HNY « MU »
npeacraBafer yuebHbIN Kypc:

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

MockBa 2019



Jlektiua 3.2

 3HAKOMCTBO C METOIaMU U3MEPEHUS
IIPOU3BOJAUTEIBHOCTH BBIYMCICHUN (3aTpayeHHOTO Ha
BBIYMCJICHUS OPOLIECCOPHOIO BPEMEHH ).

* IIpakTrueckas pabora 1o ONIPEICICHUIO

IIPOU3BOJUTEIILHOCTH paloTEI HaIMCaHHOIO
IPpOrpaMMHOIO  KOJla €  pasHeIMH  (opMaramu
BBIYMCIICHUU.

* JleMoHCTpanus BIUSTHUS 3aITaHHOU CTEIICHU
OITUMM3AIANA KOMITHWJIATOPA HA IIPOU3BOAUTEIIBHOCTH
BBIUMCJIICHUH.



JIJ1s1 9ero Hy;KHO 3HATh NPOHU3BOJAUTEIbLHOCTD ?

* Cucrema ynpapiaeHus (CY) moibKHA BBI3bIBATHCS C
3aJIAHHOU JIMCKPETHOCTBIO 110 BPEMEHHU.

* Yem yacTora Be130Ba pacueta CVY BEhIIIE, TEM OBICTpEE
JTOJKHBI 3aKOHYUTHCS BHIYMCIICHUS.

* Yewm yacrora BbI30Ba pacueTa CY BbIIIE, TEM JIYUIIE
peakius CY Ha U3BMEHEHME 3a/IaHUS U BO3MYILICHUS.

BBIBO: B 3aMKHYTBIX CUCTEMAX YIIPABICHUS BCETA
CTPEMSTCS OBBICUTH 4acToTy pacuera CY, 4ToObI
YIIYUYLIUTDH [IOKA3aTENIN PETYIUPOBAHYS, YCKOPUTH
IIEPEXOHBIC MTPOLECCHI, MOBLICUTH OBICTPOJICHCTBHE.



Kak u3MepsaTbh Npou3BOANTEIbHOCTD?

Heckoabko crtoco0o0B:

[TocunTaTh 4YKCIO acCEMONECPHBIX KOMaH]l B CTCHEPUPOBAHHOM KOJIC.
IToaxon He paboTaeT, BCE KOMaHAbl 3aHUMAalOT Pa3HOE BPEMSsI, MHOTO
YCJIOBHBIX IIEPEXO0/IOB.

[IporiTu 3aMepsieMy1o TIporpaMmy Mo miaram, 3aCe€Karb TaKThl CPEION
pa3pabOTKU: Yallle BCETO €CTh BOBMOXKXHOCTh 3aMEPUThH YHUCIIO TAKTOB
poreccopa 0T TOYKU OCTAaHOBA A0 TOYKHA OCTaHOBA.

[Ipu 3axo0jie B U3MEPSIEMYIO YacTh KOJIa BLICTABUTh IIPOU3BOJIbBHYIO
HOXXKKY MUKPOKOHTPOJIJIEPA B €AUHHUILY, TPH BHIXOAE OOHYJIUTb.
3acedb BpeMsi MEXy (PPOHTAMH BHEITHUM OCLIMILIOTpadom.

Hcnonb30BaTh CUCTEMHBIA TAUMEP MUKPOKOHTPOJIIEPA,
«TUKAKOLIUK C YaCTOTOU si/Ipa. 3aC€4Yb YMCIIO TAKTOB HA BXOJE U Ha
BBIXOJI€ U3MEPAEMOU YaCTU KOAA, HOCYMUTATh PA3HUILY B KOHIIE.



Kak u3MepsaTs Npou3BOAUTEIbLHOCTD?

finpo ARM Cortex-M4F Tpu Taitmepa o01IETO
(SRAM, PROM, NOR Flash) [llcuxpoHuse

HA3HA4YCHUA, KOTOPBIC BCC

_I"u"IF'U
NVIC o3y :
- PAaBHO «HUYETO HE ACIAIOT.
3amyCcTuM OAYH Ha

Ethernet 10/100 M6ut/c saraneinem | [IOCTOSHHYTO pa60Ty, 4TOOBI
DMA MNMonb3oBarent- -
ke Flash 3aCEKaTh TAKTHI.

