dulnnodanai naLloMnMAIANIIR

Y da ad [y
ITVUAIUANHTHEUADUIININ U AN

INVERTED PENDULUM ROBOT CONTROL SYSTEM

JUIANEAI)

wengealg . Maade
NEINGYR NN

a o/
WagIAs - Jungln

FUML oo esreesaennsscnscssonseniiiines o g
x?fumnwu..l..gé...{.)...(.;..g... B euranniiassssiniiinssensite : f
$uadoud.. 2] L. 2002 EI——— )

BaanimsiiludmmiisvesmsinmmumingasSyadmnssumansiada
MUNIAINTINTZUUAILAN
aaumaluladnszooandudinammsaianszia

Ynsdinu 2551



Pygninusi/msdnu 2551

MAINIAINTTUITUVAIUAY AN INNTTUATAT
o = Yy 9 %

aotiumalulagnszeoumndudgunmsaanszala

504 TEUUAILANHUBUADUAT NIWUR SN

INVERTED PENDULUM ROBOT CONTROL SYSTEM
A Wgngaalg AR 48010019

UNEINTYA N5 48010575

WAy Jungln. 48010689

(WALAS. DT LUYIUSIGNT)

A (=2
21915 9M5 1



¥ dan  ad [
szuvﬂquuﬂuﬂuﬂaunsmwu@au

Tay
WUNgANY AT 48010019
UNATINTYA N52WA2 48010575

wwIas Iunzln 48010689

Sl (e
21915901

4
HPLAS, D175 LWYIUS IS
Tn1sdnmi 2551

UNAaLo

o
=Y ¢ @ A o =

Sy riiwusaduil M usuenisdny) uazn1seenuuUTL LA IV UBUA
susnnugdy Tnsszuvsuidinmugiu 1dsuawanlesnunlumaidnnssussuy

v
ey

auau (esnindguautandusoulidhiFadunas Wiledos nm
v

msveAuULLara S NusLAB A ImugaN TR uganInmnuzIudIE Uy aAna

70988 18n1I010%T (Segway HT) Horfendnnisuessyuumunusuifmmugsy 1
o A o 2 ' % =9 yan

PONULVAINIURUNDI NHINAA UaztadeTninvosueud TagluTasenuiiledisnis
senuUUAIRIURNEUBAIRNMM IR uBudY tas IdmuresaowrilaTamyuiboauy fie
ees lalsa Tml wagiwusesnnuss Tae Idiwaammflaneduldlunisdssuiana

LA @ A [ 1 Yy T o Qs @ 9 Y o sy v
rues sy thedFugeanulilinnuuiud Taserdondnnis d1edu drnduguin 14

.

senuuuzgminnldsunsulidulyinsasu Insames ammisnaassnuhszuuarugui

panuUUA NI ITNgave s uEuAB U NMUa AL 1]



INVERTED PENDULUM ROBOT CONTROL SYSTEM

By
Mr Krittanat Kurdsawang
Miss Pornjuti Soungkaew

Mr.Puridech Juntago

Advisor

Asst. Prof, Dr. Taworn Benjanarasuth
Academic Year 2008
Abstract

This thesis presents study and design of inverted pendulum robot control system. The
inverted pendulum system has long been interesting of control engineers. It is due to the fact that
the system is inherited the non-linearity and unstablility attributes

Designing and buildiﬁg of inverted pendulum robot is based on individual vehicle
transportation called Segway HT. The controller is designed to control the system so that it is
balanced and stable. In this thesis, Linear Quadratic Regulator (LQR) technique is applied to
design the controller, Two types of sensors are used to provide tilt angle are gyroscopes and
accelerometer. Kalman filter is then utilized for data fusion to improve the measurement of angle.
The Theoretical concepts are finally realized in the microcontroller. From the experiments, the

designed controller system can balance and stabilize the Inverted pendulum robot.
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A d' a W a Y ~ A
NNHNIIAGDUNVOIUINY Naiawmusa‘luumuau ?)‘ﬁ‘iJ'lvalﬂﬂ\‘lﬁﬂJﬂTi‘Vl (2.1.12) W9

M, fio wnvesdeuazyueud () fie armiseluuuiveu H, A0 USUTIANIUIZHIN

dy v Y & aaa 1 9 o ] o
#ufude uaz H, Ao usalfnsnszvnindenuyuoudluuuiuoy

> F(t) = Ma(?)
M%) = H (1)~ Hz () (2.1.12)

P> o o ¢ Y a Y N A A
HazNasINUBIINnsEihgaguinawesde e3ue 1A Tasaunsi (2.1.13) tiie 1, Ao
Twnsanuidesvesde 6, Ao yuitmuvesde C, Ao usidavewemesfinszidede

4 o oA 9
1ag r A9 IAUYONND
ZMo(t) = lo(?)

1,6,(5)=Cr(®)—rH 5 (1) (2.1.13)
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%'lﬂﬁllﬂ'ﬁWﬁ']ﬂ‘U@QﬂJ@Lﬁ@iiuﬁNﬂ'ﬁﬁ 2.14 LﬁBW%ﬁmﬁ kf =0 u33UAUBY
uﬂma{mmimmﬂQ"lﬁ'ﬁmumiﬁ 2.1.149)

t. (=1,

d‘;’l(t) +7,(0) (2.1.14)

A o T a 4 ) 9 o
Lll’f)"i)ﬂﬂ_]’ﬂilﬂﬁ uazsmumwwmmm%mmme?’lﬂﬁmssuﬁmq i]%blﬂﬁllﬂ'l'i‘llﬂ\u!'ﬁﬂﬂ
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PWHNENEN Fldiude dail

dot) k&, . k
=—2ef (H)+—=V (¢ 2.1.15
” 2 () 1 . (7) ( )

Cr() =1y

usJ’ =S "W Yo dy
S IZRSUUFWTDVIUFNNG (2.1.13) 11431"1@1 JU

mke
0, (ny=——6 )+ K 27,0 -rH () 2.1.16)
Sutuazld
k k
H ()= =220 (t)+—'"V(t)——W9 ® @117

b4
=4

Sorhaumsit @.1.15) unuluaunish (2.1.12) o2 Idaumsdmsudomaedne uazundsil

AU AN
k . J=7
i) =~Fote g o)+ Fny (5 -226, 00~ H,0) 2.1.18)
Rr Rr r
AUMIABN YN

k k . k I, .
M () = =220, () + 22V o0 =0, () = Hy (1) @L19)
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iiieannnisiadeuiiiiaiuiyaguinaivesde msindeuiidayy sansamlaaiiunts

b4
@

A Aa 9 %
maaummmu"lﬂ AN

6 (hr =3t vio 6,00)= x(t)

6. (r=3() vie O (t)_x(’)

Y o

& 1 ) ' 9
SariuannsN (2.1.18) uag (2.1.19) aunsondaaduaumsmsindoundadula ael

9 Y
FUMTAONIIY
k
M, (e =~ Fuke iy Ky O~ 2250~ H, (1) (2.1.20)
Rr Rr r
AUMIRONIN
k k
M x(t)———ﬁ—ex(t)+ v, (t)——x(t) H,®) @.121)

k4
=

) ] 9
Eothaumsi @.1.20) e 2.1.21) wisauiu wz idduaunassauvesdeiivany Aail

Z(Mw +£‘;—)5c'(t)= "ik (t)+ Ky =7, ) =(H, () + H,(®) (2.1.22)
r .

2.1.3 nuudiaesvesuduRInwugdn
Tums iRz UUITnareetIududs L ay famusoifionnnnmsiinssd
ssuSanavesde Tasmuisougaurun e siudwdTnmugdulddegl 23
snngmistadeuiivesiisdiu wasmvewsslummuoy oF11elBReerun1sfi 2.1.23)
Tas M, foudavesfumugdy Aoszozszniagaguinavdedagaguiniaves

Y] o A Ay o A
ﬂ'lU!‘W‘uiﬂﬁﬁJ Gp ﬂ’t)lglﬁ’lﬂ'lulwu@’ﬁll!ﬂﬂ\ilﬂu%']ﬂuﬂuﬁllﬂﬁ s}

Y F()=M,3@®)

(H, (1) = Ho(©) =M 16, (t)cos0, () + M 162 (1)sin 0, (1) = M &) (2.123)
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daiuazla

(H ()= Hy ()= M %)+ M 10 ,(t)cosb, (1) — M 10%(1)sin 6, (1) (2.1.24)

d' Y a ad o
3‘1]1’1 2.3 UAUNTNHIIVDINTUD UWLITVUENUA Y

3 v )
wagwas s IR nvead nmuadan oFuwladeannishi 2.1.25) e P, P, fio 134

' v

L4
Uz edeunzueua luumuaf
Y. F,(5) =M ,%(t)cosf,(®)

(H,(0)+ Hy(1)c0s0, (1) + (P, (1) + Po())sind, (1)
~M,gsin0,(t)—M,16,(t) =M ,%(t)cosb, (1) (2.1.25)

4 Y o A

Has e TuNUANYAgUINa1INIAYeIN WU AN AiD

q L]

> M, () =ITe(t)
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~(H, () + Hy (O cos8, (1) — (P, (1) + P, () sin6, ()
—(C,0)+Cr ) =1,6,0 (2.1.26)

= = salq Y @ A
NNAUNITN (2.1.15) LLSQ‘]Jﬂ%'IﬂiJ’ﬂlﬂﬂ’iﬂi‘ﬁﬂ?ﬂﬂﬂﬂn&lﬁﬂlﬂﬂﬂ1umu@ﬁu WOWIUNTS

1
)auFudu (Linear transformation) WS OUNUMNTUFY (Linear map) a2 Iqaunsaall

=2k 30, 2Ky

(CL()+Cr(D)=— =

I v v
Feasounumluaunisn (2.1.26) 1adadl

—(H, (1) + Hy () cos, (1)~ (P, () + Py ())sin 0, ()

L[ 22kgk, 3) 2K, .
( ~IRINS OT. V(f)J 1,0,)

v
suiuayld

—(H, () + Hy @) c0s8, ()= (P, () + Py (1)) sin @, ()

2kmke .X'(t) ¥ 2k'" Va (t) (2127)
R R

=1,6,0)-
auaunsh 2.1.25) 4w —/

~(H,(0) + H()) 0086, (6) = (P, () + @)} 5in 6,(7)
+ M ,glsin6,(t) + M, 16, (1) =—M li(f) cosf ,,(r)  (2.1.28)

unua luaumsf 2.1.27) luaunsi (2.1.28)

Ipép(t)——k——— (t)+ ’"V(t)+M 1°6,(t)

+ M, glsin6,(6) =M Bi(f)cosd, (1) (2.1.29)

Weotsa (H, (1) + H, (1)) ninaunisveweines unuaNnsh (2.1.24) Tuaunsh (2.1.22)

a'la
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Z(M ) 0 =-= 2k, k ~C X(t) + ’"V(t) M i(t)

—Mplep(t)COSGP(t)+Mpl¢9p(t)sin9p(t) (2.1.30)

a s Y

1 ] (R 9
Sagilaun1sfi (2.1.29) uag (2.1.30) 3 Iauns msmdeudin luudaduvossznudsil

(1, +Mm,1%)p? (- ke popy 4 ’"V(t)

+M,, glsin 0, (1) = —M ,J5(r) cos, (1) @.131)
2%k,
Rr Va(l‘)—( ) (f)+ x(f)

+MPIGP(t)COSQP(t)—MPZGP(t)smGP(t) (2.1.32)
PINANMIR (2,131 way 2.1.32) $1adu ;nseinslszuiandudy (Linearise)
el duvsmealSgiammiudu deRnse 6, =7 +¢ Tae ¢ fo yuvwia@ni

H 9y
HeuLUoaNNUUIFININ gnsodszun

0

il

. d0,®Y
cosf, (1) = -1, sinf, (1) = —¢(f) uag s

9
oty aumsmsinaouiigelanansdszinandudu esineldlae

(1p+Mp12)¢3'(t)— (r)+ ko )= M, glg(r) = M I5(0) (2.1.33)

215: V“(t)z( )x(f)+2k £3(0) — M 16 (0) (2.1.34)

Qs

Saguaunsii (2.133) nag 2.134) Woeglugilvesdulsmang Idaumsdsil

L SR L B 1)
(1, +Mm,1?) RAL, + M)
2k M gl
- m V ()+ d t 2.1.35
RIIP+M,,12§ ) ilp+Mp12 i¢() ( )



-' 2km kake *
x6)= ™ V.0 o ()
. R{ZMW +— +M,,) er(ZMw +—r +Mp)
v r
Ml . '
+ i o) (2.1.36)
(ZM wt—+M p)
r

rounuaumsfi 2.1.35) luaunis (2.1.34) uazaumsi (2.1.36) Tuaunsh (2.1.33) uasia

S/
gilaums sz ldaumsiSglismmvesssuudail

4 |0 1 0 0} 0
* o k. (M, Ir—1,-M,1%) Mg’ g |2k, M1 - M)
o Rrlo a = Rra 4
¢l 10 0 0 1|4 0 ‘
il lo 2k, k, (rB—M ] Myglf ; 2k, (M 1 —rp)
L Rria o A/ i Rra |
ot mualid
eZg 1,
ﬂ.—.(ZMw > +Mp) a:[lpﬁ+2Mplz(Mw+;7ﬂ

° a a Y Y o vy 1 v v W dy 1A
nnuuu§iaeslTglimandredu fvualiaeussueuafuAanNUNUARDANE] Tifims

A 9 ey - a I
Houloavodds oz TuTus AFeAN TN YDWND

2.2 NQU{NTOLNUVUAIAIVAY

=4

A a ad v Ay 1o a 9 12 =2
fiosnnszuvdudsnmugauiduszuui lddhudadu wae liiadosnm msenn

@ Ll v

[ Hd
wqyfmmzwﬂmquﬁﬁmfl%’”lun1smmmﬁ§asmw1ﬁsmszuu%‘aﬁmmuamamﬂ AU
b4
s =2

v 9 dy 1 = =K d' 1 o Yo o
Tudetindntmgeidiayidelunseenuuudiniugulniuszuy ael
2.2.1 anumugala
Junsdiialy dmsuwmsndaeloulan H(s) wuhmmsalidulsiSgliaanld
Susaulisda uazernsiu 1@ Nnsmauvesman x(¢) lulsgimanoniiiiuiu

v v oW Y a ¥ { o 1 a Qs Y g a
snnsusuvesszuuwaaluuasnddeTou Allumsdannduynlufuewiyn datuds
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b4

Hady Aoamnud luszuu liannsofiszaiugu ldarsduyn guandfvesssuunain

=h.

