HNY « MU »
npeacraBafer yuebHbIN Kypc:

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

MockBa 2019



Jlekimg 2.2

O030p CYIIECTBYIOIIMX BAPUAHTOB OTJIAJIKH MHKPOKOHTpOJIEpa
K1921BKO1T npuMeHuTeapbHO K CHCTEMaM yIIpaBJICHUSA
pEaTLHOTO BPEMEHHU.

[IpakTrdeckass paboTa 1O 3HAKOMCTBY OTJIaAKH B pPealbHOM
BpeMeHu rpu momoinu Keil uVision

IIpy moMoIM CTOPOHHMX HMHCTPYMEHTOB Ha 0a3ze uHTepdeiica
cBsi3u CAN wiu RS.

JleMoHCTpalsi BO3MOXHOCTH HAOMIOAaTh 3a H3MCHCHHEM
EpPEMEHHBIX MUKPOKOHTpOJIEpa 0€3 IpephIBaHUs €ro padOThI U
MOCTPOECHUE OCIWIJIOTPAMM.



0630p CyLecTBYIOLWUX BAPUAHTOB OT1IaAKN MUKPOKOHTponnepa K1921BKO1T
NPUMEHUTENIbHO K CUCTEMaM YNpPaB/IeHUA peanbHOro BpemeHu

OTnagka «MmuraHme ceBeTogmnoaom»

To4YKM OCTaHOBA, NOLIAroBasa OTAaAKa NPOrpamMmmbl
Printf

OTnaaKa yepes BHewHu ocumnnorpad (LLAMM)

HabniogeHne nepemeHHbIX B peasbHOM BPEMEHW B cpeae
pPa3paboTKKM yepes oTIagumnK

OtnagKka depe3 uHtepdencol cBsasm (UART, CAN, Ethernet) c
BbIBOAOM 3HAYEHUMN NepeMeEHHbIX Ha rpaduKkmn
* C pa3peweHnem no spemeHun o 10mkc



0630p CyLecTBYIOLWUX BAPUAHTOB OT1IaAKN MUKPOKOHTponnepa K1921BKO1T
NPUMEHUTENIbHO K CUCTEMAM YNpPaB/IEHUA PeasibHOro BpeMeHM.

MHorve  npousBoAuUTENN  AAOT  BO3MOMKHOCTb  ANA  CBOMX
MUKPOKOHTPONIEPOB HabntoaaTb NepemeHHble Ha rpaduKax:

STMStudio ot STM32 no SWD wuHTtepdency nmeet ocumnnorpad,
paboTtaeTt Tonbko ¢ STM32

* Code Composer Studio oT Texas Instruments yepe3 CBOW peXuUM
peasibHoro BpemeHu (tonbko ana MK Texas Instruments)

e Segger J-Link nmeet J-Scope

* FreeMaster ot NXP ana nx MMKpPOKOHTPO/1epOoB
e Keil uVision gnsa ntobbix ARM MUKPOKOHTPO/NEPOB

* UniCON ot OA HNUNIT n HIM® BekTtop ana K1921BKO1T 4


https://www.segger.com/j-link-j-scope.html
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Flash Debug
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s 18.88882s
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PF2
3 2] startup.s PF1 3
E i PFO
! 51 i v
c 592
; 04 t Debug View
5
3 53 } 013 DR2A AMSEL
- . ' . UniCON - Universal Control Software (Bepcu 1.36)
§ 5 o .
ar 55 0int main (Vq csin Cepsue Nowoup
56 PortF InjYenl
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B 1-oii knetke
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Kaman 3 - Tok pasul B(5116,02)

—
B 1-oii knerke

Do-

Craryc: pabota

Katan 2 - Tox @ast A(5116.01)

LOCK

Unpas e fLexTaMM CAoBaps

Barpyaime napavepel

o 2 23

t

§1 42 43|
Biloiene 2 |A il 12 1o
Cwewenwe [0 [a |00« Herpepsisit

Katan 4 - Tok pasu C(5116,07)

Buidopka

B 1-0it knetxe

B 1-oii knetee [2 Ja | 2000

Jlme |

COXaHTE NapamieTDl | | 3aDYSMTS 10 Yo uaHit0

AeapuA Crarye
_S RV-Her agapuii _F’AE[I A
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2,50 ofiim 3004

CropocTs casmmka | Tok wiepxanan

Tox sexropa

2004

Mk Cron
Cpoc aeapnn

Sin nSin

D2i02 statusword

| ooossacnniorn

DS402 Modes of Operation

uiDebugd

absFos
190261

Reset

cvewewe [0 JA |00
MM CAHWE

| Cuewewne [0 | Do
=l ["Hazeanue Wepapmis
@ Monw O Kopor. || Fovt " 228 HOMEP _ [0ATA  [BPEMA  [NeM3AA  [of
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Toyn 32 <
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Il STM Studio test™
File Run Views Options Help