USB 2.0 OTG 64K x 8

Moct
Linva APB AHB APE

Kontponnep TwinCAN 2.0b R 2 UMNYNBCHBIX

KBaapaTypHbIX

koMnaparopa pexkonepa

4 koHTponnepa SPI

9 pByx- .
12 pByx- KaHarnbHbIX 6 moaynen

KaHanbHbIX MOoay el 3axsaral
12-paspaaHbix hOpPMUPOBaHMA CpaBHeHus
ALLM
4 mogyns UART L LWWM-curHanos

2 KoHTponnepa 12C

8 nopToB BBOAA-BbIBOAA OBLEr0 HA3HAYEeHWA

NT_TIMER2->RELOAD = OXFFFFFFFF;
NT_TIMER2->CTRL = (1 << 0);



Kak uzmMepsaTs NPOU3BOAUTEIBLHOCTD?

158 //! lpepeoHue, BoiZbieaeMoe No TaWwMmepy ¢ YacTtoTol 18kl u

159 //! MAIN C

166~ void TIM@_IRQHandler(void) {

161 CpuTimerIsrl® = NT_TIMER2->VALUE; //3acekaeTcA BpeMA BLNONHEHMA YHKLMM

162 sm_sys.fast_calc(&sm sys); //pacqer 18klu Bcero

163

164 FastCounter++;

165 TIsrl® = (CpuTimerIsrl® - NT_TIMER2->VALUE) & OxFFFFFF; //epema BuiNONHEeHWA dyHKLMM
166 if (TIsrle » 9708) {

167 sm_prot.bit_faultl |= F_PROGRAM_1OK; //ecnw pacd4eT cnAMWkKoMm OONrWiA, owwbka
168 T

169 NT_TIMER®->INTSTATUS INTCLEAR _bit.INT = 1; //cbpoc npepuieaHwA

176 }

e 3acekaeM 3HaYeHHM TamMepa NT TIMER2->VALUE mepen 3amyCKoM
N3MEPSIEMOro KoJia B IEpeMEHHYI0 CpuTimerIsrlO.

* Br3siBaeM QyHKIIHIO, TPEOYIOIYIO U3MEPEHUS YHCIa TAKTOB.

* Bpruuraem 13 TOro 4To OBUIO TEKYIIHUE MTOKA3aHUs (TalMep CUMTACT
BHU3).

* HaOmromaem pe3ynbTar.

* bnarogaps Tomy, uto tarimep cuutaetr oT OXFFFFFFFF, cnenmanbabii
y4eT NePeHoJTHEHUS HE HY>KEH, BEIUYMCIICHUE Pa3HUIIBI Bceraa Oyner
IPABWJILHBIM MIPY HAJIOXKEHUW MACKH, OTCEKAIOIICH 3HAK. 6



Ecjaun usMepsieMoe 4MCJI0 TAKTOB 0KUAACTCH MAJIbIM

158 int32 Vard=_IQ(0.5);
159 int32 VarB=_IQ(2.8);
168 int32 Varl=0;

161

162- void TIM@_IRQHandler(void) {

163 CpuTimerIsrl® = NT_TIMER2->VALUE; //3acekaeTcA BpemMA BuiNOMHEHWA QYHKLUMWK

164 VarC=_IQmpy(Vard,VarB);

165 TIsrl@ = (CpuTimerIs - NT_TIMER2->VALUE) & OxFFFFFF; //epema BuNONHEHWA dyHKLMK
166

167 NT_TIMERB->INTSTATUYP AR_bit.INT = 1; //cbpoc npepuieaHuA

168 }

Tak g1eJaaThb HeJIb3!

* Hakmaaasle pacxo/bl Ha oNepaluy 3aMepa 4yncia TakToB (3a00p
3HAUYCHHUS TaliMepa) CPaBHUMBI C YUCIIOM TaKTOB U3MEPSEMOI0
KOJ1a.

* Bce nepeMenHbIe BX0OAa U BBIXOAQ, C KOTOPBIMH paboTaeT
3amepseMas GyHKIIHS, JOJDKHBI ObITh VOlatile. Maadye xommmmsaTop
MOXKET IIPOCTO «BBIOPOCHUTEY M3MEPSIEMBIN KOA M HUYETO HE
CUMTATb.

* Hy»XHO0 rapantupoBars, YTO BO BPEMS BBITIOJIHEHUSA U3MEPEHUM
BBIYMCIICHUS HE MPEPBET APYTroe MpephIBaHUE. 7



158
159
168
161

162¢=

163
164
165
166
167
168
169
178
171
172
173
174
175
176
177
178

Ecjaun usMepsieMoe 4MCJI0 TAKTOB 0KUAACTCH MAJIbIM

volatile int32 Vard=_IQ(8.5);
volatile int32 VarB=_IQ(2.8);
volatile int32 Var(=8;

void TIM@_IRQHandler(veoid) {
CpuTimerIsrl® = NT_TIMER2->VALUE; //JacekaeTcA BpeMA BLNONHEHWMA dyHKLMK
VarC=_IQmpy(Vard,VarB);
Var(l=_IQmpy(Vard,VarBE);
Var(l=_IQmpy(Vard,VarBE);
Var(l=_IQmpy(Vard,VarBE);
Var(l=_IQmpy(Vard,VarBE);

VarC=_IQmpy(Vard,VarB);
VarC=_IQmpy(Vard,VarB);
VarC=_IQmpy(Vard,VarB);
Var(C=_IQmpy(Vard,VarB);
VarC=_IQmpy(Vard,VarB);
TIsrl® = (CpuTimerIsrl® - NT_TIMER2->VALUE) & OxFFFFFF; //epema BuNonHeHWA dyHKLMMH

NT_TIMER®->INTSTATUS INTCLEAR _bit.INT = 1; //cbpoc npephieaHuA
¥

[Tpu MHOTOKpATHOM ITOCIICOBATEIIBHOM BBI30BE 3aMePseMOI OTICpAITIH
HaKJIaTHBIC PACXOIbI «PAaCTAOT» B OOIIEM YHCIIe TaKTOB. Pe3yabrar Hy>KHO
TIOJICTUTH Ha YHCIIO BHI30BOB.

Kpammdukarop volatile zanpemaer koMmuiasTopy ONTUMH3AIAHA, CBI3aHHBIC C
3alMChI0 U YTEHUEM ATOW NepeMeHHON. Bee oneparuy OyayT BBIMOJIHEHBI. 3



IIpakTHyeckast padora

OTtkpeiTh ipoekT MotorControlDemo B VectorlDE, B kotopom panee
ObLI1 peaIrn30BaH KOA MHEPLIMOHHOTI'O 3BE€HA IIEPBOT0 MOPSAKA.
OpraHu3oBaTh 3aM€Ep YMclia TAKTOB JECITH IIOCIEA0BATEIILHBIX
BBI30BOB /I OJJHOM M3 peanu3auui puisrpa. Habmonars pe3ynbrar.
Jl00aBUTH 3aMep TAKTOB IS APYTUX pealn3aluui (pUiIbTpa, BKIIIOYas
peaiM3aIliio B IJIABAIOIIEH TOUKE.

BriBecTH pe3ysibTaThl BCEX YETHIPEX 3aMEPOB B CBOOOIHBIC
nepeMmeHubIe 11 HabmoaeHus B UNICON (M0OXHO HCITOIB30BaTh
roroBele Debug3, Debug4.

BBIKIIFOUUTH ONTUMU3ALMUIO MTOJTHOCTHIO. YIAIUTH KIIFOY KOMITUIALINA
«-fsingle-precision-constant» B Properties->C/C++ Build-> Settings-
>Cross ARM C Compiler->Miscellaneous->Other compiler flags.
3aMEPUTh YHCJIO TAKTOB C KaXJIbIM U3 YPOBHEW ONTHUMU3ALINH.
3aMEHHUTh YMHOKEHHE B (PUIIBTPE ETOYHMCICHHON MaTeMaTHUKHU Ha
CIIBUT, 3aMEPUTH TAKTHI.

3aMEHUTh YMHOKEHHUE HA IEPEMEHHYIO B (DUIIBTPE C MIaBarOIICH
TOYKOM HA KOHCTAHTY (YMCIIO OPSIMO B KOJIE TPOTrPAMMEBI ), 3aMEPUTh.



Oco0ennocTu BeruncJaenui so float

[lepen ncnons3oBanmeM float HykHO yOemUThCS, UTO MOAACPKKA
anmaparHoi noanep:xku float Bkirrouena B HacTpolikax KOMITHIISITOpA
(a 10 YMOJIYaHHIO OHA OOBIYHO BBIKJIFOUEHA). FIHaUe BEIYHUCICHUS
OyayT UATH IPOrPaMMHO, MEIJICHHO, MCIOJIB3YS LIEIOUYNCICHHYIO
numurarmro float.

