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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 obtain the best
performance. All the relations must be designed properly in order to keep the car in equilibrium
even though the car is disturbed by unexpected force and for control the car moves correctly to

the exact destination,
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y measured variables. | # control input.

MW 2.5 paasiannuduRuszIndusuasdayg o

x(1) A B B || x(?)
Generalized Plant; G(s) < | z(8)|=|C, 0 D, [ w()

y)] G D, 0 Jlu()

NN 2.6 uﬁmﬁaﬁnumwm Generalized Plant

w(t)ﬁgx(z‘) = Ax() + Bw®) + Bul)|_, .,
z(t) = Cx(¢) + D, u(t)
ut)y—>| ) = Cx(t) + D,w() - ¥(¢)

Generalized Plant G(S) diznou'lldqe

Plant

230 = o) + + [Blo

) = |Gy +

G; - o
MAN 2.7 VAAINIDOHUZUDN Plant




Weighting Functions
B w(t)
z(t) = |C k() + |D,u(?)
D, w(?)
AINA 2.8 UAAIDISNYYZ YD Weighting Functions
d
—x(t) = Ax(@t) + + Bu(t)
dt
ut)y—>; y@) = Cx(1) + — y(t)
Plant D‘)rmamics
a x(t) = Ax(t)+ Bu(t)
wt)—>|dt" T (@)
y(t) = C.x(t)
uy) | B, +f} X ] x X c, y(t
%
A

seuui idFums sy dwilaussaus (Performance Indexes) 19iiediga 1910n58n
o 1 d. - dqi
AU sEUUAIgUAIMIE T oAN A

. A
Taesia 'l dwilaussouz vesszuudon 1Rty J=[g(x,u,t)dt
¢




ul—-) —-)xl Tl‘l r-f;] -f;l -f;n-_ 1—
u, - [Control|— x, || 4, i L il x,
: |system| : S fl e
u —> =>x (|4, | | f. fill x,
u=rFx

mim # = Fx aduiladsuves x deld1g J diian

g;x(t) = Ax(f) + Bu(?)

() =Cx(0)

u(t)— — y(1)

s e — -,
1 - |
t
;‘( )i B, +Q X x X c, i)’(’
I ~
- |
o !
1 ' |
P A e |
o | -
ST 0 R

AN 2.9 HARIDIDPYUZUDITEUU LQR

15192 il P 91naun1s3neA (Riceati Equation)
AP+ PA—PBR'BIP +Q =0 |fasu (Solutions) ¥8a P Aldvinmiarfimua

Weighting functions 0, R szilungmsaiuguiitmanzauisa

u=Fx=-R7'B]P x

——

I




oy
State feedback gain £ YW A closed-loop poles Nilog o 3ad1e 4 1§ S1szvuanse
AR 14 nafe
_ | 2 | | n-1
|M.|=|B, | 4B, | £B, |-+ | 47B|=0

HAIN 5 Closed-loop poles ot & Auntiala q Aezvir 1914 output responses t1AnA1AY
uaved O uaz R f11W18@mnus Closed-loop poles 1111 130 9anv199 010U
Imaginarymufhﬁiﬁlﬂﬂﬂ
mseenuyuAIRIugy [ & 15130091 Linear Quadratic Regu-lator (LQR) ¥4
Sagilszasruns LQR Ao sl ¥ T&n s nau U gamagud (zero state) athamnzauiign s
o lvlugliweres Afesnuuu 1T a ey 1iidh
Performance Index J uaz Error signal Z(?)

INNAUIHDIZU Generalized Plant G(§) Mlsznoulifae

w(t)—)%x(t) = Ax(t) + Bw(r) + B2u(t)—>z(t)
z(t) = Cx() + D u(t)
wW)—>| y() = Cx(t) + D,w() — y(2)

AN 2.10 LAAIDIANMULYOI Generalized Plant

Plant(A, Bz, Cz)
%x(r) = Ax(t) + + Bul)

¥ = Cx(r)y +
o - o
AAN 2.11 LAAIDIANYMSUDY Plant

Weighting Functions

B w(t)
z(t) = Cx(¥) + D,u(t)
D w(t)

NN 2.12 LAADIEAYMZUDY Weighting Functions




N5

z2()=Cx(t)+Du(t)=[C, D, ][xg;]
u

ORI CORRE Iyl RS

Z'z=[Cx+D,u] [Cx+D,u]= (C{xr + D7’ ) (Cx +D,u)
=x'C/Cx+u'D'D,u+x"C/Du+u"DCx

cross-term
=x"C/Cx+u'DIDu+(x" CIB, u+u” DIE x)
=0 =0
27z=x"C/Cx+uw D'D u=x"Ox+1u Ru
L [+

=R
{72y =1z [l = [(x'Qx + Rt =7

232  aalszanamaan (States Estimator)

N

Lo

FO=y@O)-y({)

MR 2.13 1AADIANYHEVDITZUY LQR 731U LQE

s M o v A o e =
ﬁ1&9‘1ﬂﬂl'l'ﬂg‘l\‘ligu‘u“-N“ﬂﬂ‘lﬁﬂi HIDVNIIUNUII AD AITUNA ‘nﬂ11|170ﬂ53u1m

lJ A ar L] -
fraiaan1olu (Internal State) X(2) 91ndeyanamiliun §uldun YTumudh u(f)ues
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oy g i . os o {
iuwween y(1) Tavawilmnsofierduseaaasld Taverdonuunnudeinanslugd

4
Frauy
& Y - v o ot o o
FegUdauunaastiamsueneendiu 2 dau su'ldun daunidugdurumanamans
¢ o 1 i o :
VOINDIUN DT 99 (A,BZ,CZ) sordruninisudlualiuaaiainiaey

~ A [ o uvz = fow o el o
Ly=1L (y - y) dwmfuwaind L 1w i5uSoni1 Saswegvesdadana isesdauna’ld

o

nfmdunaszll 7 maanelu X vaz aes USuand Wun u(r) uaz () 15ridaee
¥

Y

o r A n‘: 1 [] ar
uapa iy X v sxirlssunuvesyamaa x(¢) §1 L gaidenstiegndes aniu
X ffe maailszan uazdSuueenvesdadanativies

AUNS MAAUDIAITIUNAND

x=AR+Bu+Ly=A%+Bu+L($-y)

x=(A+LC,)%+Bu—Ly

= ~ :;

Aoz UUNNAMTATOUAUN 72 NUMAATUAY (Initial State) 56(0) MY
k3

a.

alszumisuduvesaian daunasnd L fiflusasiversvesdadunaiu sezdeudonsn
yoarTu 1efi Sudanlszinmidudy 52(0) w'hishfumaasuduese x(O) a¥uin
'l el sz i:(t) 9T GUNMAARDTY x(t)

Psnw J(8) = P(t)— y(¢) YusneRuni anuamandeuvesnisiszum
S9N (output estimation error) Tumsiion L 1510ziewlv ANUARIAIAABUYBINS
5EIUAITIAR (state cstimation error) X(¢) = £(1) ~ x(¢) = e(t) vazlouwamas
voui&&si f=i-x=¢

=[Ai+;3;ﬁ+L(j;—y)]—[Ax+;;{]
=AE-x)+L(y-y)
=A(R-x)+LCi-Ly
=A(®-x)+LCA-LCyx

= A(R—-x)+LC,(2-X)
=(A4+LC,)(2-x)

$=(A+LC)X=4,3%
¥ = ] I~
iezdanaldiTuiununumadh (Control Inpup) # litsng s wiungen
LR J v o o
mIvndetuies vediadeaneniinadh 1 1dgadloudiaseg h vy dadunn Ta

] o o
dumasnd B,
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ﬂnmiiﬂﬂuﬁmmﬁuhﬁa AARIAIAABUNARIARS (error dynamics) $4Ma10
nnlumguiiszuunivguiioundy wvaveguugadidyluiiesvesnisdinszdaaiy
aamiRRounamaad suiniAeIf U3 TAnaTAanT sy (Engineering Measurements) 131

y

Au 9 naunsil (5& =(4+LC) %= Aoi) vziuiRedediemeneii asumiim
idonmdasvegvesdaduna L iefiiuuaindsdavesdrduna (closed-loop observer
matri)es 1@t des nmnuuiFudumiiy (asymptotically stable) Na1ABAINARIAIARIUYDA
115152010 (estimation error) ¥(Z) sz iguiestadumny (zero asymptotically) iie'lsh
aufinnana-aowEuduvean1715zam Ginitial estimation orror) #(0) = 2(0) - x(0) 14
Aadu

vz luuda Sud i@ unisenme lumsdendives L el (4+1C,) 7§
desmwuumFuduninu (AS.) ﬁmuﬂ?umﬁwﬂmmi’r fu Jaurvesnisiensan
Sasmonouesinlsmanailoundy (state variable feedback; SVFB) F 1fiot

A, =(A+BJF)
’ :
w2 ldtafesnmuuuFududidy Jymlumsesnuuuddunaliu mseenuumiiania
veuwaind L evegmadwmdeiie (vos C, lu (4+LC,)) Tuvmsfi Dyniveams
ponuuUMSAIIvnYeiiuls maadeundy £ ifu egmeduuaniie (veu B, 1u
(A+BF) aviuluseud faansefezuesilymvesnism L 18 ludnvuzider
WusUAURATILY TAENMSTAUAUMUL (ransposition) YBIUUAT NG
A =(A+LC) =4 +C,L
5

& ['J o 1o g -3 o & "o
VMU TUMTUNUY 1IBL3191187 il::mu'lﬁamunmuaunuﬂiyﬂwa»iﬂ'l'sm'élnmamnulw

be

vossalsmaniloundy F mnzilgmvesnsesnuuumiaiuaindsasvee L
Tumouil suftegnudmvnioves C Tu (A7 +CIL) milou F fiegnisduanile
voa B, W (A4 + B,F) szednlsfan mwiuldudii Daywwesmsesnuuuieidens
Saseovosdanlsmanteundy F 1fu 14 (4,B,) Tuvaef nseenuuudrdauna 14
(4,C,) 9339 uén Famosilymil HanwmzmBousu ndrafie fusulToudion ns
senuuusanveevesilsmantounduifndesiu (4, B, F) & (47,C],L7)

