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ABSTRACT

Technology of balancing rigid body is developed every time.It is used for many things
such as many kinds of Buildings, Robots and Vehicles etc.Inverted Pendulum system is one of
theories of balancing robot which is applied and used for many things And last this system is used
for vehicle that is called “SEGWAY”. the principle of Inverted Pendulum is about balancing of
the rigid body. By keeping the pendulum to be perpendicularly with base .All principle can be
applied in The Two Wheel Balancing Robot system for keeping the car in equilibrium. The
optimal control system is applied here to design the driving system which operate relatively to
the balancing of pendulum and dsPIC, a hi-speed microcontroller , is used to obtain the best
performance. All the relations must be designed properly in order to keep the car in equilibrium

eventhough the car is disturbed by unexpected force and to control the car to move correctly to

the exact destination .
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1519¢ Tvt P 91naun1s3nand (Riceati Equation)

AP+PA-PBR'B'P+(Q=0

A1R0Y (solutions) 03 P #ldnmsimue Weighting functions Q,R ﬂmﬂungms

AuRuRIMINgauhiga w=Fr=—R B Px
—
F




agl
State feedback gain F A dumida closed-loop poles vl'ﬂﬂgj i ﬂqﬂﬁ"ld 9 18 thszuy

34 ' -
13Uy 14 naafie

|M_|=|B, | 4B, | A'B, | --- | A™'B,|#0
HARINMIH Closed-loop poles o o Auirala 9 Aagi A 18 output responses uanenefiu
#aved O uaz R MIR1adumia closed-loop poles 141v1 w30 sanvisaiauny
Imaginarymli‘éi'lﬁﬂlﬁl‘l?'l‘lﬂ
MIoBNULUAINIUAY F # 1575001 Linear Quadratic Regwlator (LQR) %9
Toqszadues LQR Afe ol l&msndu Tudaangud (zero state) otamINgauTiqa AT
doululugiiidanes fgoenuuy g lamidin13ud
Performance Index J uaz Error signal Z (f )

NNAUNINIM Generalized Plant G(5) Ailsznouliday

Ww(t) = —%x(l‘) = Ax(t) + Bw(t) + Bu(r) s 2(2)
z(t) = Cx(t) + D u(t)
u@®—>| y() = Cx(®) + D wi) — y(t)

N 2.10 UFAIDIANYAUEUDY Generalized Plant

Plant(A, Bz, Cz)

ix(z‘) =  Ax(?) + +  Bu(t)
dat

¥y = Cx() +
MNA 2,11 LRI Y MBS Plant

Weighting Functions

Bw(t)
z(t) = Cx(1) + D u(?)
D, w(t)

MNA 2.12 uaAIDIANYMTYES Weighting Functions



w5

2() = Cx(t) + D) =[C, Dﬁiﬂ

zf(z)=[c,x(r)+1)uu(r)]’"=[zgﬂ [c DT

Z'z= [Clx + Duu]r [Cx+Dul= (Cfx’" + D7’ ) (Cx+D,u)
=x'C/Cx+u' DD u+x"C/Du+u'D'Cx

cross-term
=x"C/Cx+u"D'Du+(x" %u +u’ %x)
=0 =0
2'z2=x"C/Cx+v D'D_ u=sx"Ox+u'Ru
=0 )C=R

3

(2t =|el}} |20, = [(x'0x + ' Ruyds = J

o

2.3.2 filszanamiann (States Estimator)

bl

PN 2.13 UEAIDIDNYUSYBITLUY LOR 52151 LQE

o o o 1 W ar =
l'i'l'ﬁﬂ\‘lﬂ'i'i'ﬁ'%"l\ﬁ3UH“10Wﬁﬂ1ﬁﬂﬁ H?ﬂ"ﬂ‘lﬂ'ﬂ‘ﬂﬂﬂ?"l ﬁﬂ AIILNA ‘nmmmﬂszmm

maaaniolu (ntemal state) X(f) ndeyanawinliun ou'ldus Ysuandh u(f)uay
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¥ ] 1
Yinmeen y(f) Tasnuilmunsefissdufgaaeld Tasordoummusideinaaslugy
$haun

]
=t

& 9 = t or L B o
Fegidianuansienuonsamilu 2 dau suldun doufdugdusumenamand
¢ a T A g &
VDIHBIUNDT I (A, Bz,CZ) pazasuiiinisuflunnunatnndey
o~ ~ o ar - o q,: = ¢ g o o [ ol
Ly=L()- y) dwiuwaind L i miSond Sananovesiaduna sz daunald
N ddunnszll 7 maamely X uoz des Yinand Mhun u(2) waz y(¢) wdidaee
o v ~ 3 1 ' v o
neraldiiiun X u sxlfdndszinavesnman x(1) $1 L gnifenedregndes duiiu
A g o = a  a <
X e maailssing tazlfinaesnvesidunatiies

AUNITAAVBINITUNAAD

=A%+ Bu+Ly=A%+Bu+L(§-y)

1=(A+LC

2

Y2+ Bu—Ly

4 e o o = Y ~ 1 s
HADSZTUUNIINAM AR OUdUT 71 NAANSUEY (nitial  state) x(O) CIRTikT
] »

-y o 1

1 a d { or o o ar '
mdssinusuAuTeIan danuaing L idusanvrovesiadunatiu s1ezdsadiond

T ] ] ¥ v
Va9l e Dadlalszanansudu x(O) vl fuamasudussa x(O) Asua
il manfiszana £ (1) szgdmmmansie x (1)

Yswa $(2) = P(¢) — y(£) stusiseFoni anwamamdouvesnisilszinn

T oy 1 . =3 = 9t d'l
T8N (output estimation error) lumsiden L 319sidewld anuaaiemiouveanms

1 —~ ~ £ a
Uszinumaing (state estimation error) X(2) = X(¢) — x(¢) = e(¢) nav@vuwarmans

1Y
U ar

@ = o A ),
yoa1u 1Ad T i=%-x=¢

Ai+};ﬁ+L(_fz—y)}—[Ax+};u/]
AE-x)+L(p-y)

= A(f-x)+ LC 5Ly
=A(x-x}+LCE-LCx
=A(X-x)+LC,(%-x)

o ' a . t =
eduna IdhfTuimaiunumaudi (control input) % Lising Iisufiumean

v -

¥
mavndiedues faiifidisanonimiiineud ¢ Wgntlowdhese gy drduna Tao

Wunsng B,
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- P Y 5 . 2
aumsiidiuinnufudie anuamanasunamans (eror dynamics) Fanaioe
A lunguszvuaruguileundy uvrueduugadidgluFesveimsiinszdany
amandsuwamans imanetumsianednanssy (Engineering Measurements) i
3 - 1 1] ' ] i
du nnaumsit (X = (4+LC,) % = 4,%) teiivldediiumeasii anunifie
= 1 o oo - s ¢ W o
enmdnsivnuresdadana L iiofiduuasndosilavesfaduna (closed-loop observer
. Yt = o 9 o . 1 - A‘!
matrix)92 [athades mmuuuidaduiiu (asymptotically stable) NA1IADANUAATIAANDUYD
~ ' 9 ar . 4 o
M31/5511% (estimation error) X(¢) vidmgudeiaduiiy (zero asymptotically) 1iio1sn
AnATNARIA-Ad DT UAUYDINT T2 initial estimation error) #(0) = #(0) - x(0) 18
o A
fintu
' w g 1 y =t
v ludy Sualil@idunsnnne lumsidendwes L diold (4+LC)) &
= = ¥ o o b 1 25 A o - +
WagIMNLULIFUTUNIAY (AS)  dusulsemneuilgnit nu Jymuesnisidends
dns1vnevesdulsamailoundy (state variabie feedback; SVEB) ' 1ien
A, =(4+BF)
¥ ¥
3 altosnwunusududiy Jaulumssenuuudidanaiu msesniuienial
- o 1 -
voaming L sgognisddnesiio (voa C, lu (44 LC,)) vz igmiveans
»
ponuuuAItasvsvesdas maatloundy £ v egmiesdwanile (ves B, u
o’l’ :i“ o 4 [ =
(A+ B,F)) anivluseuit mdaunsofiszuesiiygnmivesnsm L 1dludnumeiden
Voa oo e w o - m o d
AU TAUMIAAUAMMUY (ransposition) YBAATACE
T _ T T T T
A =(4+LC) =4 +C]L
A: v & 9/ o ¥ w g r) @ - o
vl aumstnany disisiguda seuldhduimileunuilgmvesmsihenséanune
o v ) s daer T
vosiulsamatloundy K wneilgmivesnisesanuumianuminadnsivey L
Yo 4 T T, :
luaeuil Sufegmsdummniloves C; W (47 +CIL") milou F fiognisdunile
vos B, lu (A + B,F) swotlsinm inwiuldudai lymwesmsesnuuuiieiionsia
a ar o n’: 4 ar  ar ¥
dasvuwvesdunlsmaatoundy F iy (4, B,) vagh mssenuudiduna 1§
» ¥ =
(4,C,) v399 uda Magesilymil Tdawuziniloudu narhe dusffoufioy ms
o o o ar ¥
pRALUUEATIVLIOYDIR U s Maatloundufineadesny (4,B,,F) (AT,C;",LT)

Tumssanuuuidann

v & o o A a gy o e Y o & a uly
Aoy mssenuuumduna e ldseuvliedosnmAls T5msvi 59819 1d 1ag
d A T T
- asuenn (A ,C! ) Tl (4,B)
- maiinlumsosnuuuiiemmsasumsvssiuysanatiounduie Idssuy

=, o, = t - o ] .
tadesnw F a5 ladionswila i matinlumsnedwmuialva (Poles Assignment



i2

or Poles Placement) 130 lifio1vaz 1dimnaiialunismidaswne F fimuizaniigs 1iamsh

5118390 1 3udn
- whasudern F7 Wiy L

VINRIULT IS auMs AU aRIF Nl

X=A%+Bu+Ly=Ai+Bu+L(5-y)

x=(A+LC)%+Bu-Ly

u(t)o— B, _tc 215 134 C, |8 3(7)

4 ke PO=3()-y(0)

AT 2.14 LEPI4ANYBISTDIT¥UY LQE

Tumsesnuuudamuguiimnzauiigs Tavastleundudausnsivesama 7 Ty
WulSuandr « = Fx Wuawawy el lddaiianssoz J fidwhga Sond “LQr”

E

= = oo (v 1of o as -~ a 3 =5 [T o
Wity faluildadunansaddsziummean 15139dlsundusiansinman X
I A o | o L ] da A 9 ' 3
a599 TRl Iidalsanasaes X Tuida Falszunaees X ffe X dimandns 1y
Fmsmdanvee L gu@eatufiva F 1 «“LQR” 187 1519215803191 Linear Quadratic
ol s g4 Lo % = 9
Estimator (LQE) uazduirldmstloundududasivneaaa F du X tellidhalsuiauda
~ 1 o/ o nlJ, [ y! .
u=FX TAunnaiun 151923 undanuguiine LQE uaz LQR 59uAUI1 Linear
» 3 ~ IIIJ oy
Quadratic Gaussian (LQG) Con-troller A§1{U Wemwmum U = FX (Tﬂﬂﬁﬂuﬁﬂﬂ SUHTUB0NH

y94 AR LQG) luaunmsaunsmnavesarduna 1314
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2=(A+LC)%+Bu-Ly
£=(4+BF+LC)%-Ly

ajd  aumsmaauagaumsiuisesn veadanUaY LQG e

£=(A+BF+LC)2-Ly

u=Fx

asodouTugalsuay (shorthand) diiy

A+ B, F\+/LC,
Wty >

1

4 o =!’.‘ & g o
F9INIVN LQG i sgoanuuuiveni Tdasunuwaius

%x(t) = Ax(t)+ B,u(t)

u(t) —> — y(1)
y(@) =Cx(1)
so'ly dail
A+BF+LC, | ~L "4 | B
FORS s o Sul) > [CQ =1l= )

sevuiSinaudh r g)t) (t)
+ =t X
‘i, B s

G ¥

OIS
j:
C, y(®)

¥
M
[

u(r)

.
’I-____I—-—---—GIH M

anuAmaniauueInslszuumyIuineon (output estima-tion error)
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Yy=y-Jy
ﬂ’Jmﬂﬁ‘lmﬂﬁﬂuﬂJﬂQmSﬂSZIJ'Imﬂ"IﬁLﬂﬂ (state estimation error)
¥=X-x=e
Aau ayWuT vssnmuAmAARou HiBANLAMAIMARUNIINamaRS
X=%-x=¢
uAnNaUMImanveIRIlIziw
x=(A+LC)%+Bu-Ly
O TUMSTAALBITEUUN WA AR
Xx=Ax+Bu
- 4 i
(57199095977
X=X-%=é
=[(4+LC,)%+Bu—-Ly]-[Ax+Bu]
$= A+ LCh—Ly- Ax
=A($-x)+LCE-Ly
=A(X-x)+LCE-LCx
= A(X-x)+LC,(*-x)
=(4+LC)(%-x)
=(4+LC,)*
dle u=r(¢)+ F% o8

X =Ax+Bulu=r(t)+ F%

=Ax+Br(t)+BF%|2=%+x
= Ax+B,r(t)+B,F (Z+x)
x=(A+B,F)x+B,Fi+Br(t)

zup2ila lsenoudas wanst was frndugu seflaumsanan Sy
x=(A+BF})x+BFx+Br(t)
x=(4+LC,))%

S [ = o oy
sazdmnsanhSnaeenusawaiun slulsuimesn uda 12'ld



—(A+BF)x+BFx+Br( )

x=(4+LC,)
x| (A+B F) (BF) |[x] [B,
"]_ (4+LC,) o ")
y=[C, ] =Cx
ﬁaﬁ%’udwiawmwmw
(1) = Ax(t) + Bu(?)
u(t) - ()= Cox() —>¥(1)

U(s) = |C, (sI - 4)" B,| > Y (s)

HardumeTouraila

sl-(4+BF)  —(BF) B

i) SICE —(4+1C)| | o

-1
=C,[sI-(4+B,F)] B,
anuthmd mzanuanIoduna (Duality and Observability)

G wawi (4, B,,C, ) w sdlufidfungdt wanusd (4',C;,B;) e
SEUUF) TIN5 (A, Bz,Cz) 1115311111‘;1:'?‘317113‘” wafiiasuiionnetn Ysineedh waz3un
oon mwtsauaniddouseninafugasiu 1diluesied

syUU (A, B,,C, ) 2130014911459 1R (reachable) ArmndnlSinamiugumaiin
(control input) % #1150 vAONTY (drive) MAAGUSY (initial state) x(0) laq 1dés ma
gAY (final state) X(77) Tuarkesms famrgame (final tme) T 18 151341 1550w
annsaidhd 148 ftausafiesimuadumimiena Tna (poles) a1 #laq Tdaw
8unD lsyous uaﬂmﬂf‘:mﬁai’%'nh drszuvansndhdaldud imansaoenuuuiite

anidasusevosdulsamailoundy F vosilyni LOR (Linear Quadratic Regulator)
b
Taoagy ladadl

15
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1%
mtu“
+
-
>
>4
0

+

MR 215 naRIBIdnyasvesz Uy LOR

Q s A q
LQR Wuilgmivesmsm F dwsuszns (A,Bz) %1 U= Fx 1o

i = }(xTQx +u' Ru)dr = wj(xTC]TC,x +u' D},D i) dt fisnéniiqe

- P 'S = =y
Tae FF =—=R 'B;P wilann P uludmovvesaumssnai

AP+PA-PBR'BP+0=0

e 4, B, nswdldnnsumsmanvesszun (X = Ax + B.u) wozwaing O, R
¥ [l ' or
Wudmindis Ianuddgudnsdoauuvssmaanngasuiin  (x'Ox)  uas

aldtwlumsnrugu (¢’ Ru) awddu
2.3.3 ﬁx‘U‘ljf;j {Dual System)
T T T
(4,B,,C,) =2 (4,C;,B)

[] v ] ¥
v luszuugiy safufaduiiesnsin Y3uiaud vazdSimesn aunan

A T Y ot I 1 =
uamﬂaﬂuizﬁﬂmmm:ﬂu"lm’ﬂuamm

r

%x(r) Ax() + Bw(t) + Bu(t)

G(s) { z{f) = Cx(1) + D u(t)

y&) = Cx(t) + D, w(t)




SO ——- s T gy
TravoEyAnaIy yassomnimant

0] 413 [B]]x
Generalized Plant G(8) fle | z(£) |=| C| i 0 D, | w@
y0] |G 1D, 0 |Lu@®

Lor iuflymwesmsm F dmfuszuy (A,B ) Wefih

127712

J.= ﬂ](x’"Cf"Clx +u" DD, u)dt fisviige
o] (4] c (s

531_|Uﬁiﬂﬂq G(S) ﬁﬂ GT(S) H?ﬂ Z(f) = BT ; 0 DT W(t)
1 E 21

yinl | B 1D, 0 | u@)

LQE dluilymvesmsmt L dwsussuy (AT,CZT) wofidh
B j (x"B B x +u' D, Du)dt friiga
(d

= x(t) = Ax(1) + Bw(t) + Bu(r)
G(s) 3 z(t) = Cx() + D u(r)
y() = Cx(t) + Dw()

* ] ¥
QG iluilymivas LQR 1y LOE s2ufu ifefian

J. = [(xC°Cx+u' DiDa)der|
° HAnga
J. = [(x"BB/x+u'D,Du)dt

62332
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qumsaaauazaunTUTIKesn YouInunY LQG fie

x=(A+BF+LC)%~Ly

u=Fx

y(t) = ~> u(t)

(A+BF+IC, | -L
F ]0

-

a3l [LQRw F | [LQEw L |;|Loawwis F uee L

i = @ o o 1 o 3
VINVUIT UG TIT U IR NUTURUTTEHINAFUTNTTOUS J Llaﬁﬂ'l‘luﬂﬁ"lﬂiﬂﬁﬂu

z(1)

ZT(f)=[QX(f)+Dlzu(f)]T{x(t)] e

u(t)