[Tpu ncnonp30BaHNN KOHCTAHT B BRIPAXKCHUH HY>KHO 3aJ1aBaTh UX
BHUMATENIbHO. [0 yMOTUaHMIO KOMIUIIATOP CTPEMHUTCS BCE
KOHCTaHTHI TpakToBaTh He Kak float (32 6ura), a kak double (64
OuTa). IBOMHOM TOYHOCTH.

Ho anmapatssiii FPU B Cortex M4F nognepxuBaeTt TOJBKO
nompep:kky float (32 6ura). Uro Torma mpoucXoauT, Korma KOHCTaHTa
double?

KoMIIMIIsSTOp CHOBA MCIIOIB3yEeT MPOrPAMMHYI0 peau3aluio
BEIYMCJICHHI, BMECTO alliapaTHoi: BerauciseT double gepe3 Gombie
YHUCJIO IIEIOYNCICHHBIX ONIepaIiii: BMECTO YMHOKCEHHS 32 OJMH TaKT
IIOJIy4aeTCd YMHOKeHHUE 3a 30 TaKTOB.



Oco0ennocTu BeruncJaenui so float

volatile float Vard=0;
volatile fleoat Varb=0;
volatile float Var(=0;

void TIM@ IRQHandler(veoid) {
CpuTimerIsrl@ = NT_TIMER2->VALUE;

Varl=Vard*1.3+Varpb,;

o

JTa KOHCTaHTa Tpakryercs kak double, a 3maunt KoMmmIsATOp 00s3aH
BCE BEIpakeHHe rmocumnTath kak double (mporpamMmmuo), a motom

COXpaHHUTh Bcé paBHO pe3ynbsrar Bo float. Henb3s sToro momyckars!
Yro geaarn?

JIBa criocooa:

* Ilucarp Bcem koHcTanTaM Ha koHIe f, Tuma 1.3f, yTo TpakTyercs kak
koHctanTa Bo float. O6s3arensHoO 171e-TO 3a0yAeTe, He HAI0 HA 3TO
rmoJiararbCs!

¢ 3acTaBUTh KOMIIMISATOP TPAaKTOBaTh KOHCTAHTHI Kak float Bcerma. Jlms
GCC »to memaercs KirouoM -fsingle-precision-constant "




IlouyBcTBYMTE pasHuny!

,

E;l main.c 23 A = 7 (= Disassembly &2 = E
156 Uint16 TIsrl@ = @; A | Enter location here v & & SlE g =
157 0000ba%4: Oxc2f20002 movt r2, #8192 ; 0x2000 -
158 wolatile float Vard=7; 0000ba%98: Ox42f6F£023 movw r3, #10992 ; Ox2af0
159 wvelatile float Varg=9; 0000ba%c: Oxc2£20003 movt r3, #8192 ; 0x2000
1668 wolatile float Var{=8; 0000baal: O0x00001760 sctr r7, [r2, #0]

161 166 VarC=Vari*1l,3+VarB;

162 //! NpepewHWe, BwzbBacMoe No Talmepy c YacToToil 18k 0000baaz: 0xd3f80080 ldr.w r8, [r3]

163 //! \memberof HAIH_C ? 0000baa6: Oxf4fTh5fe bl Ox8l14 < extendsfdf2:>

164- veoid TIFB_IRQI-I:ndhr-{wid] { 0000baaa: Ox000023a3 add r3, pc, #£140 ; (adr r3,

§165 CpuTimerIsrl@ = NT_TIMER2->VALUE; //3acexaetca s 0000baac: 0xd3e90023 | ldrd x2, x3, [=9]

9166 VarC=Vara*1. 3+Varﬁ;-| 0000bab0: OXf4£704ff bl Ox8bc <_ muldf3>
467 ° 0000bab4: 0x00000446 mov r4, x0
. () 0000bab6: 0x00004046 mov r0, r8

