A ] @ 2 Jd
s Fydefey szuaasnan1Iunams iy (mismatch) nilsdunaLaznilue1ANg
d

9
=1 9

9 a Jd A yAa 1a a Jdq9
ﬂ'J"IiJﬂ'JT\'ile?NW@3ﬂ@u‘&’!@ua&@'mi’!ﬁﬁ'm'ﬁﬂ!ﬂﬁfJULL‘]JﬁQﬂJHTﬂ‘lﬂﬁQuU@ﬂ ﬂ’)ﬂ’ﬂ"lfyjﬁﬁﬂiﬂf

1 e, @ a o Jd v o 1 P d o
Aauazglnsaiunazdyanusunniueadendy Tasguiu 2 uagldnadwiasludya a
J = &Y = Y 0 Y J o ddyd 9 a
w1ana Msnvuavesimldeundasld sz ldieailsnduvesnsaiiiinnuniavesduna

d T W £ 1 J < ey 5
HAZIDIANAMIN UM TN §UII0 199392 AD998AI1UBISample time | 1imdlInitializeSampletime
o A 9 v & o q ¥ o o g £ Y
swangneniumsszylaatise i lvinmsdanisveseaandugausruazdosaula
4 o U Jd o 1 a T W
Tuiseevesn1sszylu option Ao Tasna ludrdneailenduvesga liausofaneny

y a
Matlab 14 aain592521) 11 option 1

Y
[ < v o o
- mdlIntializeSampletime vzgndudininudenwanauranedueailsdFusgiinu'ld
A Yo a < Aa T v oA 4 a
e ldsuBunavINUABNNARAeAUBUNANDI AYBILADN
Jd v
oaandu
o v [ AL
- mdloutput MIAUIUANAY mdloutput 1A VINTRY 1Ty FIng
Ty U UNAA 0TS



10

Y R v a
MIANDITYYIVNOUNA

& 3 ¢
T4 InputRealPtrsType uPtrs = ssGetlnputPortRealSignalPtrs(s,0); 49 Uptrs Wunamos
Y £ d
Amtisueansumesizdesgnldlugy ubirs(i)
Y ] o 3
MsnasTya e

145 real T*Y=ssGetOutputPortRealSignalPtrs(s,0); Qﬂ"ll@QL@ﬂWﬂf{fo/u%’ﬂ%Nﬂ’hﬂ’nw

1 Y

Y @ Ao o <] A A Y XK < @
ﬂ'J'NE’UENﬁﬂ&J’ﬂJ’]ﬂ‘W}ﬂ’]aﬂﬂ’]ulq]'lllﬂnluﬂaﬂﬂ!,waﬂﬂglsll']ﬂQﬂﬁﬂﬂﬁmuiy']mﬂmﬁ']u'ﬁﬂﬂiﬂﬂﬁ'ﬁ]l]
4

s v a ¢ % 9 & ¥ s Yy
‘W@ﬁﬂﬂ’ﬂﬂﬂ’JNWﬂﬁ@ﬂumeﬁZW’t’JSﬁLE]'IGW!G]"lﬂ GINFI’JHJﬂ’J'N"UBQL@WW!G]?HN']?ﬂﬂ']ﬂ'IUlﬂ
=1 T

: £ g 7o < ! I o '
- mdlterminate FulueananFusNu ﬂfﬂx‘llliﬂmll timestwo ‘Wﬁﬂﬂmllll

u

v
Y =

o o 9 @ dyﬁ {f 9 Y
mxﬂumamﬁmmuugmuum’mqﬂmﬂmmmaﬂwu%x‘uaﬂ
v da 1 v W [} A 9 ho WM o = Jdad
'i‘ﬂﬁ‘ﬂ@]ﬂiv'l’E]ﬂ‘lJ@]’JE]EJNLW@HHEI%H?NNL@%L?Elﬁblﬂm’]‘iﬂﬂf@‘w
#ifdeft MATLAB MEX FILE
#include “simulink.c”
#else

#include “cg_sfun.h”

#endif

2.7.2 Tnssasveasmsuuunlasulamnsulvuanieuen

A o a W /g o w a Jd v ~
wesuldsunsugyfealuTnuanisuen a1dun1siTeuveseailendugnuee

'
o A

= 9 1 d’l ° vy
wWasuulas uazgdneaiinansdaungnassves lnuanieuen



11

MdlInitializeSizes

-

MdISetinputPortWidth/mdiSetOutputPort

.

MdISetInputPortSamplrTime/mdiOutputPortSamp

:

MdlinitializeSampleTime

.

mdlSetWorkWidths

!

mdlStart

l

mdlInitializeConditions

!

OV P mdIRTW

h 4

mdlTerminate

o a a  J

d‘ o = do A A @
g‘lJ‘YI 2.3 ﬁ'lﬂ‘]Jﬂ'lﬁLiiﬂﬂ!&ﬂﬂl@ﬁ‘mﬂﬂ“lﬁumﬂhﬂ'ﬁﬁucﬁnaﬂﬂiuiﬁuﬂﬂWﬂu@ﬂ

U

a a Jda

] Y
FYAANGENIN mdRTW iifedg Tnuanieuen Mg Tnuanmeusnudazas vse

U

A A @ A A o Y e o 9
ienaudendmaaionaudondwian laezunsu n1old Edit wyvesgiuuuvesna winle

wisimeslaou 1y



12

d
2.7.3 Msvaasoyaveseailantu

] Jd o o a @ J a 4
Uaﬂﬂﬂl@ﬁl@ﬁWQﬂ%uﬁﬁmiyTfu@uw%uagﬁmﬂnmlﬂ']ﬂWﬂ, WITTUNDT, ﬁ’ﬂ']ugﬂ'wtlu

[T 2Y] q

Y dy A o o A @ ] a d a [V v
vanfuiuinhaumlloug Taeiald vdendunauazierdyaazgniiou 1 uazgnen
J g a 1
910 /O NAMBTUABN DUWAAAAINITANINN
a 1 ] J
- SunaMeUen lasiuNDdenvasnesAn 1y lu
¢ Y o a Wy & 1 A 1 =] 14
- A919uA Mdyyuduna lildgnidondes nsegnaoaIns1IUATABNIDIANA

< o 9 ' 3 o A A
awsaldduerdwaniouenld Tasiiunisufonvesnosaniouen daf
sl g a @ P ¢ w a e v
uANAe dygadune tazdyaisuoawaalansudsalaoiuz oo

d' | ES d‘

Hazan U N idolilng
AL 2 ' P ° 3 A iy 'y
- WUNTIIUDUY I A3 9, DVIUIUAY, HIDANDIAIFUADNVDUBANINTFU

o o a 4 1 a 4 @ 3 [ 3 9

aunsagnindumsidines lagn1siiunisdines lUdsuasmmaniv uaznis 14

[} @ { a @ v
laezaenuonduotunonveuoailaidugali 24 uaasmaliaiallseniedeya

HUUAIAY
External gxtema}
Inpubs TN o BT a T W< ¥ Outputs
iroot o\ G 2le, iroot
% ] #
inpoit ') o) s outport
. i § % o
blocks) “}. L blocks)
¥ [ i $
¥ i t ]
] & t §
Ground »; e
: A 4 A | Vectors,
; ’ | | Dork,
: | | RWork,
v-«=4 States Parameters TWork,
PWork,

a (VI ' Y 9 d v
31.'7] 2.4 Llﬁﬂﬁﬂﬁmﬁu‘wu‘ﬁizﬁ’JNL’rﬂﬁﬂﬂﬂ%mmzﬂlﬂgﬁﬂl@ﬁt@ﬁﬂﬁﬂ"vu



13

ANUINTYYIUANUAZNAADT 12 IANY UL mdlnitializeSizes JHU 1HAZAIINYT
@ 9y = Jd o = 1 a % 1 a @
yoeuannsod ) lugiueailenduazgnisonszninegldyaduss ninedyadugy
Y KX o a v 1 d”
mMadsdyanadunIzgnuTaiIaD 1l
= ssGetlnputPortRealSignalPtrs InputRealPtrsType uPtrs (s,portindex);
A dyﬁ g5 o2& d A A A o & o o @ Jd a
AIUADDITLTYUDINDYLADIFIWDINOULAALTNUN O TUNIIDUT M ITUNDINDUNA

At Y = ¢ & kg v ) v 3
W]’]uuﬂ’lﬁlﬂl’]ﬂ\?@ﬂﬂﬁﬂlﬂ]@ﬁﬁiymjmuﬂm51315]6\31611 uPtrs (element) ﬁWﬂJ’]iﬂLLﬁﬂ\ialWlﬂu

Input 1 ~® S Function
Input 2 == Elock

=

Ad' =1 9 [
31]‘71 2.5 LLA@NNNTITLUIDIT YRR

[ a d

2.7.4 m‘sssi’fmmunpmawgmmwasﬂ

v
=2 o a

Y
1 J 1 @ (% J a2 Y
sluﬁ’)uﬁﬂﬁ"l')ﬂﬂﬂgﬂ'l@ﬂ“'liTl%L%TﬁﬂﬁmﬂmTﬂJGUWﬁV]QW‘JJWUEN‘W@?GI URZlUgHUUDN

% o ' 2 2203 Dty - 9 Y = ¢
lueianavesnesaeglugduuuresuveuiamesasiuisngndeslunisdinagilnsal

a @ 1o Jd an & Jex J o
QHWWLLﬁ$L%EJH?JNQﬁiUuﬂJ']mmTGW!ﬁ (ﬁNN@?TW@ﬁ@@UVﬁILlﬁg‘WﬂiﬁL@'m‘V!WﬁﬂTliJﬂ%Tﬂ
1w 9 Iy ¥ ! d"dl
AY) azAe 19 Inamaiiine
int T element;
int_T portwidth = ssGetInputPortWidth (s,input PortIndex);
ssGetlnputPortRealSignalPtrs InputRealPtrsType uPtrs (s,portindex);

real _T*Y=ssGetOutputPortRealSignalPtrs(s,outputPortldx)

a o 9. R a Jd @ 1 ]
ﬂ’ﬂllNﬂ‘WﬁTﬂIﬂEJ‘Vl']hlﬂ TWYIIUUASLVIONTYYIUBUNANNNDULADT AIDYNUTU
real T*U = *uPtrs
£ d’l a o A 9 9 [}
BILVUUITHANAINNLTUAUVDN uptrs uazmsxmum"lﬂ“lumumaimmgﬂ

y++=*utt+

4 dyd a v o @ 4 v a a Y o A
WQLLUUUﬂ%%NﬂﬂTiLLﬂﬁQﬁﬁﬁﬁ’]ﬁﬁﬂlllﬂllwa 'O'l"l]‘l)gﬂfuﬂﬂclfiql’aﬁﬂ‘lﬂ DUIUBDINIIN