[E= =R =)

=D & [stiikswo. -

- Write Variables

Write Variables settings

Name Written Value

|Foctd
FoCIg

0cPd
FOCPq
ISmoothCdg
MaxPIDerrorD
MaxPIDerrorQ
QuadCurCommHand
MaxCurrentHand
STOPdontGo
vd
va
QuadCurComm
[PirCurComm

o Type
| [float |
... float

Yalug

800
550
500
450
400
350
300
250
200
150
100

50

-50
-100
-150
-200
-250
-300

-350

Vdq

-400

o 1,000

5,000 5,000 7.000 8,000 10,000 11,000 12,000 13,000 14,000 15,000

Time

d Vo e RPM

2,000 3,000 4,000 2,000

16,000

Viewers settings

General Display
Point Viewer | Vgas Curve -
Yabe | Hexadecimel ]
Tab
o) List of Variables
Wdg vl
Halls P
radians
CURRENTS
RPMs
Vg
errors
PWM
FOC angles
Delete Delete All
Value Range
lower Value -33.0
upper Yalue 625.0

Valug

75

50

25

CurDQ

14
v e

R

"' -L! il o’

0 1,000

5,000 6,000 7.000 8,000 10,000 11,000 12,000 13,000 14,000 15,000

Time

2,000 4,000 9,000

- CurrentQuad -# CurrentDirect =& QuadCurComm -4 CurrentDirectRough —= CurrentQuadRough % CurrentFeak TfetCelsius TfetCe\swusMAX|

18,000

STMStudio gna STM32



Code Composer Studio ana Texas Instruments

?;qlx
3 'R g - N B 2 H- K Acces T CCS ban & CCSDebug
% Debug 12 v vables A Expressions 17 I Registers % Beeskpoints LB @ PPt Y= n
# V% PD ADC v2 [Code Composer Stusio - Device Debugging] Lpresan Type Valee Address
o8 TI MSALI0 USEL/MSP430 (Runeing) - Resut Noat 0302056 00212
0 MitermdResutt fon b 011066 0214
@ Add rew expernicn
@ TIResouce Eplover ™) Getting Stanted (4 MSPE Test Proeat Timer 26 [ maine (8 mapd30gD33 adel0 01 £ mamc —Fia
int 4 v 9
i for (1 = 8 & <= 155 1ee) Initinlise ¢ op for 16 ADC reads | -
[
ngle Time -1 o BN - )
4
4 1 ! | 1 | ! | 1 ! ! ! [ At ST VAN L] ! ! el {
0307 ] 1 : | ] ! ] { ! IRWSV O, { 1 ! : | 1! ! ! |
}
1
0.257 4 1= { 4 4 { 4 4 4 + 4 { 4
07 3 | : 3 | EE——.¥ ¢ 11 1 ! 1 + 1 + - +
t 7 1 1 t 1 T T t T T T T T 1 1 T T 1 t 1
0 +5%0 100 -1% -0 2% <00 -3 ~400 % +500 +5%0 ~600 450 <00 1% -3 ~1% -0 ~4% SI000 <1050 SRI00  S1150 4120 S12S0 A1M00 ALIS0 SlM0 Sl 413
cample
By Single Tane 0 ITSER-Q@ - 5 R~ > =t
0344 : ! } ! } ! ! ! ! ! ! } } } |
LEET - - - - - - - - - - + + + VRSNt s + t
ny
CER) L 4 : 4 4 L 4 + -
3 . il 14
034 1 4 | I — ! 1 1 4 ! | 1 | L P T T il | : ! e
%! ')
B o - 3 < - < - - - -~ 3-4 + - - + + -+ -
s | /
P DI |ﬂ\‘.~""“"
0284 1 ! 1 1 1 - ! 1 1 1 1 | ! | | !
0 - RO . !
| (Vi ,
ooy 0 g A AV L s | | ! ! } ! 4 { } ! {
T T T T 7 T T T T T T T T T T T T T 1
0 -5 ~100 ~15% - -1% -4 9 500 «5% ~t 6% ~700 1% ~800 5% -9 +3%0 “1000 #1050 <1100 L1150 <10 .30 4130 L1300 S1M0 LU0 1500
sample
Free License