0000bab8: 0x00000d446 mov r5, rl

j169 Tisr1® = (CFUH'”"‘IE it [ER2->VALUE) & Ox 0000baba: Oxf4f7abfe bl 0x814 <_ extendsfdf2>
170 0000babe: 0x00000246 mov r2, r0
1171 0000bac0: O0x00000b46 mov r3, rl
172 sm sys.fast calg 18xluy ecero 0000bac2: 0Ox00002046 mov r0d, r4
8173 0000bac4: 0x00002946 mov rl, r5
174 FastCounter++; 0000bacé: Oxf4£747fd bl 0x558 <__ aeabi_dadd>
175 if (TIsrle > 970 000Obaca: O0xf£S£731£9 bl 0xd30 < ctruncdfsfl>
1176 sm_prot.bit_faul ” PROGRAM_18K; //ecnw 0000bace: 0x42f6£423 movw r3, #10996 ; OxZafd
8177 T 0000bad2: Oxc2f20003 movt r3, #8192 :; O0x2000
“mainc & = O || Disassembly &2 — {m]
157 A lEnterIocationhere v“ 2 & %l@,| M v
158 veolatile float VarA=7; 0000baga: Oxc2£20001 movt ri, #8192 : 0x2000 A
159 wvolatile float VarB=9; 0000baSe: 0xc2£20002 movt r2, #8192 ; 0x2000
168 volatile float Var(=0; 12 165 CpuTimerIsrl0 = NT_TIMER2->VALUI
161 0000ba92: 0x00005d68  1dr r5, [r3, #4)

162 //! NpepsuiHue, sw3biBaeMoe TAKTOB o 10kI 166 VarC=VarA*1.3f+VarB;
163 //! \memberof MAIN_C 0000ba%4: Ox9fedlf7a  vldr si4, [pc, $124) ; Oxbbl4 -

I164= void TIM_IRQHandhr(w:'i* 0000ba®8: Oxdled006a  vldr si13, ([rl]

165 CpuTimerIsrl® = NIT@IMER2->VALUE; //3acexaetca | 0000bagc: Oxd2ed007a  wvidr siS, [r2]

1166 VarC-VarA"'l-.3f+VarB;’ ? 0000baal: Oxeéee877a vima.£32 s15, =13, s14

67 165 CpuTimerIsrl0 = NT_TIMER2;>VALUIL
L. 0000baa4: 0Ox42f6ed22 movw r2, $#10976 ; Ox2aeld




Oco0ennocTu BeruncJaenui so float

B 3aBUCUMOCTH OT TOTO, KAKOU KOMITUJISITOP UCIIOJIB3YETCH,
BBIYHCJICHUE BBIPAXKECHUS BUA

float Varl = sin (Var?);
MOKET BBUIUTHCS BO UTO YIOAHO, BKJIFOUAsl BEIYMCICHHUE CUHYCA
IIeJIOYMCICHHON MaTeMaTnkor B (popmare double.

[Touemy? Br13oBeTCs «cTaHAapTHAS» OMOIMOTEUHAs pean3alus
CUHYCAa, KOTOpas «HEU3BECTHO» C KAKOW TOYHOCTBIO U JJIsI KAKOU 3aJ1a4u
Obla HamycaHa.

Hukora He 1oBepsiTe HEMPOBEPEHHBIM OUOJIMOTEYHBIM (PYHKIIUSIM!
Bceraga cMoTpuTe B OKHE AuU3accemMOIepa, 4To TaM BbI3bIBACTCS U
3aCeKauTe, KaK JOJIr0 3TO CUUTACTCSL.

OnuH HEBEPHBIM CUHYC — M BaM OyIeT Ka3aThCsl, 4TO
IIPOM3BOAUTEIIPHOCTh MUKPOKOHTPOJIIEPA /I BAllICH 3a/1a4y HYKHA

13
pas3a B JiBa BbIIIE!



Oco0ennocTu BeruncJaenui so float

Haigure OBICTpYIO peanu3amnuio Tpuronomerpun Bo float u BcraBeTe
ceOe B mpoekT. Hanpumep, i1 Hadaaa MOXKHO IIOCMOTPETh Ha
peamm3anuio B CMSIS-DSP.

3aMepbTe U 3aIUIIMTE B 3aMETKaX, CKOJIbKO TaKTOB Kakasi ()yHKIIUS
3aHUMACT M KaKyl0 TOYHOCTh pean3yeT. TOUHOCTH BhIIIE 16
3HAUMMBIX PA3psI0B Ha MPAKTHKE OOBIYHO HE HyHa! Ecinu PyHk1us
CUMTACT TOYHEE, HAUUTE Ty, KOTOPAsk BMECTO 3TOI0 CYATAET
owIcTpee!

KBagparnsiit kopenb u neneaue Bo float B CortexM4F peammzyercs
anmmapartHo! JI1s BeI30Ba amnmapaTHOro kBaapaTHoro kopHs B GCC
AO0CTAaTOYHO BbI3BaTh PyHKLIMIO sqrtf () (HO HE sgrt (), oHa
MeayeHHas!). JleaeHre aBToMaTuuecku OydeT pealn30BaHO
arraparHo.