[ 1

9 [ 1 ) ~ 9/:& dy ] Yy 9 ]
msn ldamissanuiigamield saziuediuqui ldasegduuuvesauediels nis

' ]
A [ a9

[ a a [ T a a a Jd o ]
Whnsdyaadunn nanmssunuedsAalnfszinalodygiaidioailasFuvosnn b

0 g



14

a [ [ 9 d' a w d’j a A’l [
AANU ﬁﬂgmmmanaw"lumﬂumsmmmﬁm

o QU

[ Yy 1 a aAa [ <3 Y a
TmWWHW"IQ’“U?I@ﬂVMﬂﬂ@ﬂHLLHULﬂuulﬂ‘llﬁﬂ

2

AN

1 <] = Jd A o a J
LFU UADNUDIBLAAD IV IDUAALNANIY DT

A a Pl PE TR ~ Y a @ o
LW@WQ’%U?Tﬂmﬂ’]ﬁQLﬂWq mﬂl?m@uwﬂﬂgﬂﬂﬂﬁ fyiy’]mi]gﬂ@ﬂlaﬂuuﬂul‘lﬂﬂ\?W'ﬂiﬂ
v

L |

'
a 1 A

@ Jdo 3 o ] 9 [
ﬂuw‘fﬂGIIBQLWIﬁgﬂuéll@QL@ﬁWQﬂ%u%@QﬂmlN@mu@]auﬁ ﬂﬂﬁgﬂ“ﬁﬁﬂiﬂﬂﬂ'ﬁﬁj']\‘] mux UABnN

Q QU

]
v o (%

Jd a o { o 1 Y 4
Audaunesaduna = anunhesdggundesns idduingeailansuvesnu unas

1]

o 4 arhwl e o 1 o o
ﬁlﬂlﬂﬁﬂuﬂ’.}ﬁfﬂZﬁ]ﬂﬂ“]_lE]‘L!1’!@]‘1/‘1@5G'ltmﬁgﬂuuﬁﬂﬁ‘lig]}ﬂfmTW

Source signal P Mux ™ S-function

[

a = Y = o
Eij‘ﬂ 2.6 LLEAAININITLIUINS YYIUDUNA

o d
2.7.5 m3nnaeviazmsilszianadndseaanyy
Y a o o 2 ~ Y a 1w
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2.7.6 M3l earansufGualnidsaren
) Py dad ' 3

Tag ldamawisaldeailensuluGoa lnidsaren adrelsnamluuiensd
@ ] e LY

éfmmsmﬁﬂmﬂ;ammﬁ o ailanu
§ o A a 9 9 Y]

- mstmuadevesgluuumaygn g lumsaiveailanduuonm
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- MIMAUA RTW data 15U adlanasy

- MY mdIRTW Hefdu

2.7.7 ¥olugad1%5u RTW Build’s

A

v 7w Yy v o o & 9 1 y_ A
anealanduvosgugnailedslugasiuiuuin andnudewlansaseie
A 9 o n’/’ dy 9 9 ] = dad
nszuaumsves luganmud iy guegawisativuaouil ldlasgudswiiuiGea Indiise
4 4 A g o @
sawmuwanwa lWd vieie 1 azainunga¥u 1714 set_param MATLAB command §1415y
Y
£ 1 o, o b ~
medrdueailsnduusnuldnayTugadesinsse lilil
mex sfun_main.c Sfun modulel.c Sfun module2.c
1 A 19y Yo o
aownszyfovnsluga Ingludeeldmds
set_param=(sfun_block,-,”SfunctionModule’,’sfun_modulel sfun_module2’)
futsmmnsalaounalagld

module=(‘sfun modulel sfun module2

set_param(sfun_block,-‘SfunctionModule’,’modules’)

¢ o [ %
2.7.8 aentu RTWdata ﬁ]‘i“iﬁ‘ﬂﬂ1§ﬁ%ﬁﬂ‘§ﬂﬁéfﬁﬁl RTW
= wva <] 1 2 =} 1 & 9 = - A o
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L=

gnifudinuazumuiilu Tnua modelrtw Lﬁaﬁ%’msﬁﬁﬁuﬁm%’uﬁa@éwﬁwf?aﬂfjuﬁymm Matlab
o mydata.field]1 = ‘information for fieldl’;

mydata.field2 = ‘information for field2’;

set_param(gcb,”RTWdata’,mydata)

Get_param(gcb’RTWdata’

Ans = field’: ‘information for field1’

Field2:”'iformation for field2’
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model .mdl
Real-Time Workshop
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system.tmf ——— | Real-Time Workshop Build

‘ model . rtw
TLC program: -Target '
 System target file » Langqage
* Block target files Compiler
* Target Language
Compiler function o T
PP model_export.h
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model .reg
Run-time interface = model .mk
support files : >
model .exe

Download to target hardware

Y

|
I
l
I
|
f
!
|
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l
!
I
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|
}
[
l
!
|
!
!
I
|
i
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Start execution using Simulink’s external mode {
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a o o Y I’ £ o %
Fva'lninesasen Usznoudlvgaves lvaithmuedsgnaey lna lasmsinauas
P = : o < Y
manou lnaes (uead) aznatudlu ANSI ¢ CODE lagnounthil Inaithwinaduuead
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2.8.2 Nuead (Target language compiler)
o g a A = 4 | 2 o a ~
Tunisadieldadududeddinuead wieldiudiutasdefurolumanadrelae
= L4 4 Y [ Y Ao o a 3 v R
Soalndnesavenlinarailuldadtidhuunomniz uazdresuie Tumaiiuzgniiuinnlu
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model.rtw lﬁ}LﬂuIﬁlﬂﬂQﬂﬁ $14 (generated code)
Tlsunsuhnueadisznevaie
s o R " a s s
- Idvan saSeanBanunsina 1id (system target files)
< 4 & 1 y' 1 < 3 {
- yaupsudonnising Ivdgeissinnzudawaazudenluluealdnaruinldad

Mmz1zeldesnls
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2.8.3 1uAgNaA (make utility)
I A A 4 A 9 d' Y A 9 a wva
Wunsoediolunisaew InduazivenTaangnaiie iheadamsdia s1usieg
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Taonssasluldangnadield Senisihouaets nuead iuialedagiunsasisynun
Y

= v o a

% @ a { a Jd o
1 udveeiues Taedsmsaeilinerdestuduasiveailandu

o ) ~ ¢ ¢
2.8.5 muﬂwmman‘lmsm‘lﬂunmﬂ‘vaw
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a$19'19a model.rtw JunFuiludumuvesFydsnvaenlulwaiiszidoyanrasuy

1 o d ' 1 o w Aawva L4 ]
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Target System Target File Template Makefile
Generic real-time grt.tle grt default.tmf
Embedded-C ert.tlc ert_default.tmf
DOS(4GW) real-time drt.tlc drt_watc.tmf
Tornado(VxWorks) real- times tornado.tlc tornado.tmf
Rapid Simulation rsim.tle rsim_default.tmf
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Tvlanuead (target language compiler file)
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o o : JA 9 b ey ' o
waawn Iladm$y unix Trldfgnadrarnmumanwa Tidaz@euuuigagussiannmy
y ' ¢ /e g
wanwn lWa uazureInauy (oken) 1911 luwalua Fevos lWangnasnesdnfe modelmk
J ' @ 4 y a va d 1 q’.;’
uae 1M model.mk azriu lilfunSoslinmaiioasienisUgiamsonngave s ndmaniu
& A v oA P A o v v J 9 J
wsesiloszuansiuiivesmstnouilestusznnauihnnedudlwa uazegas Inadhvue
' o o
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o d
siednuarveunuwanmmla
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AnannsafmuansguIunsade laenslasuudasimuwaawa Tvla o199 @
4 dy Qs/l = o A o v k% ' Al 23
Tasnsnedilnszuaumsiu lasanssvesaaniaueguazud lalny viednnmenilan
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aunsosmuanmsufiamssiveunumaawn lwa Taglddmuandudonvesnisaii
I uMIas19MIae make rtw AIAIDU1S
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a é
M33zYMIsIIRevelna
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aagansaldoulasnniimesves luwanaluguisosnsiaosssuuuna
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Funaznavgalaeliifenfilaozasnuenddyiadunis1iines (Simulation  parameter)
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1 ] aa 1
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PIN Description Type
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD) Input
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7 Request To Send (RTS) Output
8 Clear to Send (CTS) Input
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3.2 WEUMTI ARM7 LPC2148 ae)1)sunsu Keil uVision3

3.2.1 UszmansiSanl¥lansu (Header file)

#include "LPC214x.H" // LPC2148 MPU Register
#include <stdio.h> // For Used Function printf
#include <stdlib.h>

3.2.2 MURUAMMITNNHVIINDINAIY
#define LED RX ON IOCLRO [|= 0x00200000
#define LED RX OFF IOSETO |= 0x00200000
#define LED TX ON IOCLRO |= 0x00400000
#define LED TX OFF IOSETO |= 0x00400000
#define PWM_OFF IOCLRO |= 0x02000000
#define PWM_ON IOSETO |= 0x02000000
#define Buzzer OFF1 IOCLRO [|= 0x00001000
#define Buzzer ON1 IOSETO |= 0x00001000
#define Buzzer OFF2 IOCLRO |= 0x00002000
#define Buzzer ON2 IOSETO |= 0x00002000

3.2.3 dsymaanFudennas Mnuadunlsniag wu
void init_serial0 (void); // Initil UART-0
int putchar (int ch); // Put Char to UART-0
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int getchar (void); // Get Char From Uart-0

void init_seriall (void); // Initil UART-1

int putchar1 (int ch); // Put Char to UART-1

int getcharl (void); /! Get Char From Uart-1

void delay(unsigned long int); // Delay Time Function
I Y

- ATuau

° dos (v o
3.24 ﬂmuﬂﬂan‘mﬁafﬂumimam (int main)

int main(void)

while(1) /I Loop Continue
{
if((IOPINO & 0x10000000) == 0) Send = 1;
else if((IOPINO & 0x20000000) == 0) Send = 0;

if(Send == 1)
{
do // Loop Read ADC1
{
val = ADODR3; // Read A/D Data Register
}
while ((val & 0x80000000) == 0); // Wait ADC Conversion Complete
val = (val >>6) & 0x03FF; // Shift ADC Result to Integer
volt = val * 3.3/1023.0; /'Volt = ADC Result x [3.3V /1024]

PWMMR?2 = 0x00000000+duty;
// Update PWM2 (High Period =0..1023 Cycle)
PWMLER = 0x00000004;

// Enable PWM Match2 Latch

ratio = val*3000/1024; //duty = val;

sound (ratio,100) ; //beep();

printf ("%d\n",val); // Display 3-Digit Result(0-3.3V)
LED TX ON;

else

{
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LED_TX_OFF;

PWMMR?2 = 0x00000000+duty;

// Update PWM2 (High Period = 0..1023 Cycle)

PWMLER = 0x00000004; // Enable PWM Match2 Latch

I delay (150000);

v d
3.3 Tlsunss Hyper Terminal lWlumsnaaesSudesmminmanasneynsa
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Input misaldvole) 21NN IMUINU(Volt)
0 0.000 0.000
2 0.004 0.006
4 0.013 0.012
8 0.026 0.025
16 0.052 0.051
32 0.103 0.103
64 0.207 0.206
128 0.413 0.412

256 0.825 0.825
512 1.649 1.651
1023 3.280 3.300
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Y1lsun53 C-MEX S-Function

Jx
* File : times_t.c

* Abstract:

* An example C-file S-function for multiplying an input by 2,

x y =3*u

*

* Real-Time Workshop note:

* This file can be used as is (noninlined) with the Real-Time Workshop
* C rapid prototyping targets, or it can be inlined using the Target

* Language Compiler technology and used with any target. See

* matlabroot/toolbox/simulink/blocks/tlc_c/timestwo.tlc

* matlabroot/toolbox/simulink/blocks/tlc_ada/timestwo.tlc

* the C and Ada TLC code to inline the S-function.