Legend

Sined 10
Sinel 100

Sine2 100/

Mame Address
o iSined 020000700 24
o Sinel  0x20000701 242

W Sine? 0200007072 115

& 2] - E RGO M

J-Scope ot J-Link

w
-
-
-
L
-
=



A
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

N @ 2

Ja|qn[--|puaﬂ.[llll-llulﬂ H
Jm- .- R

vMa» @ e

6 al[J] x|

ZEol vned ol ¢ [HaaEEe- 3.

el e e e e F Fm
: | 08 (1942052 [ 50ms ‘---l Cvd- , , .
-nz | |
F , : ; E
0 E :
e y — System View M3 »||>1]|
R8 @Dluutmbb« - Anlml lP" PF3 | |
i CRPTTET S'Wll PF2 | | LD
ol e G PRl =% J.i Let? B 25
:}; whlle (tme) { swz|' A P <
time--; — Debug View
-} DATA [13 OR2A [0FF  AMSEL [B00 ook [Bx00
- xPSR 1 oiR: &€ pRen [0 POR: [B00 R [nIF
t: ;*: 5580int main (void) { oen [BF onen [B00  PCTL [3:G0000000
5 56 PortF Init(); // make PFl out (PFl built-i ) :
= Intemal il = ) 3 ACGC2
Mode 575 while (1) { aree:[OO0 pur: [T oot m
o 58 Led = GPIO_PORTF_DATA R; // read previo [ Conos
Stack C—
e T 59 Led = Led”0x02; // toggle red | SudeiD: | Sy
4 > [ | &n ~DTA DNADTE [/ bt Code: [ ¥
mp{o‘!d .Rm'“ E o D - D - - >
* B Gistack-loak - @
> Name Location/Value Type
& % Delay 000000306 |void f0
@ time | 0x0001C219 {m-umignedlong ‘
ASSIGN BreakDisable BreakEnable BreakKill |“3mm.“m|mmm”
Simulation 11: 19.42052456 sec us2 CAP NUM SCRL OVR RW

Keil uVision



[E WCT_30W_1coilpmp - FreeMASTER

Edit View Explorer Project Tools Help

wHBE D& s

(2] 5 0 " (11 4 &GN : Tanoma

s » BLrU DD EES

Wireless Charging 29924, 4028

|15 Power Loss

[e]
mft6ControlerOutput

[A]
adcRaw. friBridgeRaw

4% input power
22 Percent Power Us¢
{22 power loss
" debug
2 best o
3 batst
2 input val 0051
148 Inputals
"3 pireg 0.04-]
48 New Recorder
e R o
|42 Frequency
H&% Calculated Currents.
HE% Raw Currents

x control |
Debug mode _Set | _Dis |  This control Enables or Disables Debug Mode.

Init Coil _sat | triggers coil initialization

Init ping Set ~ triggers ping

Batery Switch Set i‘ This control Enables or Disables batery Switch B

|Bridge calibration ~ get
Coil Frequency_t  set | Dis
Coil Frequency_t  set | Dis

Phase shift _set | _ois |
Calc Power _Set | Dis |
Calc Power _set |_Dis |
fsweep

This control triggers calibration of input current offset.
o Coil Freqency of desired Coil ID[140000 Hz.
[~ Coil Freqency of desired Coil ID]140000 Hz.
[0 Phase Shift of desired Coil ID[5 %.
P o .o Timeout[fooo
b o .o Timeoutfiooo

Coil ID: [0 Freq Start: |50 kHz Freq Stop: [249.95 kHz Steps: [161  Duration: |1 s

i

stet | Siop | variable: [adcRaw iBridgs variable2: |
Frequency Sweep 200
80
60 =
40
20
. P S S S S P e 1 00[y2]
398 399 a1 402 403 405
Time fsec) 80
(e
50 |
W v
- x
I Name: Vake | Unit. Period -
mudtControllerParam.i 16IntegGainShift DEC 1000
adcRaw. rridgeRan 0.0065318 it 1000
mf36DesredVolue 0.00658353 unit 500
mfi6MinReg 0.199951 unit 1000
finalPeriod 9825 DEC 1000
funtime. u 16ChargerState: 1000
mudtControllerParam. f16UpperLimit 1000
Elappiic..| Bvariab..| =
Ready RS232 UART ion; COM, speed=19200 Scope Bad

FreeMASTER ana NXP

10



# UniCON - Universal Control Software (Bepcna 1.86) — O >

®aiin  Cepenc  [Momowe

"Uszend
() Cepeo F28083-0000 +.01.01 5.1.2014 (00000048_1C2501011 RS CECID ) GAREE
IO, 3arpysHTE NapameTpel CoxpaHMTE NapareTpel | | 3arpyskTe N0 YromdaHHe
O&HOBMTE cnoBaps | