HNY « MU »
npeacraBafer yuebHbIN Kypc:

[MpoekTupoBaHme umMdpoBbIX CUCTEM YyNpaB/ieHUA Ha ba3e
oTe4yecTBeHHOro MMKpokoHTpoanepa HUUIT K1921BKO1T

MockBa 2019



Jlexmusa 3.1

* 3HAKOMCTBO C PA3TNYHbIMU noaxoaamu K
MaTeMaTUYECKUM BbIYUC/IEHUAM — B LENOYUC/IEHHOM
dopmate ¢ PUKCMPOBAHHOM TOYKOM M B PopmaTe C
NNaBaoOLWEN TOYKOM.

* CUHTe3 unbtpa (MHEPUMOHHOro 3BeHa MnepBoro
nopsaka) B umdbpoBomM BMAE, peanmnsauma ero npu
MOMOLLM pa3/IMYHbIX NOAXOO0B.

* [MpaKTnyeckana pabota No 3anycky n NpoBepKe paboTbl
undposoro puabTpa.



IIpo0jeMbl JIBOUYHBIX BHIYHMCACHUN

. 0100 L4
0011 3
0100
0100
00O00O
00O00O
Akkymynatop|(0 0 0 0 1 1 0 O 1 2

naMﬂTb| ? |

JlomyCcTHM, 4TO UCXOAHBIC TaHHBIC MPEACTABISIOT COO0M 4-pa3psaHbIe LEIbIC YHCIIa CO
3HaKOM. JlMama3oH HMX BO3MOXXHOIO HM3MEHEeHus oT -8 g0 +/. Ilpu ymMHOXEHUM
pe3yJbTar yMelaercs B 8 pa3psjiax.

CoxpaHUTh pe3yabTar 0e3 MOTepH 3HAKOB MOXKHO B JIBE 4-pa3psiAHble SUCHKHU ITaMsTH.
CoXpaHsATh TOJBKO MIAJIIYI0 YaCTh HENb3s, TAK KaK OHA MOXET HE BMECTUTH BECH
pE3yNIbTAT YMHOXKCHHS.

VYke B JJaHHOM KOHKPETHOM IIpUMEpEe OTBET paBeH 12, 4TO BBIXOAUT M3 JWana3oHa
JONYCTUMBIX 3HAQUEHUW 3HAKOBBIX 4-paspsiAHBIX YMCesl, WU, Oyay4Yd COXpaHEHHOM,
MJIaJIllIas 4acTh pe3yjibTara OyleT B JAJIbHEUIIUX BBIYMCICHUSX BOCIPUHHUMATHCS
YUCJIOM -4, 4TO COBEPIIIEHHO HEJOITYCTHUMO.



IIpo0jeMbl JIBOUYHBIX BHIYHMCACHUN

Perienue 1: yBennueHue pa3psgHOCTHU JAHHBIX

Permienne 2: UCIOJIL30BAHNUE OTHOCUTEIBHBIX
CAWHMII U [IEIOYHUCIICHHOro hopMara C
(PMKCHUPOBAHHOM TOYKOH

PenieHue 3: ucrnoib3oBaHue (hpopMara
[J1aBaroIer TOUYKU



Yucna c nnaBarou_Lel‘/'l TOUYKOW

31 30 23 22

1 3HaKoBbIN pa3psan 8-pas3pagHasa aKCnoHeHTa 23-paspagHaa MmaHTucca
if ((e=255)and( f =0))thenv=NaN;

if ((e=255)and( f =0))then v =| (1)° |-eo
i (O<e<255)thenv () [ )@ h):
if (e=0)and(f =0))thenv=| (1) [-[27*]- (0.1 );
if (e=0)a O))thenv—i(—l)S:-O.

1,920929.10° 3,4028235-10%



[leMOHCTpauma npobiem
NaBaAOLWEN TOYKU

[Tpeobpa3zoBaHMe YaCTOTbl B YIOJ
M CUHYC M KOCUHYC YIaa

1 .
I____ o O =1 0 | on sin( 6
G

cos(6
—3»f COS




[Tpeobpa3oBaHMe YaCTOTbI B Yro

N CUHYC N KOCUHYC YTIJid

f 1 sin(0
I— —’27'5 D JZ 1.0, g (
—>t

p

cos(6
—» COS

—_

B Mame Value Type

0EET] eta 1281759 Float

] " 0245585 float

0333 v 09656102 float
. /

'—-!{}{}{}

-0.333
-0 667
1|:u:|_|

0 333 BBT 100 133 167 199

& Watch Locals  &° Watch 1

(99, 0.308991) Time Lin  |Auto Scale |




[Tpeobpa3oBaHMe YaCTOTbI B Yro
M CUHYC U KOCUHYC VI3

(99, 0.725739) Tirrie: Lin  |Auto Scale |

B Mame Value Type
0 BE7 @ teta 12.81753 float
] (FI" 0. 243585 float
0.333] @y 0.9686102 flaat
] =
0
—D.333
-III.EET—:
1003 _ 7
1A Marme Value Tvpe
III.EHIIS W teta 102346.0 flonat
@ o -1.208242 float
|:|_4|:|3 oy -31.96956 float
] 2
'3:
-D.4|:I3
—EI.EH:IS
-1.21_3
EI EE T 133 15?
2 Watch Locals o Watch 1




[lemoHCTpauma npobiem naaBatoLLEN
TOYKM: oTpaBseHne INFom

I

1 —”-l_—] » B036
If 3a0 3 —>

* BKM_1 .

U sd_3a0 N Ia

PT d —>®—> dq > U sa L) —>

4 ’ NHBEPTOP |b

4 " —>

M U S 0 |
X a q_3a . c
300 i) Sl — PT q »(? >/ a,f sl U 55 ~ C,
3 H A
OrpaHuy | sq Eq %
Brniok KOMMeHcauun Ed:_LSqu) b o
ﬂepereCTHbIX Eq:LSid(D i* i b I
censen 1 i . BKM_2 i* av ' C
' sa
i* x MUMNYIbChI
SO | sp
o -
p a,p Ob6paboTunk
o Bon " anp
|

a)meK a)mek.




dopmaT ¢ PUKCMPOBAHHOM TOUYKOM
*01,01 *1,25 *XX,XE
00,11 0,75 X X, X E
0101 EEEE

0101 YYYE

0000 YYYE

0000 YYYE

Akkymynatop|{0 0 0 0,1 1 1 1 0,9375 |ZZZZ,REEE|

|_|aMFITb|O 0,1 1| 0,75 |Z Z,R E|

Yucao B popmare 1Q 2.2 (2 pa3psaa menoit, 2
paszpsiaa IpoOHOM YaCTH )

yMHOXxaeTcd Ha 1Q 2.2,

[Tonyuaercsa orBeT popmara 4.4, rae 2 pa3psaa
1I€JI0M YaCTH U Ba pa3psja IpOOHON OTCEKAKTCS.



Yncna ¢ PUKCMPOBAHHOWM TOYKOWN
n onbnnoTeka IQmath

24 23

Lyt f[fe{fe{ff f[f{f{f|fF|F{F[F|F|F|F{F{F|F|F[{F|S

1 3HaKoBbIN pa3psg, 7 pa3psaoB Lenou Yactu 24 paspsaga aopobHom Yyactu

®opmar 1Q 8.24:

* 24 pa3psaa 1poOHOM yacTu ooecneyuBarot 2°24=16777216
rpajanui IpoOHOM 4acTH, 4YTO 00JIE€ YeM JOCTATOYHO JJIS
peabHBIX 3a]1a4 JIECKTPOIIPUBOAA

* 7 pa3psIOB LIEJOM YaCTH 00ECIICUYNBAIOT 3aMac NePerpy304HOM
criocoOHOCTH B Auamna3zoHe +127 u -128. IIpu BepHOM BBIOOpE
0a30BBIX BEJIMYMH OTHOCHUTEIILHBIX €AWHUIL IEPETIOIHEHUE HE
POM3OMJIET HA B KAKOM CJIy4ae: €CTh OOJIIION 3ariac



[TpemyLLecTBa OTHOCUTENbHbIX
eaAnHNL

onpeaeneHHOCTb C Pa3pAaHOCTbIO BCEX BbIYNCAEHUNN B CUCTEME;
HE3aBMCMMOCTb NPeACcTaBAeHUA AaHHbIX CUCTEMbI YNPaB/IEHUA U
Mmozenienm oT HOMMHA/IbHON MOLLHOCTU, HOMMWHA/IbHOW CKOPOCTMH,
HOMMHANbLHOTO TOKa N APYrUX NAapPaMeTpoB, KOTOPbIE MOTYT
MEHATbCA OT 0OBbEKTA K 0OBEKTY;

B OTHOCUTE/IbHbIX YMC/TaX MOXHO U3beXaTb MCMO/Ib30BaHUA
NPPaLMNOHaNbHbIX YNCEN U NPOU3BOAUTL ONepauunmn, He
HaKan/mMBasa NOTPELIHOCTY;

yAOOHO 334aBaTb HACTPOMKU U OrPaHUYEHUNA PABOTbl CUCTEMDI
YNpaB/ieHnAa B NPOLLEHTAX OT HOMMHANa, KOTOPble MOTYT
PefaKTMPOBATLCA M OTOOPArXKaTbCsA HAa MHTEPPENCHbIX YCTPOUCTBAX
B abcontoTHbIX eanHmuax (CU) He3aBMCMMO OT MOLLHOCTH
3/1eKTPONPUBOAA.



Bbibop cucTEMbI OTHOCUTE/IbHbIX
eANHUNLL

Cnepnyet BblbpaTbh HEMPOTUBOPEUYNBYIO CUCTEMY HA30BbIX BEIUUYMH



[lepesoa ypaBHeHn B OE

U, ., =110B; |
| . =10 A;
R, =10wm;
D, =1 |
pan
o, =10024
C
L, =0,010n. |
Upc =110B; |

T = —1 C
HM 10000
uBbIX — U DC y

9

J



[lepesoa ypaBHeHn B OE

U, ., =110B; |

| . =10 A;

R, =10wm;

KD 12,
pan

o, =10024

C

L, =0,010TH. |

Upc =110B; |
1

T =—C;

M 10000

uBbIX — U DC ° Y-

~N

J

(uﬂ =kd o+ R

(M kq)HOMH)
M

diﬂj ‘
7 dt .
U6 "

J

u ko o iR 1 di, .
= + + L, ,
U:. kd.o IR Logls, ~ dt
M k(DHOMﬂ
M. kgl
L dil |

u—kCI) o)+|R+L L.

T =KD

HOM 5[’

" dt

'




[Tprmep BbIOOPA

OCHOBHbIE:
U6 :U}IHOM :110 B,
|6 = ISIHOM :1OA’
(06:(00: A HoMm :110%
kd v

HOM

[TponsBoOAHbIE:

P, =U;-1,=110-10=1100 Br;
M. =5 1906 b

©; 110

R =5 191900,
I, 10

L =& £_0 1Ts;
o; 110

o; 110 pan

6a30BbIX BeANYUH



[Tomep Bbibopa 6330BbIX BEANYNH

OcHOBHbl€E: Ut - Ui 110 1
U6 :UHHOM :110 B; e U6 110
* I$[H0M 10
|6 ISIHOM 10 A? STHOM |6 10
U « R 1
1 HOM paﬂ - _ a1
o0 KD, C R 11
[ponsBoaHbIE: kq):mM _ KD o0 _ 1 ~1 [
P. =U, -1, =110-10 =1100 Br; KDg
. ® 100
O, == =0,909;
M, =+~ 9010 by e, 110
@ 10 P 1000
Us 110 Prows = 22 = =0,909
R, =|—6_E_110M R 1100
0 « L, 001
L= g L; 0.1
o; 110