ES

* See simulink/src/sfuntmpl _doc.c

2

#define S FUNCTION_NAME times t
#define S FUNCTION LEVEL 2
#include "simstruc.h"
static void mdlInitializeSizes(SimStruct *S)
{

ssSetNumSFcnParams(S, 0);

if (ssGetNumSFcnParams(S) != ssGetSFenParamsCount(S)) {

if (!ssSetNumInputPorts(S, 1)) return;

ssSetInputPortWidth(S, 0, DYNAMICALLY SIZED);



ssSetInputPortDirectFeedThrough(S, 0, 1);
if (!ssSetNumOutputPorts(S,1)) return;
ssSetOutputPortWidth(S, 0, DYNAMICALLY SIZED);

ssSetNumSampleTimes(S, 1);

ssSetSimStateCompliance(S, USE_DEFAULT SIM_STATE)

ssSetOptions(S,
SS_OPTION_WORKS WITH CODE _REUSE |
SS_OPTION_EXCEPTION FREE CODE |
SS_OPTION_USE TLC WITH ACCELERATOR);
}
/* Function: mdlInitializeSampleTimes
static void mdllnitializeSampleTimes(SimStruct *S)
{
ssSetSampleTime(S, 0, INHERITED SAMPLE TIME);
ssSetOffsetTime(S, 0, 0.0);
ssSetModelReferenceSampleTimeDefaultInheritance(S);
}
/* Function: mdlOutputs
* Abstract:
*y=2%
*
static void mdlOutputs(SimStruct *S, int T tid)
{

int T 13

InputRealPtrsType uPtrs = ssGetInputPortRealSignalPtrs(S,0);

real T *y = ssGetOutputPortRealSignal(S,0);
int T width = ssGetOutputPortWidth(S,0);
for (1=0; i<width; i++) {

*y++ =30 *(*uPtrs[l]),

62



}

/* Function: mdlTerminate

i

static void mdITerminate(SimStruct *S)

{

}
#ifdef MATLAB MEX FILE

/* Is this file being compiled as a MEX-file? */

#include "simulink.c"  /* MEX-file interface mechanism */

#else

#include "cg_sfun.h"  /* Code generation registration function */

#endif
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Tﬂssmﬁuﬁﬁfwaa Microcontroller ARM?7

#include "LPC214x.H"

#include <stdio.h>

#include <stdlib.h>

#define LED RX ON IOCLRO
#define LED_RX_ OFF IOSETO
#define LED TX ON IOCLRO
#define LED TX OFF IOSETO
#define PWM_OFF TOCLRO
#define PWM_ON IOSETO
#define Buzzer OFF1 IOCLRO
#define Buzzer ON1 IOSETO
#define Buzzer OFF2 I1OCLRO
#define Buzzer. ON2 IOSETO
/* pototype section */

void init_serial0 (void),

int putchar (int ch);

int getchar (void);

void init_seriall (void);

int putcharl (int ch);

int getcharl (void);

void delay(unsigned long int);
void sound(int freq,int time);
void beep(void);

void delay sound(long c);
unsigned int val;

float volt;

// LPC2148 MPU Register

/I For Used Function printf

[= 0x00200000
|= 0x00200000
|= 0x00400000
|= 0x00400000
|= 0x02000000

= 0x02000000

= 0x00001000
= 0x00001000
= 0x00002000

|= 0x00002000

/[ Initil UART-0

// Put Char to UART-0
/I Get Char From Uart-0
// Initil UART-1

// Put Char to UART-1
// Get Char From Uart-1

// Delay Time Function

// ADC Result (HEX)

// ADC Result Volt

64
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char data_buff;
char isr_uartl,Send,;
char databuff[20]= {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
char data;
int j,index_buff=0;
int Time Pwm;
int Fyquency = 1023,duty = 0;
int ratio=0;
int counter,sec;
void isr_uart0 (void) irq
{
char msg;
if(((msg=UOIIR)&0x01)==0)
{
switch(msg&0x0E)
{
case 0x04:
while(!(UOLSR&0x20));
//[UOTHR=UORBR; // Echo
data = UORBR;
databufflindex_buff] = data;
index_buff++;
duty = atoi(databuff);
LED_RX ON;
delay(100000);
LED RX OFF;
break;
case 0x02: break;

default: break;
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}
VICVectAddr=0;
}
int main(void)
{
init_serial0();
init_seriall(); // Initial UARTO = 9600,N,8,1
M- Initial ADC0O (ADCR=0x01210680) /111111111111
ADOCR &= 0x00000000;
PINSEL1[=0x10000000;
ADOCR = 0x00210608;
ADOCR |= 0x01000000;
e
M- 1o out pin p0.25 p0.21 p0.22 /1111111111111
IODIRO = 0x02603000;
LED_RX OFF;
LED TX OFF;
T T T L T
Send = 0;
// Tnitial PWM2 (GPIO-0.7) By Set PINSELO[15:14=10]
PINSELO &= OxFFFF3FFF; // Select PWM?2 Pin Connect P0.7
PINSELO |= 0x00008000;
// Initial PWM2 = 28.8KHz (29.4912/1024=28.800 KHz)
// Period = 34.722 uS
PWMPR = 0; /1 35uS Period > 28.80KHz
/Mnitial PWM2 = Double Edge PWM
// Set Output By Match-0

// Reset Output By Match-2



PWMPCR &= OXxFFFFFFFB; // PWMSEL2 = "1" = Single Edge Control
PWMPCR |= 0x00000400; // PWMENA2 = "1" = Enable PWM2
PWMMCR = 0x00000002; // On MatchO = Reset Counter

PWMMRO = 0x00000400; // Set PWM2 Rate(29.4912MHz/1024)

PWMMR?2 = 0x00000200; // Set Default PWM?2 High Pulse (0..512 Cycle)

PWMLER = 0x00000005; // Enable Shadow Latch For Match 0,2

PWMTCR = 0x00000002; // Reset Counter and Prescaler

PWMTCR = 0x00000009; // Enable Counter and PWM + Release Counter From Reset
while(1) /I Loop Continue

{
if((IOPINO & 0x10000000) == 0) Send = 1;
else if((IOPINO & 0x20000000) == 0) Send = 0;

if(Send == 1)
{
do // Loop Read ADCI1
{
val = ADODR3; /l Read A/D Data Register
}
while ((val & 0x80000000) == 0); /I Wait ADC Conversion Complete
val = (val >> 6) & 0x03FF; // Shift ADC Result to Integer
volt = val * 3.3 /1023.0; // Volt = ADC Result x [3.3V /1024]
PWMMR?2 = 0x00000000+duty; // Update PWM2(High Period = 0..1023 Cycle)
PWMLER = 0x00000004; // Enable PWM Match2 Latch
//duty = val,

ratio = val*3000/1024;

sound(ratio,100) ;

//beep();

printf("%d\n",val); // Display 3-Digit Result(0-3.3V)



LED TX_ON;

}else

{

LED TX OFF;
PWMMR?2 = 0x00000000+duty;
PWMLER = 0x00000004;
/ delay(150000);

b

}

JRFR SRk sk sk ok sk sk sk ok ok kR sk ok sk ok ok

/* Initial UARTO = 9600,N,8,1 */
/* VPB(pclk) = 60.00 MHz  */
[kt sk ok ks o R AR K
void init_serialO (void)
{
PINSELO &= OxFFFFFFFO;
PINSELO |= 0x00000001;
PINSELO |= 0x00000004;
UOLCR &= 0xFC;
UOLCR |= 0x03;
UOLCR &= 0xFB;
UOLCR &= 0xF7;
UOLCR &= 0xBF;
UOLCR |= 0x80;

// UODLM:UODLL = 60.00 MHz / [16 x Baud]

1 =60.00 MHz / [16 x 9600]
1 =390.6 =391 =0187H
UODLM = 0x01;

// Update PWM2(High Period = 0..1023 Cycle)

// Enable PWM Match2 Latch

// Reset P0.0,P0.1 Pin Config
// Select P0.0 = TxD(UARTO)
/l Select PO.1 = RxD(UARTO)
// Reset Word Select(1:0)

// Data Bit = 8 Bit

// Stop Bit =1 Bit

// Parity = Disable

// Disable Break Control

// Enable Programming of Divisor Latches

// Program Divisor Latch(391) for 9600 Baud
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UODLL = 0x87;

UOLCR &= 0x7F; // Disable Programming of Divisor Latches
UOFCR |= 0x01; // FIFO Enable

UOFCR |= 0x02; // RX FIFO Reset

UOFCR |= 0x04; // TX FIFO Reset

UOFCR &= 0x3F;

T enable RDA interrupt — ////1111H11H11HH11071111

UOIER = 0x01; //'enable RDA interrupt
VICProtection =0; // disable protection
VICIntSelect &= OXFFFFFFBF; /1 TRQ

VICVectAddrO = (unsigned)isr_uart0;
VICVectCntl0 = 0x20 | 6;
VICIntEnable = 0x00000040; // enable
TN T T T
}

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

/* Write Character To UARTO */

R R sk ko Rk sk ok ok R ok ok /

int putchar (int ch)
{
if (ch =="\n")
{
while ({(UOLSR & 0x20)); // Wait TXD Buffer Empty
UOTHR = 0x0D; // Write CR
H
while (!(UOLSR & 0x20)); // Wait TXD Buffer Empty
return (UOTHR = ch); // Write Character
}

JRFE Rk Rk kR sk ok ok sk ok ok



/* Read Character From UARTO */
JRAEF ks sk kR ks ok ok ok /
int getchar (void)
{

while (!(UOLSR & 0x01));

return (UORBR);
}

sk sk R sk kR R sk R sk sk ok Kk

/* Initial UARTT = 9600,N,8,1 */
/* VPB(pclk) = 60.00 MHz ~ */
void init_seriall (void)
{
PINSELO &= 0xFFFOFFFF;
PINSELO |= 0x00010000;
PINSELO |= 0x00040000;
UILCR &= 0xFC;
UI1LCR |=0x03;
UILCR &= 0xFB,;
UILCR &= 0xF7;
U1LCR &= 0xBF;
UI1LCR |= 0x80;

// UIDLM:UIDLL = 60.00 MHz/ [16 x Baud]

/! =60.00 MHz / [16 x 9600]
1 =390.6 =391 =0187H
U1DLM = 0x01;

U1DLL = 0x87;

U1LCR &= 0x7F;
UI1FCR |= 0x01;

UIFCR |= 0x02;
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// Wait RXD Receive Data Ready

// Get Receice Data & Return

// Reset P0.8,P0.9 Pin Config
// Select P0.8 = TxXD(UARTI)
// Select P0.9 = RXD(UART1)
/I Reset Word Select(1:0)

/I Data Bit= 8 Bit

// Stop Bit =1 Bit

// Parity = Disable

// Disable Break Control

// Enable Programming of Divisor Latches

// Program Divisor Latch(391) for 9600 Baud

// Disable Programming of Divisor Latches
// FIFO Enable

/I RX FIFO Reset



UI1FCR |= 0x04;
UIFCR &= 0x3F;
}

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

/* Write character to UART1 */
[k sk s ks A R o /
int putcharl (int ch)
{
if (ch =="\n")
{
while ((UILSR & 0x20));
UITHR = 0x0D;
}
while (!(UILSR & 0x20));
return (U1THR = ch);
}

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

/* Read character from UART]1 */
stk sk sk e sk ok ok sk
int getcharl (void)
{

while (I(UILSR & 0x01));

return (UIRBR);
}

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

/* Delay Time Function */

/% 1-4294967296  */

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

void delay(unsigned long int countl)
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// TX FIFO Reset

// Wait TXD Buffer Empty

// Write CR

/I Wait TXD Buffer Empty

// Write Character

// Wait RXD Receive Data Ready

/l Get Receice Data & Return
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{
while(count1 > 0)
{
countl--;
Time Pwm++;
//if(Time_Pwm < duty ) { Buzzer ON1; Buzzer OFF2; }
/lelse { Buzzer OFF1; Buzzer OFF2; Buzzer OFFI; }
} // Loop Decrease Counter
}
I 1
// Program : Library for gennerate sound
// Description : Library for gennerate easy sound
// Frequency : Crytal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : sound.h

// C compiler  : Keil CARM Compiler

I //
I/ /l
1 Function delay 100 us per count 1/
It //
void delay sound(long c¢) // Delay 100 us per count @ CCLK 60 MHz
{
long 1,j;

for(i=0;i<c;it++)

for (j = 0; j < 660; j++);

I 1/

I/ Function generate sound //

! /!




void sound(int freq,int time)
{
int dt=0,m=0;
//FIOODIR |= 0x00003000;
dt = 5000/freq;
time = (5*time)/dt;
for(m=0;m<time;m-++)
{
PWM_ON;
Buzzer ON1;

Buzzer OFF2;

// Keep value and
// Set P0.13 and P0.12 @ output

// Keep active logic delay

// Keep counter for generate sound

73

// Loop for generate sound(Toggle logic P0.12)

//FIOOSET |= 0x00001000; // P0.12="1"

delay_sound(dt); // Delay for sound
//FIOOCLR |= 0x00001000 // P0.12="0'
PWM_OFF;
Buzzer OFFI;
Buzzer OFF2;
delay_sound(dt); // Delay for sound
}
}
/ 1l
/ Function generate sound beep default
I 1l
void beep(void)
{

sound(600,100); // Generate sound default frequency

//
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o Introduction

It is possible to compile C, C++, or Fortran code so that it is callable from MATLAB. This kind of
program is called a Matlab Executable (MEX) external interface function, or more briefly a “MEX-
function.” MEX enables the high performance of C, C++, and Fortran while working within the
MATLAB environment. We will discuss C/MEX functions, which also applies directly to C++/MEX.
Fortran/MEX is quite different and we do not discuss it here.

Warning This is not a beginner’s tutorial to MATLAB. Familiarity with C
and MATLAB is assumed. Use at your own risk.

G (W

MATLAB

Fortran

MEX

the spooky beast

MEX is often more trouble than it is worth. MATLAB’s JIT interpreter in recent versions runs M-
code so efficiently that it is often times difficult to do much better with C. Before turning to MEX
in an application, optimize your M-code (see my other article, “Writing Fast MATLAB Code”). MEX-
functions are best suited to substitute one or two bottleneck M-functions in an application. If you

replace all functions in an application with MEX, you might as well port the application entirely to C.



e Getting Started

The following program demonstrates the basic structure of a MEX-function.

hello.c
#include "mex.h"™ /x Always include this */
void mexFunction(int nlhs, mxArray =*plhs[], /+* Cutput variables +/
int nrhs, const mxArray xprhsl[]) /+« Input variables «/
mexPrintf ("Hello, world!\n“); /% Do something interesting »/
return;

Copy the code into MATLAB’s editor (it has a C mode) or into the C editor of your choice, and save it
as hello.c.

The next step is to compile. On the MATLAB console, compile hello.c by entering the command

>> mex hello.c

If successful, this command produces a compiled file called hello.mexa64 (or similar, depending on
platform). Compiling requires that you have a C compiler and that MATLAB is configured to use it.
MATLAB will autodetect most popular compilers, including Microsoft Visual C/C++ and GCC. As a
fallback, some distributions of MATLAB come with the Lce C compiler. Run mex -setup to change the
selected compiler and build settings.

Once the MEX-function is compiled, we can call it from MATLAB just like any M-file function:

>> hello

Hello, world!
Note that compiled MEX files might not be compatible between different platforms or different versions
of MATLAB. They should be compiled for each platform/version combination that you need. It is
possible to compile a MEX file for a target platform other than the host’s using the -<arch> option,

for example, mex -win32 hello.c.

MATLAB comes with examples of MEX in matlab/extern/examples. For detailed reference, also see
matrix.h and the other files in matlab/extern/include.



6 Inputs and Outputs

Of course, a function like hello.c with no inputs or outputs is not very useful. To understand inputs
and outputs, let’s take a closer look at the line

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray x*prhs([])

Here “mxArray” is a type for representing a MATLAB variable, and the arguments are:

C/MEX Meaning M-code equivalent
nlhs Number of output variables nargout

plhs Array of mxArray pointers to the output variables varargout

nrhs Number of input variables nargin

prhs Array of mxArray pointers to the input variables varargin

These MEX variables are analogous to the M-code variables nargout, varargout, nargin, and varargin.
The naming “lhs” is an abbreviation for left-hand side (output variables) and “rhs” is an abbreviation
for right-hand side (input variables).
For example, suppose the MEX-function is called as

[X,Y] = mymexfun(A,B,C)

Then nlhs = 2 and plhs[0] and plhs[1] are pointers (type mxArray#*) pointing respectively to X and Y.
Similarly, the inputs are given by rlhs = 3 with prhs[0], prhs[1], and prhs[2] pointing respectively
to A, B, and C.

The output variables are initially unassigned; it is the responsibility of the MEX-function to create
them. If nlhs = 0, the MEX-function is still allowed return one output variable, in which case plhs[0]
represents the ans variable.

The following code demonstrates a MEX-~function with inputs and outputs.

normalizecols.c

The columns of ma = * /
#include <math.h>
#include "mex.h"

#define IS_REAL_2D_FULL_DOUBLE (P) (!mxIsComplex (P) && \
mxGetNumberOfDimensions (P) == 2 && !mxIsSparse(P) && mxIsDouble (P))
#define IS.REAL_SCALAR(P) (IS_REAL.2D_FULL_DOUBLE (P) && mxGetNumberOfElements (P) == 1)

void mexFunction (int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs(])

{

/* Macros for the ouput and input arguments «/

#define B_OUT plhs (0]



#define A_IN prhs[0]
#define P_IN prhs([1]
double *B, *A, p, colnorm;
int M, N, m;, n;

if(nrhsi< A e nrhsi>o2) 0
mexErrMsgTxt ("W

else if (nlhs > 1)
mexErrMsgTxt ("Too many output ard

C arguments #/

vy ;

if (! IS.REAL_2D_FULL_DOUBLE (A_IN)) /+«
mexErrMsgTxt ("A must be a 2 1

if(nxhs == 1) /x I
p=2.0;

else

P was specified, cheeK thiat it is a real
if (!IS_REAL_SCALAR (P_IN))
mexErrMsgTxt ("F X

a real doublesualar.);
else
p = mxGetScalar (P-IN); /»* Get pi+/

M = mxGetM(A_IN) ; /+ Get _ther’d T Y25/

N = mxGetN (A_IN);

A = mxGetPr (A.IN); /% Get; the peinter Lo & data of ‘A x/

B.OUT = mxCreateDoubleMatrix (M, N, mxREAL) ; 2 thecutput mat mixes /
B = mxGetPr (B_.OUT) ; /* Get“the.pointer to & Kabaficf B/

for(n = 0; n < N; n++) /» Compute a matriz with nor zad columns +/

{

for(m = 0, colnmorm = 0.0; m < M; mt+) colnorm += pow(A[m + M+nl, p);

colnorm = pow (fabs (colnorm),1.0/p); /* ( thenorm ‘of theNERNCETting

for(m = 0; m < M; m++) B[m + Ms#n] = A[m + M*n]/colnorm;

return;

Much of the code is spent verifying the inputs. MEX provides the following functions to check datatype

b

dimensions, and so on:

C/MEX Meaning M-code equivalent
mxIsDouble (A_IN) True for a double array isa (A, 'double’)
mxIsComplex (A_IN) True if array is complex ~isreal (A)
mxIsSparse (A_IN) True if array is sparse issparse (A)

mxGetNumberOfDimensions (A_IN) Number of array dimensions ndims (A)

mxGetNumberOfElements (A_IN) Number of array elements numel (A)

The normalizecols.c example simplifies input parsing by combining some of these checks into a
macro IS_REAL_2D_FULL_DOUBLE. Notice how we check nrhs==1 to see if the function was called as
normalizedcols(A) or normalizedcols(4,p).

Another approach to input parsing is to rename this MEX-function as “normalizecolsmx.c” and create

an M-function wrapper:



normalizecols.m

function B = normalizecols (A,p)
% M—function wrapper for parsing the inputs
if nargin < 2

if nargin < 1

error ('N encugh input arguments');
end
p= 2; ¥ pisu set t valus
end
if ~isreal(A) || ndims(A) ~= 2 || issparse(d) || ~isa(d, 'double
error ('A must be a real 2D full double array.');
elseif ~isreal(p) || ~isa(p, 'do ) || numel(p) ~= 1
error ('P must be a real alar Jgsf
end
normalizecolsmx (A, p); % Callithe MEX—funact

M-code is much more convenient for input parsing, especially for majestic calling syntaxes like proper-

ty /value pairs or option structures.