J =

fidanudvdenmsoonuuuszuuaIug feanuadugwld (Controllability)

flo anumvan ldvesaian

szvuwasn x(r) = 4x(?) + Bu(f) vietiondsulasdommeguning (4, B) &9
Gontamnsontuguaan'ld (State controllable) ieifenaaniGudu x(r,) = x, uazaan
gahe x(t,) = x, laqlas ¢ > ¢, FTOMDUNN u(r) fivumanan x, W x, 18 udf
Nienusondunndanald szuneszBond Tuensonuguennld (State uncontrollable)
Tﬁﬂmmsﬂmnﬁmmmmmau"lé’mmﬁmﬂﬂwqyf]ﬁaﬁ

ngud (4, B) wannsonruguld fuwasnd O, ST (Rank) iy 7 Tag

d' =) 1 o @ a’:’ a d
N 7 ADAIAAUFUVDUNATNG A

Q,=[B AB A’B .. -A"'B] (2.2.1)

Funadndonlvvosmdisusy withuasidmium s Algaunzeaes 4 o
2own1s Teundumanes1di1 e (4, B) annsaniuanmanld Aeansadendd
Hounsuaiem K Haznaoudionunseswes 4— BK lifsdwmisladldamdents uae
A1z atandnezasaaeud il Tnonisiasudifaflounduaan K

#l7 (4, B) Sonin enmnsaihldiedes 14 (Stabilizable)

2.2.2 manadmielna
1
wanmsvesmssenuuulay 532198 umie Ina (Pole placement) fion1sAedoivua
¥ v
Smsudumis Inaianuavesssueta uazsonuuudanruguites ladwmisInaay
o 3 4 o d { (-] 4 3 2 (] ) :
Formuatiy deulusudlufividansomaoudie Tnananua lddumiidesns 1d
A o v v
Ao szuvtiudosaunsanduguld
Tuniseenuuuia 1l iilddeens Idssvuiiiadosninodiuded udvzdod
9
AUSSAUE HSPHanOUAUBIMLARINIAIY datfumsSmuadumtisveslna szuuaTlaie
14
Sladoasideans I Tnaeguudumisddrovosssunuddeuniniu uio1nzdeeg
4 44 o ppm v Y
Tuiuifiez lvnanouausIng a1uAvINITAY
Tusznususy 7 91291 auFuRUS Ve IHARD LA UBININIAIVBITTLY Uaz
o ' o A o Y =2 P o o v A Y v
Sunisvesinatnianududou sudumsmnfiszdmuadmnisvesIna 1114
Aa o z QA ; o o o A v v o4
HanoUALDIna SariIEnseenuunil laea lilewendnmsvesssuunTdnymzwuily

SLUVSUNV B (Second — order dominant system) NA1IAB INANTNANTENUABHNAADLANDY
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$ & o W v ow o @ o v
nniigaazdludududes mguane luszuuduAUes ansadnamaNUFNRUSsEHIN
gaeruialuTamunarfudwmiivesInaldlavhe

AmdSEnsneIna annsomld Taeld K=[k, £, .. k,] Wudasives
[ o . o3 @ d'sl o [ 0’1’
wanadlounduvinawn uae &, i =12,...,n ludaswnehnenimiseeniuuniuy

= Vo
uynitlousziwindy

()]

u(t) = —Kx(f) 222)

o u() Ao Jaymraniuay  x(®) fie Aulsdanvesszuy  uag K Av das1vee
Foanauilounduvesseuy

v

ol dduanunuguiie aumsiSpilmanvesssuuilounduiiy

() = (4= BK)x(®) 2.23)
Femnsosnaaminalden

det(sI — A+ BK)=0 2.2.4)

Tty ndosnsoonuuy Tngfmua Inavesssupndafdwmis p,p, ...,

vz 1@erun13AuANYalY (Characteristic equation) 111

a(s)=(s-p)s=p,)-(s-p,)=0 (2.2.5)
[ 3 o [ 9 =1
ANUUATIVITOATUIUNIDNIT1VYTY K "lﬂmﬂmsnﬂ?tmmﬂuanms (2.2.4) RS (2.2.5)

223 fhgumidsapadudy

Qo

Tuatef 2.2.2 IdAnmmseenuuudanruauiloundumanTasiimsnedmms

L7

&£ o A = = ¢ o o A o ] =) e
Tna Fufumiesiovonuuuiifivss Temidmiussuuifidudnligann wiessuuhl

4 ¥

Snvazmuduszuunainduaudes NS EnsaNYTURuSsIedwriavesIna e

b4
AN91ZTITUNEADUAUBIVDITLUY (FU F241281T 1 (Rise time) 130 N15Y{UAU (Overshoot)
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o/

1o w Ao v o do 1 N 1 9 o o A sy

g mSusTULRTIS U Anuduiuiaanaieg 1 lidaeu Fos1iadnilsynsveITnIs
@ d a

elwa fe sesuaruiiudese (Degree of freedom) vosilgm

s/
QU LY

st dnaafiiulse Tesllumsudleilgmidendifo msiaendaniugy
Houndudre3imanninziiga lasfidredns dafanuninvesszuudend o
HaasuaueINaTa MmIusadyanaiuniu Awll nieanuamu Hudu F9l8neow
wwunﬁmsmmummwﬁu‘naﬂiuﬂawsﬂuuu inpvonuuuszuualvauiounduld
aummuaﬂmwumﬂu'lﬂmmmmi Tﬂﬂmﬂﬁnmimmmmwanmamﬂumsmmiumi
Frovmaantidduiimelald

°luﬁwa{’:ﬁwﬁnmmﬂﬁﬂ°luﬂﬁLﬁaﬂﬁm1611awmmﬁai’]@uﬂﬁuammﬁmm:auﬁﬁﬂ
(Optimal control) o mﬂummmﬁmwuau (Linear Quadratic Regulator: LQR) canu
s2seenuuuiiadgmsunsaruguilounduaian Tﬂmﬂuwﬁmsaammuwugmmmv
3 wnwmaeuwnwmﬂmmwm (Multiple Input — Multiple Output: MIMO) A

Tﬂ&nﬁmﬂummmamwmﬁmﬂuaﬁmsaammmwum'mﬂuwmmwau mﬂ
W l¥uszuunaia S3iaunsnananiianaa wioanuidemouesszunlaomsii
dminanuddyvesdauls (Weighting factor) Flinades Ty MUANNMNIZTN AIY
wasnd Q Hazmasnd R

myeenuuIuMmIAaouTudY Smfussuunadaluaunsii 2.2.6 mold

donlududuluaumsh 2.2.7)

x(¢) = Ax(t) + Bu(t) (2.2.6)

x(0) =x, 2.2.7

4 a ) a < a =
do 4 Somesndszuy B Aemminduesdunn  uag x, Whimansudu Tageziinzn
msnuguiiaamidiiaguam Juaunsi @:2.8) GRINGE

_12_°]- [x" (HOx() + u” ()Ru(t))dt (2.2.8)

I~

Fasiudiaguan J Usznoudleenll o AUNUVUIATBINAN X(F) NUYUIAVDS
o { g’ L% a o
Flsaauau u() fgnlmihmidnlaswasnd Q uas R

wnodemsounfumanaeaunisi (2.2.9)

u(t) = —Kx(f) (2.2.9)
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A1 K NaandinnunIn J ‘l,ﬁ’ﬁ’@ﬂﬁqﬂmumsaﬂmmnmﬂumnmmmn%mﬁ'u A1U150

q

9/
=

wlglnensuAaunsSHNA (Ricatti equation) 1o P ¢iail
PA+ATP-PBR'B'P+0=0 (2.2.10)

=] = a|a ) 4 4 ' o
Tas P FluIndfivianiiamasnd (Positive definite matrix) Wo'lda P azanuisanvua
sasweeiounduy K =R'B'P
y o [~ v a 4 =Y ] LY
MINFAUNISA (2.2.8) WHUNARUI NATHS O waziwasnd R treliseau
anudnguedanls x(7) waz u) Tagrinaveuuasng Q T FTL TR T LA EATT
a o | Y a LY d! 3 a o a 4 3
LA YLIATOAUNATAS R IIBUYUIAVDUNATNTIUNN FINUUATNE O Hazmainy R 15lu
TnafinmAtiawasnd

L2

=) o 9 a  d -~ v J’
Tunisepnuuutisuivua lnaing O YanyusaId

o o © =
o O KOO
O e O ©
N © O O

[1 14
Fwztinlganlumseenuuussunaugusudinmugdy Tulassamilisuny

o J

2.3 unanuulanes
%3] 1960 'l@TimsaRusinanuvesgaon dla uaayy (Rudolf Emil Kalman) #
Suauedinmsinilunsudilymvesiinseudaudu uagnisilseaa (Linear filtering and
prediction problem)  33usauAAUNUTlaIADS  (Kalman filter) Fumsmaanueszuy
o A Ay A ¥y a d o A 3 @ St
Tagia laldsfidosmsnauiiodeddinsieriszuufife s rvaniug dudsmanvesszuuim

¥ v v

Sogels tazn/eunlasmummaesls Fuesnsilumalfiia mamedudsaanyes

[d e

syl 1S eed1e mseiidesiavateileds wu mm"l:uanmmﬂjmwuwasﬂ"lmm e
auaaaaeulunmsia dhudu masmuﬂammmaﬂﬂﬂﬂuuuwmmﬂmmmmu Tael
mimuﬂmmuwam’osm"lﬁmﬂummsn Tunisdszanuaanldiuse uumiawmmu
anoala (Apollo) Finvssoulan m{l%wu uﬂmmuwamesaﬂmmh@fmuwsﬂmﬂmnsuu
{nsmnizodnislumanivosmstssaudoya (Data fusion) ieldszanateyanin
P ' o Y o . vA o 9
wrasnatelsznnsaudu melddyyiusuniu (Noise) MAUABUNAY ot lslu

o & & o o A : o Ao .
aﬂ‘ymzLﬂﬂqamdﬂuuazﬂmwemﬂ11Jizmmﬂjmmuﬂiamﬂ‘umiwnﬂﬂﬂw (Optimal)



dulnnomyanaie nszsoundimanisiy -

Jaa

Smsumsniuguuudnsinesde Tawdulluedanniinzdesldaures il
v 1o 2L o A o ' o q ¥ =
awgndewaziiuings Fufnisaums mnflymdsnaildima Tuladnsdszuaana
a1 o A A Y [ 4 o dy
e wMuieiiuaugndeslumsaveususesgniiunldluTassnui
TR 9IUTEUUAIUANYHEUADUIS MWL Y 183 sunauuuilames wldlums
4 o 1 @ 1 1 3
Uszunanavewuesaniias i 1aun mumes Ty salay uazmuiwesnuis 910
=2 1 A o d Y a d v o
msfny taznaaoanudnitewnauuuiames nlFlumsdssiivsuiressiu num
Y1 do ny s v & . 91 ¢ o yyad v
I¥eisa ldnnmumesinnugndoanniiu uazgeliusuans ada laaTua e
TuTassaszruniuguyuoudsudsnnugiu 1935 nsAnaSaunaunuilamnes
(Discrete Kalman filter algorithm) Tumstlszutadidalsaan Iifuszvunuguueud
BUAT WU AN

Y ' v 4 9 o 4
‘Hﬁﬂﬂ'\i‘\li’)\‘lﬂ'131]3311'3ﬁNﬁﬁ?NﬂUﬂJ@ﬂ!cﬁulcﬁﬂiiﬂﬂi‘ﬁllﬂﬁl!ﬂuwﬁlﬁ'ﬂﬁ

definsauuuiiaesigliamnuuuaansavesszuuld ez TAoumsmands

aumsin (2.3.0)

x(t,,, )= Fx(t,) + Bu{t,) +Gw(t,) 23.1)

o Y

dlo F fe wasadszunvesdunlsdan x¢), B fio wadnd vesdayanaisudl u(,) uaz

G o Wwasny Yo dag U UNINY1Y (Gaussian white noise) w(f,) LazauMINITIAVDY

52U NNMRAATH T OuaAIAH
z(ti) 3 Hx(ti) + V(ti) 2.3.2)

A A a d o A J o [
o H Ao wasnauodn1sia. x(7,) uae v(f,) Ao NNasHy 1IN IUINIVINTG A

] [ [ { a aa
VIndyanasunan w, ) tee v(,) Hudygasuniue? ARANUAFIUNNADA

Senolu
E{w(#;)}=0 o
E{v(t)}=0 o
E{wt)w' (t,)} = {SW(ti)’ l B J (2.3.4)
0, i#J
E{vi vV ()} = {g t:) Z - ] (2.3.5)
] i j

103062
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o E{-} fie snumiande (Expected value) az S, (1,),S, (¢,) Hulndirafidamasndg
[ 4 o
TasfiauuAgiundyanasuniu wi,) waz v(,) Wassiidiudasedeiu

MInauMsANYeTE UL luaNnsf (23.1) SIS uAY x(7,) YoI5TUY

4
a

=Y Y A a o 1 1 T o i (] [~ v o
3014 NaaloaansudumusaguanIna s unIzves x(,) 18 ed1elsiamardumel
9199z lignded iMs12gni1a09A21012M1A03 N1 {UYBINITATLI1OUDVUNA (Normal

9 v
distributed) AaiiuT@TINBIANGUAUVOY X(7,) 1890 &, uazanmulsilsiu P,
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k(t,)= PO )H"[HP@)H" +8,(t)]™ (2.3.10)
X(t7)=X(¢7) +k(t)z, (1) — HX(])] (2.3.11)
P(t})=P@;)-k(t)HP(t;) (2.3.12)
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a o =y o A o @ A + = o
WASNS IAIUTOUTUDI v(Z,) H3oFYRINITUNIUYIIVRINIIA _X(41) AD NARDTIIAN

a o a d o 1
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Y1 a o ] Yo -
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k(t) = PET)HTE™ (1)) (2.3.14)
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r(t;) (Measurement residual) Feenusadsuduaums lagedl
r(t,.)=z(t,.)—H(t,.)i(t,.') (2.3.15)

Tasaumsunaunudlamesuuuaelifos (Continuous Kalman filter algorithm) 493015
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6] o -1e®] [1 1
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uazauMsIIMUNMIIa aunsouasldneaunsi (2.3.17)
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Fatazld
0(t.,)=00)-T,p¢)+ 1y, (2.3.19)
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1o dspic30F4012 (Hu'le® luTasaou Insaiaed i vazBuas1aqasil

dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-Bit Digital Signal Contreller

High-Performance, Modified RISC CPU!

IModified Harvard architecture

with flexible addressing modes

83 base instrictions

« 24-bit wide instructions, 16-bit wide data path

+ 48 Kbytes on-chip Flash program space
(16K instruction words)

» 2 Kbyies of on-chip data RAM

« I Kbyte of nonvolatile data EEPROM

Up to 30 MIPS operatian:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLE active {4x, Bx, 16x}

30 interrupt sources:

- 3 externat interrupt sources

- 8 user-selectable priority levels for each
interrupt source

- 4 processor frap sources
« 16 x 16-bit working register array

-

.

DSP Engine Features:

« Dual data fetch
Accumuilator write-back for DSP operations
Modulo and Bit-Reversed Addressing modes

» TFwo, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single-cycle hardware
fractionalfinteger multiplier

All DSP instructions are single cycle
» +16-bit, single-cycle shifl

.

-

C compiler optimized instruction set architecture

«

Peripheral Featurss:

High-current sink/source IO pins: 25 mA/25 mA
Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit imer modules

16-bit Capture input functions
18-bit Compare/PWM output funclions
3-wire SPI modules (supports 4 Frame modes)

12C™ module supports Multi-Master/Siave mode
and 7-bit/ 10-bif addressing

2 UART modules with FIFO Buffers
1 CAN module, 2.0B compliant

Motor Control PWM Module Features:

6 PWM output channels:

- Complementary or independent Output
modes

- Edge and Center-Aligned modes

3 duly cycle generators

Dedicated time baze

Programmabie output polarity

Dead-time control for Complementary mode
IManual output control

Trigger for A/D conversions

Quuadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Posifion Measuremnent (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-Bit Timer/Counter mode

Interrupt on position counter rollover/uniderflow



dsPIC30F4011/4012

Analog Features: Special Digital Signal Controller
« 10-Bit Analog-to-Digital Converter {A/D) with Features {Cont.):
4 SiH inputs: » Flexible Watchdog Timer (WDT) with on-chip,
- 1 Msps conversion rate low-power RC oscillator for reliable operation
- 9input channels » Fail-Safe Clock Monitor operation detects clock
- Conversion available during Sleep and Idle faiture and switches to on-chip, low-power
RC oscillator

.

Programmable Brown-out Reset

Programmable code protection

In-Circuit Serial Programming™ (JCSP™)
Selectable Power Management mades:

- Sleep, [dle and Alternate Clock modes

Special Digital Signal Controller
Features:

« Enhanced Flash program memory:

- 10,000 erasefwrite cycle {min.) for CMOS Technology:
industrial femperature range, 100K (typical) gy
= Data EEPROM memory: + Low-power, high-speed Flash technology
- 100,800 erase/write cycle {min.) for = Wide operating voltage range {(2.5V to 5.5V)
industrial temperature range, 13 (lypical} » Industrial and Extended temperature ranges
« Self-reprogrammable under software control + Low-power consumption

« Power-on Reset (POR), Power-up Timer (PWRT)}
and Oscillator Start-up Timer {OST)

dsPIC30F Motor Control and Power Conversion Family*

Program s Qutput | Motor . b=
. ) SRAM | EEPROM | Timer |nput 10-BRAD |[Quad| gz (g |E | 2
Device Ping | Mem. Bytes/ Bytes| Bytes | 16.bit | Cap ComplStd | Control 1Msps | Enc g éle g

Instructions PWM PWH

* This tabie pmwdes a summary of the dsPIC30F6810 penphefai features. Other available de\rsces inthe dsPECBFJF fotor Cantro!
and Power Conversion Family are shown for feature comparison.

Pin Diagrams

23-Pin SPDIP and S0IC
o L—
MCLR 1 281 Aveo
EMUDYANGVREF+CNZIRBO (]2 271 Avss
EMUCNANNVREF/CNIIRB1 ({3 o 28] PWMILRED
ANSSHCMNAIRB2 [4 o 25 PWMIHRE1
ANIINDX/CNSRE3 [§5 8 23] PWMILRE2
ANAIQEAICTICNGRBS (s € 23[] PWM2HRE3
ANSIQEBACBICNTRBS 7 & 22[] PWMBURE4
ves 08 S 210 PWM3HRES
OSCHCLKI [ & 200 Voo
OSCHCLKORCIS |18 =  13[] vas
EMUD1/SOSCIT2CKANATIONTRCIZ (11 ™ 18]] PGCEMUC/UIRNUSDUISDAICIRXRF2
EMUCT/SOSCOITICKAMARNICNIIRCHS 12 171 PGDEMUDIUIT]/SDOISCLICTTXIRF3
voo [13 16[] FOTAANTO/SCKIOCFARES
EMUDZIOCIC2ANTZRD ¥ 150 EMUC2/OCAICHINTI/RDD
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o
i Integrated Dual-Axis Gyro

IDG-300

FEATURES GENERAL DESCRIPTION

« _Integrated X- and Y-axis-gyro on a single chip The: IDG-300 is-an integrated -dual-axis anguiar rate
= - Factory timmed fult scale range of £500%sec sensor {gyrascope). it uses Invensense’s proprietary and
* Integrated low-passilters palented MEMS iechnology with vertically driven,
= High vibration rejéction over a wide frequsncyrange vibrating masses. to make a functionally complete, jow-
« _High cross-axis isolation by design cost, dual-axis angular rate sensor. All.. required
* 3V single supply operation electronics are integrated onto a sirgle, chip with the
« 5000 ¢ shock tolerance sensor.
* RoHS compliant {completely lead free} i )
= 5 X 6% 1:5mmQFEN package The 1DG-300-gyro uses two,,

vibrating dual-mass bulic silie

APPLICATIONS the rate: of rotation about
sensing). This resufs’ in
mertial measurement units (IMUs} gvro -with . guarantes
Handheld GPS navigation devices Righ: cross-axis m

+. Radio controlied helicopters demanding cor;sumer

« Toys-and game consoles smait size and high ¢!

=" Rohwotic and power tools ;s v

+ “Antenna positioning ) includes integrated  electronics
* Remote control applicalion-ready. functionafity. It

¢ - Y-axis - low-pass: filters and an

ip-factory calibration of the sensor.
med ‘scale “factors eliminate the need for
componetits and end-user calibration.
ead-free and Green Compliant.

r\ X-RATE OUT
L~

| A
£10% I ICM

Opticaal External
Low Pass Fiter

Codialis
Senze

Demndufator

Aok

-~ Y-RATE OUT"
topgast——1 >
itter
E’/ Ripe Siry

Optional External
Lew Pass Filter

* See Design Notes: Section 5 2.3uF128V
0%

Réfarence Application Diagram
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IDG-300

SPECIFICATIONS

Al parameters spedified ars @ VDD=3.0V and Ta=25°C.
_ Extemal LPF @ 2kHz. Al spetifications apply fo both axes.

) bHeyond Specified Temperatire Range

Parameters Conditions Min Typical Max Unit
SENSITIATY
Fuli-8cale Rangs
Sensitivity
Initial Calibration Tolerance -5
Over Specified Temperature
Nonlinearity Best Fit Straight Line
Crose-gxis Sensitivity
ZERO:RATE GUTPUT
-Static Cutput {Bias)
Initiai Calibration Toleranice
Over Specified Temperature
FREQUENCY RESFONSE
High Frequency Cutoff Internzt £ PF -80° Hz
1PF Phase Defay | 1eHz i
MECHANICAL FREQUENCIES
Resonant Frequency X-Axis Gyroscope 14 kHz
Resonant Frequency Y-Axis Gyroscope ! 17 kHz
Fraquency Separation X-and ¥ Gyroscopes 3 kHz
NOISE PERFORMANCE
Rate Noise Density 0.014 JsiiHz
‘GUTPUT DRIVE CAPARILITY
Qiitput Voltage Swing .05 Vado.os | vV
Capacitive Loag Drive 188 pF
Cutputimpedance 180 ¢
REFERENCE
YVollage Value 1.23 A
{oad Drive i mA
Capacitive'Load Drive 486 pF
Power Supply Rejection 1 v
Qver Specified Temgelal +5 my
Setlling to £3'ses 268 ms
30 33 v
9.5 mA
+2 mA
Specified Temperalite Rangs _ Oto+79 C
Extended Temperafure Range Performance parameters are not applicable =20 for #85 *C
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InvenSense
IDG-300
PIN‘DESCRIFTION
Number Pin Description
|2, 00.9538.30,40 | -GND Ground
14,2934 VDD Postiive supply voltage: +3:0v to +3.3V
3 X-Rate Out | X-Rate Out
B XAGC Amplitude controt filter (See Design Notes: Section 2)
17 CPOUT Charge-pump capacitor
23 YAGC Amplitude controt filter (See Design Notes: Seclion 2
28 Y-Rate Out | Y-RateOut
32 VREF 1.23V precision reference ouiput
1,9.10:11,12, 13, RESV Reserved. Dofiot connect; Used for factory timem
15,18, 18, 19,28, i
21,30,31, 38,
35,36, 37
4.,5,6.7,24,26,27 NE Notinternally connecled:;
PIN CONNECTION (TOP VIEW)

a dual-axis rate sensing’ device. It produces-a
p output voltage for rotation about the X- or Y-axis,
- -a5'shown inthe figure below.