TuniseanuuuAIdUNA

»
[T ")

v ; 4 \
St niseenuuudidana e ldszuuiiadesnmdae Tnsnils Sse19i118Tan
- nldsudern (47,C7) Wil (4,8) - Mwatinlunseenuuuienim

o o o 4 é L}
Saswsvaaandsamadeunduielfssuuiiadesnim F Tagdsmsladinsnila gy
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matdnlunIs9d@ MU THa (Poles Assignment or Poles Placement) #30'lifie1vez1dimatia
Tumsméaswern F fvnzauiiga swnnsfim 1dnateoulu1udy

- nsudesn FT Wiy L

o = o o
VINNHIUNT !i'ﬂJﬂiJﬂ'li'ﬂ!ﬂﬂUB\iﬂ'Jﬂ\‘l!ﬂﬂlﬁu

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

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

(1)

¥ (1)

(1) o

¥(r)=y(H)—-y(1)

ATAA 2.14 LARIDIANNMZUDISEUL LQE

‘lumsaﬂnumuﬁqmuﬂuﬁmmmnﬁqﬂ Taansileundudredasivermaa F T
Surlsurmdn 2 = Fx Tuswansd el iddsiiaussous J fisdiga Soni “LQR”

duiiu SelEgadunanTesmilszinumaana 115leunduninaisiaame x
A599 Al i mas x unds Saelszinuues x e £ Smndusld
SEnsmigasvee L wudeanudin F Ty “LQr” ud1 1519213 0nud1 Linear Quadratic
Estimator (LQE) tazdus1§mstloundududaswmeman F fu X dte Tuihnl5Suandh
u = F% 1Wuawaruv ﬁw:u?unﬁamuquﬁﬁﬂs@ LQE llag LQR 520 UTi41 Linear
Quadratic Gaussian (LQG) Controller Fotu deswmus ¥ = F£ (asfisufedlSuaeen

¥84 $IRAY LQG) Tuaumsmumsaiaavesiadung oz1d



2=(A+LC)2+Bu-Ly
i=(4+BF+LC)%-Ly

agl  aunsmeauazaenislSinueen vesRINIURN LQG fiv

2=(A+B,F+LC)i-Ly

u=Fx

awsodsulugienay (Shorthand) ATy

A+BF+1IC, | -L
y()—>

F 0

—> u(?)

é or d’ . 2
FaAIMIURU LQG il szsenuuinietii lunrugunam

¥
ao 1 aail

y()—>

d
7 x(1) = Ax(#) + Bu(t)

y()=Cx(1)

u(t) >

|

A+BF+LC, | —L} ©
—>u{l) —>

F | 0

szuudiilSinadn r(t)

— y()

|

A | B,

|

20 u(r) HpAtA
J@‘ﬂ”@% DG

¥

()

(1)

— y(1)
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AuRmanAsuveInstlszanue iy 290 (Qutput estimation error)
y=y-y
ANuAMAMABUYeIn TSz AN (state estimation error)
X=X—-x=e
darfu eyuf vaanwAMIAIRABY HToMWAMAIRAB UM INAmAAT
¥=x-x=¢é
ugnInfiaunsmanvesdalssana
2=(A+LC)2+Bu-Ly
HAZAUNITNARVBITSUUNHWNAAIARS
X=Ax+ Bu
[13auiens e
¥f=f-x=¢
=[(4+LC,)2+ Bu—-Ly|-[Ax+ Bu]
X=A8+LC %~ Ly— Ax
=A(X-x)+LCE-Ly
=A(X-x)+LCX-LCx
=A(£-x)+LC,(%-x)
=(A+LC,)(2~x)
=(A+LC,)%
e u=r (t) + Fx o148

%= Ax+ Bu;|u=r(t)+ F&

=Ax+ Br(t)+ B,F%,[2=%+x
= Ax+ Br(t)+ B,F (X + x)
x=(A+B,F)x+B,Fx+Br(t)

syuvasila fiszneudan wansd uaz fnuay vzliaunismaa iy
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i=(A4+B,F)x+B,Fi+B,r(t)
i=(A+LC)x
uazfirorsanidsumesnveswannt (Judiwesn uda ox'l4
%=(A4+B,F)x+BF5+Byr(?)
¥=(A4+LC,)*

m= {(A i (ﬁfc);)}m*[%}(t)
y =[C, O]B] =C.x

o 1
HanguoieTeuvaanaun

x(t) = Ax(t)+ B,u(t)
¥() = Cx(¢t)

U(s) = |C,(s] — 4)"' B,| > Y (5)

u(t) > — ¥(1)

AandunieTouaila

sI-(A+BF)  —(BF) ] l:Bz}

0 sT-(A+LC,)| | 0
=C,[sI-(4+BF)] B,

H(s)=[C, 0]{

anndun? vazanumuIaaang (Duality and Observables)

$11% waudt (4, Bz,Cz) w1 eziludigfumedn narusd (AT,C;,B; ffo
sEUUg dIMiY (A, Bz,Cz) 1145311111-]'1"’;'51{’:ﬂnﬁuﬁﬁﬁmﬁmu‘mn USurd nazdlsuw
gon anniaamudsuseniriunaziu 1diduedied

sTUL (A,BI,Cz) 225801831 1919918 (reachable) fm1nA1UTwALAYY
g (control input) # aMNfivziAondy (drive) AR UAY (Gnitial state) x(0) 1aq Nl
54 mnngathy (final state) X(77) Fis1keans Maa1gaie (final time) 7 1 151331 &1

seppas it 18uda sfawrsofiszfiuadimuanseans Tua (poles) » filaq 14
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»
awdunslovensr uenviniisdeddndr frszuumusadhveldud immwisoesauuy
d. ) 1w r ar
waidenmidanvesvesdnlsmaaileundy F veellyn1 LQR (Linear Quadratic

Regulator) Taoa g 1dAsil

e —
" - - ()

b + :

- |

Lo !

o |

! 4 g '

P .' |

:I u=Fx f----——--__i g

o 1 F e :

AN 2.15 UAAIDIANYMIUBITZUL LOR

LQR dhuflgnmwesmsm I dmuszuu (A,Bz) deu = Fx e
i = [(x"Ox +u’ Ru)dt = [(x’C]C,x + 4 D],D,u)dt fisiiqa
0 0

- J [ - -
Tas ' =—R 1B;'P w'lden P suiludmevussaunissnma

A"P+PA—PBR'BI/P+Q=0

o A, B, nswslninaunsamavesszuy (X = Ax + Bu) noz wadnd O, R
Fuiminfis Idanuddyuinindvavuvesmmacingaduiia (X' Ox) oz

aldirwlumsarngy (1 Ru) awday
233 ‘iz‘ﬂ“ljﬂ' {Dual System)
(4,B,.C,)(4.C].B])

] » [ v
v luszvumiu nafiiaswiieauioin Yt uazdsunaeen awse

nandeusenisdunaziuldidussed




dninneryana HIzoeuIng: ~,
nromy LoeNINAIMIANT) 17

-

:—tx(t) = Ax(t) + Bw(t) + B u(t)
G(s) | z(t)y = C,x(1) + D u(t)
y) = C,x(1) + D,w(1)

j(t) r ' Bl Bz X(t)
Generalized Plant G(S ) fin z(t) | = C'I 0 D12 w(t)
y] |G D, 0 |u®)

LQR uilgwwesnsm F dawivszuu (A,Bz) e
Jo = I(xTCITCIx + uTD;Dnu) dt fimdmga
0

() EeElEG
szvugues G(s) An G7 (8) nie z(t) |=| B i 0 DI || w(®
|

yol | B [ D, 0 |Lu(®)

LQE ifuilyuwesmsm L dmivszuy (47,C) ) e

1

J, = [(x"B,B! x +u" D, Du)dt fsriqa
0

%x(:) = Ax() + Bw() + Bu()
G(s) < z(r) = Cx(1) + D,u(t)
y(f) = sz(!‘) + Dzlw(t)

. r o
LQG Hluiloym1vee LQR uny LQE s3ufiu tisf i1 i

J. = T(xTCITCIx +u" D,Du)dl o
o ARV )

2172

J,=[(x"BB'x+u D,Dlu)ds

72113
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%x(z) = Ax() + Bw() + BuQ)
G(s) {1 z2() = Cx() + D u(1)
y() = Cx(1) + D,w()

AuMIAMAANEZANMIUTIIMEBN YBIRINILAY LQG AD

i=(A+BF+LC)%~Ly
u=Fx

y(@)—>

A+BF+ LC, | -L
F l 0 —)u(t)

asil  |[LQrw F[; [LQEm L |; LQGm*ﬁa F ez L

Mﬂﬁm!ﬂﬂﬁin'im'Immﬁ'nﬁ'uﬁ'ixﬂ’iwﬁ"rﬁﬁmiﬂux J llﬂgﬂ?'lllﬂﬂ'm!ﬂﬁﬂu
z(1)
ty=Cx(t)+ Du(t)=[C, D,] x(0)
= + U =
z( ) lx 12 1 12 u(t)
zr(r)=[C]x(t)+Dmu(t)]T _[ ()] [C, Du]

2"z =[Cx + Du] [Cx+ Du]=(Clx" + D'u" ) (Cx + D,u)
=x'CICx+u D'Du+x"C/Du+u D Cx

cross-term
=x"C’ cx+uTDDu+(x c’ T u+u y(x)
—0
zZ'z=x ’C’"C x+u DD, u=x"Qx+u'R
R
_Q =R

(2=l | [l = (Ox + wRu)ds = J
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r 5 A L] 1 - v &
510z 1891 Mmvgu LQR Fuiludufieenuuuitenian F vesdaniugu LQG
L4 b d
vy funsdifiruues T, Optimal Control (N515#A cross-term Y89 2 Z 11U 15150380 &2
Auau LQG 31ilu H, Basic Problem 23n1uquiilsznaulU@redaniunn LQG uae

o
WAy v oxiifeAFu e Teuredailu

sI-(A+B,F)  —(BF) } [Bz}

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

H(s)=|C, 0][

Weszuulatlmilu

%=(A+BF)x+B,Fx+Br(t)

i=(4+LC,)%
H i [(A T ") (ﬁ{g;)][;]*[ﬂr(t)
y=]C, 0][;]: C,x

1 = . L=
sziu' 18 uuns nds LU (System Matrix) 291l@ fie

0 (4+LC)