The actual dimensions and data of array A are obtained by

M = mxGetM(A.IN) ; /% Gat T
N = mxGetN(A_IN);
A = mxGetPr (A.IN); f* Get the pointer to the ootoom

Array elements are stored in column-major format, for example, A[m + M#n] (where 0 <m <M— 1 and
0 <n <N - 1) corresponds to matrix element A (m+1,n+1).

The output MxN array B is created with mxCreateDoubleMatrix:

B.OUT = mxCreateDoubleMatrix (M, N, mxREAL); /* C
B = mxGetPr (B.OUT); /x Get the pointer to the

> the output matrix #/

c £ B /

A double scalar can be created by settingM = N = 1, or more conveniently with mxCreateDoubleScalar:

B_OUT = mxCreateDoubleScalar(Value); /+ Create scalar E = Value x/

o Numeric Arrays

The previous section showed how to handle real 2D full double arrays. But generally, a MATLAB
array can be real or complex, full or sparse, with any number of dimensions, and in various datatypes.
Supporting all permutations of types is an overwhelming problem, but fortunately in many applications,
supporting only one or a small number of input types is reasonable. MATLAB’s Bessel functions do not
support uint8 input, but who cares?

4.1 Complex arrays

If mxIsComplex(A_IN) is true, then A has an imaginary part. MATLAB represents a complex array as
two separate arrays:



double *Ar = mxGetPr (A_IN); /» Real
double *Ai = mxGetPi (A_IN); /» Imaginary data »/

And Ar[m + M*n] and Ai[m + M*n] are the real and imaginary parts of A(m+1,n+1).

To create a 2-D complex array, use

B_OUT = mxCreateDoubleMatrix (M, N, mxCOMPLEX) ;

4.2 Arrays with more than two dimensions
For 2-D arrays, we can use mxGetM and mxGetN to obtain the dimensions. For an array with more than

two dimensions, use

size_.t K = mxGetNumberOfDimensions (A_IN);
const mwSize *N = mxGetDimensions (A_IN);

The dimensions of the array are N[0] x N[1] X --- X N[K-1]. The element data is then obtained as
double *A = mxGetPr (A_IN);
or if A is complex,

double *Ar = mxGetPr (A_IN);
double *Ai = mxGetPi (A_IN);

The elements are organized in column-major format.

C/MEX M-code equivalent
3-D array A[nO + N[0]*(n1l + N[1]*n2)] A(nO+1,n1+1,n2+1)
Ko 1
K-D array AT Z (H;:é N[j])nk] Alng+1l,n1+1, ..., np_1+1)
k=0

To create an N[0] x N[1] x --- x N[K-1] array, use mxCreateNumericArray:

B_OUT = mxCreateNumericArray (K, N, mxDOUBLE.CLASS, mxREAL);

Or for a complex array, replace mxREAL with mxCOMPLEX.

4.3 Arrays of other numeric datatypes

Different kinds of MATLAB variables and datatypes are divided into classes.

Class Name Class ID Class Name Class ID
"double” mxDOUBLE_CLASS "int 8" mxINT8_CLASS
"single" mxSINGLE_CLASS Yuint8Y mxUINT8_CLASS
"logical™ mxLOGICAL_CLASS Yintl 6" mxINT16_CLASS
Yehar! mxCHAR.CLASS Tuintle! mxUINT16_CLASS
mxSPARSE_CLASS rint32" mxINT32_CLASS
MsExructl mxSTRUCT_CLASS Muint 32" mxUINT32_CLASS
"cell" mxCELL_CLASS YinEed" mxINT64_CLASS
"functionhandle" mxFUNCTION_CLASS "uint 64" mxUINT64_CLASS



The functions mxGetClassID, mxIsClass, and mxGetClassName can be used to check a variable’s class,
for example,

switch (mxGetClassID (A_IN))

{

case mxDOUBLE_CLASS: /* Perform 'y
MyComputationDouble (A_IN);
break;

case mxSINGLE_CLASS: /* Pe x /
MyComputationSingle (A_IN);
break;

default: JH R class «/
mexPrintf ("2 is of %s class\n", mxGetClassName (A_IN));

}

For a double array, we can use mxGetPr to get a pointer to the data. For a general numeric array, use

mxGetData and cast the pointer to the type of the array.

float *A = (float »)mxGetData (A_IN); /¥ Gel si * /
signed char *A = (signed char *)mxGetData (A_IN); /% Get * /
short int *A = (short int *)mxGetData (A_IN); * /
int *A = (int *)mxGetData (A.IN); +
int64.T A = (int64.T *)mxGetData (A_IN); «/

For a complex array, use mxGetImagData to obtain the imaginary part. Aside from the datatype,

elements are accessed in the same way as with double arrays.

To create an array of a numeric datatype, use either mxCreateNumericMatrix (for a 2-D array) or
generally mxCreateNumericArray:

mxArray* mxCreateNumericMatrix (int m, int n
mxClassID class, mxComplexity ComplexFlag)

mxArray* mxCreateNumericArray(int ndim, const int *dims,
mxClassID class, mxComplexity ComplexFlag)

4.4 Sparse arrays

Sparse data is complicated. Sparse arrays are always 2-D with elements of double datatype and they

may be real or complex. The following functions are used to manipulate sparse arrays.

C/MEX Meaning

mwIndex *Jjc = mxGetJc (A) Get the jc indices

mwIndex *ir = mxGetIr (A) Get the ir indices
mxGetNzmax (A) Get the capacity of the array
mxSetJc (A, Jjc) Set the jc indices

mxSetIr (A, ir) Set the ir indices
mxSetNzmax (A, nzmax) Set the capacity of the array

See the example MEX-function fulltosparse.c in matlab/extern/examples/refbook to see how to

create a sparse matrix.



e Creating an Uninitialized Numeric Array

This trick is so effective it gets it own section. The array creation functions (e.g., nxCreateDoubleMatrix)
initialize the array memory by filling it with zeros. This may not seem so serious, but in fact this zero-

filling initialization is a significant cost for large arrays. Moreover, initialization is usually unnecessary.
Memory initialization is costly, and can be avoided.

The steps to creating an uninitialized array are:
1. Create an empty 0 x 0 matrix
2. Set the desired dimensions (mxSetM and mxSetN or mxSetDimensions)

3. Allocate the memory with mxMalloc and pass it to the array with mxSetData. Repeat with

mxSetImagData if creating a complex array.

For example, the following creates an uninitialized MxN real double matrix.

mxArray *B;

B = mxCreateDoubleMatrix (0, 0, mxREAL) ; /o %/
mxSetM (M) ; I 7
mxSetN (N) ;

mxSetData (B, mxMalloc (sizeof (double)*MxN)); /= Allccate memory for the array =/

This code creates an uninitialized N[0] x N[1] x --- X N[K-1] complex single (float) array:

mxArray =*B;

B = mxCreateNumericMatrix (0, 0, mxSINGLE_-CLASS, mxREAL);
mxSetDimensions (B, (const mwSize *)N, K);

mxSetData (B, mxMalloc(sizeof (float) *NumEl));
mxSetImagData (B, mxMalloc(sizeof (float)+«NumEl));

array x/
;

sbons to Ni@§ =F.4. x N[K—1] =/

foer thSwweal

for the imaginary part */

where above NumE1 = N[O]*N[1]* --- *N[K-1].

Often it is useful to create an uninitialized array having the same dimensions as an existing array. For

example, given mxArray *A, an uninitialized int32 array of the same dimensions is created by

mxArray *B;

B = mxCreateNumericMatrix (0, 0, mxINT32_.CLASS, mxREAL); /e X
mxSetDimensions (B, mxGetDimensions (A), mxGetNumberOfDimensions (A)); /» oy
mxSetData (B, mxMalloc (4*mxGetNumberOfElements (A))); PR\ X/

If you want to initialize B as a copy of A, just use mxDuplicateArray:

mxArray *B = mxDuplicateArray(A); /+ Create B as a

Section 9.2 will explain mxMalloc and other memory allocation functions in more detail.



6 Calling a MATLAB function from MEX

6.1 mexCallMATLAB

MEX-functions are useful because they enable calling C code from MATLAB. The reverse direction is
also possible: mexCallMATLAB enables a MEX-function to call a MATLAB command. The syntax is

int mexCallMATLAB (int nlhs, mxArray *plhs[], int nrhs,

mxArray *prhs[], const char xfunctionName) ;

The first four arguments are the same as those for mexFunction (see section 3). The fifth argument is
the MATLAB function to call. It may be an operator, for example functionName = "+".

callqgr.c

#include <string.h>
#include x.h"

void DisplayMatrix (char *Name, double +Data, int M, int N)
{ /+ Display matrix data »/
Int my-n;
mexPrintf ("%s = \n", Name);
for(m = 0; m < M; m++, mexPrintf("\n"))
for(n = 0; n <N; nt+)
mexPrintf ("%%.4f ™, Data[m + M«n]);

void CallQR (double *Data, int M, int N)
{ /+ Perform QR
mxArray *Q, xR, *A;
mxArray *ppLhs[2];

factorization by calling the MA

DisplayMatrix ("Input", Data, M, N);
A = mxCreateDoubleMatrix (M, N, mxREAL); /x Put input in an mxArzay *ef-
memcpy (mxGetPr (A), Data, sizeof (double)*M*N);

mexCallMATLAB (2, pplhs, 1, &A, f"gr®); /» Cali MATLAR's gr functicn »/
Q = ppLhs[0];

R = ppLhs[1]

DisplayMatrix ("Q", mxGetPr (Q), M, N);

DisplayMatrix ("R", mxGetPr(R), M, N);

I

mxDestroyArray (R); /+ Nomlonggiaheadettitse */
mxDestroyArray (Q) ;
mxDestroyArray (A) ;

}
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{
#define M.IN prhs([0]
if(nrhs != 1 || mxGetNumberOfDimensions(M-IN) != 2 || !mxIsDouble (M_IN))
mexErrMsgTxt ("Invalid input.");
CallQR (mxGetPr (M_-IN), mxGetM(M.IN), mxGetN (M_IN));
}




>> M = round(rand(3)*3);
>> callgr (M)
Input =

2.0000 2.0000 0.0000
2.0000 1.0000 1.0000
1.0000 2.0000 0.0000

—0.6667 0.1617 . —=0.7276
—0.6667 —0.5659 0.4851
—0.3333 0.8085 0.4851

—3.0000 —2.6667 —0.6667
0.0000 1.3744 —0.5659
0.0000 0.0000 0.4851

It is possible during mexCallMATLAB that an error occurs in the called function, in which case the

MEX-function is terminated. To allow the MEX-function to continue running even after an error, use
mexCallMATLABWithTrap.