[=]n]]e]ulaln]s

o E K R

= > & > 0>
peasgaad

40 pin QFN Package

‘6x6X1.5mm
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To% AXDL330 iy ToFeugesainuss IsrwazDoaniee) agil

> ANALOG

Small, Low Power, 3-Axis +3 g
iMEMS® Accelerometer

ADXL330

FEATURES
3-axis sensing
small, low-profile package
4mm x 4 mm x 1.45 mumn LFCSP
Low power
180 pA at Vs = 1.8V {typical}
Single-supply operation
1.8Vto3.6V
16,000 g shock swrvival
Excellent temparature stability
BW adjustment with a single capacitor per axis
RoHS/WEEE lead-free compliant

APPLICATIONS
Cost-sensitive, low power, motion- and tilt-sensing
applications

Moblle devices

Gaming systems

‘Disk drive protection

Image stabilization

Sports and health devices

GENERAL DESCRIPTION

The ADXL320 is a small, thin, low power, complete 3-axis
accelerometer with signal conditioned veltage outputs, all

on a single monelithic IC. The product measures acceleration
with a minimum full-scate range of +3 g. It can measure the
static acceleration of gravity in tilt-sensing applications, as well
as dynamic acceleration resulting from motion, shock, or
vibration,

The user selects the bandwidth of the accelerometer using the
Cx, Gy, and Cz capacitors at the Xowr, Your, and Zowr pins,
Bandwidths can be selected to suit the application, witha
range of 0.5 Hz to 1600 Hz for X and Y axes, and a range of
0.5 Hz to 550 Hz for the Z axis.

The ADXL330 is avaifable in 2 smiall, low profile, 4 mm X 4mm
 1.45 mm, 16-lead, plastic lead frame chip scale package
(LECSP_L).

FUNCTIONAL BLOCK DIAGRAM

IV

Vs

ADXL330

3-AXIS
SENSOR | |

g
[1

AC NP DEMOD QUTPUT AMP

J CUTPUT AMP

OUTPUT AMP |
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ADXL330

SPECIFICATIONS

Ta=25°C, Vs = 3 ¥, Cx = Cy = Cz = 0.1 pF, acceleration = 0 g, unless otherwise noted. All minimum and maximum specifications are
guaranteed. Typical specifications are not guaranteed.

Table 1.
Parametey Conditions Min Typ Max Unit
SENSOR {NPUT fach axis

Measurement Range 13 +36 g

Nonlingarity % of fult scale +0.3 %

Package Alignment Error +1 Degreas

Interaxis Alignenent Error +0.1 Degrees

Cross Axls Sensktlvity’ +1 %
SENSITIVITY {RAFIOMETRIC)? Each axis

Sensitivity at Xous, Yous, Zour Vs=3V 270 300 330 mVilg

Sensitivity Change Due to Temperatura® Vs=3V +0.015 %/°C
ZERO g BIAS LEVEL (RATIOMETRIC) Each axfs

0 g Voltage at Xour, Youy, Zour Vs=3V 1.2 1.5 1.8 \

0 g Offset vs. Temperature *+1 mg/°C
NOISE PERFORMANCE

Nolse Density Xour, Your 280 ug/fHz rms

Noise Density Zour 350 pgijHz rms
FREQUENCY RESPONSE*

Bandwidth Xeur, Your® No external filter 1600 Hz

Bandwidth Zour® No external filter 550 Hz

Resr Tolerance 32+15% ko

Sensor Resonant Frequency 55 kHz
SELFTEST®

Logic Input Low +06 v

Logic Input High +2.4 \

ST Actuation Current +60 HA

Cutput Change at Xour Selftest 0to 1 -150 mv

Qutput Change at Your Seiftest 0 to 1 +150 mv

Qutput Change at Zo Selftast0to 1 -60 my
OUTPUT AMPLIFIER

Cutput Swing Low No load 0. v

Qutput Swing High Noload 28 \i
POWER SUPPLY

Operating Voltage Range 18 36 \'7

Supply Current Vs=3V 320 HA

Turn-On Thme? No external filter 1 ms
TEMPERATURE

Operating Temperature Range -25 +70 §c

! Defined as coupling between any two axes.
2 Sensitivity is essentially ratiometric to Vs,

)

3 Defined as the output ch {rorn ambient-t

§

t-to-minimum temperature.

4 Actual frequency response controlled by user-supplied external filter capadtors Gy, G, T2
s Bandwidth with external capacitors = 1/42x wx 32 k(¥ x €. For G €, =0.003 F, bandwidth = 1.5 kHz. For (2= 001 oF, bandwidth =500 Hz. ForCy, G, L= 10pF,

bandwidth =Q35Hz.
 Self-test response changes cubically with Vs.

7Turn-on time is dependent on Gy, Ly, Cz and is approximately 160 x Cxor Cror o+ 1 ms, where Cx, Gy, Czarein oF.
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ADXL330

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

0.50 i
g » 2 g | MAX 4
O o g g - 0.85 —»} t—0.325
e % 15 1 T L | |
wchs ADXL330 o xour geero .
TOP VIEW o H
stz (NottoScale) e 3
<y 1
coMs +Z 18 ] Your j— -
w4 +X sC]wc &
s s 7 8 488 —t——
o 0o 0.0 _1
=
5§ 85 3
° 8 o W ¢ orERPADISNOT ol i
- t c NOT : H
HC = NQ CORNECT 8 INTERNALLY CONNECTED H | H
BUT SHOULD BE SOLDERED 3 H H
FOR MECHANICAL INTEGRITY 3 H H
Texsnxacren - 2. 9. . secerrer el
1
I""— 1.85 —|
g
DIAENSIONS SHOWH IN MILLIMETERS %
Figuire 3. Pin Configuration Figure4, Recommended PCB Layout

Table 4. Pin Function Descriptions

Pin No. Mnemonic Baescription

1 NC No Connect

2 ST SelfTest

3 CcoOM Common

4 NC No Connect

5 COM Common

[ COM Commen

7 COM Common

8 Zout Z Channel Output

] NC No Connect

10 Your ¥ Channel Qutput

3] NC Na Connect

12 Xour X Channel Output

13 NC No Connect

14 Vs Supply Voltage (1.8V1s 3.6V)
15 Vs Supply Voltage (1.8 Vo 3.6 V)
16 NC No Connect
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ADXL330

The ADXL330 output is ratinmeiric, therefore, the output
sensitivity {or scale factor) vaties proportionally to the
supply voltage. At Vs = 3.6V, the output sensitivity is
typically 360 mV/g At Vs = 2 'V, the output sensitivity is
typically 195 mV/g.

The zero g bias output is also ratiometric, so the zero g outputis
nominally equal to Vs/2 at all supply voltages.

The output noise is not ratiometric but is absolute in volts;
therefore, the noise density decreases as the supply voltage
Increases. This is because the scale factor (mV/g) increases
while the noise voltage remains constant. At Vs=3.6V, the

X- and Y-axis noise density is typically 230 pg/VHz, while at )
Vs=2V, the X- and Y-axis noise density is typically 350 s/ VHz.

Self test response in g is roughly proportional to the square of
the supply voltage. However, when ratiometricity of sensitivity
is factored in with supply voltage, the self test response in volts
is roughly proportional to the cube of the supply voltage. For
example, at V= 3.6 V, the self test response for the ADXL330 is

approximately —275 mV for the X-axis, +275 mV for the Y-axis,
and —100 mV for the Z-axis.

Xoug=-1g
Youz =0g
ut =0g

Xour=0g |
Your =15
Zopr =09

Xoyr =09 Xour = 0g
Your=9g Your =09
Zoyr=1g Zour=-1g

At V=2V, the self test response Is approximately —60 mV for
the X-axis, +60 mV for the Y-axis, and 25 mV for the Z-axis.

The supply current decreases as the supply voltage decreases.
Typical current consumption at Vs = 3.6 V is 375 ua, and
typical current consumption at Va=2Vis 200 pA,

AXES OF ACCELERATION SENSITIVITY
Az

Ay

g
Ay §
Figure 31. Axes of Acceleration Sensitivity, Corresponding Output Voltage
Increases When Accelerated Along the Sensitive Axis

GRAVITY

l

LERYLDY

Figure 32. Qutput Response vs. Qrigntation to Gravity
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L298

DUAL FULL-BRIDGE DRIVER

« OPERATING SUPPLY VOLTAGE UP TO 46 V

« TOTAL DC CURRENT UP TO 4 A

= LOW SATURATION VOLTAGE

« OVERTEMPERATURE PROTECTION

= LOGIGAL "0" INPUT VOLTAGE UP TO 15V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The 1288 is-an integrated monolithic-circuitina 15
lead Multiwatt and PowerS0O20 packages. ltis:a
‘high voltage, high current dual full-bridge driver de-
signed to acceptstandard TTL lagic levels anddrive
‘inductive loads such as relays, solencids, DG and
steppmg ‘miotors. Two &nableinputs are prov&ded fo
.enable ordisable the device independently of the in-
put signals. The emitters.of the lower transistors of
each-bridge are connectedtogether and the coire-
sponding externalterminal canbe used for the con-

BLOCK DIAGRAM

Multiwatt1s PowerS026

ORDERING NUMBERS ¢ L298N. (Muitiwatt Vert.)
L2g8HN {Multiwatt Horiz )
298P (PowerS020)

nection of ant externalsensing tesistor. An additional
supply inputis provided s6 that the logicworks at a
lower.voitage.

out
Q
2 K
g
1
Il 5. o ns
ol '
tod Ind
o 2 10 o)
ol tt €8
O -
O " ” =53
m&(}—*‘!' - i :sm“ SSPAE
o= -
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Power Supply 50 v
Vss Logic Supply Voltage 7 v
Vi Ven input and Enable Voltage 0307 V
lo Peak Output Cisrent {each Channel)
— Non Repetitive {t= 100us) 3 A
—Repefitive {80% on —20% off; to~ = 10ms} 25 A
—DC Operation 2 A
Veers Sensing Voltage 1023 \4
Prat Total Power Dissipation {T zge = 75°C) 25 W
Top Junction Operating Temperature -2510 130 C
Tetg. I; | Storage and Junclion Temperature —40 to 150 *C
PIN CONNECTIONS {top view)
/ { [ AN ] CURRENT SENSING B
ErY nm— I 1 ¢ T 2
‘a} EER) A oUTEUT 3
gr-J S——- U
T — ENABLE B
E1 I SmE— ]
| ) o/ [T LOGIC SUPPLY VOLTAGE Voo
2 VY B e W
7 INPUT 2
8 [T ENABIEA
BAPRG NPUT 1
4 TS SUPPLY VOLTAGE Vg
$ 70 L ry oy vy QUTRUT 2
I —— P R
\ il o~ TETTT CURRENT SERSING A
Z TAB CONNECTEDTORING SRERTICA
f
eNp 38 e 3 I 2
Gense A [ 12 13 Sense B
NC. [ 33 18 [T sC
outt 3§ 4 17 ] Oute
outz 35 PowerS020 15— ou3
Vg C 3 8 15 1 inputd
nput1 3 7 14 [ EnableB
EnableA [} 8 13 [ input3
input2 1 9 12 /] vss
GND 3 10 W] eup
DO5H230
THERMAL DATA
Symbaol Paramstser Power$§026 Multiwatt1d | Unit
Rinjcsse | Thermal Resistance Junction-case Max. - 3 “CAN
Rajans | Thermal Resistance Junction-ambient ax. 13{% 35 “CAN

(*} Mounted on aluminum substrats
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£298

PIN FUNCTIONS {refer to the block diagram}

MW.15 PowerSO HName Function
115 218 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
coniral the current of the load.
23 &5 Out1;0ut 2 QOutputs of the Bridge A; the current that flows through the load
connected between these two pins is monifored at pin 1.
4 & %s Supply Voltage for the Power Oulput Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 78 input 1; Input 2 TTL Compatible Inputs of the Bridge A.
811 814 Fnable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
{enable A) andior the bridge B {enable B}.
& 1,10,11,20 GND Groung.
g 12 V58S Supply ¥oltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
18; 12 13;15 lnput 3; Input 4 TTL Compatible Inputs of the Bridge B.
1314 1’17 Out 3; Out 4 Qutputs of the Bridge B. The current that flows through the load
connected between these two pins is monifored ai pin 15.
- 318 NC. Not Connacted
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MCP1702

250 mA Low Quiescent Current LDO Regulator

Features

« 20 pA Quiescent Current (typical)
« Input Operating Voltage Range: 2.7V to 13.2V
« 250 mA Cutput Current for Output Voltages = 2.6V
« 200 mA Oulput Current for Quiput Voltages < 2.5V
» Low Dropout {LDC) voltage

- 825 mV typical @ 250 mA (Vgur = 2.8V)
» 0.4% Typical Output Yoltage Tolerance
Standard Output Voltage Options:
- 1.2V, 1.5V, 1.8V, 2.5V, 2.8V,

3.0V,3.3V, 4.0V, 50V
Cutput voliage range 1.2V 10 5.5V in 0.tV
Increments {50 mV increments available upon
requesh)
Stable with 1.0 yF to 22 yF Gutput Capacitor
Short-Circuit Profection
+ Overiemperature Profection

-

»

Applications

« Battery-powered Devices

+ Battery-powered Alarm Circuits
+ Smoke Detectors

» CO? Detectors

» Pagers and Cellular Phones

+ Smart Battery Packs

+ Low Cudescent Current Voltage Reference
+ PDAs

+ Digital Cameras

» Microcontroller Power

» Solar-Powered Instruments

« Constumer Products

+ Battery Powered Data Loggers

Related Literature

» ANTB5, *Using Microchip’s Micropower LDOs”,
DS00765, Microchip Technology inc., 2002

« ANT68B, “Pin-Compatible CMOS Upgrades to
BiPolar LDOs”, DSL0T68,
Microchip Technology Inc., 2002

« ANT92, “A Method to Defermie How Much
Power & SOT-23 Can Dissipate in an Application”,
DS00792, Microchip Technology Inc., 2001

Description

The MGP1792 is a family of CMOS low dropout (LDO)
voitage regulators that can deliver up to 250 mA of
current while consuming only 2.0 yA of quiescent
current fiypical}. The input operating range is specified
from 2.7V to 13.2V, miaking it an ideal choice for two to
six primary cell battery-powered applications, 8V
allkaline and one or two cell Li-lon-powered
applications.