Zz=[Cx+ D] [Cx+Dul=(Clx"+Dw J(Cx+D,u)
=x'C/Cx+u'D'Du+x"C'D,u+u'D'Cx

cross-term
=x"C/Cx+u'D'Du+(x %u +u QTCT x)
=0 =0
zz=x"C/C x+u" D'D,u=x"0Ox+u Ru
e - —

o0

j'(zrz)dt = Hz(t)“j Hz(t)”z = :j(xTQx +u Ruldt =J

0

-] Vow & T = 4 1 a
51z 1AH danaugy LR Fuifudmfioenuuuiionid F wesfaniugu LQG
3 o e R a T e =% o g
v dunsalfiruyes H, Optimal Control t#3126# cross-term 494 2z’ Z #ia'l1f 1393500 ¢
AwAY LQG Tuilu H, Basic Problem Mmiuguiitlszaeulifsfiniugu LQG uaz

¥
Waun Ty seiifeAsudeToulstadhy



H(s)=[C 0][31-—(A0+BZF) ~(B,F) )]_1[32}

sI -(4+LC, 0
=C,[sI -(4+B,F)] B,

szt
x=(A4+BF)x+BFx+Byr(t)
%=(4+LC)%
e A NEH
y=[c, o]m = Cyx

o R a o { =
%zmu”lmumiﬂmszw {system matrix) 1ila Ao

[(4+BF) (BF)
e | ettty 7o)

A1 13193091 Twa9Ta (closed-loop poles) 1anin

sl =( A+ B,F) ~(BF)
A(S):‘SIQ,,—ALQG‘ 0 S[n—(A +LC2)

- o o o o« . . Vo '
1o ]ﬂ WS naondnual (identity matrix) ¥U1A 2 X /1 UAIDI9IAD ALQG

= a a o @ W s o d
lﬂu1u@5ﬂ"ﬁﬁ1ul“aﬂﬁﬂu (upper triangular matrix) AIHUY HAHMHADIAINTUUA ATULNATNSY

GLR (diagonal matrix)ﬁ'e]

A(s)=|sI, —(A+B.F)||sI, - (A+LC,)

-1 31 =g o (% Ao a
1319201u 1491 Tnanaila ezlidwau 2n &1 duseenuuudniuguiilidadauna
¥
niedlsznumamasegais  wszInalurilaseing Inavesdrdunasufuegdiu

é Qr ) o ar L] al
Twavsana @3 undudn “udnn1sueniu (Separation Principle)” azdas311uids Suidh

19
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a o 1 [~
Walvvemguniugueisin (Modemn Control Theory) taofidn ldaumuves Separation
. . g v o oS n‘: o wa 4 G L
Principle fino1 fuvzileg 2 tuneunsifiifivoesnuuy damugu 18ud
- MmatiaduTuud 18 Medoniumsnatloundy (feedback matrix) & lasauusi
umnsaidnmsiloundudig full state 14
- ponuuudduna L
Taofl wonuntlaumsaeaily % = Ax + Bu éduneifioumsamadiy
A ~ = 3/ ~
x=(A+LC,)2+Bu- Ly Vhwnamuqumudh u =r (1) + F%
] A o o ot ar =Y ES o w
dmind1 #(2) SusuneFuiuiiiuie Usinadedemadmiesds (reference input o
L4 »
command) Wy e wnfugud 1s1eeld u=r (l‘) + P = FX uesSonilyvuuuiii
“Hym1veen155nyIA1 (Regulator Problem)” 151 1519215 unuvdavious s Ivifhnssuansa s
¢ oy P 3 T o ar
Tand Wi ldmanansrtninedinen deld e lszinnfifiueant dr¥nuiseauns sgu Wi
NIzUaRIe 5 1984 (+5 V.(D.C.) Regulator) Avunofiedn USuaiosnveaunaasonsafu Wil
s ¥ A o o o ] & o o 9 1 o o s
nIzuansnegninu vdnnadin s 1aad dndremtanilafistazriu 18us fasnuisedy

AINAL (Pressure Regulator) Wudn

pUEN )——Hu(t) » (1)
+
(L) v y()

Pressure Regulator

AN 216 UAAINIAANULYD Presser Regulator

=

1 ar LY m. . . g
degh1dud “szuinun1da Tud (Automatic Regulating System)” e 531
-

oa

mugulleundy 7fl Vsunadredmiudh uie YSinuseniidesms iludasi wiely

9

o ' o = " 5 o & (a a a
wasunlasleiiede funm Tasiawmdnfiiefissas idalfinueensiaq Idegn m

=h.

F Y 2 4 oo a " o wa da | M oW =
doem s 14 audfeelidesunan szuvdmndida Tulf@ ASinaeen niedudsfignaiugy
wulTinamumenmitioaty gamgil Aawdu mava seduvssveanad uaz aruniiv

n3aAn (pH) iludu 131985000 “MIRNIRUATELIUMS (Process Control)”
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2.4 wanmsmamauvedlelsalny

lalsaTmliugunsaimiiimaiiueits  mwnzmsmyuvosiudoudsanuas
adwdudniuiidheduusa Tdudnld quanidsumeiannsmilidssgnd 141 8dwd
sOINTUIUIUTIIUIUTIDIN S wivatiulasmsynilszianille Tsalad Pdmivvuilv
g - o w o, = . ar -~ ) a o
WUAA wazszuinse9on Tuldd aamloana Mir vaasedeld e Tsalndsuay 11 du
A o ow L] o o a =, - ar -
wotA Ihums Trarsadru I lufemafnrfuaiseiadaaoanan

Ai :: o= at Y qld & - -3
mamdsufisuy lalsezifaduwaynsialulanfifinnsnyu aafinistin

o a 1 o ] o .; o o oo r-iv
Uszgnaldudnvozarequinnedy lidw defugiuvesiaiuiidad

241 mIing

MAUN 2.17 MWERIMsyUiEz Armaveus nssifugndis

AMINYULDIPNUILTNIINYY 2 LUVAWAY  BHNLSNABMIVYUITOUAUDIVDA

¥
L] o

' v X & o -y
QnYUNg 'atmﬁﬁmﬁﬁaaﬂmamqn%xﬁqumuuﬂuﬂmeﬁmmuﬁm NTTHLULVUNTDIU

o

<4 1 . (] V¥ ¥ ) ¥ & & e Y ar
S8R MIAN  (Precession) 1aegndie lidy uad limpuezdy  Sagmlsusudmiosy

LY T
uselaunveslan

2.4.2 NYUHUATHADMS

¥

af a n’: .3' = ar g 3 [ a e b
uvndednssudagy uagnyude dedeiuliiBesdsgl msasdeludnynziihld
¥ ¥ bd
° o ' = = ar [ o 3/ o o
dmiinvosdeanasrivninganyu Aantsiialunuadamindiminvesdenszifuuny

LEQTRRTRNY
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10T‘iﬁ’!‘5xiﬂ3§“

awan

AN 2.18 GeAg RAMIINISURULALLTS

1. v lsalmbyusouununyu
b 4 '
2. usanamouenyin Ihifaussdaduummg
= g or = 1
3. Tolsvenyu W lufisdsminfuus eawuen  Sendimang

ar ] 1 ar
dunayeian 2 1o Aogaun azaarvedlelsvaenyn dagl

= o & 3 o g ¥ 1
ussiansziiunuvyy @rasvunaza’) ez ldusinssininnouennld 4
dalvgjaziduhminvesdlelneslddunaiiza 2 38 gausanszignasdhonazu)
A a o ar d‘l [ [ 12 = Y v
wogmnasud 1 luiirmedan diedednsonda hifinsuyuuazliusada @neasdouaz
¢ ar & P 3/ 1
¥71)  AszdfuunumudIny  gauuvedlalsesmdeoud lnsdouazgadiaveslels ez

A - = ar q’: 9 ar e b1 = v ar
whsun Ty nmudirmeeeass AafudileTsdabifinsvygu desendnuazegludnuas
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ta ar L-3 LY « .i' a 3
uadus wmyunyudoinsunieolels  asungiieslsifeiuiusnasssavulelsthe
¥y o A Y ¥t & cijd_l 3 v
nnagisiinifavesiauiindndeauqeveswia ¥ wasznfeumduiduasdoe
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[*
Xtal 30 MHz , Oscillator Mode Xt w/PLL 16x
Watchdog Timer Disable
Board Rate Uart] 38400
Capture use Timer23 32bit

: Pin input RDQ or IC1
: input capture 50 HZ 20 ms
: if input pwm = min Timer32bit read
: if input pwm = max
*/
#include<p30f6010.h>
#include<uart.h>
#include<pwm.h>
#include<timer.h>
#include<incap.h>
#include<stdio.h>
#include<print.c>
#include<PWM.c>
#include<Capture.c>
#include<ACD.¢>