Jlaxe eciim Bbl BCE ClI€aIM IPAaBUIIBHO, YOEIUTECh YTO
MCTIOIB3YETCA alllaparHas peajn3alus, OTKPbIB OKHO
au3accemMoepa.



https://www.keil.com/pack/doc/CMSIS/DSP/html/group__groupFastMath.html

IlouyBcTBYMTE pasHuny!

™ fa

-

le] main.c &2 = O ||Z= Disassembly &3 = 0
1 T R &3 Enter location here VH &1 iy <~}==€> @' et ™
162 //! MNpepewHKMe, BhZbiBaeMoe No Tadmepy ¢ YactoTod 18kl 0000bba4: 0x00001868 ldr r0, [r3, #0] &3
163 J,-’J,-’! "._'|'|'|e|'|'||-:|er\-c|-|: MIN_C 0000bba6: Ox00002260 str r2, [r4, #0]

64- void TIM@_IRQHandler(void) { 1686 Varh=sqrt (VarB) ;

65 CpuTimerIsrl® = NT_TIMERZ2->VALUE; //Sacekaetca g 0000bbag: Oxf4f734fe bl 0x814 <_ extendsfdf2>
66 | Var‘ﬂ=sql‘t(\far‘.ﬂ]' 0000bkbac: O0x4leclOOb vmov df, rd, rl

67 o ‘J ¥ 0000bbk0: 0x00f05afs bl O0xbeb8 <sgrt>

68 TIsrl® = I:CpuTimer“IE } 2 0xl 0000bbb4: 0xS5leclOOb vmov r0, rl, 4o

69 0000bbbE: OxfSf7bafi bl Oxd30 < truncdfsfiz
78 0000bbbc: O0x40f6a053 movw r3, #3488 ; Oxdal
o - u in TaKTOB 0000bbeD: Oxc2f20003 movt r3, #8192 ; 0x2000

'-'— - - b3 e | h {--uu - s | o
€] main.c | (€] main.c &3 : [t | Oxbb40 1 2 8 | |22 Disassembly &3 B
162 ~ Enter location here v|| 2 = @,l M ~
163 float Vard=0;

164 Float M}’v E—B‘: 0000kbeea: OxQOOO000BE nop ~
oat [yVarE=8; @170 MyVark = sgrtf (MyVar
165 | 35 i TIMO IRQHandler:
166 //! Npepsuitue, TaKTOB AUMEDY € He 0000b6ec: Ox42f60833 movw r3, #11016 ; O0x2b
167 //! ‘\memberof 0000B6£0: Oxc2f20003  movt r3, #8192 : 0x20
0000bef4: 0Ox93ed000a vildr =0, [xr3]
MER2->VALUE; //: % J000bEEE: OxfleecO7a  wsgrt.£32 s15, =0
VarB); 163 CpuTimerIsrl0 = NT T
0000befc: Ox4ff4a043 mov.Ww r3, 20480
0000ER700: Oxcaf20003 movt r3, #40960 ; Oxal
168 volid TIMO IROHandler (voi

15




IIpakTHyeckast padora

3aMepHUTh, KAKOE KOTUUYECTBO TAKTOB 3aHMMAET peain3alius

CTaHJIapTHOU OnOIroTedHo PyHKIHHM cuHyc Sin().

Haiitu B UHTEpHETE OBICTPYIO peannu3auio PyHKIIMN CUHYCA B

dopmare float (Tabamunyro, amIPOKCUMUPOBAHHYIO, U3 KAKOM-TO

OMOIMOTEeKH — 1I00YI0, UeM OHa ObIcTpee, TeM nyuiie). [Toackazka —

MOXKHO TIOCMOTpeTh Ha SInf.

[lepeHecT B MPOEKT, 3aMEPUTH KOJIMYECCTBO TAKTOB (IIPH MOJIHOM

ONTUMM3ALIUHN ).

CpaBHUTH YHUCIIO TAKTOB C IEJIOUUCICHHON (PYHKIIMEH CUHYCa C

¢ukcupoBaHHOM Toukoi B popmate 1Q8.24 1Q24sIinPU u
_1Q24sinPU_accurate u3 ¢aiina IQmath.c.