The MCP1702 is capable of delivering 250 mA with
only 625 mV {typical) of input io ouiput voltage
differential (Vg7 = 2.8V). The output voltage tolerance
of the MCP 1702 Is typically +0.4% at +25°C and 3%
maximum over the operating junction temperature
range of -40°C to +125°C. Line regulation is :0.1%
fypical at +25°C.

Cutput voltages avaitable for the MCP 1702 range from
1.2V {0 5.0v. The LDO putput is stable when using only
1 yF of oulput capacitance. Ceramic, fantalum or
afuminum electiolytic capacitors can all be used for
input  and oufput,  Overcurrent limit  and
overtemperature shuidown provide a robust solution
for any application.

Package options include the SOT-23A, SOT-88-3, and
TO-92.

Package Types
3-Pin SOT-23A 3-Pin SOT-8¢9
Vin Vin
f —
MCP1702 MCP1702
uy By
GND Vour GND Vi Vour
3-Pin TO-92
123
Botiom
Vo View
GNP Vpy Vout
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Functional Block Diagrams

r-—-————-—"—"—"—"——— — — — — — — 1
: MCP1702 i
Vin ! | ¢ | ! Vour
T T I
I — I
! I
| I
| Error Ampilifier |
I Ty I
| Voltage I
| y| Reference I |
I l I
I = 3 I
| Overcurrent |
I Overtemperature 1 |
| $ I
I |
[ M I
L s Dbdgds By N B J W/ LS BF R Rdbgs N ]
V GND
Typical Application Circults
MCP1702
Vour
3.3V
Vourt
VIN ! —-—-I !OUT
;i l Y, 7= C 50 mA
] I 4 o bour, GO
o + 4 por { 1 uF Ceramic

Battery —— qF Geramici Xt
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MC7800, MC7800A,
NCV7805

1.0 A Positive Voltage
Regulators

These'valiage regulators are monolithic integrated circuits designed
as fixed—voltage regulators for a- wide vanety of applications
including local, on—card regulation. These regilators employ tnfermal
current Emiting, thermal shutdown; and safe—area compensation. With
adequate theatsinking they can deliver output currents in excess of
1.0 A -Ab%ough designed primanly asa fixed voltage regulator, these.
dévices can be-used with external conponents to ‘obiain adjustable
voltages.and carrents.

# Ouiput Currént in Excesgof 1.0A

# No External Components Required

# Intersal Thermal Overload Protection

+ Titernal Short Circuit Current Limiting

# -Quiput Transistor Safe—Atea Compensation

# Output Voltage Offered i 2% and 4% Tolerance

* Available in Surface Mount DZPAK=3, DPAK -3 and Standard
3~Lerd Transistor Packages

NGV Prefix for Automotive and Other Applications Requising Site
and Control Changes

# Ph-Free Packages are Available

MAXIMUM RATINGS (T, = 26°C, unfess othenvise noted}

Value Unit:
Rating Symbel | 365C. |221A I
Input Voltage:  {(5.0- 18 V) Vi 35 Vide
’ 40
Power Dissipation = Intematy Limitsd W
Theimal Resistance, Roua 92 65 | Figure 14 | °CIW
Junction—{o—Anibient
Thermal Resistance, Rasc 50 | 50 5.0 TN
Juniction-to-Case )
Storage Juntiion Teig -850 +150 5C
Temperature Range
Operating Junction Ty +150, °oc
Temperature

ON Semiconductor”

hitp:fonsemi.com

TO-220-3
T-SUFFIX
CASE 221A

Heatsink surface
comnected o Pin 2.

Pin 4 Inpit DZPAK-3
2. Ground  DRTSUFFIX
3, Oufpit  CASE 936

Heatsmk surface {shown as terminald in
case oulling drawing) is connected to Pin 2.

Maximum-talings are those-values beyond which device damage €an oCCur
Maximum ratings applied o the device are individual stress limit values {not
normal operating conditions) and are net valid simultanecusty. If these limils are
exceeded, device functionat operation i5 not imiplied, damage niay oecur and
reli ahility may be affected.

NOTE: 'ESDdata available upon request:

—:
' DPAK-3

% DT SUEEIX

12 / CASE 389C
STANDARD APPLICATION

inpu 'Io-i MCT8XX l—olcowmit
PR |
'0.3:&? T i T%

A common -ground s required bebween the
input and the output voltages. The input voltage
must remaini typically 2.0°V above the oulput
volage even during the fow point on-the input
fipple voliage.

XX, These two digils of the type number
indicate nominal voitage.

'€, 15 required i regulator is located an
appreciable distance from power supply
filter.

* Cois not needed for stability; however,
it does improve transient response. Values
ofless than 0.1 yF could cause instabifity.

ORDERING INFORMATION
See detailed ordering and shipping infoamation ¥ e package
dimensicns section on pagEP of this dala sheet

DEVECE MARKING INFORMATION
See.g g marking infc in the device marking
secﬁm on pagE}i of his data sheet:
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TFhis device contains 22 aclive transistors.

Figure 1. Representative Schematic Biagram

MC7800, MC7800A, NCV7805
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MARNHIN A

1A d
PONANINNDINDNDTI

2> FAULHABE

DC-Micromotors 16 mNm

Gra ph ite Commutation For combination with (overview on page 1415}
Gearheads:
2311, 264, 2671, 3061, 38/3
Encoders:
{£2 - 16 ... 512, 5500, 5540

006 CR 012 CR 5 036 CR
f _Nominial voltage ] ] ; 138 :
- Termin .
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11 TlsunsudesdmmSumuguinienlasdyanaemasnilufdnea (adeh)

AR e T R LR EEEEEEEEE /7
AR R R s ADC Module -------=s---sm--mmnocoon oo //
R e R e LR /7
#define adc_read(pin) adc_puflpin]

void init_adc():

unsigned int adc_buf{i161;

volatile unsigned int* ADC16Ptr = &ADCBUFO: //Pointer to ADC register buffer,
unsigned int adc_filter_buffer{4][(3] = { {0,0,0},{0,0,0},{0,0,0},{0,0,0} };:
unsigned int current_buf = 1;

e TR CERREREES //
S/ m e BDC Tnitial ---mseems--m oo //
T e e SR SRR R LR //

void init_adc()

{

ADCON1bits.ADON = O; // Turn off the A/D converter
ADCON2bits.SMPI = 3; // Interrupt on 4th sample
ADCON2bits.CHPS = 0 // Sample channel CHO
ADCON1bits.SIMSAM = O; // n/a for single channel sample
ADCON2bits.BUFM = O; // Single 16-word result buffer
ADCON2bits.ALTS = O; // Always use MUX A input select
// MUX A Input Selec

ADCHSbits.CHOSA = 0; // Overridden by CSCNA
ADCHSbits.CHONA = 0O // Select VREF- for CHO- input
ADCON2bits .CSCNA = 1; // Scan channel 0 inputs

ADCSSL = 0x000E: // Scan AN1..AN3
ADCHSbits.CH123SA = 0. // n/a

ADCHSbits.CH123NA = 0 // n/a

// MUX B Input Select

ADCHSbits.CH123SB = 0. // n/a

ADCHSbits.CH123NB = O; // n/a

// SPECIFIC BITS

ADCON1bits.FORM = 0b10; // Use fractional (DOUT = dddd dddd dd00 0000)

// for future compatibility with 12-bit ADC
Use auto to start convertion

Sampling begins immediately after last
// conversion completes.

//SAMP bit is auto set

ADCON1bits.SSRC
ADCON1bits.ASAM =

|
-~
NN
NN~

ADCON2bits.VCFG = 1; // Use VREF+ at ANO VREF- at AVSS
ADCON3bits.ADCS = Ob011111; // Timing for 8MHz
ADPCFG = OxFFFO; // ANQO..AN3 are analog
TRISB = Ob11111111; // Port B is input
IFSObits.ADIF = 0; //Clear the A/D interrupt flag bit
IECObits.ADIE = 1: //Set the A/D interrupt enable bit
ADCON1bits.ADON = 1; //Turn on the A/D converter
1
R R R R R R bbb //
PR ADC Interrupt -------------“-s---------c-onoonon //
AR e R R R R it i //

extern void __attribute__((__interrupt__)) _ADCInterrupt(void)
{
unsigned int buffer = 0;
for (buffer=0; buffer < 3; buffer++)
adc_buf[buffer] = ADC16Ptr[buffer]:
IFSObits .ADIF = O:
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1.2 TulsunsuseseuenayaniisuuUINIYUIBDIAINIIA (accelero.h)

TR R R //
VR Accelerometer Module ---------c--c-----remmm s //
TR EER T /1
#include <math.h>

static const int ADC_X_NEUTRAL = 32500; // Center of X axis

static const int ADC_Z_NEUTRAL = 32500 // Center of Z axis

#define ACCEL_Z_ADC 2 #input ADC pin accelero axis Z

#define ACCEL_X_ADC 1 #input ADC pin accelero axis Y
AR read angle from accelerometre------------------c--------- //
float read_angle()

{

int shifted_z (int)adc_read(ACCEL_Z_ADC) - ADC_Z_NEUTRAL.
int shifted_x (int)adec_read(ACCEL_X_ADC) - ADC_X_NEUTRAL;
#no need to scale

float z = (float) shifted_z:

float x = (float) shifted_x:

return (atanzz., x));

IZAREEEREREEREY oF ARREESEst1 - Lagry - ¢o\{ EF7ARNNN 37 & /Sl 7t N U //
V7AREEEREERERY o AAEREEEEERR S Pl ¢ J Gyro Module ------c--smc- -t //
T L e i T R R A CEE R /1

#include “adc.h”

#define gyro_y o0

static const float gyro_y degrees_per_second = s0w0%20; // Specific of gyro (degree/s)
static const float gyro_y_rad_per_second = 872+20; // Specific of gyro (rad/s)

// Returns degrees per second along the roll axis

// Our gyro (IDG-3mis non-radiometric, meaning we should

// treat our measurements as if the device was running on 3V
// and not 3Vs.

// Centre (us) is at 15V

// amV per degrees/s

e LR R R R e R L ERRES //
IZAEREREEEEEL | B sl Gy A Function read to degree -------------c-c---non-oon //
/] s Ll e //
float gyro_y_degrees()

{

return - (((float)adc_read(gyro_y) / 655000%33)-15)0.002;

}

[ e L e //
AR R R R Function read to rad -~=-----------c--co-oo--emnnonn //
[/ e /7

float gyro_y_rad()

sreturn (((float)adc_read(gyro_y) / 655000%33)-1.5/0.002/180.0°3.14159;
return -(((float)adc_read(gyro_y) * 00004394279)-13.09);



1.4 Tsunsuedeaunaunyilanes (kalman.h)

#include <math.h>
struct kalman

{

//These variables represent our state matrix x //
float x_angle,
x_bias;
//Our error covariance matrix //
float P_oe,
P_ot.,
P_10,
P_i1;

// Q is a 2x2 matrix of the covariance. Because we

// assuma the gyro and accelero noise to be independend
// of eachother, the covariances on the / diagonal are o
// Covariance Q. the process noise, from the assumption
// ¥ =Fx+Bu+w

// with w having a normal distribution with covariance Q.
// covariance = E[ (X - E[X])*(X - E[X])" ]

// We assume is linair with dt

float Q_angle, Q_gyro:

//Covariance R, our observation noise (from the accelerometer)
//Also assumed to be linair with dt

float R_angle;
}:

// Initializing the struct
void init_kalman(struct kalman *filterdata., float Q_angle,
float Q_gyro, float R_angle):

// Kalman predict
void kalman_predict(struct kalman *filterdata, const float gyro, const float dt):

//Kalman update
float kalman_update(struct kalman *filterdata, const float angle_m):

void init_kalman(struct kalman *filterdata, float Q_angle,
float Q_gyro, float R_angle)

{

filterdata->Q_angle Q_angle;
filterdata->Q_gyro Q_gyro;
filterdata->R_angle = R_angle;

// The predict function. Updates 2 variables:
// our model-state x and the 2xz matrix P
// % = [ angle, bias 1’

// =Fx+Bu
// = [1-dt, o1llangle, bias ] + [ dt, ol(dotAngle o]
// => angle = angle + dt (dotAngle - bias)

// bias = bias

// P =F P transpose(F) + Q

// = [(-dt, 01}*P * [ 10, -dt 1]+Q

// PGo=P(on-dt * ( P(Lo+P(om+dt * P{1,n+Q(00)
// Blon=P(on-dt * P{Ln+Q(01n

// Pom=P(L0-dt * P(L+Q (10

// P(Ly=P(LD+Q(1,D
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void kalman_predict(struct kalman *filterdata, const float dotAngle, const float dt)

{
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filterdata->x_angle += dt * (dotAngle - filterdata->x_bias);
filterdata->P_oo+-dt *(filterdata->P_ 1o+ filterdata->P_on+filterdata->Q_angle*dt;
filterdata->P_oi+=.dt * filterdata->P_u:
filterdata->P_10+=-dt * filterdata->P_i1.
filterdata->P_11+=+filterdata->Q_gyro * dt:

}

// The update function updates our model using

// the information from a 2nd measurement.