6.2 mexEvalString

Two related functions are mexEvalString and mexEvalStringWithTrap, which are MEX versions of
MATLAB’s eval command. They accept a char* string to be evaluated, for example

eval ('x = ]

cCog xpRZ0 )i«

yRow;  end');

can be performed in MEX as

mexEvalString("x = lins for k = 11200, plot(x, cos(x+k/20)); drawnow; snd);
1 1
0.5 0.5 |
0f ol
—-0.5 | —-0.5
Sy 1 1 ! 1 £ ! I 1
0 it 2 3 4 5 0 1 2 3 4 5
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o Calling a MATLAB function handle from MEX

This example solves the partial differential equation
Ottt — Opzu =0, u(0,t) = u(l,t) =0,

and plots the solution at every timestep. It demonstrates passing a function handle to a MEX-function
and allocating temporary work arrays with mxMalloc.

heateq.c

#include "n

#define IS_REAL_2D_FULL_DOUBLE (P) (!mxIsComplex (P) && \
mxGetNumberOfDimensions (P) == 2 && !mxIsSparse(P) && mxIsDouble (P))
fdefine IS_REAL_SCALAR(P) (IS_REAL_2D_FULL.DOUBLE (P) && mxGetNumberOfElements (P) == 1)

mxArray *g.PlotFcn;
void CallPlotFcn (mxArray *pu, mxArray #*pt)

{ /+ Use mexCallMATLAB ko plot Lhe current solutitn w +/

mxArray sppFevalRhs[3] = {g_PlotFcn, pu, pt};

mexCallMATLAB (O, NULL, 3, ppFevalRhs, "feval"); /+x.CQall the plotfcn fun
mexCallMATLAB (0, NULL, 0, NULL, "drawnow'); s

ion handle »/

wnow to refresh grapl

void SolveHeatEq(mxArray *pu, double dt, size_t TimeSteps)
{ /+ Crank-

mxArray *pt;

son mekbhod todsolve . t™ g xu =50 w0, t) = ufl,tr = 8,/

double xu, +t,@+@l, gfcu, *Z;
double dx, lambda;
size.t n, N = mxGetNumberOfElements(pu) — 1;

pt = mxCreateDoubleMatrix(l, 1, mxREAL);
u = mxGetPr (pu) ;

t = mxGetPr (pt);

ul[0] = u[N] = 0.0;

*t = 0.0;
CallPlotFcn (pu, pt); /% Rlot~the initial condition =/
dx = 1.0/N; 4+ Methed initializations =/

lambda = dt/ (dx=*dx) ;
cl = mxMalloc(sizeof (double) *N);

2 Lemporary work arxr
cu = mxMalloc(sizeof (double) *N);

z = mxMalloc(sizeof (double) *N) ;

cl[1l] = 1.0 + lambda;

cu[l] = —lambda/ (2.0*cl[1]);

fori(ni=-2; ni<='N=1;"n+%)

{
cl[n] = 1.0 + lambda + cu[n—1]*(lambda/2.0);
cu[n] = —lambda/(2.0*cl([n]);

while (TimeSteps—) /a

{

iputation loop */
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z[1] = ((l1.0—lambda)+*u[l] + (lambda/2.0)=*u[2]) / cl[l];
for(n = 2; n <= N—1; n++)

z[n] = ((1.0—lambda)*uln] + (lambda/2.0)* (u[n+l] + u[n—1] + z[n—1])) / cl[n];
for (u[N—1] = z[N=1], n = N=2; n >=1; n—)

uln] = z[n] — culn]lxuln+l];
*t += dt;
CallPlotFcn(pu, pt); /% T » current solution =/
}
mxFree (z); /% ck arrayvs */

mxFree (cu) ;
mxFree (cl) ;
mxDestroyArray (pt) ;

}
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray*prhs[])
{ /% MEX gateway «/

#define UO.IN prhs[0]

#define DT.IN prhs[1]

#define TIMESTEPS.IN prhs([2]

#define PLOTFCN.IN prhs[3]

#define U_OUT plhs[0]

if(nrhs != 4) /% Tuput _checking %/

mexErrMsgTxt ("Four

else if (nlhs > 1)
mexErrMsgTxt ("Tos many cutpul arguments.");

else if (!IS_REAL_2D_FULL_DOUBLE(UQ.IN) | 'IS_REAL_SCALAR (DT-IN) || !TS_REAL_SCALAR(TIMESTEPS_IN))
mexErrMsgTxt ("Invalid input.");

else if (mxGetClassID(PLOTFCN.IN) != mxFUNCTION.CLASS && mxGetClassID(PLOTFCN.IN) != mxCHAR_CLASS)
mexErrMsgTxt ("Fourth argument should be a function handle.");

ing

i argument. s reguired.”) ;

U.OUT = mxDuplicateArray(UO.IN); /+ Create output U by copying ul '/
g-PlotFcn = (mxArray x)PLOTECN.IN;

SolveHeatEq (U.OUT, mxGetScalar (DT.IN), mxGetScalar (TIMESTEPS.IN));
return;

In MATLAB, heateq can be used as

N = 100;
x = linspace(0,1,N+1);
u0 = 1./(le—2 + cos(x*5).72); % ich
plotfen-== Q@(u,t) ploti(x; 'u, 'r'); % ( obbing cti
heateq(u0, le—4, 100, plotfcn); % Soclve heat ‘eguation
Initial condition wug After 10 timesteps After 100 timesteps
100 50 20
80 + ﬂ 40 15 L
/
60 | }\ 30 /
\ 10 |
40 20 \ —~
20 | 10 f o \/
0 1 i 0 f bk A 1 0 1 1 1 1
0 0.2 704 06 0.8 1 0 02 04 06 0.8 i 0 0.2 0.4 0.6 0.8
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For more control over the plot function, we can write it as an M-function:

myplot.m

function myplot (u,t)

% Plotting functicn for g

plot (linspace (0,1, length(u)), u, 'r');
ylim([0,100]); % vy axis
title(sprintf(lti= S .46V,C)); 2D in the plot title

ot') produces

(jaHing heateq(u0, le—4, 100, ‘my;

t = 0.0000 t =0.0010 t = 0.0100

100 100 100

80 | f 80 | 80 |-
60 | 60 60
40t \ a0t / 40 F
2t \ 20 | /\ / 2

O 1 1 0 o 1 el it Rt | 0 L 1 1 1
0o 02 04 of B3 & W 202, oz [ Glds o 3 ol 0. A 08 1

The actual figure is animated—try it to get the full effect.

In the example, the plotfcn function handle is called in CallPlotFcn:

mxArray *g-PlotFcn;

void CallPlotFcn (mxArray *pu, mxArray #*pt)
{ /x Use mexCallMATLAB to plot the current solupfion u s/

mxArray sppFevalRhs[3] = {g-PlotFcn, pu, pt};

mexCallMATLAB (0, NULL, 3, ppFevalRhs, "feval®™); /» Call the plcifen functi

mexCallMATLAB (0, NULL, 0, NULL, "drawnow"); /» Call drawnow to ref
}
The trick is to pass the function handle to feval, which in turn evaluates the function handle. The first
mexCallMATLAB call is equivalent to feval (plotfcn, u, t). The second mexCallMATLAB calls drawnow
to refresh graphics; this is necessary to watch the plot change in realtime during the computation. See
section 9.3 for another example of calling a function handle.
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9 Calling MATLAB from a non-MEX Program

We have discussed using mexCallMATLAB to call a MATLAB command from within a MEX-function.
But is it possible to call MATLAB from a program that is not a MEX-function? The answer is yes, it is
possible! But beware my approach is quite inefficient and roundabout.

The key is that MATLAB can be started to run a command, for example

matlab —r "x=magic(6);save('cut.txt', 'x’, ' i) vexi el

This starts MATLAB, creates a 6 X 6 magic matrix, saves it to out.txt, then promptly exits. More
practically, you should start a script containing the actual commands.

matlab —r makemagic

Under UNIX, you can add the -nodisplay flag to hide the MATLAB window.
The following is a simple C program that calls MATLAB to create magic matrices of a specified size:

makemagic.c

/+ Run as "makemagic N" to make an
#include <stdlib.h>
#include <stdio.h>

int main(int argc, char xargv([])
{
float v;
int n, N = (drde >ad®) 7 at@®argy [dsl) 3 6%

/* Write a
FILE xfp =
fprintf (fp,

fclose (fp);
/* Call MA
printf("C
system ("

/+ Read £ file «/

fp = fopen("magic.txt", "rt");
while (!feof (fp))
{
for(n = 0; n< N && fscanf (fp, "%f", &v) == 1; n++)
printf ("%4d4 ", (int)v);
praintfi(f\nm):;
}

fclose (fp);

return 0;
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o Memory

9.1 Remembering variables between calls

C variables that are declared globally are remembered between calls. The following MEX-function
counts the number of times it was called.

remember.c

#include "m

/+ Count iz a glebal variable, so it will be remembered Betwaen callens/

static int Count = 1;

void MyExit ()

mexPrintf ("M ()
/% D */
return;
void mexFunction (int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
mexAtExit (¢§MyExit); /% Register MyEzit () te run when MEX—function is cleared +/
mexPrintf ("Count= Count) ;
Count++; Counbt »/
return;

This MEX-function also demonstrates mexAtExit, which allows us to run a cleanup function when the
MEX-function is cleared or when MATLAB exits.

>> remember
Count=1

>> remember
Count=2

>> remember
Count=3

>> clear remenmber
MyExit () called!
>> remember
Count=1

A MEX-function can be explicitly cleared by clear function or clear ai..

9.2 Dynamic memory allocation

The MEX interface provides several functions for managing dynamic memory:

C/MEX Meaning Standard C equivalent
mxMalloc (Size) Allocate memory malloc (Size)

mxCalloc (Num, Size) Allocate memory initialized to zero calloc (Num, Size)
mxRealloc (Ptr, Newsize) Change size of allocated memory block realloc (Ptr, NewSize)
mxFree (Ptr) Release memory allocated by one of the above free(ptr)
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It is also possible to use the standard C malloc, etc., or C++ new and delete within a MEX-function.
The advantage of mxMalloc, etc. is that they use MATLAB’s internal memory manager so that memory
is properly released on error or abort (Ctrl+C).

A useful function when allocating memory is mxGetElementSize, which returns the number of bytes

needed to store one element of a MATLAB variable,

size_-t BytesPerElement = mxGetElementSize ((const mxArray =*)A);

9.3 Persistent Memory

By default, memory allocated by mxMalloc, etc. is automatically released when the MEX-function com-
pletes. Calling mexMakeMemoryPersistent (Ptr) makes the memory persistent so that it is remembered
between calls.

The following MEX-function wraps feval to remember function evaluations that have already been

computed. It uses mexMakeMemoryPersistent to store a table of precomputed values.

pfeval.c

#include "max.h"

fidefine INITIAL_.TABLE_CAPACITY 64

/+ Table for holding precomputed values «/
static struct {
double *X; /» Array of % values */

double xY; /% Array. of / Vialuen >/

int Size; /» Nunker of ent D le >/

int Capacity; /»* Table
} Table = {0, 0, 0, 0};

void ReallocTable(int NewCapacity)
{ /+ (Re)alloca
if (! (Table.X = (double *)mxRealloc(Table.X, sizeof (double)*NewCapacity))
|| !(Table.Y = (double *)mxRealloc(Table.Y, sizeof (double)*NewCapacity)))
N
mexMakeMemoryPersistent (Table.X); /» Make the ta

e R/

mexErrMsgTxt ("Cut of me

mexMakeMemoryPersistent (Table.Y); /»
Table.Capacity = NewCapacity;

void AddToTable (double x, double y)

{ /+ Add (x,y}) to the table =/

if (Table.Size == Table.Capacity)
ReallocTable (2*Table.Capacity) ;

Table.X[Table.Size] = x;

Table.Y[Table.Size++] = y;

mxArray* EvaluateFunction(const mxArray *pFunction, const mxArray #*px)
{ /+ Evaluate function handle pFunction at px x/
const mxArray *ppFevalRhs[2] = {pFunction, px};
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mxArray #*py;

mexPrintf ("Evaluating £(x = %qg
&Py,

mexCallMATLAB(1,
return py;

void MyExit ()

{

void mexFunction (int nlhs,

{

/* Cl

mxFree (Table.X) ;
mxFree (Table.Y);

*if:

arn

up

2,

mxArray *plhs[],

#define FCN.IN prhs[0]
#define X_.IN prhs[1]
#define Y_OUT plhs[0]
double x, »*y;

int =i

if (nrhs != 2)

mexErrMsgTxt ("Twoe input argume
else if (mxGetClassID(FCN_IN)
mexErrMsgTxt ("First
else if (!mxIsDouble (X_IN)
mexErrMsgTxt ("X must

x =
mexAtExit (&MyExit) ;

if (!Table.X ||

showld

e a

mxGetScalar (X-IN);

/+ Register MyExit()

!Table.Y)
ReallocTable (INITIAL_TABLE_CAPACITY); /»

5 ROGLY d

real deuble

(mxArray =**)ppFevalRhs,

int nrhs,

Lo

for(it=/10;

if(

/x o x iz
Y.OUT =

AddToTable (x,

return;

ch for &

in the table
i <\TableWSize; i

== Table.X[i])

mexPrintf ("Found pre
y = mxGetPr (Y.OUT =
*y = Table.Y[i];

return;

table

in the

EvaluateFunction (FCN_IN, X.IN); /=
mxGetScalar (Y_OUT)) ;

++)

ad

mxCreateDoubleMatrix (1,

*/

G VA
!= mxFUNCTION_.CLASS && mxGetClassID(FCN_IN)

scalap

run when MEX function dis

e et 2N LAl

", mxGetScalar (px));

o

const mxArray *prhs([])

a functiop khandle.™).;

| mxGetNumberOfElements (X.IN)

=

1)

4L

ga\n", [ );
1, mxREAL));

!= mxCHAR_CLASS)

As a simple example, here is pfeval applied to f(z) = z2:

SSIEL
>> pfeval (f,
Evaluating f(x =
ans

= @(x)

16

>> pfeval (f,

ans

100

Evaluating f(x =

x.72; % Define the
4)
4)
10)
10)

functicn

evaluate
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>> pfeval (f, 4)
Found precomputed value for x = 4
ans =
16
Remark: I do not recommend using pfeval in practice. It does not work correctly if called with more
than one function handle. Additionally, it would be better to use a binary search on a sorted table and

to do error checking when calling the function handle.

Persistent memory should be used in combination with mexAtExit. You should write a cleanup function
that releases the persistent memory and use mexAtExit to register it. If you do not do this, persistent

memory is never released, and MATLAB will leak memory!

9.4 Locking

A MEX-function is “unlocked” by default, meaning it may be cleared at any time. To prevent the
MEX-function from being cleared, call mexLock. Call the function mexUnlock to unlock it again. If
mexLock is called n times, mexUnlock must be called n times to unlock it. The mexIsLocked function
checks whether the MEX-function is locked.
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@ Non-Numeric Variables

There are specialized interface functions for handling non-numeric classes. Non-numeric variables are
still represented with mxArray objects, and some functions like mxDestroyArray work on any class. Use
mxGetClassID or mxGetClassName as described in section 4.3 to determine the class of a variable. You

can alternatively use mxIsLogical, mxIsChar, mxIsCell, mxIsStruct, or mxIsFunctionHandle.

10.1 Logicals

Logicals are not so different from numeric classes. Logical elements are represented in C/MEX as
type mxLogical (a typedef for bool or unsigned char depending on platform) and are arranged in

column-major organization. The following functions are used to create and handle logical arrays.

Function Description

L = mxCreateLogicalScalar (Value) Create a logical L = Value

L = mxCreateLogicalMatrix (M, N) Create an MxN logical matrix

L = mxCreateLogicalArray (K, (const muSize =)N)  Create an N[0] x -.- x N[K-1] logical array
mxLogical *Data = mxGetLogicals (L) Get pointer to the logical data
mxIsLogicalScalar (L) True if L is logical and scalar
mxIsLogicalScalarTrue (L) True if logical scalar L equals true

10.2 Char arrays

Char arrays (strings) are represented as UTF-16 mxChar elements. For convenience, there are functions
to convert between char arrays and null-terminated C char* strings in the local codepage encoding.

Function Description

S = mxCreateString ("My string") Create a 1xN string from a char* string
S = mxCreateCharMatrixFromStrings (M, (const char ++)str)  Create matrix from Str([0],...,Str[M-1]
S = mxCreateCharArray (K, (const mwSize #)N) Create an N[0] x - -+ X N[K-1] char array
mxGetString (S, Buf, Buflen) Read string S into char* string Buf

Warning: mxGetString will truncate the result if it is too large to fit in Buf. To avoid truncation,
BufLen should be at least mxGetNumerOfElements (S)*sizeof (mxChar) + 1.

stringhello.c

/+* A string version of the "Hello, world!" example x/
#include "mex.h"

void mexFunction (int nlhs, mxArray #*plhs[], int nrhs, const mxArray sprhs[])
{

plhs[0] = mxCreateString("Hello, world!");

return;
}

19



The UTF-16 data may also be manipulated directly if you are determined to do so. Use mxGetData
to get an mxChar* pointer to the UTF-16 data. For example, the following MEX-function creates the
string “BAX.txt” containing Chinese characters.

mingtian.c

#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray #*prhs[])
{
#define M_OUT plhs[0]
mxChar +*Data;
/* UTF—16LE data x/
unsigned short MingTian(] = {OxFEFF, 0x660E, 0x5929, 0x002E, 0x0074, 0x0078, 0x0074};
intek, Sizel] = {1, 7});

M_OUT = mxCreateCharArray (2, (const intx)Size);
Data = mxGetData (M_OUT);

for(k = 0; k< 7; k+t)
Data[k] = MingTian(k];

Running MEX-function mingtian on the console will show non-ASCII characters as boxes (the data is
there, but the console is limited in what it can display).

>> mingtian
ans =

00.txt
So to see this string, we need to get it out of MATLAB. This script attempts to write a file with
mingtian’s output as the filename:

Status = {'Suc !

s = mingtian;

, ‘Eailed'}s

fid = fopen(s, ‘w');

\

fprintf ('Creating file with UTF-16 filename: “&%8\n', Status{(fid == —1)+1});
fclose (fid) ;

fid = fopen(s, 'r');

fprintf ('Openi
fclose (fid);

"—16 filename: n', Status{(fid == —1)+1});

e with U

If successful, there should be a new file called FAX.txt in the current directory.

Remark: You don’t need to use MEX to create exotic UTF-16 characters. The example above can be
reproduced on the console as

>>vsi =Fchari([65279,126126; 22825, Yiatxt V)55

>> fid = fopen(s, 'w'); Status = {'Su 'Failed'}; Status{(fid == —1)+1}, fclose(fid);
ans =

Succeeded
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10.3 Cell arrays

A cell array is essentially an array of mxArray pointers. The functions mxGetCell and mxSetCell are
used to access or change the mxArray* of a cell.

Function Description

C = mxCreateCellMatrix (M, N) Create an MxN cell array

I

C = mxCreateCellArray (K, (const mwSize »)N) Create an N[0] X --- x N[K-1] cell array

mxArray *A = mxGetCell (C, i) Get contents of the ith cell, » = c{i+1}

mxSetCell (C, i, A) Set contents of the ith cell, c{i+1} = a

The index i in mxGetCell and mxSetCell is zero based.

10.4 Structs

Like a cell array, a struct array is essentially an array of mxArray pointers, but with an additional
dimension indexed by field names. Each field name has a corresponding field number; the fields are
numbered in the order in which they were added to the struct. Fields may be referenced either by name

or by number.

A struct array is manipulated as a whole by the following functions.

Function Description

mxGetNumberOfFields (X) Get the number of fields in struct X

X = mxCreateStructMatrix(M, N, NumFields, (const char *#)Str) Create an MxN struct

X = mxCreateStructArray (K, N, NumFields, (const char *)Str) Create an N[O] x---Xx N[K-l] struct
mxAddField (X, (const char *)Str) Add a new field to struct X
mxRemoveField (X, k) Remove the kth field (if it exists)

int k = mxGetFieldNumber (X, “myficld") Get the field number of a field name
const char *Name = mxGetFieldNameByNumber (X, k) Get the ﬁeld name Of the kth ﬁeld

In the creation functions mxCreateStructMatrix and mxCreateStructArray, the field names are given
by null-terminated char* strings Str[0],..., Str[NumFields-1].

Individual fields are accessed and changed with the following functions.

Function Description

mxArray *F = mxGetField(X, i, "myfield") Get the ith element’s field F = x (i+1) .myfield
mxArray *F = mxGetFieldByNumber (X, i, k) Get the ith element’s kth field

mxSetField (X, i, "myfield", F) Set the ith element’s field x (i+1) .myfield = F
mxSetFieldByNumber (X, i, k, F) Set the ith element’s kth field

The index i above is zero based.
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10.5 Function handles

Function handles are slippery creatures with very little support within MEX. Even in M-code, they
have some surprising limitations:

>> f = @(x)cos(2*x); g = @(x)cos(2*x);

>> isequal (f, g)

ans =
0
At least a function handle is equal to itself:
>> isequal (f, f)

ans =
1

To identify an mxArray* as a function handle, use its class ID or mxIsFunctionHandle.