/finclude<ports.h>

fidefine CNTLQ  0xl11
fidefine CNTLS  0x13
#define DEL 0x7F
#define BACKSPACE 0x08
#define CR 0x0D
#define LF Ox0A
int Flag_Capture ; // "0" is no flag , "1" is yes flag
unsigned long Capture_period,zecom,LeRi,Gyro_com ;
unsigned long reference,reference_com,reference lIr,reference_fb,reference Ial reference la2;

unsigned long max_zeta ,min_zeta,max_com,min_com,max_fb,min_fb;



unsigned long max_lr,min_Ir,max_Jal,min_lal,max_la2 min Ta2;
unsigned int count,countl,count2,count3,count4,counts,count6,count? count8 :
int Error_cap,compensate,Fw_Bw,Left Right;

float sum;

unsigned long zeta old,zeta_new;

char calibrate,mm,nn,00,pp,qq,1T;

char strf12];

float zeta com;

float total_zeta,zeta_rad,;

float ade0,adcl,adc? ade3;

float xd=0; // 1A x dot

float zd = 0; // sum_zeta dot

float xdd;

float zdd;

float Vbatt;

int 11,i2,i3,i4;

float Ial,la2;

floatIal_2,Ial 3]Ja2 21a2 3;

unsigned long sumv;

unsigned long sum_Ial,sum Ia2;

float Val;

float Va2;

float Errorl,Error2, Error_Eg,Inl,in2,In_Error;

float New_Error_cap,0ld_Error cap;

float New_Error_Eg,0Old_Error_Eg,New Errorl,0ld_Errort New_Error2,0ld_Error2;
float Egl,Eg2;

float Biass,Ral,Ra2 Rate;

float W1,W2;

float velol,velo2,zeta_dot,old_zeta;

float distancel distancel_old,distance2,distance2_old,distance_total;
float Va,K1,K2,K3,K4;

float GainE,GainP,Gainl,Gainl_Eg;



float GainEl,GainP1,Gainll;
float GainE2,GainP2,Gainl2;
float Set Point;

float Ral 1,Ral 2;

float Dir;

float F11,F12 F13,F14;

float A22,A42,A23,A43,
float B21,B41;

float L11,1.21,1.31,L41;

float L12,0.22,1.32,1.42,

float X X d,X dd,X.ZetaZeta ,Zeta d,Zeta dd;

float U,velo;

. . 9 o a
unsigned int y; Hailusmsvaoussuy

R Captare VTR T 1L T

void __ attribute ({__interrupt_ )) IClInterrupt{void) // upweifivi RDO

{

ifPORTDbits.RD8 == 1)

{

}

WriteTimer23(0);

if(PORTDbits.RDE == 0)

{

HETHET T Begining /TN

//1.1...function compensate Zeta Or Forward,Bacdward (THRO)

//1.2.......Function direct Left or Right (AILE)

zecom = ReadTimer23();

while(PORTDbits.RD9 == 0)
WriteTimer23(0);
while{(PORTDbits.RD9 == 1)

LeRi = ReadTimer23();
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M3 Gyroscope Signal (ELEV)...cevceeernenff
while(PORTDbits.RD10 = 0}
WriteTimer23(0);
while(PORTDbits RD10 == 1)
Capture_period = ReadTimer23(); HATUA
Error_cap = reference - Capture_period;

#1.4.........Compensate Gyroscope (Rudder) ............c.......... 1
while(PORTDbits. RD11 == 0)
WriteTimer23(0);
while(PORTDbits.RD11 == 1)

Gyro_com = ReadTimer23(); /UM

H1.5......Valueof Jal & Ia2.............//
adcl = analog(2); // 111 Ial
adc2 = analog(3); /¥ Ia2

IS RIATUNWVUAUDY e %

max_zeta = referencet+25,

min_zeta = reference-25;

max_fb = reference_fb + 100;

min_fb = reference b - 100;

max_lr = reference_Ir + 100;

min_lr = reference_Ir - 100;

max_com = reference_com + 100;

min_com = reference_com - 100;

max_lal = reference_Ial +5;
min_Jal = reference Jal - 5;
max_Ja2 = reference_la2 + 5;

min_la2 = reference la2 - 5;
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HEBrreereorresereen 513 DRI R A R TR LY | O i
H116. 1. M1 Forward Backward..........oveceenreenn. i

ifl(zecom > max_fb)|[(zecom < min_fb))

{
Fw Bw= reference fb-zecom;
}
if{(zecom < max_fb)&(zecom > min_fb))
{
Fw Bw=0;
}
162 KA compensate of Gyroscope........oooeinecns i

ifi{Gyro_com > max_com)j|(Gyro_com < min_com))

{
compensate = reference_com - Gyro_com,;
}
if({Gyro_com < max_com)&(Gyro_com > min_com))
{
compensate = ()
}
.63 58 Pk HIFFUBUTINIANT Zetaroorsrrrore /"

if{(Capture_period>max_zeta)||(Capture_period<min_zeta)) //ﬂ‘iiﬁﬁ
capture period fa1unaAn range‘?iﬁ?ﬁuﬂ
{
sum = Error_cap + (compensate/50) + sum;
'
if ((Capture_period<max_zeta)&{Capture _period>min_zeta))//ﬂ‘ifﬁﬁ
1ip0N 11 max ALINATT min

{
Error_cap=0;

sum = Error_cap + (compensate/75) + sum;



H16A oo I Left RIghteseneeeecrreernneenns it

if{(LeRi>max_Ir)||(LeRi<min_Ir))

{
Left Right = reference_Ir - LeRi;
)
if({LeRi<max_Ir)&(LeRi>min_lr))
{
Left Right=0;
}
11,65 renren MIMIATUDINTIUA [al & [a2

iff{adci>max Ial})||(adcl<min_lal))

{

fal = adcl - reference lal;
}
iff{adc1<max_Ial)&{adcl>min Ial))
{

Tal = 0;
b
if({adc2>max_Ia2)j|(adc2<min_Ia2))
{

1a2 = reference_la2 - adc2;
}
if{(adc2<max_Ja2)&(adc2>min_la2))
{

a2 =0;
H

74 Vs S HIRURTEVOL VDAL e f]

if(count6 = 10) m?'nmn 0-9 ‘ﬁ:ﬂﬁ‘uﬂ 10 ﬂ%ﬁ
{
adc3 = analog(1); // Y1 Vbatt
counté++;

sumv = adc3 + sumy;

54



55

1

iflcounté == 10)

{
Vbatt = (sumv / 2046.0)*2.44; //(3-12 Volts
sumv = Q;
count6 = 0

}

//2.0/f/////l///f////f/lﬁﬁQf{‘f;'uﬂﬁm'i @ Calibrate = VIR T

if{calibrate == 1)

{
2.1 0 M9 reference Zeta..........cooownnd!
iflmm == 1}
{
if(sum = 0.0)
{
sum = 0.0;
reference = reference - Error_cap;
count = @;
}
if(sum == 0.0)
{
countt+;
if{count== 100)
{
mm = (;
}
}
}
#2120 i ¥e reference Gyro_compensate........ooeeenna #
iflnn==1)
{

iflcompensate != 0}



reference_com = Gyro_com;

countl = 0;
H
if{compensate == ()
{
countl++;
iflcount1==100)
{
nn = 0;
}
}
t
H2.13...iicimn... WA reference fh................../f
ifloo==1)
{
iflFw_Bw !1=0)
{
reference fb = zecom;
ount2 =
}
iflFw Bw ==0)
{
count2-++;
iflcount2==100)
{
oo ={;
}
}
}
201 A WA reference Ir...................d/

if(pp=1)
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{
if(Left_Right!=0)
{
reference Ir = LeRj;
count3 =0,
}
ifiLeft Right==0)
{
count3++;
iflcount3==100)
{
pp=0;
}
}
}
8% coocs MY reference [al.u. .../
iflqg==1)
{
iflffal =0}
{
reference Ial = adcl;
countd = (),
}
ifllal==0)
{
countd++;
iffcount4==100)
{
qq="0;
}
}
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17725 W 1A reference Tal.................. /i
iflr==1)
{
iflia2 1= 0)
{
reference_Ia2 = adc2;
counts = (;
}
if(fa2==0)
{
countS++;
iflcount5==100)
{
r = (;
¥
}
}
if{(mm==0)&(nn == 0)&(o0 == 0)&(pp == 0)&{qq == 0)&(rr == 0))
¢
calibrate = 0; // End of calibrate function
PORTDbits.RD3 = 1; //"LlﬂﬂQﬁﬂ'luglﬁﬂﬂ'ﬁlﬂiﬂlﬁ%:ﬂ
}

PDC1 =600.0 ; # (5KHz=0 - 514)(1KHz=0-2570)
PDC2 = 3149.0,

PDC3 =3149.0;

PDC4 = 600.0;

}



W alibrate = O UK WHURYSUADIITIIIT

if{calibrate==0)

GainP =analog(8)/256.00;
Gainl =analog(9)/10.24;*/
count3-++ ;
Ral=96.680;// analog(7)/5.12; //Ral=96.680
Ra2=92.578;// analog(8)/5.12;//Ra2=92.578
Biass= 600.0;
Gainl_Eg=20.00;//analog(9)/5.12;
Rate =0.3;// analog(7)/170.66666667,
Ial 2=(lal)*(Ial);
Ial 3=lal 2%(Ial);
K1=-(lal_3*0.00000424037087)+(Ial_2*0.00194762087103)-
(Ia1*0.06698584017707);
K2=

(Ial_3*0.00000424037087)+(Ial_2*0.00194762087103}+(1al *0.06698584017707);

if{ Ial >250)
{
K1=10.0;
Y
iff Tal <-250)

1a2 2=(1a2)*(1a2);
la2_3=la2_2*(la2);
K3=-(Ia2_3*0.00000424037087(Ia2_2*0.00194762087103)-
(1a2*0.06698584017707);
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K4=

(Ta2_3*0.00000424037087)+(1a2_2*0.00194762087103)+(1a2*0.06698584017707);

if( a2 >250)
{

K3 =0.0;
}

if{ 1a2 <-250)
{
K4 =0.0;
1
if{lu>0)
{
Val = ({((i1-Biass)}{(3749.0-Biass))*Vbatt); //Val = Vbatt*Dutycyclel
Egt = (({(i1-Biass)*Vbatt*(Ral+K1))-((1a1)*(3749.0-Biass)))/((3749.0-
Biass)*(Ral+K1)))*0.6457542431;
}
iU <=0)
{
Val = (((i2+Biass-3749.0)/(3749.0-Biass))*Vbatt);
Egl = ((((i2+Biass-3749.0)*Vbatt*(Ral+K2)} -(1a1)*(3749.0-
Biass)}/((3749.0-Biass)*(Ral+K2)))*1.173752934;

}

iflu > 0)

{
Va2 = (((i3-Biass)/(3749.0-Biass))*Vbatt); //Val = Vbatt*Dutycyclel
Eg2 = ((((i3-Biass)*Vbatt*(Ra2+K3))-({1a2)*(3749.0-Biass)))/((3749.0-

Biass)*(Ra2+K3)));
}
if(U <=0)

{ -



Va2 = ({((i4+Biass-31749.0)/(3749.0-Biass))* Vbatt);
Eg2 = ({((i4+Biass-3749.0*Vbatt*(Ra2+K4)) -(1a2)*(3749.0-
Biass))/((3749.0-Biass)*(Ra2+K4)));
}
M3A3 e b BITEHE N
W1 = Egl/{0.095768*3.0); // Kegl =0.0016284 Volt.s/rad
W2 = Eg2/(0.095768*3.0); // Keg2=10.0016284
velol = W1*0.245*0.02180 ; /W1*3aiidn*1na11u 1 scantime
velo2 = W2*0.245*0.02180 ; // Seiidoiny 0.245
velo=(velol+velo2)/2.0;
distance] = distancel+(velol + distancel old)/2.0; /flamp hold signal;
distancel old = velol;
distance2 =distance2+ (velo2 + distance2 old)/2.0;
distanceZ old = velo2;
distance total = (distance 1+distance2)/2.0;
total zeta = ({(sum/795.0+(Fw_Bw/2000.00)); # 0-30 degree
zeta_rad = total_zeta*0.0174533 ; // muuiiu rad 0-0.5236 rad
Zeta=(zeta_rad*(-1.00));
zeta_dot = (Zeta - old_zeta)/0.0218;
old zeta = Zeta;
X=distance_total;
53 T psUIUABU INTalIan "
F11=0.0010;
F12=2.3925;//2.3693;
F13=148.9684,//78.4753;
F14=3.4686,//2.5066;
A22=-0.8682;
A42=-0.9467,
A23=22.5148,;
A43=45.9485;
B21=0.7403;
B41=0.8073;



L11=-5.2029;
L21=-15.9954;
L31=-2.2183;
L41==-36.9359;
L12=-2.2183;
1.22=-29.8709;
L32=-24.9131;
L42=-62.7920;

Xd = LII¥X -X)+X_d+L12%(Zeta -Zeta);
X dd

L21MX_-X)+A22*X d+A23 *Zeta_+1.22%(Zeta -Zeta)+B21*U;

Zeta_d= L31%(X_-X)+Zeta_d+L32%(Zeta_-Zeta);
Zeta_dd= LA1*(X_-X)+Ad42*X d+A43 *Zeta +142%(Zeta_-Zeta)+tB41*U;
X_=X_+(X_d*0.02180);
X_d=X_d+(X_dd*0.02180);
Zeta_=Zeta_+(Zeta_d*0.02180);
Zeta d=Zeta_d+(Zeta dd*0.02180);
U=F11*X+F12*velo+F13*Zeta+F14*zeta_dot;
adc0 =0.0;// analog(4);
GainEl = 1.906;// 0.938;
GainP1 = 0.668 ;//0.574;
Gainll = 0.00;//38.086;// 93.164;
GainE2 = 1.906;// 0.700;
GainP2 = 0,668;// 1.033;
Gainl2 = 0.00,//38.086;// 2.930;
Dir = Left_Right/(1166.666667%5.0);
/* Set Point= compensate/(1166.666667*5.0);*/
Error Eg= ((Egl)-(Eg2)+Dir);//Error Y9I
In_Error = In_Error+(Error_Eg*0.02180*0.5);
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Errorl= ((Set_Point)-(Egl*GainE1)-(In_Error*Gainl_Eg));/ Error2=SP2-PV2+Ermror_Eg

In1=Inl+(Error1 *0.02180*Rate);

il = (((Error1)*GainP1+In1*Gainl1)*312.4167)+Biass ;// Close Loop PI controller
if(i1>=3740.0)

{
il =3740.0;
¥
if{il<=10)
{
i1 =10;
}

i2 = 3749.0 + (((Etror1)*GainP1+In1 *Gainl1)*312.4167)-Biass ;
if{i2>=3740.0)

{
i2 =3740.0;
}
if{i2<=10)
{
12=10;
}

Error2= ((U )-(Eg2*GainE2+(In_Error* Gainl_Eg));// Error2=8P2-PV2+Emor_Eg
In2=In2+(Error2*0.02180* Rate);

13 = (((Error2)*GainP2+In2*Gainl2)*312.4167)+Biass i/ Close Loop PI controller
if(i3>=3740.0)

{
13 =3740.0;
}
if{i3<=10)
{
13 =10,



id = 3749.0 + ({({(Error2}*GainP2+In2*Gainl2)*312.4167)-Biass ;
if(i4>=3740.0)

{
i4 =3740.0;
}
if(i4<=10)
{
i4 = 10;
}
PDC1 =il; / (SKHz=0 - 514)(1KHz=0-2570)
PDC2 = i2;
PDC3 =i3;
PDC4 =i4;
17 T SOOI b0 1 2 i D 4. SO /"
1* if(Va > Vbatt)
{
1l = 2570;
i2=0;
13 = 2570,
14=20;
}
if{Va < (-1.0*¥Vbatt))
{
il =0;
i2 = 2570;
13=0;
4 =2570;
1
if{((Va < Vbatt)&(Va > (-1.0*Vbatt)))
{

il = 1285.0+(Va/Vbatt*1285.0) ;

) 12 = 1285.0-(Va/Vbatt*1285.0);
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i3 =il;
i4 = i2;
}
PDC1 =12 ; // (5KHz=0 - 514)(1KHz=0-2570)
PDC2=il;
PDC3 = i2 ;*/
}

'
Flag_Capture = 1;
TFSObits.IC1IF = 0; // indusdumosnunilinad
j
T S QL
void _ attribute  {(__interrupt_}) PWMInterrupt(void)
{
IFS2bits PWMIF = 0;
}
T TR o S S W T

void __ attribute_ ((__interrupt_ )} U1TXInterrupt(void)

{
[FSObits. U1 TXIF=0;
}
void __ attribute__ ({_ interrupt__)) U1RXInterrupt(void)
{
IFSO0bits. UIRXIF=0;
}
TN Main Program  HIHITIIIIEIIIIEIED 1E
int main(void)
{
char Txdata []="\"\nUART test Gyroscope sensor\rn";
chari;
float ab;

calibrate = 1;



reference = 30000;
reference_com = 30000;
reference lr = 30000,

reference_fb = 30000;

mm=1;
nn=1;
o00=1;
pp=1;
qQq=1;
=1,

count = 0
countl =0;
count? = 0;
count3 = 0;
count4 = (1
count5 = 0;
counté = 0;
count8 = 0;

total zeta =0
distanicel = 0;
distance2 = 0,
distance total = 0;
sumv = {;
xd =10,
zd =0
Va=20,
zeta_old = 0;
Egl=0,
Eg2=0;
Inl =0;
In2 =0

In_Error=0;
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Zeta=0;
old_zeta=0;
Zeta =0,
Zeta d=0;
Zeta_dd=0;

X=0"

3

Old_Error_cap =0.0;
Flag Capture = 0;
uartl_init();
PWM_ nit();
capture_init();
putsUART1({unsigned int *)Txdata );
printf{"\r");
Open_capture();
TRISDbits, TRISD3 = 0;
TRISDbits. TRISD2 = 1;
TRISDbits. TRISDI = [;
while(1)
{
while (Flag_Capture==0); # soldlins imlivesnou
Flag_Capture =0;
i++;
ifi==2)
{
a = count8*0.0218;
b =total_zeta*{-1.0),

printf{"\r%.40\\%. 40\ %.3\n", U b,a);
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dauanlifvediuldsunsudosFauiludfmussimaetiesnuanis oy
o ar S 1
madmaiaiiveawiatuTnsneuInsames delszneylldroduves PWM, Capture ,

Analog to digital 182 Uart

1. PWM

Whidaneimsimuaniiae ves pulsewidth modulation (% NSAMUARIWET B

3
@ =

dyanunesn mstmualnueves PWM it Inuedease nie vutneuwimuat ms
MnuamveamIMe(dead time) Wudu deiiTlsunsudsil

fidefine FCY 30000000 // 30 MIPS

#define FPWM 200000 // 10 kHz ,if 20 kHz = 40000

#detine DEADTIME (unsigned int}(0.000022 * FCY) Mmamniha 0.000002

/f#define _DES_FREQ 60 // 60 Hz sine wave is required

#define DELTA_PHASE (unsigned int)( DES_FREQ * 65536 / FPWM)

char new;

void PWM _init(void)

{

TRISE = 0x0100; // PWM pins as outputs, and FLTA as input

PTPER = 0x0752; // XT x16 5 KHz (Aaufio 6675 = 50Hz)0100 = 5KHz)()
OVDCON = 0x0000; // Disable all PWM outputs.

DTCONI = 0x3F3F; //(PLLx8,0004 = 202 ns)(PLLx8,0006 = 300ns)(PLLx8,0008 =
400)(0404)

DTCON2 = 0x0000;

PWMCONI = 0x00FF; // Enable PWM output pins and enable complementary mode 0077
PDC1 = PTPER,; /* 0 Volts on Phase A. This value corresponds to*/

PDC2 = PTPER; // 0 Volts on Phase B.

PDC3 =PTPER; // 0 Volts on Phase C. )
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PDC4 = PTPER; // 0 Volts on Phase D.
IFS2bits. PWMIF = 0; // Clear PWM Interrupt flag
IEC2bits. PWMIE = 1; // Enable PWM Interrupts
OVDCON = 0xFF00; // PWM outputs are controller by PWM module
PTCONbits. PTCKPS=1; //PWM Time Base Input Clock Prescale Select bits 16
PTCONbDits. PTMOD = 0; // Center aligned PWM operation
PTCONDits.PTEN = 1; // Start PWM
return,
}
2. @7UV93 ADC 159 Analog to Digital
ﬁauﬁ%xﬁmsﬁmuaﬁﬁﬁma;j fio msgavivesluTasnouTnsames Iviilueiisy
Ty 1m98uIdon (3990IN135M3 conversion UAYMINYA conversion ANETIumMS
sample Yod e Fail Tlsunsudad
#include<p30f6011.h>  // Header file for dsPIC30F6011
#include<led6011.h>  // Header file for dsPIC30F6011
#include<adc10.h> {// Module function for uart
#include<stdio.h>
unsigned int x,a;
unsigned int analog(unsigned char ch)
{
unsigned int vall;
ADPCFG &= (!(ch+1)); /# all PORTB = Digital; RBO = analog
ADCONI = 0x0000;  // SAMP bit = 0 ends sampling ...
ADCHS = ch; // Connect RBO/ANQ as CHO input ..
ADCSSI. =0;
ADCONS3 = 0x000A;  // Manual Sample, Tad = internal 2 Tcy
ADCON2 = (;
ADCONI1bits. ADON = 1; // tum ADC ON
ADCONI1bits. SAMP = 1; // start sampling ...
/ delay_ms(1);

/{ Keep for counter loop

-
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for(a=0;a<102;a++); // Loop for delay I millisec per unit(7.3728 MHz@ PLL4x) 816
ADCON1bits.SAMP = 0; /7 start Converting
while (! ADCON 1bits. DONE); // conversion done?
vall = ADCBUFQ: /f yes then get ADC value
return{vall);
}
3. 47UY09 Capture W30 MTTUTYY IV
w1 lumsiudyana PwM voToTsalag dadesfmuansiamussn
DU e Tufi149 RO tagfmuadiaunnudifgvesmsoune i W

void capture_init(}

{
/* Enable Timerl Interrupt and Priority to '1' */
ConfigintCapture1(IC_INT_PRIOR I & IC_INT ON);
T2CON =0x8008;
{/ timer 32 bit start
// timer mode 32 bit
}
void Open_capture()
{
OpenCapture 1{IC_IDLE_STOP & IC TIMER3 SRC &
IC_INT_ICAPTURE & IC EVERY EDGE);
}

4. BYDINIUAAIHAATUNIIFDITYIIUOYATY M50 Uart
“lmfmﬁynﬂumsﬁmuﬂfiﬁuﬁumﬂ%&mﬂlm Uart #zi@ouTalsunsyldgeds
void uart] _init()
{
int UlModeValue;
int UlStatusValue;

unsigned BaudRateValue = 65;  // 38400 when PLL=16x, XTAL1=30MHz
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UlModeValue =
UART _EN &
UART IDLE CON &
UART_TX_ENABLE & I test
UART_EN_WAKE &

UART_DIS_LOOPBACK &
UART_DIS_ABAUD &
UART_ISTOPBIT & /ltest

UART_NO_PAR_8BIT;

UlStatusValue =
UART_INT_TX_BUF_EMPTY
UART_TX PIN_ NORMAL
UART TX ENABLE
UART_INT_RX CHAR

R R R P

UART ADR DETECT DIS
UART_RX OVERRUN CLEAR;
OpenUART1( UlModeValue, UlStatusValue, BaudRateValue );
SetPriorityIntU1RX(3);
EnableIntU1RX;

. & 2 o o o
Faulsansoiidsunsuiiinlyidae #alilsunsudooia 4 viu annsaiunsau
fuTilsunsumdnldae 3o wonduf 18 Taeduonduszdostimua directory voe Tulsunsy

L] A T 1
08 1u Include Path F90¢l1d91Y93 Build option
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MICROCHIP dsPIC30F6010

dsPIC30F6010 Enhanced Flash
16-bit Digital Signal Controller

Peripheral Features:

» High current sinkfzource HO pins: 25 mA25 mA

« Timer modile with programmable prescalen

- Five 18-bft imersitounters; optionally pair
18-bi timers into 32-bit timer modules

16-bit Capture input functions

+ 16-b Compare/PWM output functions

« 3wire SPM™ modules {supports 4 Frame modes)

High-Performance Modified RISC CPU:

+ Modified Harvard architacture + PC™ module supports Muli-Master/Slave made
+ C campler optimized instruction set architecture and 7-bi/10-bit addressing
with flaxible Addrsssing modes + 2 UART modules with FIFQ Buffars

84 base instructions
24-bit wide instructions, 16-bit wide data path

144 Kbytes on-chip Flash program space
{Inatruction words)

8 Kbytes of on-chip data RAM

4 Kbytes of non-volalile data EEPROM

Up to 30 MIF's operation:

- DG to 40 MHz external clock hput

- 4 MHz-10 MHz osciliator input with
PLL active (4x, 8x, 16x)

44 irternipt sources

- 5 external interrupt sources

- 8 user ssleclable priarity lavels for sach
intamupt source

- 4 processor {rap sources

16 x 16-bit working register array

DSP Engine Features:

.

Cusal data fotch

Actumulalor write back for DSP operations
Modulo and Bit-Reversed Addressing modes
Two, 40-bit wide accumudators wih optionat
saturation logic

17-4it x 17-bit single cycle hardware fractionalf
Integer multiplier

All DSP instructions single cycle

1 16-bit single cydle shit

2 CAN modides, 2.0B compliant

Motor Control PWMWM Module Features:

+ 8 PWM cutput channsls

- Complementary of Indapendant Dutput
modes

- Edge and Carter Aligred modes

4 duty cycle gonarators

Dedicated ime base

« Programmable cutput polarity

+ Dead Time contral for Complementary mode

+ Manual outpit contral

+ Trigger for AD conversions

.

Quadrature Encoder Interface Module
Features:

« Phase A, Phase 8 and index Pulse input
18-bit upddown position counter

+ Count direction stetus

+ Positlon Measurement (x2 and x4) mode

+ Programmabla digial noise filters on inputs

+ Alternate 16-hit Timer/Counter mode

+ Interrupt on posttion cotntar rolloveriurderflow
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Analog Features:
* 10-bit Analog-to-Digital Converter (A/D) with
4 §/H Inputs:
- 500 Ksps conversion rate
- 16 inputchannels
- Conversion available during Sleep and kdle
*+ Programmable Low Voltage Detection {PLVD)

» Programmable Browrrout Dateclion and Raset
ganeration

Special Microcontroller Features:

+ Enhanced Flash program memaony:
- 10,000 srasefwrits cycle (min.) for
industrial temperature range, 100K (typical)
+ Data EEPROM memory:
- 100,000 eraseiwrite cycle {min.} for
industrial temperature range, 1M {typical

Selfreprogrammable under software cartrol
Power-on Reset (PORY), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Flaxible Watchdog Timer (WD'T) with on-chip low
power RC oscillator for reltable operation
Fail-Safe clock monitor operation detects dlock
fallure and switchas to on-chip low powar RC
osciltator

Programmable code pratection

In-Circutt Serlal Programming ™ (ICSP™)
Selectable Powst Managemant modes

- Sleep, idle and Alternate Clock modes

CMOS Technology:

* Low power, high speed Flash technology

* Wida operalting voitage range (2.5V {0 5.5V)
* Industrial end Extended temperature ranges
* Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Program