Haiitn MakcuManbHy10 OIHMOKY (OTKJIOHEHHUE OT «HUICATILHOIO

CHHYCA) IS TpEX pealn3alui (yHKIMK CUHYca (HalJIEHHOM B

uarepaere, 1Q24sinPU u _1Q24sinPU_accurate). 3a sTalion

3HAUYCHUS CUHYca B3ATh (PYHKIMIO SIN() U3 cTaHgapTHOM OMOIMOTEKH.

AprymeHT niepeopars ¢ maroM 1%. byasre BHUMaTeabHbI K (hopmaTam

JTAaHHBIX !



OO01ue peKOMeHIAIMHA MOBBIILIEHHUS

NMPOU3BOAUTCIbHOCTH
IIpn ncnonb30BaHUM BHIYMCICHUM C (PUKCUPOBAHHOM TOUKOM

«po0JIeM» ¢ HEUCIIOJIB30BaHUEM arliapaTHON MOAACPKKU HET: MPH
BKJIFOUCHHOM ONTHMU3AIUU KaK IIPaBUIIO BCE OYIEeT CUNTATHCS
OIITHMAJILHO.

ITpu ucmonp3oBaHuHu opMara IIaBaIOIICH TOYKH BCETa UCIIOIb30BaTh
onuHapHYyI0 TouHOCTH (float), a e nBoiHYyIO (double): B cucremax
yIpaBJeHHS JICKTPONPUBOAaMH B MicTouHrKkaMmu nutanus float 6omnee
geMm gocTtaTodeH. Eciu HeT, To BbI UTO-TO HEBEPHO JIENIacTe
UCOJIOTHUCCKH.

[Tpu ncnons3oBannu float Bcerna mposepsiiTe, Kakoi acceMOICPHBIHM
KOJ TCHEPHPYET KOMIHIATOP. « BH3UTHASI KApTOUKay» almapaTHbIX
oneparuii float mza CortexM4F >To ncnonp3oBanne acceMONIEPHBIX
KOMaH/1 HAYMHAIOIIUXCS ¢ OYKBHI V, a TAK)KEe PETHCTPOB ¢ OYKBOH S.
[Tomunute, uro CortexM4F nmeer anmaparuayro nomaepxkky float
OIIepaINii CIIOKEHHUS, BBIYUTAHUS, YMHOXKCHHS, ICJICHHS, KBaAPaTHOTO
KOPHSI, YMHOKEHHS ¢ HAKOIIJIEHHEM M PsIT BCIIOMOTaTelbHBIX. Eciu npu
ITUX OMEpaIusIX padoTalT HE HHCTPYKIIUU «V», TO UIIUTE TPobIeMy!
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O01Me peKOMeH AU NOBbIIECHUSA

IMMPOU3BOAUTC/IBHOCTH
CrapaiiTech HE UCIIOJb30BaTh JICJICHUE TaM, IJI€ MOKHO O0OOMTHCH
YMHOXXCHHEM. YMHOXECHHE BBINIOIHSIETCS 3a 1 TakT, a JieJIcHUEe Ha
NOPSAO0K 0JIbIIE (B 3aBUCUMOCTH OT (hopmata JaHHbIX). Beerna
3aMEHSMNTE ICJICHUE IEPEMEHHON Ha KOHCTAHTY YMHOKCHHUEM Ha
00paTHOE YHUCIIO.
Ecnu ast pa®boThl ajiropuTMa JIeJICHUE HE0OOXOAUMO, ITOAyMaKTe, Kak
4acTO MEHSIETCS BEJIMUMHA, HA KOTOPYIO Bbl AeiauTte? Eciu 5To BBogMMAas
B QJITOPUTM KOHCTAHTa WJIM ITapaMETP, BBITIOJHUTE JICJICHUE B (POHOBOM
[UKJIE WK OJWUH pa3 IIpU MHUIIHAIW3AIMH, IOATOTOBETE OOPATHYIO
IIEpPEMEHHYIO U Ha HE€ YMHOKalTe B OCHOBHOM TEJI€ aropuT™Ma
yIIpaBJICHUSI.
Ecnu peannsyere pacyeT B LIEJTIOUYUCIEHHON MAaTEMaTUKE, IIOAYMAaNTE,
HeJIb3s JIU 3aMEHUTh YMHOXKEHHE 1 JICJICHUE Ha OIlepallfio CJBUTA.
Casur — Bcera 06osee ObICTpas orepaiusi.
PaznensiiiTe CTpyKTypy yIpaBJICHUS HAa BBIYMCICHHE B Pa3HBIX ITOTOKAX
(mpepbiBaHusAX ). Harmpumep, KOHTYpa TOKOB MOXKHO PE€aIn30BaTh B
0oJiee OBICTDOM IIDEDBIBAHUU. a4 BCE OCTAJILHOE B O0JIee MELJICHHOM.