HeoOxomumocTh
HCIIOJIb30BAHUS
OTHOCHUTEJIbHBIX €IUHUIL

[Ipobnemsl npu
HCIIOJIb30BAHUU OUYEHB
OOJIBIIINX YHCEIT

[IpobGnemsl nipu
UCIIOJIb30BAHUU OUYE€Hb
MaJICHbKUX YHCET

CKOpOCTh BEIYHCIICHUHN

[TpoGnemMbl py KOMOUJISALIUN

ITepenocumMoCTh KOZIA

HeobOxoguMocTh
MacIITaOMpPOBAHUS MTPU
OTOOpaXKEHUM

Ila

Jla, eCT pUCK NEPENOIIHEHUS

Jla, eCT pUCK MOTEPU TOYHOCTH

Brime 6narogapst
BBIUKCIIUTEIILHBIM TPIOKAM THUIIA
3aMEHbBI IE€JIEHNS CIIBUTOM

Her, Bcerga BeIuncIsieTCS
KOPPEKTHO

Xopolasi, IeJIOUYUCIICHHbIE
BBIYHCJIEHUS MTOAJIECPKUBAOTCS
Ha BCEX KOHTpOJUIEpax

Ila

Hert

Jla, eCTb PUCK HEBEPHBIX
BBIYMCIICHUM TIPU HAJIMYUU B
BBIPAKECHUU MAJIBIX YUCEI

Ja, ecTb PUCK HEBEPHBIX
BBIUMCIICHUM TIPU HAJIUYUU B
BBIPAKEHUU OOJIBIITUX YUCEII

Hwuxe, TpeOyercs anmaparHas
MOJIJIEPKKA IJIaBAKOIIEN
TOYKHU

Puck HEOITUMAJIBLHOTO
HCIIOJIHb30BAHUEM
armnapaTrHoOro YCKOPUTEIIA

ITmoxas, ecam HET UM
ciaaoei FPU B 1ieneBom
YCTPOMCTBE

Hert



Ha 3ameTky

g K1921BKO1T peann3zoBana OMOIMOTEKa BEIYMCICHUI
B popmare 1Q8.24. CoaepkuT (GyHKIIUU YMHOKECHHS,
AEeJICHUs, TPUTOHOMETPUH M KBaJApPaTHOTO KOopHs. JlocTymnHa
B PEMO3UTOPHUHU
https://bitbucket.org/niietcm4/motorcontroldemo B ¢aiinax
|Qmath.c u IQmath.h.

[Tporpammer UNICON u COODedit momgmep:xuBaroT padoTy
C OTHOCHUTEJIbHBIMU €AUHHUIIAMHU U MO3BOJISIOT ONPEACIUTD
(opmar 4mcia 1 3a1aTh 0a30BYI0 BEJIUUHUHY JJIs1
KOPPEKTHOIO 0TOOpakeHUs B (PU3NUCCKUX SAUHHUIIAX
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https://bitbucket.org/niietcm4/motorcontroldemo

Hazpanue AdKThbI 0‘-IHOCTI> Onwncanne

_1Q24mpy(apr 1, apr_2)

_1Q24div(apr 1, apr 2)

_1Q24sqrt (aprymenT)

_1Q24sinPU(aprymeHT)
_1Q24cosPU(aprymeHT)

1Q24sinPU_accurate (aprymeHr)
1Q24cosPU_accurate (aprymeHT)

_1Q24atan2PU(apr 1, apr 2)

_1Q24mag(apr_1, apr 2).

_1Q24toF (apryment 1)

_1QXX(aprymeHT)

8

32

43

30

83

100

23

23

10

14

23

23

BrlinonHsieT yMHOXXKEHUE apryMEHTOB B (opmarte
1Q24 npyr Ha apyra, BO3BpalllaeT pe3yjbTaT B
dbopmate 1Q24.

Brinonnsier nenenue aprymenta 1 Ha aprymeHnt 2
B ¢opmare 1Q24, Bo3Bpamaer pe3yabTaT B
dopmate 1Q24.

Brruucnser kBaapaTtHeld KOpPEHb. BXomHble W
BBIXOJHBIC JaHHBIE B (hopmate 1Q24.

BrimonHsieT ~ BBIYUCIIEHHWE  CHHYCAa/KOCHHYCA.
AprymMeHT mepemaeTcsi B OTHOCHUTEJIbHBIX
equanmax 1Q24, rme 1.0 cootBerctByer 360
IpaIycoB.

BrimonHsieT ~ BBIYMCIEHHWE  CHHYCa/KOCHHYCA.
AprymMeHT mepenaercsi B OTHOCHTEJIbHBIX
emuanmax 1Q24, roe 1.0 coorBercTByer 360
TpaIycoB.

OyHKIUS ~ apKTaHTeHCa  JABYX  apryMEHTOB.
Beluucnser yriioBoe 3HaueHHWE BEKTOpa B
NEKapTOBOM cHUCTeMe KoopawHaT. Pesymbrat
MIPEACTaBJIEH B OTHOCUTENBbHBIX eauHuIax, rae 1.0
cooTBeTcTBYET 360 rpamycos.

OyHKIUS BBIYUCICHUS AaMIUIUTYAbl  BEKTOpa,
3aJIaHHOTO apTyMEHTOB 1 1 2.

Oynknus npeodbpazoBanus u3 popmara 1Q24 B
dhopMar c rIaBaroIei TOUKOM.

[IpeobpazoBanue gaHHbIX B  (Qopmare cC
TJIaBAIOIIECH TOYKOW B IEIOYUCIECHHBIE (DOpMATHI.



IIpuMep pa3padoTKu M OTJIAAKHA NPOrPAMMBbI
MHEPIHHMOHHOIO 3B€HA MEePBOIo MOPS/IKA




Y(p): 1
X(p) T,p+1

ToYP+Yy =X

Jlnst  npeoOpa3oBaHusi ypaBHEHUA (WIbTpa W3 HENPEPHIBHOW 00JIACTH B
TUCKPETHYIO, BBEJIEM MHTEPBaI JIUCKpeTH3aluu 1o BpeMmeHu h. Torma nmpousBoaHas
B YPAaBHCHUH MOJKET OBITh MPEJICTABIICHA B BUJI€ PA3HOCTH MEPBOTO MOPSIKA!