Men. Bytos]
instructions

SRAM [EEPROM

Device Bytes | Bytes

Ping

Timer {input
16-bit | Cap

Output | Moto ™

AD 1002 | Quad 2 |E z
Comp/Std |Control g T
PWM | pwwm |C0Ksps | Enc €%

dsPICIOFE0I0 | 80 | 144K4BK | B192

5

8

16¢h Yes 122|112

* This table provides a summary of the dsPIC30FB010 peripheral features. Otheravalable devices in the dsPIC30F
Motor Control and Power Conversion Farmily are shown for feature comparison.
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dsPIC30F6010

Pin Diagram
80-Pin TQFP
: _
3
THHIEMH N
Noaandannonnnnnannon
/szﬁzenmﬂrzeasswsesz
PWM3HRES [ T1° 6 [ ] BMUCI/SOSCOTICUONORCT
PWAMLRES |2 85 | BMUDIISOSCIIGN1/RC13
Pwusmer Cda 55 || EMUC20C IR0
nokre1 ] 4 st |1 camms
WCKRC3I 5 86 [ ] I1C3mD10
SCK2CNERGE T 6 55 oo
SDI2ZCNaR3T |7 84 [ ] ICV/ROS
sSDOZeNIGRGE | a8 53 ] INT4/RATS
MCIR g 52 1 NTARAM
55 T 1vss
e B dsPIC30FE010 w5 csorekomerd
Voo ] 12 49 [ ] OSCUCLK
FLTAANTIREE [ |43 48 ] voo
FUBANTZRES [ 14 47 [ ] sCLRG2
ANSIOER/CNTRBS [___| 18 a8 | ] SDARGX
ANsQENCHNERB T | 18 45 || BMUCSISCRUMTORFS
ANVINDX/CHSRBR L] 47 44 [ SDH/RFT
ANZSSTAVONONARB2 ] 18 43 ] EMUD¥SDOVRER
PGLEMUCIANYCNIRBI [ 19 42 [ U1RARF2
PGIEMUNANGCONZRBI ] 20 4t [ umoRFa
SHNENIREBRYBBLHOIYREEE S
LU
LR T T
8¥sp 22z Z3ifBEs:
3 o §E
Z B8 85
2 85
&
E

Note: Pinout subject to change.
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FIGURE 1-1;

dsPIC30F6010 BLOCK DIAGRAM
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BT S—
Table 1-1 provides a brief description of the device 1O
pinout and the functions that are mulliplexed to a port
pin. Muttipls functions may exist on one port pin. When
multiplexing occurs, the peripheral module's functiona!
requirements may force an override of the data
direction oftha pont pin,
TABLE 14:  dsPIC30F6010 VO PIN DESCRIPTIONS
Fin Buffer . a
Pin Name Type Type Description
ANO-AN15 ] Analog |Analog inputchannels,
AN and AN1 are also used for device programiming data ard clack inputs,
respeactively.
AVDD p P Positive supply for analog modids.
iAVss P P Ground reference for analog module.
CLKI l ST/CMOS |External clock source nput. Alweys associated with OSC1 pin function,
CLKO o] — Oscillator crystal output Connects to crystal o resonatar in Crystal
Oscillator moda. Optionally functions as CLKO in RC and EC modas, Always
assotiated with OSC2 pin function,
CNO-CN23 i ST Input change notification inputs,
Can be soltware programimed for internal weak pullups on all nputs,
COFS ¥O ST |Data Converter interface frame synchronization pin,
CSCK ¥o §T Data Converlar interface serial dock input/foutput pin
CSbi f ST Data Converter Interface saral data input pin,
CSDO o — Data Convertar Intarface sarial deta output pin,
C1RX i ST CAN1 bus recelve pin.
C1TX o - CAN1 bus transmit pin.
C2RX I ST CAN2Z bus receive pin.
C2TX 0 . CAN2 bus transmit pin,
EMUD 0 ST 1CD Primary Communicalion Chamnel data Input/output pin.
EMUC o sT ICD Primary Communication Channel clock input/output pin.
EMUD1 uo ST ICD Secordary Communication Channel data Inputfoutput pin,
EMUCH o ST ICD Secondary Communication Channel cack inputioutput pin.
EMUD2 o 3T ICD Testlary Commumication Channet data input/output pin.
EMUC2 uo ST ICD Tertiary Communication Channed clock Inpulfoutput pin.
EMUD3 o 8T ICE Quaternary Communication Channel data inputfoutput pin.
EMUCA w ST ICE Quaternary Comimunication Channd clock inputioutput pin,
{C1-IC8 { ST Captura inputs 1 through 8.
INDX I sT Quadratura Encoder indax Pulse input.
QEA f 5T Quadratuce Encoder Phase A Input In QEl moda.
Awxiliary Timer Extarnal Clock/Gate input in Timer mode,
QEB | ST Quedraturs Encodar Phase A Inputin QE! mode.
Auxlilary Timer External Clock/Gala input in Timer mode.
LIPDN 0 CMOS  |Positlon Up/Down Counter Direction State.
INTO I ST External intarrupt 0.
INT 1 | 8T External interriipt 1.
INT2 I sT Extorral internupt 2.
INT3 | ST External interrupt 3.
INT4 | sT Extamal interrupt 4.
LVDIN ! Analog  |Low Voltage Detect Reference Vokage input pin.
Legend: CMOS= CMOS compatible inpit or outpit Anabbg=  Anglog input
ST = Schmitt Trigger input with CMOS levels O = Quiput
f = fnput p = Power
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TABLE 1-1:  dsPIC30F6010 VO PIN DESCRIPTIONS (CONTINUED)

Pin Name T‘; ‘;‘e B}-_t;f;:r Description

FLTA § SY PWM Fault Ainput.

T8 i 8T PWM FaultB Input.

PWM 1L O —_ PWM 1 Low outpit,

PWMTH Q — PWM 1 High output.

PWM2L O —_ PWM 2 Low outpat.

PWM2H O - PWM 2 High output.

PWM3L O — PWM 3 Low output.

PWM3H O —_ PWM 3 High output.

PWM4L 0 -_ PWM 4 Low output.

PWIAMH 0 — PWM 4 High output.

MCLR i 8T Master Clear {Reset) input or programmirg voltage input, This pin 1% an active
low Resat to the device.

OCFA 1 ST Compare Faull Ainput (for Compare channels 1, 2, 3 and 4).

O0FB { 8T Compare Fault B Input (for Compare chamnels 8, 8, 7 and 8).

OC1-0C8 O — Compare outpuis 1 through 8,

QSC1 I STICMOS |Osciator crystal input. ST buffer when configured in RC mode; CMOS

OSC2 O e ctharwise,
QOscillator erystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

PGD HO 8T In-Circuil Serial Programming data input/output pin.

PGC f ST In-Circutt Serial Programming clock input pin,

RAS-RAIQ o ST PORTA is a bi-directional 0 port.

RA14-RA1S 1O 8T

RBO-RR1S Ko ST PORTR is a bi-directional VO port,

RC1 1o ST PORTC is a bi-directional VO port.

RC3 1o ST

RC13-RC15 HO ST

RDO-RD15 Lo 8T PORTD is a bi-diractional YO port.

REG-RES o ST [PORTE is a hidirectional 110 port.

RFO-RF3 Ho 8T PORTF is a bl-directionat ¥O port.

RGO-RG3 o 8T PORT G Is a bi-drectionat VO pert.

RGB-RGY 1o ST

SCK1 HO ST Synchronous saral dock input/output for SPI™ #1.

SDIt | ST SPE#1 Data in.

SDO1 ¢ — SPEHA1 Data Oud.

S81 1 ST SPi#1 Slave Synchronkzation

SCi2 o ST Synchranous serial dock inputioutput for SPE#2,

SDR I ST SPI#2 Data In

sho2 o] e SPI#2 Data Out.

852 [ 8T SPI#2 Slave Synchronization,

SCL HO ST  |Bynchrenous serlal clock inputioutput for 12C.

SDA HO ST |Synchronous serkal data inputfoutput for 1C.

S0OSCO O —— 32 kHz low power oscilator crystal output.

SOSCI i STICMOS |32 kHz low power oscillator crystal input. ST biffar when sonfigured in RG
mode; CMOS otherwise.