// Input angle_m is the angle measured by the accelerometer.
// y=2z-Hzx

// S = H P transpose(H) + R
// = [101P [1.0]+R
// = P(op)+R

// K = P transpose(H) Sr-i

// 1Po®, P(1,0}/S

// =%+ Ky

// P= (I - KH) P

// o, [ K(o,

//  011- K(bl*(10HP

// =1P(00-P (00¢K (o) P(0,0-P (0,0*K (0},
// =P (1L0rP (0,0#K (1 P (1,0-P (0,)°K (1))

float kalman_update(struct kalman *filterdata, const float angle_m)
( const float y = angle_m - filterdata-»>x_angle;
const float S = filterdata->P_e+filterdata->R_angle;
const float K_O=filterdata->P _00/S;
const float K_1=filterdata->P_10/3;
filterdata->x_angle += K_o*y:
filterdata->x_bias += K_i*y;
filterdata->P_oo=K_o*filterdata->P_oo;
filterdata->P_si=K_o=filterdata->P_o1;
filterdata->P_to=K_i*filterdata->P_oo0;
filterdata->P_t1=K_i*filterdata->P_o1:
return filterdata-»>x_angle:

[ e L e //
JZAREEREEEEEEREER % i) B Function for Input Capture ----=--------ceccr-c--oon---- //
[ e e e e e //

#include <incap.h>
int pulse_l = o,pulse_r = 0:

e PR EEETEEES /7
VAR R Function for Initial Input Capture =--------------c-c------- //
e PP TR T TP T e P REET //

void init_incap()
{
//Config InputCapture
ConfigIntCaptureyIC_INT_PRIOR_2 & IC_INT_ON); // Enable ICi interrupt

OpenCaptureyIC_IDLE_STOP & // Capture disable in idle mode
IC_TIMER3_SRC & // Timer 3 count for ICi
IC_INT_ICAPTURE & // Capture 1 count for interrupt
IC_EVERY_RISE_EDGE) ; // Capture every falling edge only

//Config InputCapture 7
ConfigIntCaptureznIC_INT_PRIOR_2 & IC_INT_ON); // Enable IC7 interrupt

OpenCapturexIC_IDLE_STOP & // Capture disable in idle mode
IC_TIMER: SRC & // Timer 3 count for IC7
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IC_INT_ICAPTURE & // Capture per 1 count for interrupt
IC_EVERY_RISE_EDGE) : // Capture every falling edge only

TRISDbits.TRISD1=1;
TRISBbits.TRISBs=1;

}

= e //
V/AREEEEREEREE Interrupt service routine Capture every Falling edge ---------------- //
/] - //

//Input Capture i
void _ISR _ICiInterrupt(void)

{
IFSobits.ICIIF = o; // Clear ICi interrupt flag
if (PORTDbits.RD1n)
pulse_1--;
else
pulse_1l1++;
}

//Input Capture 7
void _ISR _ICr7Interrupt(void)

{
IFSibits.IC/IF = o; // Clear IC7 interrupt flag
if (PORTBbits.RB%)
pulse_xr++;
else
pulse_r--;
}
e e R R R R L SRR //
JARREREERRER! £ AEEEESS" ] Function Read Pulse from Encoder ---------------------~--~ //
T e R //

//Read encoder from wheel Left
int read_encoder_L(void)

{
int tmp.
tmp = pulse_1:
pulse_1 = o;
return(tmp);

}

//Read encoder from wheel Right
int read_encoder_R(void)

{
int tmp;
tmp = pulse_x;
pulse_r = ¢
return(tmp) ;
}
V/EREREEEEEEEEEL R O S Sttt | 7 ratas Uiy <22 GakbEbR - V217 o ARERRREE: /1

[ s R S e //
AR R e PWM Module---==----cm---c-ccoomm e s //
// Motori=PWMIL{REn& PWMIH(RED

// Motorz=PWM2L(RE2)& PWM2H (RE3)
TR R R R /1
#define FW 0

#define BW 1

#define SP 2
T Rt A e R T T TR E R EEEEEREEE, /7
[l oo PWM Initial--------------------cwo-o-oomeonn //
/] - s //

void init_pwm()
{
PTPER = u73; // setup PWM Time base period 20 kHz
// for Free running mode
// PTPER = (Fcy/(Fpwm*PTMR prescaler)) - 1
// PWM 12 bit o0-409
OVDCON = 0x0000; // setup output for PIN PWNxL & PWNxH all not PWM
DTCONi=1; / /)| setup’ Dead |Time
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PWMCONI1 =0x0333 ; // setup PWMCONI(okbooll 0ot 0011)
// indepandent output mode
// Enable PENIH & PEN2H for PWM [Motor u
// Enable PENIL & PEN:L for PWM [Motor 2

PDCi=0; // setup duty cycle for PWMi
PDC2=0; // setup duty cycle for PWM:2
IFS:bits.PWMIF = o; // Clear PWM interrupt flag
IEC:bits.PWMIE = o; // Disable PWM interrupt
PTCONbits.PTMOD = 0. // PWM time mode select [Free running mode 1}
PTCONbits.PTEN = 1; // PWM time base Enable bit
}
et R REEEEEEE /!
R LR MOLOrT--------msssmem e e //
e TR R EEEEEEES /7
void motor_L(char tris,unsigned int pwm)
{
if(tris == FW)
{
OVDCONbits.POVDIH = o;
OVDCONbits.POVDIL = 1;
}
else if(tris == BW)
{
OVDCONbits.POVDIH = &;
OVDCONbits.POVDIL = o0;
}
else if(tris == SP)
{
OVDCONbits.POVDIH = o;
OVDCONbits.POVDIL = 0.
}
PDC1=pwm*29;
}
R e T T R B R R SR //
IZAEREEEREE £ TRLIRREERo Wl | b SRR (R -5 MO POBL LR 47 - - - oo - - - - Oy - - - - //
J-e e e M e L e S e R e e /!
void motor_R(char tris,unsigned int pwm)
{
if(tris == EW)
{
OVDCONbits.POVD2H = 1;
OVDCONbits.POVD2L = 0.
}
else if(tris == BW)
{
OVDCONbits.POVD2H = o;
OVDCONbits.POVD2L = 1:
}
else if(tris == SP)
{
OVDCONbits.POVD2H = o;
OVDCONbits.POVD2L = o;
}
PDC2=pwm*29;
}



96

1.7 Tilsunsudesmiununivhadoanstoyaoynsu (uartl.h)

T R TR TR TRERS //
AR R EEE LR UART!I Function-----------------ommmmomommn oo //
/e /1

#include “common.h”
#define TRUE 1

#define FALSE i

#define BAUDRATE £15200//19200

#define BRGVAL ( (FCY/BAUDRATE) /i6-1
#define RECV_FIFO_SIZE 96

//static unsigned char tempchar{zi;
static int sFTXREG:

volatile unsigned char recv_fifo[RECV_FIFO_SIZE];
volatile unsigned char *recv_fifo_head;

volatile unsigned char *recv_fifo_tail:;

volatile unsigned char recv_fifo_byte_count:

void init_uartio;

void init_uarti_buffer(void):
unsigned char uarti_getc(void):
int is_uvarti_char_ready(void):
int uwarti_putc{char ¢);

int uarti_puts(const char *s };

extern void __attribute__ ((interrupt, no_auto_psv)) _UiRXInterrupt(void)
{
unsigned char temp:
IFSobits . .UIRXIF = o;
if(recv_fifo_byte_count < RECV_FIFC_SIZE)
{
IECobits.UIRXIE = 0;
temp = UIRXREG.
srecv_fifo_head = temp:
recv_£fifo_head++:
if(recv_fifo_head == (recv_fifo + RECV_FIFO_SIZE))
recv_fifo_head = recv_fifo;
recv_fifo_byte_count++;
IECohits.UIRXIE = 1:
}
elsef
IECobits . UIRXIE
IFSobits. UIRXIF

0,

0;
}

extern void __attribute__ ((interrupt, no_auto_psv)) _UiTXInterrupt(void)

{
SFTXREG=0;

IFSobits.UITXIF = o:
while(UiSTAbits.UTXBF):
}

void init_uartio

{
mexconfigure UIMODE *%%/

//UMODEbits . UARTEN = t; // Bitis TX, RX DISABLED, ENABLE at end of func
//UMODEbits.notimplemented; // Biti4 Unimplemented: Read as ‘o’
UIMODEbits.USIDL = o; // Biti3 Continue in Idle

UIMODEbits.ALTIO = 1; // Bitw ALTIO: UART Alternate I/0 Selection bit
#UIMODEbits.notimplemented: // Bites Unimplemented: Read as ‘o’

UIMODEbits .WAKE = ¢; // Bit7 No Wake up (since we don’t sleep here)
UIMODEbits.LPBACK = o; // Bite No Loop Back

UIMODEbits .ABAUD = o; // Bits No Auto baud (would require sending ’ss’)
//UIMODEbits.notimplemented; // Bit43 Unimplemented: Read as ‘o’
UiIMODEbits.PDSEL = o; // Bitizsbit, No Parity

UIMODEbits.STSEL = o; // Bito One Stop Bit

UIBRG = BRGVAL;
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/***configure U2Status ***/

//UISTA = o0x0440; // Reset status register and enable TX & RX
//Load all values in for UISTA SFR
U1STAbits . UTXISEL = 1; //Bitis Int when Char is transferred (12 config!)
//U1STAbits . notimplemented; //Bitu-12
U1STAbits.UTXBRK = o; //Bitn Transmit Break bit
//UISTAbits .UTXEN = 1; //Bitio Transmit Enable bit
UiSTAbits . UTXBF = o; //Bit9 Read Only Bit

//Transmit Buffer Full Status bit
U1STAbits.TRMT = o; //Bits Read Only bit* Transmit Shift Register
U1STAbits . URXISEL = o; //Bitses Receive Interrupt Mode Selection bit
U1STAbits.ADDEN = o; //Bits Address Detect Disabled
U1STAbits.RIDLE = o; //Bit4*Read Only Bit* Receiver Idle
U1STAbits.PERR = o; //Bit3*Read Only Bit* Parity Error Status
Ui1STAbits.FERR = o; //Bit2*Read Only Bit* Framing Error Status
Ui1STAbits.OERR = ¢; //Biti*Read Only Bit* Receive Buffer

//Overrun Error Status
U1STAbits.URXDA = o; //Bite*Read Only Bit* Receive

//Buffer Data Available bit
//IPCé=0%4400; // Mid Range Interrupt Priority level,

//no urgent reason
IFSobits . UITXIF = o; // Clear the Transmit Interrupt Flag
IECibits. UITXIE = 1; // Enable Transmit Interrupts
IFSobits.UIRXIF = o; // Clear the Recieve Interrupt Flag
IECobits.URXIE = 1; // Enable Recieve Interrupts
UIMODEbits.UARTEN = i; // And turn the peripheral on

U1STAbits.UTXEN = 1;
init_uvarti_buffer():

}

void init_uwarti_buffer(void)

{
recv_fifo_head = recv_fifo;
recv_fifo_tail = recv_£fifo;
recv_fifo_byte_count = o;

}

int is_uarti_char_ready(void)

{

if(recv_fifo_byte_count != o
return(TRUE};

else
return({¥FALSE) ;

)

int uarti_putc(char c)

{
while (U1STAbits.UTXBF); // wait for room in the transmit buffer

UITXREG = c;
return o;

)

int uarti_puts(const char *s)

{

while (*s)
uvarti_putc(*s++)
return o;

}

unsigned char uvarti_getc(void)
{
unsigned char value:
value = o;
if(recv_£fifo_byte_count > 0
{
value = *recv_fifo_tail++;
if(recv_£fifo_tail == (recv_fifo + RECV_FIFO_SIZE))
recv_fifo_tail = recv_fifo;
recv_fifo byte_count--;
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ieturn(value);
}
int uarti_gets(char *s)
{
char tmp:
while(n
{
if(is_uarti_char_ready())
{
tmp = uarti_getc();
*s++ = tmp;
}
if(*s == ‘\n’)
break:
}
return o;
}
int uarti_putcommand(char *s )
{ while (*s!='\n"’)
uarti_putc(*s++);
return o;
}
7EEEEEEEIIEYY o s, Lot B S R R * o / aliay (O TECLGER '\ CEEEPEE //

R T e R R TP PP PR //
F R R T TR NOKIA LCD3310 MOAule == ----====-scc-osoooooooooooos //
R R LT R P E PR E C PP P REE //

#ifndef 1cd3310_h
#define 1cd3310_h

R R R R T TP PP PPE LR //
J R LR EE R Config PIN LCD=-x---==a=ssasmneoomotanncon.. //
R R L R R L PR PR PR PP PR 1/

#define LCD3310_RST
#define TRIS_RST
#define LCD3310_CS
fidefine TRIS_CS
#idefine LCD3310_DC
select

#define TRIS_DC
#define LCD3310_SDIN
#define TRIS_SDIN
#define LCD3310_SCLK
#define TRIS_SCLK

LATFbits.LATF?2
TRISFbits.TRISF2
LATEbits.LATE4
TRISEbits.TRISE4
LATEbits.LATES

TRISEbits.TRISES
LATFbits.LATF3
TRISFbits.TRISF3
LATEbits.LATES
TRISEbits.TRISES

// LCD3310 Reset LCD
// LCD3310 Chip select

// LCD3310 Data /Command mode

// 1LCD3310 Data in

// LCD3310 CLK

[/ e e
---------- //

AR R AR Tt L Font table

---------- //
R LR R R P L PR RERPEES
---------- //

static const unsigned short FontLookup [][5] =

{

——— o, o, i, iy b, e, oy oy oy

0x00, 0x00, 0x00, 0x00, 0x00
0x00, 0x00, 0x2f, 0x00, Ox00
0x00, 0x07, 0x00, 0x07, 0x00
Ox14, Ox7f, 0x14, Ox7f., 0x14
0x24, Ox2a, Ox7f, Ox2a, 0x12
Oxcé4, 0Oxc8, 0x10, 0x26, 0x46
0x36, 0x49, 0x55, 0x22, 0x50
0x00, 0x05, 0x03, 0x00, 0Ox00
0x00, Ox1c, 0x22, 0Ox41, 0x00
0x00, 0Ox41, 0x22, Ox1c, 0x00
Ox14, 0x08, Ox3E, 0x08, 0x14
0x08, 0x08, O0x3E, 0x08, 0x08
0x00, 0x00, 0x50, 0x30, 0x00
0x10, Ox10, 0x10,, 6 0x10, 0x10

).
}
}.
}
)
3.
).
}
}.
}
}.
).
}
)
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0x00,
0x20,
Ox3E,
0x00,
0x42,
0x21,
0x18,
0x27,
0x3C,
0x01,
0x36,
0x06,
0x00,
0x00,
0x08,
0x14,
0x00,
0x02,
0x32,
Ox7E,
0x7F,
0x3E,
Ox7F,
Ox7F.
Ox7F.
Ox3E,
O0x7F,
0x00,
0x20,
Ox7F,
Ox7F,
Ox7F,
Ox7F.
Ox3E,
Ox7F.
Ox3E,
Ox7F,
0x46,
0x01,
0x3F,
Ox1F,
0x3F,
0x63,
0x07,
0x61,
0x00,
0x55,
0200,
0x04,
0x40,
0200,
0x20,
Ox7F,
0x38,
0x38,
0x38,
0x08,
0x0C,
Ox7F,
0x00,
0x20,
0x7F,
0x00,
ox7C,
ox7¢C,
0x38,
0ox7C,
0x08,
ox7C,
0x48,
0x04,
0x3C,
ox1C,
0x3C,
Oox4a4,
0x0C,
Qx44|,

0x60,
0x10,
0x51,
0x42,
0x61,
0x41,
ox14,
0x4a5,
0x4Aa,
ox71,
0x49,
0x49,
0x36,
0x56,
ox14,
ox14,
ox41,
0x01,
0x49,
oxt1,
0x49,
Ox41,
Oox41,
0x49,
0x09,
0x41,
0x08,
ox41,
0x40,
0x08,
0x40,
0x02,
0x04,
0x41,
0x09,
Oox41,
0x09,
0x49.,
0x01,
0x40,
0x20,
0x40,
Ooxt4,
0x08,
0ox51,
0x7F,
0x2a,
0x41,
0x02,
0x40,
0x01,
0ox54,
0x48,
ox44,
ox4a4,
0x54,
0x7E,
0x52,
0x08,
ox44,
0x40,
0x10,
Ox41,
0x04,
0x08,
0ox44,
0x14,
0ox14,
0x08,
0x54,
O0x3F,
0x40,
0x20,
0x40,
0x28,
0x50,
0x64,

0x60,
0x08,
0x49,
Ox7F,
0x51,
0x45,
0x12,
0ox45,
0x49,
0x09,
0x49,
0x49,
0x36,
0x36,
0x22,
0x14,
0x22,
0x51,
0x59,
Oox11,
0x49,
0x41,
0x41,
0x49,
0x09,
0x49,
0x08,
Ox7F,
0x41,
0x14,
0x40,
0x0C,
0x08,
0x41,
0x09,
0x51,
0x19,
0x49,
Ox7F,
0x40,
0x40,
0x38,
0x08,
0x70,
0x49,
Oox41,
0x565,
0x41,
0x01,
0x40,
0x02,
0x54,
0x44,
0x44,
0x44,
0x54,
0x09,
0x52,
0x04,
0ox7D,
0x44,
0x28,
0x7F,
0x18,
0x04,
0x44,
Oox1i4,
Oox14,
0x04,
0x54,
0x44,
0x40,
0x40,
0x30,
0ox10,
0x50,
0x54),

0x00,
0x04,
0x45,
0x40,
0x49,
0x4B,
Ox7F,
0x45,
0x49,
0x05,
0x49,
0x29,
0x00,
0x00,
0x41,
Ox14,
0x14,
0x09,
0x51,
0x11.
0x49,
0x41,
0x22,
0x49,
0x09,
0x49,
0x08,
0x41,
Ox3F,
0x22,
0x40,
0x02,
0x10,
0x41,
0x09,
0x21,
0x29,
0x49,
0x01,
0x40,
0x20,
0x40,
Ox14,
0x08,
0x45,
0x41.,
0x23,
0x7F,
0x02,
0x40,
0x04,
0x54,
0ox44,
0Ox44,
0x48,
0x54,
0x01,
0x52,
0x04,
0x40,
0x3D.
0x44,
0x40,
0x04,
0x04,
Ox44,
Ox14,
0x18,
0x04,
0x54,
0x40,
0x20,
0x20,
0x40,
0x28,
0x50,
0x4¢C,

0x00
0x02
0x3E
0x00
0x46
0x31
0x10
0x39
0x30
0x03
0x36
O0x1E
0x00
0x00
0x00
0x14
0x08
0x06
Ox3E
Ox7E
0x36
0x22
0x1C
0x41
0x01
Ox7A
Ox7F
0x00
0x01
0x41
0x40
Ox7F
Ox7F
0x3E
0x06
0x5E
0x46
0x31
0x01
0x3F
Ox1F
Ox3F
0x63
0x07
0x43
0x00
0x55
0200
0x04
0x40
0x00
0x78
0x38
0x20
Ox7F
0x18
0x02
0x3E
0x78
0x00
0x00
0x00
0x00
0x78
0x78
0x38
0x08
ox7C
0x08
0x20
0x20
0x7C
0x1C
0x3C
0x44
0x3C
0x44

ot St et vt ot St e St St S St S Sl St St S St et St et et St S ot Mt St St et Nt St St St gt St Mt S St St S S it M) ) i St St At At et A St St At At A At o At e St et St St e et S e St St S St St St et St et et

O AN B N - ON

S A NKXSECACHVIOWOZRERGHIOMEHOQWP® 2V I A -

N X £ R QT 00 BHRIUETAQHODOLOD W

99



100

typedef enum

{
LCD_CMD = O,
LCD_DATA = 1

} LcdCmdData:

- /7
R R R Function Phototype------=-------=--sc-co-rcnonnonn //
/e /7
#define lcd_print(x,y.data) led_gotoxy(x,y): lcd_puts(data):
void init_lcd(): // Init SPI LCD
void lcd_clear(): // Clear screen
void lcd_gotoxy(unsigned short xnokia, // Set the position
unsigned short ynokia); //for data (x = 0->83, y = 0->5)
void lcd_puts(char *dataPtr ): // Print Mesg to LCD
void lcd_putc(char ascii_code): // Print char to LCD
void lcd_send(unsigned short data., unsigned short cd ); // Send Command/Data
T et S TR L L TR PR PR PEREEP R /1
F R LR LR PR PP TNAt LCD- - == =mmc e mms o mmsmecen oo //
[ L //
void init_lcd()
{
TRIS_RST = 0O,
TRIS_CS = 0;
TRIS_DC = 0;
TRIS_SDIN = 0O
TRIS_SCLK = 0O;
LCD3310_RST = 1; // RST LCD
LCD3310_CS = 1; // Set SPI CS pin du LCD 3310
LCD3310_DC = 0; // Enter Data Mode
lcd_send( 0x21, LCD_CMD ); // LCD Extended Commands.
lcd_send( 0xC8, LCD_CMD ); // Set LCD Vop (Contrast).
lcd_send( 0x06, LCD_CMD ): // Set Temp coefficent.
lcd_send( 0x13, LCD_CMD ); // 1CD bias mode 1:48.
lcd_send( 0x20, LCD_CMD ):; // LCD Standard Commands,Horizontal address mode.
lcd_send( 0x0C, LCD_CMD ); // LCD in normal mode.
lcd_cleaxr():
}
JZAREEEREERE - SRS B = - £ SRR 1N ol Y R ) e AR 1A A el Sl § //
VAR = TR e el R = LCD Clear------=-ccvsmmmmmmce oo oo e //
JZAREEEREREE & BB - TR VoV el e o B "R ¢ QY £ AR 7 R Vi) B Sl o s //
void lecd_clear()
{
unsigned int x, y:
for (y=0; y<6:; y++)
for (x=0,; x2<84; x++)
lcd_send(0x00, LCD_DATA);
}
V7R R R R R e e LR -3 B - EEaREES o R R il //
R TR R P LCD GO £0 X Yr--sosmeosamomaao e //
e AOAEAACERTE L TR SR ERES //
void lcd_gotoxy(unsigned short xnokia, unsigned short ynokia)
{
lcd_send(0x40! (ynokia & 0x07),LCD_CMD): // new y cursor position
lcd_send(0x801(xnokia & 0x7f),LCD_CMD); // new x cursor position
}
O EER e e LT e R PR PP PEEEPPRRETEEREES //
AR R LCD Prinrt String---------ermcee-cmmooonoaoaoo- //
B R e P PR PP PR PP PR TR TR PPRPRRTEREEPERS //
void lcd_puts(char *dataPtr )
{
while (*dataPtr)
lcd_putc( *dataPtr++ ).
}



VAR R R R R LCD Print Char---------------------c--------wn- //
/sl /7
void lcd_putc(char ascii_code)
{
if (ascii_code<0x20)
return;
lcd_send( FontLookup [ascii_code-0x20][0]., LCD_DATA ): // bout de char
lcd_send( FontLookup [ascii_code-0x20]{1]., LCD_DATA ): // bout de char
lcd_send( FontLookup [ascii_code-0x201[2]., LCD_DATA }; // bout de char
lcd_send( FontLookup [ascii_code-0x20]1[3]., LCD_DATA }): // bout de char
lcd_send( FontLookup [ascii_code-0x20]1[4]., LCD_DATA ): // bout de char
}
R LR L EE LR /7
VAR R R R R i LCD Send data---=-----------------cee-o-oo-o-nn //
R TR R R EEEERE /1
void lcd_send(unsigned short data, unsigned short cd )
{
char caa:
if (cd == LCD_DATA)
LCD3310_DC = .1; // Enter Data Mode
else
LCD3310_DC = 0; // Enter Command Mode
LCD3310_CS = 0; // Set SPI CS PIN LCD 3310
for (caa=8;caa>0;caa--)
{
LCD3310_SCLK = O:
if ((data & 0x80)==0)
{
LCD3310_SDIN = 0O:
}
else
{
LCD3310_SDIN = 1;
LCD3310_SCLK = 1;
data = data<<1i:
}
LCD3310_CS = 1: // Set SPI CS pin du LCD 3310 non actif
}
#endif
R et T L EEREDRL SRRt O LA /7

o ‘ d
19 Tsunsugeaimmuamauedlninineulnsataod (common.h)
J/ e e e e /1

swe’re using the external oscillator so it’s running at 73728MHz
#define XTAL 7372800

#define PLL 16
#define FCY XTAL*PLL/4
[/ el e /1

< e i //
F AR R R R LR Main Program ---«-=-=--------c-------ecmo--on-- //
[ - el //

#include <stdio.h>
#include <math.h>
#include <stdlib.h>
#include <timer.h>
#include “gyro.h”
#include “accelero.h”
#include “timer.h”
#include “pwm.h”
#include “"incap.h”
#include “kalman.h”
#include “lcdssieh”

#include “uartih”



e PR T ETPEPET R PEPEPPERERRES /7
A R R Configuration bits ---------------------------- //
e P REREEE //

_FOSC(CSW_FSCM_OFF & XT_PLLis); //737128Mhz *16=1179648 MHz /4=204912 MIPS
_FWDT(WDT_OFF) :

_FBORPOR(PBOR_QOFF & BORV_27 & PWRT_is & MCLR_EN);
_FGS(CODE__PROT_OFF) :

e T e TR T TEEEEEETEEEE /7
VAR R Define Constant -------------ccmcmnonmoomnnn- //
e R R R R EEE R /1
#define MPP 0.000817 /metre per pulse

#define angle_acc_offset 1.75624/1.5708//1.770

#define angle_rate_offset - 0.2145//0.125

#define angle_kal_offset 0.007

#Gain K

#define K_x -31

#define K_xdot -s1

#define K_a 4578

#define K_adot 1
#define K_servo 1o

[ e s eh Ll e et 7
VVAREEREEE LR EEEENEY i ARRRET TR LR Function Prototype ------------=--=------------ //
/= e //

voild init_timer:0:;
void delay_ms(unsigned int N);
void balancing_control():

L T P SRR PP R REE //
[/ aa A rees T (R% - Define Variable ------------s-s----w-voeoo-n- //
b T e e SERL R PEE //

char charlIn,i:

char buffer[so:

char tempStringl o).
char *tempPointer;
char count = o;

char flag = o;

int pwm = ¢;

int send = o;

double angle_kal 0;
double angle_acc = o0;
double angle_rate = o;
double angle_ratei=o;
double angle_rate2=o0;
double X = o:

double X_dot = 0.
double X_old = o;
double command_motor
double command = o;
double X_xref = o;
double X_ref_old = o;
double X_integral = o;
double command_servo = ¢;
double setpoint = o;

float dt:
struct kalman filter_angle:

il
(=3

YR ittt il //
AR R -Main Function ----------ccc--roonmamannn //
R R ERCECTETEE TR P PR RPSETEPEREE /1

int main()

{
tempPointer = tempString:;
delay_ms (100
init_pwm():
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motor_L(SP,0;
motor_R(SP.,o0);

init_adc():
init_incap():
init_uartio;
init_lcd():
init_timer20;
" timer_init_ms();
init_kalman(&filter_angle, ocoo1, 00003, 069;//qg_angle,q_gyro,r_angle
delay_ms(200);
lcd_print (i1, "adot =");
lcd_print(12.“angle =");

lcd_print (13, “kal =)
led_print (14, "V: Xi“):
lcd_print(1s, “com: PWM: ")

stimer_reset();
motor_L(BW,25);
motor_R(BW, 23);

while(n
{
if(is_uarti_char_ready())
{
dof
while( 'is_uarti_char_ready()):
charIn = uarti_getc():
*tempPointer = charln;
tempPointer++:
count++;
}while((charIn != ox0A) && (charIn != oxeD)):
tempPointer = tempPointer - count:
count =o;
command = atof(tempString):
sprintf(buffer, “command = %.2f " ,command):
lcd_print (oo, buffer);
miarti_puts(buffer);
flag = 1.
}
}
return o;
}
R M s e LR SOE LS LR R R /7
AR N R v 7 AR Fanction Delay---=-=----------cc------------ //
[/ e e e /7
void delay_ms{unsigned int N)
{ unsigned int j:
while(N--)
for (j=o0;j<se00; j++) ;
}
[ - //
AR R R Timerz Initial------------------------eonn- //
e R R //

void init_timer20

{

unsigned int match_value:
ConfigIntTimer2(T2_INT_PRIOR_1 & T2_INT_ON): // Timer 2 Enable interrupt
#Configuration Timer 2 for interrupt
WriteTimer2o); // Timer 2 clear period
match_value = 1s2; // Timer 2 interval 1o ms
OpenTimerxT2_ON &T2_GATE_OFF & T2 _IDLE_STOP &

T2_PS_1_256 & T2_SOURCE_INT, match_value):
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L R e E e e e TP R PP ER PR SRR RER PR /7
J/-mmmm e Interrupt service routine Timer 2z every 10 ms --------------- //
/- //

void __attribute__ ((__interrupt__)) _T:Interrupt(void)

IFSibits. T2IF = o; // Clear Timer interrupt flag
WriteTimer2o); // Clear count value at TMR: register

balancing_control():

< s //
VAR Balancing Control -----------------cmmooooo //
[ = //

void balancing_control()

{
dt = oot; //simpling Time

sprintf(buffer,“dt = %.5f “,dt):
lcd_print{os,.buffer):

angle_rate = gyro_y_rad() + angle_rate_offset:
ndebug angle rate

sprintf(buffer,“%.3f “,angle_rate):
lcd_print (401, buffer);

VIR R R TERE o e L LR Find Angle-i- - === :- =mmee- -2 oo - oo - m - //
//execute kalman filter
//read angle from accelerometer
angle_acc = read_angle() + angle_acc_offset;
//Kalman predict
kalman_predict(&filter_angle, angle_rate, dt):

//Kalman update + result (angle)
angle_kal = kalman_update(&filter_angle, angle_acc);

angle_ratel=(angle_kal-angle_ratezydt;
angle_rate2=angle_kal:

//debug angle
sprintf(buffer,“%.sf “,angle_acc):
lcd_print(42.buffer):
sprintf(buffer, “%.sf “,angle_kal):
lcd_print(4e3,buffer):

JZARRREEEREEREEREREL " = Find Distance & velocity---------------------~ //
X += ((read_encoder_L()+read_encoder_R())/2pMPP;

X_dot (X - X_old)/dt:

X_old = X;

rdebug distance , velocity
sprintf(buffer, “%.2f “,X_dot):
lcd_print (154, buffer):
sprintf(buffer,“%.2f ".X);
lcd_print(ss4.buffer):

R e R R Servo Control-----------scsc-m---amoonnn //
/*

X_ref = setpoint - X:

sintegral

X_integral += os*X_ref+X_ref_old)*dt:
X_ref_old = X_ref:

command-servo = X_integral*K_servo:



105

ssprintf(buffer, “X_ref = %.3f “.X_ref);

#lcd_print (oo, buffer):

usprintf(buffer, “servo = %.3f ",output_servo);

nicd_print (o1, buffer):

*/

/AR R R R State feedback Control-----------------=------- //

command_motor = (K_x*X)+(K_xdot*X_dot)+(K_a*angle_kal)
+(K_adot*angle_raten;//+command_sexrvo;

if(flag == 1

{
command_motor += command;
send = 1;

}

//debug output
//sprintf(buffer, “C=%.0f ”,output);
//lcd_print(es.buffer);

V7AREEEREEERERELY oF' EE R Driver Motor PWM---------=---s-c--------=--~ //
pwm = command_motor:;

if (command_motor > 0)
{
if(pwm > 100)
pwm = 100;
motor_L{(BW,pwm) ;
motor_R(BW, pwm) ;
1
else if(command_motor < 0
{
if (pwm < -100)
pwm = -100;
motor_L(FW, -pwm) ;
motor_R(FW, -pwm) ;

else
{
motoxr_L(SP,0);
motoxr_R(SP,o):;
}
#debug pwm

sprintf(buffer, “%.of “,command_motor):
lcd_print(zes,buffer):;
sprintf(buffer, "%d " .,pwm);
lcd_print(ess,buffer):

if(send > o

{

sprintf(buffer,”%d\n\r%.af\n\r”m3f\n\r%.sf\n\r%.sf\n\r%.3f\n\r",pwm,X_dot,X.
angle_acc,angle_kal,angle_rate):
varti_puts(buffer);

send++;

if (send >=1010

{
flag = o;
send = o;
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Y
%% LOR Method %o
7 /q 70 Y/

%% Moment of Inertia %%

%

Mr = 0.81217 ; % Mass of Robot (kg)
Mp = 0.1 H % Mass of Plate (kg)
Ir % Moment of inertia ( robot )
ip % Moment of inertia ( Plate )
rr = 0.072 ; % Radius of plate (m)
L = 0.92 ; % Height
Tpp = 0.02 : % Period of plate
Tp = 0.00053763: % Period of Total
= 9.81 H % Gravity

g

%% Calculate %%

Ipp = (Mp*(rrn2)*g*(Tppr2))/(L*((2*pi)~r2));:
%% Variable of initial %%

g = 9.81 ; % Gravity (m/s”2)

r = 0.01 ; % Radius of wheel (m)

Mw = 0.175 % Mass of wheel (kg)

Mp = 0.81217 % Mass of robot’s chassis (kg)
Iw ={(Mw*r)s2)/2 : % Inertia of wheel (kg*mA2)

Ip =((Mp+Mr)*(rrr2)*g*(Tppr2))/(L*((2%pi)~2))-Ipp:
% Inertia of robot’s chassis (kg*m~2)

1 =0.15 % Length to the body’s centre of mass (m)
%% Variable of Motor %%

Km = 0.0134 4 % Motor torque constant (Nm/A)

Ke = 0.013369 : % Back emf constant (Vs/rad)

R = 1.9 ; % Nominal Terminal Resistance (ohm)

%% Matrix System %%

beta = ( 2*Mw + (2%Iw/rA2) + Mp ) :
alpha = ( Ip*beta + 2*Mp*1A2*(Mw+(Iw/rA2)))
A= [0 1 0
0 (2*Km*Re*( (Mp*1*r)-Ip-(Mp*142)))/(R*rA2*alpha) (Mpr2*g*142)/alpha
Q 0 4]
0 (2*Km*Ke* ( (r*beta) - (Mp*1)))/(R*rr2*alpha) (Mp*g*1l*beta)/alpha
B = [ 0 ;
(2*Km* (Ip+{(Mp*142) - (Mp*1l*r)))/(R¥r*alpha) 5
o] H
(2*Km* ( (Mp*1) - (r*beta))/(R*r*alpha )) 1
C=1[ 1 c 0 0o
o 0 1 0 1
D=10:
0]

%o Transfer function of state space system %%

disp(‘Transfer Function of the system’)
[num,den] = ss2tf(A,B.C.D)
printsys(num,den)

%% The Eigenvalues of the system matrix %%
disp(‘The Eigenvalue of the system matrix A’)

disp(‘A positive value will indicate an unstable system’)
p = eig(A)

% %

%% LOR Control Design %%

% Y Yo /o /e

disp(Designing jthe LOR controller)

Q=0 O
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disp(‘Q = C“*C is a #4x4 weighting matrix for the outputs ‘)
disp(’R = is a 1xt weighting matrix for the input’)

% x is the weighting for the cart position
% y is the weighting for the pendulum position
w = 100;
x =1
y = 20000 ;
z 1
Q=I[w0OO0O ;
0x 00
00yoO:
000 z] :
R = 0.001;

%% Feedback Gain
disp(‘Feedback Gains for the system’)
K = LQR(A,B.Q.R)
%o Simulate the system %%
7c Yz
close all
%% Simutation time step
t =0:0.01:10;
%% System matrices with feedback

Ac = [A-(B*K}1 ; % xDot = (A-BK)x , u = -Kx
Bc = [B]
Cc = [C]
Dc = [D] :

New_pole = eig(Ac)

%% Plot Step Response

figure(1) , step(Ac.,B.,eye(4).,[0;0:0;0]1)., %% Response of step input
grid

title (’Step Response of LQR Controller’)

xlabel(‘timel[s]’)

ylabel (‘Angular velocity(rad/s) Angle[rad]
Position(m] ‘).
%% Define Gain %%
k1= -51;
k2= -61;
k3= 4578;
k4= 10;
K = [kl k2 k3 k4] :
&/ % % % YAV Y

%% simulate the system (define gain) %%

Yo /c A /c y/, /c /o /¢ /e /c /c 0% ”"‘Il"ﬂ
close all
%% Simutation time step
t =0:0.01:10;
%% System matrices with feedback
Acc = [A-(B*K)} % xDot = (A-BK)xX , u = -Kx
Bc = [B] .
Cc = [C] :
Dc = [D] :
New_pole = eig(Acc)
%% Plot Step Response
figure(1) . step(Acc.,B.,eye(4).[{0;0:0:0]). %% Response of step input

grid
title (’Step Response of LQR Controller’)
xlabel(‘timels]’) .

ylabel('Angular velocity({rad/s) Anglel[rad] Velocity[m/s] Position{ml’),

Velocitylm/s]
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