W (p)=

T Y — Yia

+Y, =X,
& - Ye =X
T, (T
(1"‘ T@/ Y = (T@j Yia T Xk




Y = kylyk—l + KX

[Tycte Th= TT@ , TOrjaa NporpaMMHBIN KO/

void Filter Init()
{
kyl= IQdiv(Th,Th+ IQ(1))
kx0=_IQdiv(_IQ(1l),Th+ IQ(1));
}

void Filter Execute()
{

y=_IOmpy (kx0,x)+_ IQOmpy (kyl,y)
}



MoOKHO NPUMHATH AONYIIEHHE U YIIPOCTUTD
(bopmyJibl:

T, _hyk‘l +Y.=X;  BpIpazum oguH Y,

Ye =X —Tg Ve _hyk-l- JlomHOXHUM Ha h

hy, =hx =T, +T,¥,.; Beipazum T Yk
ToYe =X =hy, +T,Y, 1 Beipasum apyroi Y,
hx, —hy, +T,VY,, .

T )

()]
X~ Yoo ©®
T,

Y =

[ IprOnn3uTENHHO

PaBeH Y 1

Yo = Yea t h

h
Yv = Yva +-|-_(Xk - yk—l);

D
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YpouieHHoe BhIpaxKeHue GpuibTrpa

h
Yv« = Y +-I-_(Xk - yk—l);

D

JTO BBIpAKCHHUE UMEET UHTYUTHUBHO-TTOHITHBINA CMBICIT:

Ha nmanHom miare pacdera oTrduisTpoBaHHOe 3HadueHHe (Y,) paBHO
TOMYy € CaMOMy, 4YeMy ObUIO paBHO B MpoOmuibld pas (Y,;) IUIIOC
KOPPEKIIHMs, KOTOpas IPOIOPIMOHANIbHA pPa3HHUIE MEXAY BXOIAOM
(husbTpa U €ro BeIXOAHBIM 3Ha4YeHUeM. Uem otHomenue /T, Gonbie,
TeM KOPPEKIHUsS CHIbHEE, COOTBETCTBEHHO (UIBTp pabdoraeT
«OBICTpEEe» U QUIBTPYET ciadee.

[IporpammHast peann3anys TaKkKe IIPOCTa U JE€IACTCI OJJTHOU CTPOKOM:.
output = output + IQmpy(kf, (input-output));

Ine kf — kooddunuent punerpa, pasubiii /T, : OTHONIEHUIO YACTOTHI
BbI30Ba QyHKIMHU GuibTpa h K jKenaemoii moCTOAHHON Bpemenu T .



IIpakTHyeckass padora 1o 3anycky puiabrpa

3anyctuth npoekt MotorControlDemo B VectorIlDE

B ¢yaxkouu TIMO _IRQHandler, Be3pIBaromeiics ¢ vacToroi
10xI ', peann3oBarhk 00a BapuaHTa (hUIBTPa MEPBOTO NOPAKA IIPU
oMoy ouommorexku 1Qmath B popmare 1Q8.24 ¢ mocrosHHOM
BpEMEHM 1McC.

CdhopmupoBaTh BXOJHON CUTHAJI, IPEACTaBISIONMM cO00H
3alTyMJICHHBIM CUHYC aMIUIUTy0ou 1 o.e. u gacrorou S0I'. [lym
pEATM30BaTh MPU MMOMOIIHA CUHYCA BBICOKOM YaCTOTHI U aMILINATY/IbI
0.2 o.e.

J11a HaOmroneHust padoThl (PUIBTPA MPUCBOUTH BXOJAHOW CUTHAJ B
nepemennyto DebugW1, a orpuiasrpoBaHHBIC IBYMS TUIIAMU
¢uabTpoB curHansl B mepemennsie DebugW?2 u DebugWa.
3amycTUTh NPoeKT. J[00aBUTh IEpeMEHHbIE B OCLMILIOTpad
UniCON, rabmronate pe3ynsTar paboThl PUiIbTpa.

[IOBTOpHUTH TE K€ IIaru JJIs BEBIYMCICHUN B (D)OpMaTE IIaBAIOIICH
TOYKHU. BXOHBIE ¥ BBIXOJIHBIE TAHHBIE IIOMECTUTH B IEPEMEHHBIE

DebugF1, DebugF2, DebugF3.