Legend: CMOS= CMOS compatitle inpit or output Analog = Analog input

ST = Schmilt Trigger nput with CMOSlevels  © = Output
{ = lInput P = Power

DS70119D-page 8 Preliminary © 2004 Microchip Tochnology Inc.
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TABLE 1-1:  dsPIC30F6010 ¥O PIN DESCRIPTIONS (CONTINUED)

, Pin Buffer .
Pin Name Type Type Description
ITICK { §T Timert edernal clock input.
T2CK i 8T Timer2 extamal dock input.
T3CK i 8T Timer3 externat clock input.
T4CK i 8T Timord external cock input.
TSCK 1 ST TimerS externat cock input
UTRX 1 8T UART1 Receaive.
U1TX O — UART1T Transmit.
U1ARX i ST UART1 Alternate Receive,
U1ATX 0 — UART1 Altermate Transmit,
U2RX 1 ST UARTZ2 Recslve.
UZTX O — UART2 Trarsmit,
Voo P — Pesifive supply for logic and 1/O pins.
Vss P — Ground referance forlogic and HO pins.
VREF+ H Aralog  |Analog Voltage Reference (High) input.
VREF- i Analog  {Analog Voltage Reference {Low} input.
Legend: OMOS= CMOS compatibie input or output Anglog =  Analog input
8T = Schmilt Trigger put with CMOSlevels O =  Oulput
i = Input P = Powver
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International
IGR Rectifier  IR2110(1-2)(S)PbFIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
* Ficating channe! designed for bootstrap operation _
Fully operationat to +500V or +600V Vorrset (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dvidt immune
* Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
® Undervoltage iockout for both channels
* 33V logic compatible Vour 10 - 20V
Separate logic supply rangs fram 3.3V to 20V
Logic and power ground 5V offset ton/ott (typ.) 120 & 94 ns
* CMOS Schmitt-triggered inputs with pull-down 3
* Cydle by cycle edge-triggered shutdown lagic Delay Matching ((:23111%)) 12% ns r?:a;.
® Malched propagation detay for both channels ns max.

® Qulputs in phase with inputs Packages

Description

The IR2110/IR2113 are high voltage, high speed powar MOSFET and
IGBT drivers with independent tigh and low side referenced cutputchan-
neks. Proprietary HVIC and fateh immune CMQS echnologies enable
ruggedized monolithic construction.  Legic inputs are compatible with
standard CMOS or LSTTL oulput, down to 3.3V logic. The output
drivers feature a high puise current buffer stage designed for minimum
driver cross-conduction. Propagation defays are matched to sirmplify use in high fequency applications. The
floating chapnet can be used to drive an N-channef power MOSFET or IGET in the high side configuration which
operates up to 500 or 600 voits.

3

164 ead SOIC
14-Lead PDIP IR2110SAR21135
IR2110/R2113

Typical Connection up 1o 500V or 600V
Ij
—
PR HO 1 mj{ T
2 N
Voo o ——4———{ Vi P e
TN T

HINo HIN v, —& ° to
SD o Sa) — X JOAD
LIN o LIN Vee —2
Ves & Vg COM |42 E;)
Vee — Lo

b 4

(Refer to Load Assignments for correct ph configuration}. This/Thess diagram{s) show slecrical
connactions only. Please refer to our Appication Nales and DesignTips for proper droult boand layout,




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings

Absclute maximum ratings indicate sustained imits beyond which damage to the device may ooour. Al voltage param-
eters are absolule voltages referenced o COM. The Ihamal resistance and power dissipation rafings are measured
under board mounted and stll air conditions. Additional information is shown in Figures 28 through 35.
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Symbol Definition Min. Max. Units
Va High side floating supply voltage (IR2110) 0.3 525
{R2113) 43 625
Vs High side foating supply ofiset voltage Vg-25 Vg+03
Vio High side foaling output voltage Vg-0.3 Vg + 0.3
Voe Low side fixed supply vollage 0.3 25 v
Vio Low side output volage 6.3 Ve +0.3
Vop Logic supply voitage 0.3 Vgg +25
Vs Logic supply offset voltage Veo-25 Voo +03
VN Logic input voltage (HIN, LIN & SD) Vgs-03 Vop +0.3
dV g/t Allowable offset supply voltage transient (figure 2) —— 50 Vinsg
Po Package power dissipation @ TA £+25°C (14 iead DIP) — 1.6 W
{16 lead SOIC) — 1.25 :
Ryyua Themal resistance, junction to ambient {14 lead DIF) — 75 W
{16 lead SOIC) —_— 100
T3 Junction temperature — 150
Ts Storage temperature 55 150 ¢
T Lead temperature (soldenng, 10 saconds) — 300

Recommended Operating Conditions
The Inputioutput logic iming diagrami is shown in figure 1. For proper operation the devige should be used within the
recommended condltions. The Vg and Vgg offset ratings are tested with all supplies blased at 15V differential, Typical
ratlings atother blas conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Va High side flcating supply absolule vollage Vs + 10 Vg +20

Vs High side floating supply offset voltage  {IR2110) Note 1 500

(IR2113) Note 1 600

Vho High sids floating output voltage Vg Vg

Voo Low side fixed supply vollage 10 20 v
Vio Low side output voltage o veo

Voo Logic supply voltage Vgg +3 Vag+ 20

Vas Logic supply offset voltage -5 {NoteZ) 5

ViN Logic input voltage (HIN, LIN & SD) Vas Voo

Ta Amblent temperature 40 125 °c

Hote 1: Loglc operaticnal for Vg of -4 fo +500V. Logic sfate held for Vs of 4V to -Vgs. {Please refer to the Design Tip
DT87-2 for more datails).

Nele 2. When Vpp < 5V, the minimum Vg offset is fimited b -Vpp.
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Dynamic Electrical Characteristics

Veus (Vee. Vas: Vop) = 18V, € = 1000 pF, Ty = 25°C and Vgg = COM uness otherwise specified. The dynamic
eleclrical characteristics are measured using the test dircuit shown in Fgure 3.
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Symbol Definition |Figure | Min. | Typ. |Max. |Units {Test Conditions

n Turn-on propagation delay 7 —_ 120 | 150 Vg =0V
loff Tum-off propagation delay 8 — 94 | 125 Vg = 500VIS00V
tsd Shutdowin propagation delay 9 — | 110 | 140 ns Vg = 500VI800V
& Tumn-on rise time 10 — 25 a5
i Tum-off fall Hme 1 — 17 25
MT Delay matching, HS & LS {IR2110) — — — 10

fum-on/off (R2113) — —_ — | 20

Static Electrical Characteristics

Vs (Vee, Vas. Vpp) = 15V, TA= 25°C and Vs = COM uniess ctherwise specified. The VN, Vi end liy paramaters
are referencad to Vss and are applicable to all thres logic input leads: HIN, LIN and SD. The Vo and lo pa:ametem are
referenced o COM and are applicable 1o the respective output leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.{ Units [Test Conditions
Vik Logic *1” input voltage i2 9.5 — |
Vi Logic “0” input voltage 13 — — 60
Vo | High level outputvoliage, Vaias - Vo 14 \|/= =2 v lg= 0A
VoL Low level output voltege, Vo 15 — — {01 o =0A
1k Offset supply leakage current 16 — e 50 Ve=Vg = S00VIB00V
loas Quiescent Vgg supply cument 17 —_ 125 | 230 V=0V or Vpp
lace Quiescent Vog supply cumrent 18 —_ 180 | 340 uA Vin =0V orVpp
koo Quigscen! Vpp supply current 19 - 15 30 Vin =0 orVpp
N+ togic *1” input bias curent 20 — | 20 | 40 ViN = VDp
Lin- Logic 0" input bias current 21 (17 — | 40 Vin= 0V
Vesuve | Vas supply undervoltage positive golng 22 75 88 | 87
thraghold
VesWwv. | VBs supply undervoltage negative going 23 70 82 | 94
threshold
Vecuvs | Voo supply undervollage posilive going 24 74 85 | 986
threshold v
Vecuv. | Veg supply undervollage negative going 25 70 82 | 94
threshold
fe7% Quiput high short ciroult pulsed current 26 20 25 —_ Vo=V, ViN =VDo
PW<10 |5
io. Qutput low short circuil pudsad current 27 20 25 | — A Vo =15V, V| =0V
PW<10 R
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Functional Block Diagram

| : —
Uy i
Voo b— DETE R o |
! o $—{POCBE K eHO
: R0 v SET L {ALTER 5 [
HiNe—y §] ) LBvEL _,{ l
i SHIFT paSE E v,
bl GEN *

8(

T
%

1
1= R DELAY

g

o
\gj/ .
L

%

e o e RS i L O R . e A N A e e . L L

Lead Definitions

{1Symbol| Description
Voo Logic supply
HIN Logic input for high side gate driver output {HQ), in phasa
SD Logic inprit for shutdawn
LIN Logic input for low side gate driver output {LO}, in phase
| Vss Logic ground
Vg High side floating supply
HO High side gate drive output
Vs High side floating supply retum
Ve Low side supply
LO Low side gate drive output
COM Low side returmn
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HiN
LIN

D -I

T LT

Voo =19
Q

1 Ve

10 ot —0

Tw Tur - 1] two *

= T T a—l WET Tor 18

L 'V,
HiN o—on ] 10 7 T 2

13 2

Figure 3. Switching Time Test Circuit
50%
Sb
ted
HO 90%
LO

Flgure 5. Shutdown Waveform Definitions

90

International
TOR Rectifier
vm:'isv HY = 10 1o EDOAOI0V
"[ 0 Iﬂ.l [ 1i;.<“j
L m +
T Iw o ;I, J, e "sml 100

10 | >
7 o HO L
—{1 i ¥ r 2% wsovins
LD—'— OUTPUT 10KFG
MONITOR 1

dt
13 2

T mﬂmg

Flgurs 2. Floating Supply Voitage Translent Test Clroult

HIN 50% 50%
LIN
LO HOC
10%
MT MT
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LO HO
Figure 6. Defay Matching Waveform Deflnltions
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