To execute a function handle, use mexCallMATLAB to call feval. For example, the following evaluates
a function handle y = f(z):

mxArrayx EvaluateFunction (const mxArray =f, const mxArray =x)
{ /+ Evaluate function handle by, caling y = feval (f, ) +/
mxArray *y;
const mxArray =*ppFevalRhs[2] = {f, x};
mexCallMATLAB(1, &y, 2, (mxArray =+x)ppFevalRhs, "feaval’);
return y;

}

A function handle with multiple arguments can be evaluated similarly (see section 7 for an example).

Similarly, mexCallMATLAB may be used to perform other operations with function handles.

MATLAB function Description

y = feval(f,x) Evaluate a function handle

functions (f) Get information about a function handle

s = func2strif) Convert function handle to string

f = str2func(s) Convert string to function handle (see below)

In MATLAB 2009a and newer, it is possible to create a function handle in MEX by calling str2func.
Some older versions of MATLAB have this command but do not support anonymous function creation.

mxArray* CreateFunctionFromString (const char *Str)

{ /% Create a function handle from a st
mxArray *f, *str2func = mxCreateString("str2 , *»s = mxCreateString (Str);
const mxArray *ppFevalRhs[2] = {str2func, s};
mexCallMATLAB (1, &f, 1, (mxArray =+*)ppFevalRhs, "feval™);

mexDestroyArray (s);
return f;

}

For example, f = CreateFunctionFromString ("@ (x} x"2'") creates the square function.
ple,
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@ FFTs with FFTW

To perform an FFT within a MEX-function, you could use mexCallMATLAB to call MATLAB’s f£ft
command. However, this approach has the overhead that £ft must allocate a new mxArray to hold the
resulting FFT, as well as the overhead and nuisance of wrapping up the data in mxArray objects. It is
more efficient to perform FFTs directly by calling the FFTW library.

11.1 A brief introduction to FFTW3

The FFTW3 library is available on the web at www.fftw.org. The library can perform FFTs of any
size and dimension. It can also perform related trigonometric transforms.

To perform a transform, the type, size, etc. are specified to FFTW to create a plan. FFTW considers
many possible algorithms and estimates which will be fastest for the specified transform. The transform
itself is then performed by executing the plan. The plan may be executed any number of times. Finally,
the plan is destroyed to release the associated memory.

Two common ways to store complex arrays are split format and interleaved format. Section 4.1 explained
how complex MATLAB arrays are represented with two separate blocks of memory, one for the real part
and the other for the imaginary part,

SPlit fornmat : Aietg.dh:’. - AT RETa G AT ANALQ a2 bt v R

In FFTW, such a two-block organization is called split format. Another common way to arrange complex

data is to interleave the real and imaginary parts into a single contiguous block of memory,
Interleaved format: = 14,40, 71,91, 72,49, -« -y TN—1,IN—1-

FFTW can handle both interleaved and split formats. Complex MATLAB arrays are always split format,

so you must use split format to store a complex FFT output directly in a MATLAB array.

11.2 FFTW3 examples

To use FF'TW3, we need to include £ftw3.h. We also need to include option -1fftw3 when calling the
mex command to link the MEX-function with the FFTW3 library:

mex mymexfunction.c -1fftw3
Additional options may be necessary depending on how FFTW3 is installed on your system; see the -1
and -L options in help mex.

23



It is helpful to define DivideArray, which we will use to normalize results after inverse transforms.
#include <fftw3.h>

ement (used for IFFT normalization) «/

/* Divide an array g

void DivideArray (double *Data, int NumEl, double Divisor)

{
int n;
for(n = 0; n < NumEl; n++)
Data[n] /= Divisor;

}

We first consider transforms with the interleaved format since FFTW3’s interface is simpler in this
case. The following function computes the 1D FFT of length N on complex array X to produce complex

output array Y.

/+ FFT1DInterles iD FFT complesd—to—conplem, int
Inputs:
N array
X Xf2nl = realepari.and X{2ntI] = dmag-part, of the-nth ment Wi 0, ..., N — 1)
Sign e rd Lxansform, +1/= _inverse tr
¥ Output array, Y[(2n) =/real pabt and Y20+l =/ imagepart~of the nth elemefte(n =0, ..., N — 1)

void FFT1DInterleaved (int N, doukle *X, double #Y, int Sign)

{

fftwoplan Plan;
if (! (Plan = fftw_plan.dft_1d(N, (fftw.complex )X, (fftw.complex %)Y, Sign,

mexErrMsgTxt ("EETW3 failed to-create plan.t);
fftw_execute (Plan);
fftw_destroy_plan (Plan);

FFTW_.ESTIMATE)) )

trangform */

if (Sign == 1) /% Normalize the result

DivideArray (Y, 2+N, N);

}

Similarly, we can compute 2D FFTs as

*

/+ FET2DInterleaved " TR.C < co—complex inte:
/v XiZ+(m + M#n)] = part and X{Z+(m + M*n)+1] = imag part of the (m,n)th element, and samilariy for-Y 4/

void FFT2DInterleaved(int M, int N, double xX, double *Y, int Sign)

{

fftwoplan Plan;

if(!(Plan = fftw.plan.dft_2d (N, M, (fftw.complex *)X, (fftw.complex )Y, Sign, FFTW_ESTIMATE)))

Dmgio ] A 11wy

failec

méxErrMsgTxt ("F¥
fftw_execute (Plan);
fftw.destroy-plan(Plan);

if(Sign == 1)

DivideArray (Y, 2*M*N, M=*N);

Now we consider split format. Performing FF'Ts on split format arrays requires using FFTW3’s more

involved guru interface.

1D EFT com

/* EETIDS

N Length of the array

1 part of

XReal Real part of the inpu



part of the nth elen

Ximag

transform

array

the output ar

void FFT1DSplit (int N, double *XReal, double »XImag, double *YReal, double *YImag, int Sign)
{

fftwoplan Plan;

fftw.iodim Dim;

Dim.n = N;
Dim.is = 1;
Dim.os = 1;
if(!(Plan = fftw_plan_guru._split_dft (1, &Dim, ‘0, NULL,
XReal, XImag, YReal, YImag, FFTW_ESTIMATE)))

mexErrMsgTxt (" 1 BLaJN
if(Sign == —1)

fftw_execute_split_dft (Plan, XReal, XImag, YReal, YImag);
else
{

fftwexecute.split_dft (Plan, XImag, XReal, YImag, YReal);
DivideArray (YReal, N, N);
DivideArray (YImag, N, N);

fftw_destroy-plan(Plan);

Finally, here is a general function for the N-D FFT with split format:

AReal

Himag

inyer

Yimag

void FFTNDSplit (int NumDims, const int N[], double *XReal, double xXImag, double *YReal, double *YImag, int Sign)
{

fftwplan Plan;

fftw_.iodim Dim[NumDims];

int k, NumEl;

for(k = 0, NumEl = 1; k < NumDims; k++)

{
Dim[NumDims—k—1].n = N[k];
Dim[NumDims—k—1].is = Dim[NumDims—k—1].os = (k == 0) ? 1 : (N[k—1] * Dim[NumDims—k].is);
NumEl »= N[k];

}

if(!(Plan = fftw_plan_guru.split_dft (NumDims, Dim, 0, NULL,
XReal, XImag, YReal, YImag, FFTW_ESTIMATE)))
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mexErrMsgTxt ("FETW2 failed to create plan.");

if(Sign == -1)

fftwexecute.split.dft (Plan, XReal, XImag, YReal, YImag);
else
{

fftw.execute_split_dft (Plan, XImag, XReal, YImag, YReal);
DivideArray (YReal, NumEl, NumEl) ;
DivideArray (YImag, NumEl, NumEl) ;

}

fftw.destroy.plan (Plan);
return;

}
Remark: To perform transforms in-place, simply set Y = X (or YReal = XReal and YImag = XImag)

when calling the above functions.

Remark: The DivideArray function scales the result by 1/N. It is often possible to absorb this scale

factor elsewhere to avoid this computation.

Remark: There are many possibilities in FFTW3 beyond the scope of this document. It is possible to
perform multiple FFTs in a single plan, which may be more efficient than performing multiple plans.
Aside from complex-to-complex transforms, FFTW3 can also perform real-to-complex, complex-to-real,
and real-to-real transforms. See www.fftw.org/fftw3_doc for more details.
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@ Miscellaneous

There are a few other interface functions in MEX that we haven’t discussed yet. They are mostly

analogues of basic M-code commands.

C/MEX

Meaning

M-code equivalent

mexPrint ("He

Lo™)

mexPrintf ("x=%d",

x)
mexWarnMsgTxt ("Trouble™)
mexErrMsgTxt ("Abort!")
mexFunctionName ()
mexGet (h, "Prop")
mexSet (h, "Prop",Value)
mexGetVariable
mexGetVariablePtr

mexPutVariable

Print a string

Print a formatted string
Display a warning message
Display a error message

Get the MEX-function’s name
Get a property on object h

Set a property on object h
Copy variable from a workspace
Get variable read-only pointer

Create variable in a workspace

disp('Hello')
fprintf ('x=%d', x)
warning ('Trouble')
error ('Aborti ")
mfilename

gL, 'Prop')

set (h, 'Prop',Value)
evalin(Ws, '‘Var')

assignin

There are also functions for manipulating MATLAB MAT files. An object of type MATFile* represents

a handle to an open MAT file.

C/MEX

Meaning

MATFile *mfp =
matClose (mfp)

const char *8fir &
mxArray *V =
mxArray *V =
matGetNextVariableInfo
matPutVariable (mfp,

matPutVariableGlobal
matDeleteVariable (mfp,

Name,

matOpen ("my

matGetDir (mfp,
matGetVariable (mfp,
matGetNextVariable (mfp,

.mat", Mode)
&Num)
Name)
&Name)

V)

Name)
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Open a MAT file

Close MAT file

Get list of variable names in the file
Get the variable named Name

Get the next variable and its name
Get header info about a variable
Write variable V with name Name
Write variable as global

Delete the variable named Name



@ Further Reading

All MEX interface functions are documented on the web in online function references (search for example
“matlab mxSetPr”). Information is otherwise limited, but there is MEX wisdom to be found scattered
through forums and buried within the dark source code of existing MEX-functions.

For more MEX-function examples, study the files in matlab/extern/examples. For instance, the
example “explore.c” shows how to read the data of a variety of different MATLAB variables. You can
open this file by entering the following on the MATLAB console:

>> edit ([matlabroot 'Jextern/examplss/mex/explore.c'])

For detailed reference, study the files in matlab/extern/include, particularly matrix.h. These files
are thoroughly commented and explain many of the inner workings of MEX.
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