4 - {(A +BF) (BF) }

w &
F97U 1315911 THa91a (closed-loop poles) 1401

sI. - (A4+ B,F) —(B,F)
| 0 sI —(A4+LC,)

H o o . . 1 ‘!, ' .4
dio I HummnSndiendnui (dentity Matrix) vua 72 X 7 uaiiled91ndn 4, Hinsnd

A(s) = |sI,, — Aol =

1 ar 3 ] a Jda
mumﬁun‘uu (Upper Triangular Matrix) AUU HARUUBIAINTHUA AMVIUATOHIRGI

(Diagonal Matrix) fio
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A(s)=|sl, —(A4+ BF)||sI, - (4+ LC,)

] ' . ar as id o o
iy 1ai Tnanadla eslisuou 2n &) duneenuvudiniuguiniidadana

¥
niednlszunamamansauegdis  mizTnaluisdaszing Inavesdrdunasiuiusgiy
&4 a o b a [ . .. ! v,
Twavesnaudausoniudi “ndnmsueniu (Separation Principle)” tazdazdn laluda sy
WalsveanquijaiuguasisIna (Moder Control Theory) 1aafi31 18R 1uMU10v84 Separation
R . o A ] LY = T 3 a vo M Y] 3
Principle 1971 Muazileg 2 Yuasunisljidmesenuuy dandugu 14un
- e =3 i - L) =y
- MmaiinduTnun 18 Medenmasnddoundy (Feedback Matrix) F* Tagauudn
Tuawselgmsiloundvdoe ful state 14
- eonuuudIduna L
Tagd wanitiounsmaadu x = Ax + Bu Mdunafiaumsamadiu
£ = (A+LC,)2+Bu-Ly UFumnugumadh u = r(t) + Fx
] & s w1 o - = o o .
S r(2) FusunsFuiuiniude Yunudrdaniaudmied 1§ (reference input or
» ~ ~ H r
command) 1y A wiiugud sl u=r (t) + Fx = Fx wozgenilgvinuuiian
«$leyM 198917 SNYIA (Regulator Problem)” 15U 1591923 anunasonssdiu Iiihnssuaase s
Ai' = A =1 1 - s s
Taad A1 1dnanesasvsmaedsaen 14 leddszinniifuendy #r5amiszdunsdu’ldi
nTLLAATY 5 Tad (+5 V.(D.C.) Regulator) ivanefiant Ysinnesnvesumassionssdu T#)
o Wt v o A W ' 4 4 o Ve M
nszuanssezgainu lfiininaha s 1aad Sndredanilsveiu Tdun drinuszay

ANAY (Pressure Regulator) ui’luﬁu

Oy 1P Gl 30
+
OISN
- +
u(f) $1 C, 1G]
F

Pressure Regulator

MNT 2.16 HAAIDIANYMEYDY Presser Regulator
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§19231 1 “szuninuIAEa TR (Automatic Regulating System)” RA® UL
asunutloundu fiil USinwdrademadi nie USuweeniideans Wusnedl  nsolid
wiaeunaslletedrg funa Tasfieumdnfifefza3dal5Sumeonese ey s
Foams 14 Saudlesiidasunau sruuinuiadalula ifhluiueen wiedulsfignaiugu
Fuiinumsmenmwitifestu Ml AWAY 115 Tra sTAVvesveunal uar Ay

n3AA (pH) (Mudu 1519258071 “N1TAIVRUATEUIUMS (Process Control)”

2.4 wanmImsmanuvedlalsalnl

ToTsalaiiugunsaififimaiuedits  mswmsmyuveaiureudalanias
i 4 ok
adedu it heiues s Ty 9 18 quauiAsunretiaunsod l)dssyad 191 8d

sadnsrusudssuvudseana nfesiulasarsnadszianiilelsalay Bdmiuduiy

- )

W naeszuwie e Tuld anrtieanmd Mir veeasmiFe 1€ laTsalatdduiu 11 6u (e

Qs as

5 o o o ~ o o - oo
ternume Tamfiadiu il lufiamaderdvaieWiadnnoanan
P = o ow = a e 4 a o
mandeunuvylalsezinaduulannrialuTanfilnisnyu Felinrsiiin

o

o 3 ot 1 A ‘v o L ] ‘f
Uszgnd IFludnuuzanquinineivhifiu soiugiuvesdaiuiiseil

241 NNl

MNA 2.17 PTNUAAIMTNYUIRZRANYBUITINNTTINAVYNU

ATNYUYeIgRENTziimIyY 2 uuudiefy 8duINABMITHYUIBUABIVEY
.4 - 4 Y
gnin ednaesiifegnuiesisgneznyuseuununanBauaunils msnyunuuiived
=1 1 . ] ] ' v & ) L ar
39071 0139 (Precession) Taogaanaluidy uad linyuezdy  Feqdeuduvimiedy

usaTiungvedlan
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2.4.2 MU JUATHANNIS
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3.1 MUUG1ABINABIAMTNS V0150 UATDIAD

3.1.1 HUUSI90INNEINMIanT VIR TUDINDS
r L
TuiFeeiioznd18angAnTsuves DC Motor Tasoz i nfsuludnuazves

»
HUUS 100N NATAAITAT (Math Model) #9il

@U‘

ot -/

- o o
MNAN 3.1 !11.“]ﬁ']ﬁBQTﬂ‘iQﬁ%{NﬂﬂQuﬂ!ﬂﬂi

iield Voltage snmeuendnneianszaduluvaanreuned Tashivemesoz
#5174 tongue (T) ﬂl'fuuﬂﬂumi‘luﬁ'ﬁﬁwﬁ'nﬂizuﬁaimummﬁnﬁ’uﬂﬁ'ﬁqfr
Tm=kml G-
A2IWAIUNIY R UazYAnIAaA11 L #08YNTNBYAY Vemf  (Black electromotive
force voltage) Aasuifiedninvaniaususmefndsufimuaumuimidn Tavauise
Ussnueiimdniuidusaduiusasiiaoam @) 188l
Ve=ke () (3-2)

o

1% Kirchoff’s Voltage Law (#asduvaausanioyu  Tvhmelumidugud) dsdl

.odi
V.—RJ-L‘?;:D (3-3)

a P o o ' = 7q o
fnsnaynsmsndeufiveuamed Tasyszunuausufoanuvosuomos 4
duFudusudasuiadam Taoh IR #o Inertial load of Armature 91VANYBIIIAY
YM=r, -kao-1,=50 G-9
anuauns (1.1 naz(1.2) aalu (L3)uaz.4) uazdalmilerlugilves Time derivatives
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-T=I1-—; (3-5)
d_R. K ¥
a L1971 (3-6)

A rey . - ' 1
iitea91miiu DC Motor nazis1'lfAA friction MAAYUINARNITA (1.5) Az (1.6) 921871

l'=—k—'ro+iV @7
R R "
do _k,, 1,
da I, I (3-8)
UNUAIAUATS 3.7 ﬁ\ﬂ‘u'ﬂ'llﬂ'li (3.8)
d_m-_k.k. o - 1 g _i (3'9)

IR LR ° I,
auwnsouaauily State space model Tavfidudsfisiruledn 6 uazy © sumnvesuemed

a7 {0 ! Trerjo o}
ﬂi =10 "'knkf u:e |+ km '-_1 K’:I
L@l LR AP \LR I | s

- -

v=1 O{z]ﬂo ot’]

Ao Voltage 1482 Torgue

(3-10)

(3-11)
3.1.2 wqﬁnimmm Two Wheels Vehicle
Tun158EUIINYANTTUYDS Two Wheels Vehicle 15198911A 1508 R 150 10eniiiu 2
d2u finl. Aauvesde 2. US4 Pendulum Tﬂuf‘faﬁmdau‘u‘fﬂmﬁﬂﬂiuwwqﬁnsswaa

Two Wheels Vehicle 1af9151 Body diagram vo3de

Left Right
whee! | &, wheel g .
w2

- - = -
AL PV

M 3.2 Free body diagram vosde

1¥nnues Newton TasNe1smHasIuvadts N uuau I ufian e x




33

EFr =awa
M, =Hp—H, (¢-12)
TusuAsaugaguina1avasie
M, =l
18, =Cy—Hpr
we f ] J’i’ (313)
911 DC Motor a2 Torgue AUTAUNUAIY
. =1 d—m+r
- A df a (3_14)
nlagugdannis Tagnmsumuardiunlsves DC Motor a6 tongue N1 Motor 1Wufadie
de -kk . £k
c=L28 " b g [y
L dr R -t RC (3-15)
unua (3.15) 1u (3.13)
1.6, =”—kﬁé, i*-V, ~H pr
R R (3-16)
—k.k . & I .
H =_"=teg Jop wj -
” R}' » R)' a ’ " (3 17)
11 3.17) unualu (3.12)
Left wheel
—kk, . ke I,
M, ¥=—2=0, + =¥, —"46, ~H, (3-18)
Right wheel
M 3 =ﬁé, +£—"—Va —I—*éw -H,
Rr Rr r (3-19)
nldeunmsmdeufiFupniiunsiafeufidudu
Left wheel
M 3= """:" ;:-+k—'rf, -I—‘:'.af--Hz
Rr Rr P (3-20)
Right wheel

M 5&='k~f"r+k—-V,~£:—i-HR (3-21)
Rr- re
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VINAUNT (3.20) 190U (3.21)

I\. -2k k . 2k
2[M“,+r—‘;]x= Rr.; S R"_’ v,-(H, +H;)
: ! (3-22)
3.1.3 19nN15v04 Inverted Pendulum

#orswidauTasswoasofuily Inverted Pendulum #913811910 body diagram

M NN 3.3 Free body diagram 984 1asasaaaudiiiud 1 Pendulum

9730 Newton’s law of Motion HALU 3NV TIAWUIAUUDY

Y F, =M,

(H, +Hy)-M,18,c08, + M ,16°; 5in 0, = M & (3-23)