10.

O01Me peKOMeH AU NOBbIIECHUSA
IPOU3BOAUTEIbHOCTH

B MukpokonTposiepe 1921BK028 ecte TMU! HMcnone3ylite ero s
BCEH TPUTOHOMETPHUU — CUHYCHI, KOCUHYCBI, atan2.

Ecnu Hy>KHO, TPUTOHOMETPHIO (M MHOTHE JIPYTU€ BEIYUCICHUS) MOKHO
3HAUUTEJIBHO YCKOPUTH, CJIeJIaB Taduuily. Hanpumep, MOKHO
Cr€HEpHUpOBaTh TA0NHUIy 3HAUEHUH CHHYCOB Ha HECKOJIbKO KOalT 1
BBIYHCIISITh 110 HEM CUHYC 0€3 BCSAKOW MHTEPIOISILINY 3a ITapy TaKTOB.
MukpokoHTpoiiep umeeT 6onbiryro flash mamsaTe — 3TM MOXKHO
MOJIL30BATHCA ISl XpaHEeHUsI Ta0uil!



IlouyBcTBYMTE pasHuny!

'l 'l Ty
[ main.c &3 (£ SM_Sys.c 1 = 0 1 == Disassembly &2 = 0
158 |Enter|ocation here v|| & &, @| i e
159 wolatile fleoat Vard=1; 0000b4cE: Ox40f6ad5s movw r3, #3432 ; Oxda4 ~
1668 weolatile float VarB=18; 0000b4ca: Oxc2f20003 movt r3, #8192 ; 0x2000
161 165 CpuTimerIsrl0 = NT TIMERZ->VALUE: //
162 //! MNpepeuHuWe, BHZLIBaEMOe MO 20 TakToB 0000b4ce: O0x00005568 ldr r5, [r2, #4]
163 //! ‘\memberof MAIN C laa VarRk=VarB/3.0f;
164~ void TIM@_IRQHandler(void) 0000b4d0: 0x93ed007a vldr s14, [r3]
65 CpuTimer‘Isr‘I@ = HT‘IPQ—:*‘H" 0000b4d4: Oxfleel87a vmov.£32 =315, #8
66 Var-A=Var'Bf3.B-F;O 9 ¥ 0000kb4ds8: OxRcTee2T7T7a vdiv.f3Z2 =15, =14, s15 v
[ i = = TFamsaT A e T e % — AT TTMMODT wITATTIT . £
4 > >
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LB | S X% it v 8

Expression Type Value
()= Varh volatile float 3.33333325
(@ mainc 32 @ SM_Sys.c TIEIME-M 1 = 7 ) = g |
161 M Enter location here v|| &1 i=3 @| i e
162 //! lNpepewHWe, BhIZHEaeMoe Mo TalmMepy ¢ YacToTol VarA=varB* (1/3.0£) A
arsa=var. . H
| Y
123__de \ﬁme;?“ﬂ&:ﬁ_[ id 0000b4d0: OmdfedleTa  vldr s15, [pc, $120] : OxbS4c <TIMC
vox 2_IRQHan er(void) { 0000b4d4: 0x92ed007a  vldr 314, [r2]
65 Cpuﬁmer-Iir-IE = NT_TIMER2->VALUE; 0000b4de: 0x40f6a051  movw rl, #3488 ; Oxdal
66 VarA=VarB*(1/3.8f); ¢ ® 0000b4de: Ox6Tee277a | vmul.f32 =15, =14, s15
67 ' 165 CpuTimerIsrl0 = NT TIMER2->VALUE; //
68 0000b4e0: 0x42f6e822 movw r2, #10984 ; Ox2ae8
69 TIsrl8 = (CpuTimerIsrl® - NT_ TAKTOB 0000b4e4: 0xc2f20002  movt r2, #8192 ; 0x2000 "
i
£ >

Expression
()= Varh

Type
volatile float

A €ClIM HET pa3HUIlbl, 3a4€M CUUTATh JIOJIBIIE?

Yalue
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3.33333

LD X% Y= 0O
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