(H, +H,)=M_¥+M 18, cosb, -M_18%,5in8, (3-24)

W
ﬁ'in‘im1NﬂU?ﬂﬂ]ﬂ\ﬂli\iﬁ'\ﬂ!lu’fl!!ﬂuﬁﬂﬂ'lﬂﬂll Pendulum
> F,=Mtcos8, (3-25)
(H, +H,)eos6, + (P, + P, )sin8, —M gsin8, -M, 18, =M ,%cos8,

A915HUINALINYBY Moment 58UYA C.M U094 Pendulum
ZM, =l

—(H;. ﬁ-H,NCOSB, ~(P, + P, V"'i-“ep ~-(C, +CR)=!pé.= (3-26)



Torque 1 1%11A pendulum 7118910 Motor 910AUMT (3-15)

-3 r 2
o,k t 2y

C,+Cy

HAUM laauns (3.26)

-2k k, . 2k "
—L i % V,]=Ip8p

4

~(H, +H,)icos8, —(P, ~ B, Jsiné, —( z
\ r

. 2k K
—(H1 +Hk_yC099’ -(PL -s-P,)lsinB, =10, —%j‘-&-%lﬂ

q -1 Tuauns (3.25)

[—(HL + Hy )?cosﬁp —(P, + By VsinB,]+M,gismE?p +MP12§_,, =-M_Kcosd,

unua 3.27) aalu (3.28) 9214

16 LA 2"t"V M glsing, +M 16, = i cos
-T3+T,+ 8lsmé, +M I"0, =-M [icos8,

PP

1AAUNISHA (3.24) imusaalu (3.22)

I -2k, 2k o ty .
Z(M,. +i—‘:—~]x = :j;';k' i+-R—:V, -M,¥-M |18, cos6, + M 1655106,

»
Saaums (3.29) uaz (3.30) 19 2 mun 151U Non-linear equations

2\5 2k . ..
(1, +M 1), —%n 2V, + M, glsin6, = -M,Jicos0,

j e oy .
%Vn =[2M__ +1:_L2"+M’ }i"+ ';:f‘ x+M_ 18,058, - M 167,56,

35

(3-27)

(3-28)

(3-29)

(3-30)

(33D

(3-32)

dold % =742 e Feyudifinslfoundasteouin uaziidanialidumi

»
N PR TAYR T

) do
cosd, =-L sinfd, =—¢ and d: =0

shauns Iidu aunmudu

. 2k k. 2k,
(_I,*M’f:)?——-ﬂ—;—.\"vTV‘ —i‘{’g!¢=.l‘f’!.'l

(3-33)
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2k, ., 2r, i
-Er—l'_ -[L\-f,,, +--;-:—+)rf’ !,x-r

S
-

Rabe iontig (3-34)

dAeums (3.33) uaz (3.34) Tnu
M U A > V. Mgl
)R M) R -M YT M)

¢= ,+Mm P 4 (3-35)

X=

2k, v - 2k_k, . M . (3-36)

g X+
2 “ 7 o
Rr{2M, + I;' +M, Rr’[zM, o2y oM, + ey p )
r? ' P P w 5 p)

hawns (3.35) unulu (3.34) uazimuni (3.36)Tu 3.33)92'14 s miud@oudy State space

. »
equation ‘i]xnlﬁ

X 0 ] 3 Q - 0 x 0
o ek, (Mir—1,-m ) Mgl . 2w (7, + M1 M ir)
,: = Rria a x + Rro g
s {0 0 0 é 0 .
il 1o U kfrp-M ) M, glf ! 2% (M i -rf) (3-37)
Rrla a Rro
diefmuald
21, - \ IARY
ﬂ.—_(ZM_,-:-—r,!—-P-MP) a=LIPIB+2MPI-[M"'+::-}{

3.2 MIaNUUUITUUNIUAN

nnvguiveseslausanealnsauas Tueanuadiamaniaunsamdimsiines

a1 1avane i
0 1 0 0 0
0 10103 87872 0| 5 _| ~08616 co|rooo
= 2 = 2 =
0 0 0 1 0 001 0
0 283293 1759778 0 —24.1579
. CloepiCHOND i
0.8%
Q.4 _I

“ o L PR e x
16 -10 & 9 S 10 16
Rad Asie
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AUAAN NN UIVDY Close Loop Poles il:mu’nixﬂm)gnlu!ﬂﬁﬂimWNNﬁﬁB‘l.lmeﬂElImpulse
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impule MeponRe Witk LQR contel
ool —— + - T v - v T

phi
0.008F . v i
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/*
Xtal 30 MHz , Oscillator Mode Xt w/PLL 16x
Watchdog Timer Disable
Board Rate Uartl 38400
Capture use Timer23 32bit

: Pin inpui RDOQ or 1C1

: input capture 50 HZ 20 ms

: if input pwm = min Timer32bit read
: if input pwm = max

*/

#inchude<p30f6010.h>
#include<uart.h>
#include<pwm.h>
#include<timer.h>
finclude<incap.h>
#include<stdio.h>
#include<print.c>
#include<PWM.c>
#include<Capture.c>
#include<ACD.c>

/f#include<ports.h>

#define CNTLQ  0x11
#define CNTLS  0x13
#define DEL Ox7F
#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,LeR1,Gyro_com ;
unsigned long reference,reference_com,reference_lIr,reference_fb,reference_lal, reference_Ia2;

unsigned long max_zeta ,min_ze¢ta,max_com,min_com,max_fb,mn_fb;




unsigned long max_lr,min_lr,max_Ial,min Ial,max_la2,min_la2;
unsigned int count,countl,count2,count3,countd,counts,countd,count7,countd ;
int Error_cap,compensate,Fw Bw,Left Right;

float sum;

unsigned long zeta_old,zeta_new;

char calibrate,mm_nn,o00,pp,qq,rT;

char str[12];

float zeta_com;

float total zeta,zeta rad;

float adc0,adcl,adc2,adc3;

float xd = 0; // WUfie x dot

float zd = 0; // sum_zeta dot

float xdd;

float zdd;

float Vbatt;

int 11,12,i3,i4;

float 1al,la2;

floatIal 2Jal_3,]a2_2]Ja2 3;

unsigned long sumy;

unsigned long sum Ial,sum_la2;

float Val;

float Va2,

float Error] ,Error2, Error Eg,Inl In2.In_Error;

float New_Error_cap,0ld_Error_cap;

float New_Error_Eg,Old_Error Eg,New_Errorl,Old_Errorl,New_Error2,0ld_Error2;
float Egl .Eg2;

float Biass,Ral,Ra2 Rate;

float W1,W2;

float velol,velo2,zeta_dotold_zeta;

float distance1,distancel_old,distance2 distance2_old,distance_total;
float Va,K1,K2,K3 . K4;

float GainE,GainP,Gainl,Gainl_Eg;




float GainE1,GainP1,Gainl1;
float GainE2,GainP2,Gainl2;
float Set_Point;
floatRal_1Ral 2;

float Dir;

float F11,F12,F13,F14;

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

float L11,1.21,1.31,1.41,
floatL12,1.22,1.32,1.42;

float X_X_d,X_dd, X,Zeta,Zeta_,Zeta_d,Zeta_dd;
float U,velo;

unsigned inty; /1$iJudasivaouszun

T & Ve N OB W e

void _ attribute_ ((__interrupt_ )} IClInterrupi(void) // nAlivas9iv1 RDO

{
if(PORTDbits RDS = 1)
{
Write Timer23(0);
)
if(PORTDbits. RD8 == 0)
{

) T N e e

//1.1...function compensate Zeta Or Forward,Bacdward (THRO).............. /
zecom = ReadTimer23();

/11.2.......Function direct Left or Right (AILE)..............//
while(PCRTDbits.RD9 == ()
Write Timer23(0);
while(PCRTDbits.RD% == 1)
LeRi=ReadTimer23();
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f1.3.......... Gyroscope Signal (ELEV)......cccvveiieenn /
while(PORTDbits.RD10 == 0)
WriteTimer23(0);
while(PORTDbits.RD10 == 1)
Capture_period = ReadTimer23(); //81UAN
Emror_cap = reference - Capture_period;
H1.4..........Compensate Gyroscope (Rudder) ...........cceurnennee. i
while(PORTDbits.RD11 == ()
WriteTimer23{0);
while(PORTDbits.RD11 == 1)
Gyro_com = ReadTimer23(); //8IUAN
H#1.5.......Value of lal &Ia2................. i
adcl = analog(2); // M11al
adc2 = analog(3); // 111a2

IS, AadFunmwuududal oo i

max_zeta = reference+25;

min_zeta = reference-25;

max_fb =reference fb + 100;

min_fb = reference_fb - 100;

max_Ir = reference_Ir + 100;

min_Ir = reference_Ir - 100;

max_com = reference_com + 100;

min_com = reference_com - 100;

max_Ial =reference Ial +5;
min_lal = reference_lal - §;
max_la2 = reference_la2 + 5;

min_la2 = reference Ia2 - §;
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/3 W J— F1 N ToRL PR VAT TR 1
175 W35 DO (& 12 Forward_Backward........................ i

if((zecom > max_fb)||(zecom < min_fb))

{
Fw Bw= reference_fb - zecom;
}
ifl(zecom < max_fb)&(zecom > min_fb))
{
Fw_Bw=0;
}
H1B. 2., IR compensate of GYTOSCOPe....cccvvievenreerarians i

ifl{ Gyro_com > max_com)||(Gyro_com < min_com))

{
compensate = reference_com - Gyro_com;
}
if({Gyro_com < max_com)&(Gyro_com > min_com))
{
compensate = 0;
}
[ W% AITFUBURINTAMY Zetarnnrrrrrr /I

if((Capture_period>max_zeta)||(Capture_period<min_zeta)) /nsdi
capture_period ERTRLTIRD) range‘ﬁﬁTﬂuﬂ
{
sum = Error_cap + (compensate/50) + sum,;
}
if ((Capmre period<max_zeta}&(Capture_period>min_zeta})//N3 t‘ﬁﬁ
1190071 max HAYIANT1 min
{
Error_cap = 0;

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




AW S 1A Left_Right........ooonrerrrcrerreenn. /"
if((LeRi>max_Ir)|[(LeRi<min_lr))

{
Left_Right = reference_Ir - LeRj;
}
if{{LeRi<max_Ir)&(LeRi>min_Ir))
{
Left_Right=0;
}
H1.65..neee MIHIADINTINA T2l & 122....coovrreene

if{(adc1>max_lal)||(adcl<min_Ial))

{

Ial = adcl - reference lal;
}
if{(adc1<max_Ial)&(adc1>min_lal))
{

Ial =0
}
iff(adc2>max _[a2)|j{(adc2<min_la2))
{

1a2 = reference_la2 - ade2;
}
if{(adc2<max_la2)&(adc2>min_la2))
{

[a2=0;
}

IR HIRURABYBS Vbatt.ooreererere i

1 » o
if(count6 '= 10) /431910 0-9 NIKUA 10 AFY
{

adc3 = analog(1); // 1 Vbatt
counto++;

sumyv = adc3 + sumv;

A
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}
if{count6 = 10)
{
Vbatt = (sumv / 2046.0)*2.44; // (-12 Volts
sumv = (;
count6 = (;
}
ff2.0ﬂﬂfﬂlllllllllﬂﬂlﬂw‘lfﬁ;"uﬂ‘l?m‘m Calibrate = /11NN
if{calibrate = 1)
{
211 N reference Zeta.................. i
iflmm == 1)
{
if{sum != 0.0)
{
sum = 0.0;
reference = reference - Error_cap;
count = @;
}
iflsum = 0.0)
{
countt++;
if{count==100)
{
mm = ;
}
}
}
212, e 1171 reference Gyro_compensate.................... i
iflnn==1)
{

if{ compensate = 0)




{
reference_com = Gyro_com;
countl = 0;
}
iflcompensate == ()
{
countl++;
iflcountl==100)
{
nn = 0;
}
}
}
213 IR reference fb.......oooereereens i
ifloo==1)
{
iflFw_Bw =0)
{
reference_fb = zecom;
ount2 = 0;
}
iflfw Bw=0)
{
count2++;
ifl count2==100})
{
o0o0=0;
}
}
}
177 W S MR reference Ir..........ooeeere.

iflpp=—=1)
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{
if(Left Right!=0)
{
reference Ir = LeRi;
count3 = (;
}
if(Left Right==0)
{
count3++;
if{count3==100)
{
pp=0
}
}
3
H2.15. e WA reference Tal ..oooo........... i
iflqg=1)
{
if(al !=0)
{
reference Tal = adcl;
countd = 0;
b
iflal=0)
{
count4++;
if{countd=—=100)
{
qq=0;
}
}
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17725 W - OO M reference [a2...........oo....... /i
if(r=1)
{
if(Ta2 !=0)
{
reference_Ia2 = adc2;
count5 = 0;
}
iflTla2==0)
{
count5++;
iff count5==100)
{
r=0;
}
}
}
ifl(mm==0)&(nn == 0)&(co == 0)&(pp == 0)&(qq == 0)&(rr == 0}
{
calibrate = 0; // End of calibrate function
PORTDbits.RD3 = 1; ff!!ﬁﬂﬂﬁﬂ'lu:lﬂ@]ﬂ'ﬁ!‘lﬁﬂlﬁg‘i]
}

PDCI1 = 600.0 ; // (5KHz=0 - 514)(1KHz=0-2570}
PDC2=13149.0;

PDC3 =3149.0;

PDC4 = 600.0;
}
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Mt itiCalibrate = 0 Léuﬁ‘llﬁ‘u NYSHONIIITIIII
if{ calibrate==0)

...............................

GainP =analog(8)/256.00;
Gainl =analog(9)/10.24;*/
count8++ ;
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,;
lal 2=(1al)*(Ial);
Ial_3=Ial_2*(lal);
K1=-(Ial_3*0.00000424037087)+Ial_2%0.00194762087103)-
(I1a1*0.06698584017707);
K2=

(Ta1_3*0.00000424037087)3+1al_2*0.00194762087103+{1a1*0.06698584017707);

iff Ial > 250)
{
K1=0.0;
}
if{ Ial <-250)
{
K2=0.0;
}
Ia2 2=(1a2)*(Ia2),
Ta2_3=la2_2*(la2);
K3=-(1a2_3*0.00000424037087)+Ta2_2*0.00194762087103)-
(1a2*0.06698584017707);
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K4=
(Ia2_3*0.00000424037087)+(1a2_2*0.00194762087103)+1a2*0.06698584017707);

if( 1a2 > 250)
{

K3 =0.0;
}

if{ Ta2 <-250)
{
K4 =0.0;
}
if(U > 0)
{
Val = {((11-Biass)/(3749.0-Biass))*Vbatt); //Val = Vbatt*Dutycycle!l
Egl = ((((i1-Biass)*Vbatt*(Ral+K1))-((Ta1)*(3749.0-Biass)))/((3749.0-
Biass)*(Ral+K 1)))*0.6457542431;
}
iflU <=0)
{
Val = (((i2+Biass-3749.0)/(3749.0-Biass)}* Vbatt);
Egl = ((((i2+Biass-3749.0)*Vbatt*(Ra1+K2)) «(1a1)*(3749.0-
Biass))/((3749.0-Biass)*(Ral+K2)))*1.173752934;

}

iftlu >0)

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

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

{




Va2 = (((i4+Biass-3749.0)/(3749.0-Biass))* Vbatt);
Eg2 = ((((i4+Biass-3749.0)*Vbatt*(Ra2+K4)) -(1a2)*(3749.0-

Biass))/((3749.0-Biass)}*(Ra2+K4)));

)

3483 e b MITEUEN N,
W1=Egl/(0.095768*3.0); //Kegl = 0.0016284 Volt.s/rad
W2= Eg2/(0.095768*3.0); //Keg2 = 0.0016284
velol = W1*0.245*0.02180 ; /w1*aiiderna11u 1 scantime
velo2 = W2*0.245%0.02180 ; // sANABIMIAY 0.245
velo=(velol+velo2)/2.0;
distancel = distancel+Hvelol + distancel_old)/2.0; //lamp hold signal;
distancel_old = velol;
distance? =distance2+ (velo2 + distance2_old)/2.0;
distance2_old = velo2;
distance_total = (distancel-+distance2)/2.0;
total_zeta = ((sum/795.0)HFw_Bw/2000.00))}; i 0-30 degree
zeta_rad = total_zeta*0.0174533 ; // Wu20iiu rad 0-0.5236 rad
Zeta=(zeta_rad*(-1.00));
zeta_dot = (Zeta - old_zcta)/0.0218;
old_zeta = Zeta;

X=distance_total;
7 S AFAUIUABUTINIATANAN. oo /"
F11=0.0010;
F12=2.3925.//2.3693;
F13=148.9684,//78.4753;
F14=3.4686,//2.5066;
A22=-(.8682;
A42=-0.9467,
A23=225148,;
A43=45.9485;
B21=0.7403;
B41=0.8073;




L11=-5.2029,
L21=-15.9954;
L31=-2.2183;
L41=-36.9359;
L12=-2.2183;
L22=-29.8709;
L32=-24.9131;
L42=-62.7920;

X d = L11%X_-XHX_d+L12*(Zeta_-Zeta);

X dd = L21%(X_-X)}+A22*X_d+A23*Zeta_+L.22%(Zeta_-Zeta+B21*U;

Zeta_d = L31*(X_-X)+Zeta_d+L32*(Zeta_-Zeta);
Zeta_dd= LAI*(X_-X)+A42*X_d+A43*Zeta_+L42%(Zeta_-Zeta)+B41*U;
X_=X_+HX_d*0.02180);
X_d=X_dHX_dd*0.02180);
Zeta =Zeta_+(Zeta_d*0.02180);
Zeta d=Zeta_d+(Zeta_dd*0.02180);
U=F11*X+F12*velotF13*ZetatF14*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;
Gaml2 = 0.00,//38.086;// 2.930;
Dir = Left_Right/(1166.666667*5.0);
/* Set_Point= compensate/(1166.666667*5.0);*/
Error_Eg = ((Eg1)-(Eg2)+Dir)//Error ¥84A11M132

In_Error = In_ErrorHError_Eg*0.02180*0.5),
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Errorl= ((Set_Point)-(Egl*GainE1)-(In_Error*Gainl_Eg));// Error2=SP2-PV2+Error_Eg
Inl=In1+HErrcr1*0.02180*Rate);

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

{
il =3740.0;
}
ilil<=10)
{
il =10
}

i2 = 3749.0 + (((Error1)*GainP1+In1*Gainl1)*312.4167)-Biass ;
if(i2>=3740.0)

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

Error2= ((U )-(Eg2*GainE2)HIn_Error*Gainl_Eg));// Error2=SP2-PV2+Error_Eg
In2=In2-HError2*0.02180*Rate);

13 = (((Error2)*GainP2+In2*Gainl2)*312.4167)+Biass 3/ Close Loop Pl controller
if{i3>=3740.0)

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




14 =3749.0 + (((Error2)*GainP2-+In2*Gainl2)*312.4167)-Biass ;
if(i4>=3740.0)

{
i4 = 3740.0;
}
if(i4<=10)
{
14 =10;
}
PDCI1 =il; // (5KHz=0 - 514)(1KHz=0-2570)
PDC2=1i2;
PDC3 =13;
PDC4 = id;
/X S I PARTCR Y Y /"
" ifivVa > Vbatt)
{
11 =2570;
12=0;
13 = 2570,
=0
}
ifltVa < (-1.0*Vbatt))
{
it=0;
12 = 2570;
13=0;
14 = 2570;
}
if(l(Va < Vbatt)&(Va > (-1.0*Vbatt)))
{

il = 1285.0HVa/Vbatt*1285.0) ;
12 = 1285.0-(Va/Vbatt*1285.0);
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13 =1il;
i4=12;
}
PDC1=12; // (5KHz=0 - 514)(1KHz=0-2570)
PDC2=il;
PDC3 =12 ;%
}

}
Flag_Capture = 1;
IFSObits.IC1IF = 0; // infosoumeinumlives
}
L A W
void __attribute_ ((__interrupt__)) PWMInterrupt(void)
{
IFS2bits. PWMIF = 0;
}
T T T T T T . S W S S W
void _ attribute__ ((__interrupt__)) U1TXInterrupt(void)

{
IFSObits. U1 TXIF=0;
}
void _attribute_ ((__interrupt_ )) _U1RXInterrupt(void)
{
1FS0bits. U1RXIF=0;
}
HHHHIE i Main Program SHITHHBREEEIEEIIGN T
int main(void)
{
char Txdata [[="\"\nUART test Gyroscope sensor\r\n";
char i;
float a,b;

calibrate = 1;
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reference = 30000;
reference_com = 30000;
reference_lIr = 30000;
reference_fb = 30000;
mm=1;

nn=1;

00=1;

pp=1;

count2 =0;
count3 = 0;
countd = (;
counts = 0;
count6 = 0;
count8 = 0;
total_zeta = 0;
distancel = 0;
distance2 = 0;
distance_total = 0;
sumv = 0;
xd=0;

zd = 05
Va=10;
zeta_old = 0;
Egl=0;
Eg2=0;

Inl =0

In2 =0,

In_Error = (;




Zeta=0;

old zeta=0;

Zeta =0,

Zeta d=0;

Zeta_dd=0;

X=0;

X_=0;

X _d=0;

X dd=0;

U=0;

1=0;

0ld_Error_cap =0.0;

Flag_Capture = 0;
uartl_init();
PWM_init();

capture_init();
putsUART 1((unsigned int *)Txdata );
printf{"\r");
Open_capture();

TRISDbits. TRISD3 = 0;
TRISDbits. TRISD2 = 1;
TRISDbits, TRISD1 = 1;

while(1)
{
while (Flag_Capture==0); /1 soldiing mikoesnauy
Flag_Capture = 0;
it+;
ifli=—2)
{

a = count8*0.0218;
b = total_zcta*(-1.0);

printf{("\r%.41\t%.41\t%.3f\n",U,b,a);
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1] L ¥ r J L ) r-9 H o -3
druae lifsziluldsunsussssauiludduassmansifiof Muan1391U
o P ¥
madwasansvesda luTasaeuinsaimed dalszneuludredruves PWM, Capture,

Analog to digital t{d% Uart

1. PWM
U ure9n 13 HIMUAAIA1IY Y949 pulsewidth modulation 147U mMsfmuaaEves
ﬁt’gqpmﬁaﬂn mfmuaTruaves PwM iSuTnuadass wie uuuasundmuatd ms
ANUARUBININIAU(dead time) (TuAU FafiTlsunsudadt
#define FCY 30000000 // 30 MIPS
#define FPWM 200000 // 10 kHz ,if 20 kHz = 40000
#define DEADTIME (unsigned int)(0.000022 * FCY) /@i 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 (NoUfiD 6675 = 50Hz)(0100 = S5KHz)()
OVDCON = 0x0000; // Disable all PWM outputs.
DTCON]1 = 0x3F3F; //(PLLx8,0004 = 202 ns)(PLLxR,0006 = 300ns)(PLLx8,0008 =
400)(0404)
DTCON2 = 0x0000;
PWMCON]1 = 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.




PDC4 =PTPER, // 0 Volts on Phase D.

IFS2bits. PWMIF = 0; // Clear PWM Interrupt flag

1IEC2bits. PWMIE = 1; // Enable PWM Interrupts

OVDCON = 0xFFQ0; // PWM outputs are controller by PWM module

PTCONbits. PTCKPS = 1;

PTCONDits, PTMOD = 0; // Center aligned PWM operation

PTCONDits.PTEN = 1; // Start PWM

return;

}

2. A7UYDY ADC H30 Analog to Digital

o 2 4 a . . o
UYIUNNBUINDN (399U8IN13133M3 conversion HAZNTTUYRA conversion AUGE IUNg

/#/ PWM Time Base Input Clock Prescale Select bits 16

81

T cl’ A o = ar v bl [ oq ¥ Ao
daufiszinsmmuaidifged e madavivesluTnsnou Insmaes IHiduyisy

sample yBad N el Ta)sunsudsd

#include<p30f6011.h> // Header file for dsPIC30F6011

#include<led6011.h>  // Header file for dsPIC30F6011

#include<adcl0.h> // Module function for uart

#include<stdio.h>

unsigned int x,a;

unsigned int analog(unsigned char ch)

{

I

unsigned int vall;

ADPCFG &= (1(ch+1)); // all PORTB = Digital; RB0 = analog
ADCONI1 = 0x0000;  // SAMP bit = 0 ends sampling ...
ADCHS = ch; // Connect RB(/ANO as CHO input ..
ADCSSL =0;

ADCON3 = 0x0004; //Manual Sample, Tad = internal 2 Tecy
ADCON2 =1,

ADCONI1bits. ADON = 1; // turn ADC ON

ADCONI1bits. SAMP = 1; // start sampling ...

delay ms(1);

/f Keep for counter loop
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for(a=0;a<102;a++); {// Loop for delay 1 millisec per unit(7.3728 MHz@ PLL4x) 816
ADCONI1bits. SAMP = 0; /I start Converting
while ({ ADCON1bits. DONE); // conversion done?
vall = ADCBUFQO; /! yes then get ADC value
return(vall);
}
3. 82UY04 Capture %50 N3 VA Y Y0
Audauiflunsiudyaw PwM vealeTsaTay Hsdarmuanisiaruwes
BUNA Faludiii 1901 RDO uazAMuafmRURIMA eI wADT SN
void capture_init()
{
/* Enable Timer] Intermupt and Priority to '1' %/
ConfigIntCapture1(IC_INT_PRIOR_I & IC_INT_ON);
T2CON =0x8008;
// timer 32 bit start
/f timer mode 32 bit
}
void Open_capture()
{
OpenCapture1(IC_IDLE_STOP & IC_TIMER3_SRC &
IC_INT_ICAPTURE & IC_EVERY _EDGE);

4. AIUVDINTTUAAINOATUNNTOITYYIMOYNTY N30 Uart
Tudauifumssmuesu3uduns19anures Uart FezdeuTilsunsyléwed
void uartl_init()
{
int UlModeValue;
int UlStatusValue;
unsigned BaudRateValue = 65; // 38400 when PLL=16x, XTALI=30MHz
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UlModeValue =
UART_EN &
UART_IDLE_CON &
UART TX_ENABLE & Il test
UART EN_WAKE &

UART _DIS_LOOPBACK &
UART _DIS_ABAUD &
UART_ISTOPBIT & /test

UART _NO_PAR_8BIT;

UlStatusValue =
UART_INT_TX_BUF _EMPTY
UART_TX PIN_NORMAL
UART_TX _ENABLE
UART _INT RX CHAR

P

UART ADR DETECT_DIS

UART RX_OVERRUN_CLEAR;
OpenUART1( UlModeValue, UlStatusValue, BaudRateValue );
SetPriorityIntUIRX(3);

EnablelntUIRX;

o 3 & T 1 .
Aoulvannsnti Tusunsutin1Fdins FaTusunsubesins 4 1u aaunsminns
duTdsunsundnldine wie uendud1d TasdwunfuszAsadmua directory voslilsunsw

L] A r 1 . .
60t 1u Include Path 98¢ 11a9UYD4 Build option
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dsPIC30F6010

dsP1C30F6010 Enhanced Flash
16-bit Digital Signal Controller

Maie: This data shast sunmarizes features of his group
of dsPIC30F davices and is not intended to be a complsts
rafersnos source. For mom information on the CPY,
peripharals, mgisisr descriplions and genaral denice
funclionallty, refer to the dsPHC30F Family Relwence
Manual (DSTD046). For more information on ths dwice
irstruction sst and progranming, mefar 1o the dsPICIOF
Programmer’s Refemnce Manual (DST0030).

High-Performance Modified RISC CPU:

Modified Harvard architectura
C complar optimized instruction set architacture
with flexitle Addressing modes
84 base instructions
24-bit wide instructions, 16-bit wide data path
144 Khytes on-chip Flash program space
(tnstruction words)
8 Kbytes of on-chip data RAM
4 Kbytes of non-volatile data EEPROM
« Up to 30 MIPs aparation:
- DC to 40 MHz external clock input
- 4 MHZz-10 MHz csclitator inpul with
PLL active {4x, 8x, 16x)
» 44 interrupt soutces
- 5 extamal interrup! sources
- B usar saloctable priority lavels for each
intarrupt source
- 4 processor {rap sources
15 x 16-bit warking register axray

.

DSP Engine Features:

+ Dual data fetch

+ Accumutator write back for DSP operations

+ Modiuto and Bit-Reversed Addrassing modes

« Two, 40-bit wite accumuators with optional
saluration fogic

+ 17-bit x 17-bit single cycle hardware fractional/
integar mulitiplier

» Al DSP Instnuctions single cycle

-+ 16-0lt single cycla shit

Peripheral Features:

+ High currant sink/source 1/0 pins: 25 mA2S mA
+ Timer module with programmable prescaler:

- Five 16-bk timers/counters; optionaly palr

16-bit timers into 32-bit timer modules

+ 18-bit Capture input functions
+ 16-bit Compere/PWM output functons
+ Jwire SPI™ modules (supports 4 Frame modes)
FG™ module supports Mutti-Master/Slave mode
and 7-bitf 10-bit addressing
2 UART modutes with FIFO Buflars
+ 2 CAN modues, 2.0B comptiant

Motar Control PWM Module Features:

« 6 PWM output chennels
- Complementary or Independant Qutput
modes
- Edge and Center Aligned modes
« 4 duty cycle generalors
+ Dedicated time base
+ Programmable output polarity
Dead Time cortral for Complementary mode
+ Manual oulpu contral
= Trigper for A/D conversions

Quadrature Encoder Interface Module
Features:

+ Phasa A, Phase B and Index Pulse input
18-bit up’down position courter

« Counl direction stalus

Posltion Measurement (x2 and x4) mode

+ Programmable dighal noise filters on inputs

» Altamate 16-bit Timer/Counter mode

+ intarrupt on position counter roflover/underflow



dsPIC30F6010

Analog Features:
+ 10-bit Analog-to-Digita! Converter (A/D) with
4 S/H ihputs:
- 500 Kaps conversion rate
- 18 input channals
- Corwersion avalabtle during Seep and ldle
+ Programmable Low Voltage Detection {PLVD)

» Programmable Brown-out Detection and Reset
genaration

Special Microcontroller Features:

« Enhanced Flash program memory:
- 10,000 erasefwrita cycle (min.) for
industrial temperature rahge, 100K (typical)
+ Data EEPROM memary;
~ 100,000 erasaiwrite cycle (min.} for
industrial temperature range, 1M (lypical)

«+ Sdf-reprogrammable under software contral

Powar-on Resel (POR), Power-up Timer (PWRT)

and Oscillator Start-up Timer (OST)

+ Flexibla Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation

« Fal-Safe clock monitor operation detects clock
falure and switches to on-chip low power RC
oscillator

* Progremmaeble code protection

* In-Circuft Seriat Programming™ (ICSP™)

» Sealectable Power Maragement modes

- Sleep, dle and Altermate Clock modes

CMOS Technology:

* Low power, high spaed Flash technology

= Wids operating voltage range {2.5V to 5.5V)
+ Industrial and Extended tamperature ranges
» Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Program Ownput Moto -

Device | Pins | Mom. Byte z':_:"f' EEB';?;" b "c";: Compisid Cortral ;’;:&‘: Cuad "5‘ % E.g 3
dPIC3F2010 | 28 | 12KMK | 512 | 1@4 | 3 | 4 2 6ch | 6ch | ves |1]1]1]-
GSPICIOF3010 | 28 | zaKmK | 1024 | 1a | 5 | 4 2 Gch | Ben | Yes |3 ]1]1]-
dsPICAOFACIZ | 28 | 4BKMEK | 2048 | 124 | 5 | 4 2 Geh | Bech | Yes | 1|11 |4
GSPICI0FI01T |datvas| 24K0BK | 1024 | 14 | 5 | 4 2 Gch | 9ch | ves |2|1]1]-
GSPICSIF401 |40/a4| 4BKIGK | 2048 | 1024 | 5 | 4 s 6ch | 9ch | ves |21 ]9
GIPICI0ES0I5 | B4 | 6GK/ZZK | 2048 | 1248 | 5 | 4 4 Bch | 18ch |ves [1]2 |1 |9
$SPICIOF6N10 | B0 | 144K48K | 8192 | 40% | 5 | 8 8 Bch | 16¢h |ves |2 2|12

* This table providas a summary of the dsPIC30F8010 peripheral features. Other avalable devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.
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Pin Diagram

80-Pin TQFP

PWMILRES

PWI2ZHRE3

PWM2URE2

o

PWIWEHIRES [T
PYWIMILIRES [
pwiHmE? [

T2OKRCs [

T4CKRC3 [
SOK2CNIRGE [
SDIZCNVRGT [
SDORICNIORGSE |

MCLR ||

SSTCNRGS [

ves[ |11

voo [—] 12

FLTAANTIRES [ 13
FLTBANTZRES [ 14
ANS/GEBICNTARBS |15
ANVQEACNARB4 |16
ANINDX/ONSVRE3I | 17
ANZSSTAVDRVONARB2 |18
PGCEMUCANYONIREY ]

PGIYEMUDIANTCNZRBO ]

[-- TN - T LR S LR L

wt
o@

PWIHHRE1
PWMIL/RED

C2RXRGO

CITXRG1

CITX/RF{
C1RXRFO

Voo

Vas

OCSCHIGUPINMFD?
OCTCHIS/RDS

CRRRERIRPNCREBLEBIRHG

dsPIC30F6010

OONCNIWRDS
OCSCNIIRD4
ICBACN 19D 13
IC&RO12
OC4RD3
EMUDZ/OCZRD

QC3RD2

ERLEAELESE2RBRRRLEE e

™) BMUCH/SOSCOT1CKICNORCA4
[ 1 BMUD 1/SOSCICNI/RCI3
EMUC2I0C 1/RDO
IC4RD11

1 IcaRD10

] Ic2rRDA

[ 1 ICVRDB

] NT4/RATS

1 NTYRAYY

[ ]vss

] OSC2CLXORCIS

] OSC1/CLK!

[ ]vmn

] sCURG2

] SDARIG3

[ | EMUCHSCKY/INTORFS
] SDIVRF?

] BMUDYSDOYRFB

1 UIRXRF2

] UITXRF3

ANTRET | 2
VREF/RAD | 3
VREFHRA 10 24

ANGIOCFARBS [ 21 B @

MNote: Pinout subject to change.

Avoo [J28
Avss [ |28

ANNRBS []27

ANORBY [ |28

ANIORBI0 [ |29
ANTIRB1Y [ )2

vas [—31
voo X2

-

8138

4 []37
U2RN/CNITRF4 [ |39
uzZTCMAaRFSs 40

- e T W

AN1S'OCFALCN12/R8
ICTIGN2ATD
ICR/CN2ARD
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FIGURE 1-1:

dsPIC30F6010 BLOCK DIAGRAM
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SOK2CNSRGE
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SSZICNIIAGS

PORTG

PWMILUREQ
PWMIHREN
PWMZL/RE2
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CARMRFD

CITXRF1

U1RXRF2
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SDIYRF7
EMUDYSDOWRFE
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Table 1-1 provides a brief description of the device VO
pinout and the functions that are multiplexed to a port
pin. Muttipta functions may exist on one pori pin. When
multiplexing occurs, the peripheral module's functionat
requirements may force an overtide of the data

direction of the port pin.
TABLE 1-1; dsPICI0F6010 VO PIN DESCRIPTIONS
. Pin Buffer .
Pin Name Type Type Description
IANO-AN1TS l Analog |Analog input chamels.
ANO and AN1 are also used for davice programming data and dock inputs,
respectively.
AVDD P P Pasitive supply for anslog module.
AVsS P P Ground referenca for analog module.
CLKI i ST/ICMOS |External clock source input. Always associated with OSC1 pin function.
CLKO O — Oscilator erystal output. Connects Lo crystal or resenator in Crystal
Oscillator mode. Optionaly functions as CLKO in RC and EC modes. Always
associated wkh OSC2 pin function.
CNO-CN23 l 8T input change notification inputs.
Can be soltware programmed for internal weak pullups on all inputs.
COFS o ST Data Converier intarface frame synchronization pin.
CSCK o ST Data Convenar intarfaca serial clock input/output pin
csD | ST Data Convertar Intarface sedal data input pin.
CSDO 0 —_ Data Converier intorfaca sarial data output pin.
C1RX { ST CAN1 bus receiva pin.
C1TX 0 —_ CAN1 bus transmit pin.
C2RX l ST CAN2 bus recaive pin.
C2TX 0 — CAN2 bus transmit pin.
EMUD Yo §T ICD Primary Communication Chamnel data input/output pin.
EMUC o ST ICD Primary Communication Channel clook input/output pin.
EMUD1 Yo ST ICD Secondary Communication Channel data inputfoutput pin.
EMUC1 o ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 vo ST iCD Tertiary Communication Channel data input'output pin,
EMUC2 Vo ST ICO Tertiary Communication Channel clock Inputioutput pin
ENMUD3 o ST ICD Quatemary Cammunication Channed data inputioutput pin.
EMUC3 o ST ICD Quaternary Communication Channel dlack inputioutput pin.
IC1-IC8 1 ST Capture inputs 1 through 8.
INDX 1 ST Quadrature Encoder Index Pulse input.
QEA i 8T Quadrature Encoder Phase A input in QE| rmods.
Auxiliary Timer Extarnal Clock/Gate input in Timer mode.
QEB i ST Quadrature Encoder Phase A input in QEI moda.
Auxiliary Timer Extaemal Clock/Gate input in Timer moda.
UPDN 0 CMOS |Position Up/Down Counter Direction State.
INTO | ST External interrupt 0.
INT1 | ST External interrupt 1.
INT2 | 8T External interrupt 2.
INT3 l ST Extornal interrupt 3.
INT4 I ST External interrupt 4.
LVDIN ! Analog |Low Voitage Detect Referance Voltage input pin.
Legend: CMOS= CMOS compatible inpwt or output Analog= Andog input
ST = Schmitt Trigger input with CMOSlevels O = Output
| = Input F = Power
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TABLE 1-1;  dsPIC30F6010 VO PIN DESCRIPTIONS (CONTINUED)

Pin Buffer o
Pin Name Type Type Description

FLTA I ST PWM Fault A input.

FLTB 1 ST PWM Fault B input.

PWM1L o] _— PWM 1 Low output.

FWM1H o — PWM 1 High cutput.

PWM21, o] — PWM 2 Low output.

PWM2H o] - PWHM 2 High output.

PWM3L 0 —_ PWM 3 Low output.

PWMaH 0 — PWM 3 High output.

PWM4L 0 — PWM 4 Low output.

|PWMAH (o] — PWM 4 High output.

MCLR P ST Mastar Clear (Resat) input or programming volitage input. This pin i3 an active
low Reset to the davice.

GCFA ] ST Compare Faul A input (for Compare chamels 1, 2, 3 and 4).

OCFB | ST Compare Faul B input (for Compare chamesls 5, 6, 7 and 8).

OC1-0C8 O —_ Compare outputs 1 through 8.

0SCh l ST/CMOS jOscilator crystal input. ST buffer when configured in RC mode; CMOS

QsCc2 1o - otherwise.
Oscilator crystal output. Connacts to crystal or resonator in Crystal Oscillator
moda, Optionally functions as CLKO in RC and EC modes.

PGD 1O 8T in-Circuit Serial Programming data input/output pin.

PGC I ST In-Circukt Serlal Programming dlock input pin,

RAS-RA10Q 110 ST PORTA is a bidiractional 110 port.

RA14-RA15 o] ST

RBO-RB15 o ST PORTR is g bidirectional VO port.

RC1 10 ST PORTC s a bi-directional VO port.

RC3 1o ST

RC13-RC15 o ST

RDO-RD15 1o ST PORTD Is a bi-directional VO port.

REO-RE9 e} ST PORTE is a bidirectional A2 port.

RFO-RF8 vo ST PORTF is a bi-directional VO port.

RGO-RG3 11O ST PORTG is a bi-directional KO paort.

RGB-RGY 150 ST

SCK1 1o ST Synchronous serial clock inputfoutput for SPI™ #1.

SDI | ST SPI#1 DataIn.

SDO1 o] —_ SPI#1 Data Ou.

581 1 ST SPI #1 Slave Synchronization

SCK2 1o ST Synchronous sarial clock inputioutput for SPI#2.

SD12 l ST SPI #2 Data in.

SDO2 O — SPI #2 Data Out.

§82 I ST SPi #2 Slave Synchronization.

scL 1o ST  |Synchronous serial clock inputioutput for C.

SDA fs] ST  |Synchronous serial data inputioutput for I°C.

SOSCO Q —_ 32 kHz low power cscillator crystal output

S05CI | ST/ICMOS |32 kHz low power edillator erystal input. ST buffer when configured in RC
mode; CMOS otherwise.

Legerd: CMOS= CMOS compatible input or output Analog = Analog input

ST = Schmitt Trgger nput wkhCMOSkbvels O = Qutput
1 = Input P = Power

#
DST0118Dpage B Preliminary © 2004 Microchip Tachnaology Inc.
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TABLE 1-1: dsPIC30F6010 O PIN DESCRIPTIONS (CONTINUED)
" Pin Buffer .
Pin Name Type Type Description

TI1CK I ST Timer1 external clock input.

T2CK | ST Timer2 extamnal clock input.

T3CK 1 ST Timerd external cock input.

T4CK t ST Timerd4 externat dock input.

TSCK H ST TimerS external clock input.

U1RX t ST UART1 Receive.

U1TX o) -_ UART1 Transmit.

U1ARX i ST UART1 Aliernate Recaive.

U1ATX o) - UART1 Altarnaie Transmit.

U2RX | ST UART2 Receive.

uzrx o] - UARTZ2 Transmil.

VDO P —_ Positive supply for logic and 10 pins.

VES P — Ground reflerence for logic and 1O pins.

VREF+ | Anatog  |Analeg Voltage Referencea (High) input.

/REF- | Analog |Analog Voltage Reference (Low) input

Legand: CMOS= CMOS compatble input or output Analbg= Andlog input
ST = Schmitt Trigger input with CMOSlevels O = Output
| = Input P = Power
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| ntern OTI on Cll Data Sheet No. PD60147 rev.U
TIGR Rectifier IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary

¢ Floating channe! designad for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to nagative transient voltage (IR2113) 600V max.
dvidtimmune

® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A

® Undervoliage lockout for both channels

® 3.3V bgic compatible Vour 10 - 20V
Separate logic supply range from 3.3V to 2V
Loglc and power ground 5V offset ton/off (typ.) 120 & 94 ns

® CMOS Schmitttriggered inputs with pulli-down :

o Gydie by cycle edge-thggered shutdown logic Delay Matching (IF&%H%) ?2% ns max|

®» Matched propagation delay for both channels K ) 20ns max.

* Quiputs in phase with inputs P ackag es

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and j

IGBT drivers with iIndependent high and low side neferenced output chan-

neks. Proprietary HVIC and latch immune CMOS tchnologies ensble | o0 IR}%gggRSZ?EI%S
ruggedized mondithic construction.  Logic inputs are compatible with | oa4501R2113

standard CMOS or LSTTL output, down 1o 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are maiched to simplify use in high frequency applications. The
flosting channal can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
oparates up to 500 or 600 volis.

¢

Typical Connection up to 500V or 600V
—— HO -——| —_
Voo o+ Voo Vet
~
HiN© - HIN v % . o 10
SD o sD — X | ___LOAD
LIN o— LIN Ve .
Vg o Vge COM &=
Ve o——l — LO
-
{Refar to Lead Assignments for cormoct pin configuration). This/These disgram(s ) ahow ele ctrical
connections only. Pleasa rafor to our Appcation Notes and DeaignTips for proper circult boand layout.




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

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained imits boyond which damage 1o the davice may oocur. Al voltage param-
etars are absolule voltages referenced o COM. The thesrrad resistanca and power dissipation ratings are measured
under board mounted and stil air conditions, Additional information is shown in Figures 28 through 35.
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IGR Rectifier

Symbol Definltion Min. Max. Units
Ve High side Roating supply voltage (1R2110) 0.3 525
{IR2113) 0.3 625
Vs High side floating supply offset voltega Vp-25 Vp +03
Vo High side floating output vollaga Vg-0.3 Vg +0.3
Voo Low side fixed supply voltags 03 25
Vio Low side output voltage 0.3 Ve + 03 v
Voo Logic supply voltage 0.3 Vg5 + 25
Vss Logic supply offset vollape Vee-25 Vee + 0.3
ViN Logic input voltage (HIN, LIN & SD} Vgg-03 Vpp + 0.3
dvgdt Allowable offsel supply vollage wansient (igure 2) — 50 Vins
Pp Package power dissipation @ To<+25'C (14 lead DIP) — 1.6 W
{16 lead SOIC) — 125
Rynga Thermal reslstance, junction to ambient {14 lead DIP) — 75 "
(16 lead SOIC) — 100
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T Lead \emperature (soldefing, 10 seconds} —_ 300

Recommended Operating Conditions

The inpulioutput logic liming diagram is shown in figure 1. For proper operetion the device should be used within the
recommended condliions. The Vg and Vg offsst ratings are testad with all suppliag biased at 15V differenilal. Typical
ralings at other bias condilions ara shown in figures 36 and 37.

Symbol Deflnition Min. Max. Units

Ve High side floating supply absolute voliaga Vs + 10 Vg + 20

Vs High side fioating supply offset voltage  (IR2110) Note 1 500

{IR2113) Note 1 600

VHO High slde floating oulput vollage Vg Vg
Vee Low side fixad supply vollage 10 20 v
Vio Low side output vokage 0 vceC
Voo Logle supply voltage Vgg +3 Vgg +20
Ves Logic supply offsat voltage -5 (Note 2) 5

ViN Logic input voltage (HIN, LIN & SD) Vss Vpo

TA Ambient temperature -40 125 c

Note 1: Logic operational for Vs of 4 1o +500V. Logic state held for Vg of -4V to -Ves. (Pleasa refer to the Resign Tip

DTH7-3 kr mare details).
Note 2: Whan Vpp < 5V, the minimum Vg offsst is fimited o -Vpp,




International

IOR Rectifier

Dynamic Electrical Characteristics

Veias (Vcc. Ves: Vpp) = 15V, Cp = 1000 pF, T = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characleristics are measured using the test drcult shown in Figure 3.

100

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

Symbol Definition Figure | Min. | Typ. |[Max. [Units [Test Conditions

lon Tum-on propagation delay 7 — 120 | 150 Vs =0V
loff Tum-off propagation delay 8 — 94 125 Vs = 500v/6Q0V
lsd Shutdown propagation detay 9 — | 110 | 140 ns Vg = 500V/600V
t Tum-on rise time 10 - 25 as
1 Tum-off fall ime 11 _ 17 25
MT Dalay matching, HS & LS {IR2110) — — — 10

tum-on/off (IR2113) — — — 20

Static Electrical Characteristics

Vaas (Vcc. VBs, VDp) = 15V, Ta = 25°C and Vss = COM unless aherwise specified. The VN, VTH and liy parameters
are referanced to Vgg and are applicable o all three logic input laads: HIN, LIN and SD. The Vo and lo parameters are
rafarenced o COM and are applicable ko the respectve cutpul leads: HO or LO.

Symbol Definition Figure |Min. | Typ. Max.|Units [Test Conditions
ViH Logic “1” input voltage 12 9.5 — —
ViL Logic <0 input voltage 13 — — 6.0
VOH High tevel output voltage, Veas - Yo 14 — | = [ 12 v lo = 0A
VoL Low level output voltaga, Vo 15 - — 101 lo=0A
Ik Offsat supply leakage curent 16 — — 50 Va=Vs = S00VIB00V
[o": 1 Quiescent Vs supply curent 17 —_ 125 | 230 VIN =0V or Vpp
lace Quiescent Vcc supply currant 18 - 180 | 340 " ViN =0V orVpD
laoo Quiescent Vpp supply cument 19 - 15 ao Vin = OV or Vpp
N+ Logic *1” input bias current 20 - 20 40 Vin =Voo
liN- Logic "07 input blas current 21 —_ —_ 1.0 VN = OV
Vgsuv+ | Vas supply undervoltage positive going 22 75 86 | 97
threshold
VBSUV- Vas supply undervollage negative going 23 70 B2 | 94
threshold
Veocuvs | Voo supply undervoltage positive going 24 74 85 | 86
threshold v
Vocuv- | Vec supply undervolage negative going 25 70 82 | 94
thrashold
o+ Output high short creuit pulsad currant 26 20 25 _ Vo=0V,VIN=VDD
PW s 10 15
lo- Qutput fow short crouit puised cument 27 20 | 25 | — A TVg=15Y,Viy=0vV
PW=s10 s
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IR2110(-1-2)(S)PbF/IR2113(-1 -2)(S)PbF Internationa

IOR Rectifier
Functional Block Diagram
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Lead Definitions

[Symbol| Description
VDD Logic supply
HIN Logic input for high side gate driver output (HQ), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver oulput (LO), in phase
Vgs Logic ground
Vg High side floating supply
HO High side gate drive outpul
Vg High side floating supply retum
Voo Low side supply
LO Low side gate drive output
COM Low side return
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Figure 1. Input/Output Timing Diagram
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Figura 3. Switching Time Test Clrcuit
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Figure 5. Shutdown Waveform Definitions
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International
ToR Rectifier
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Figure 2. Floating Supply Voltage Transient Test Circult
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Flgure 4. Switching Time Waveform Definltion
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Figure 6. Delay Matching Waveform Definitions
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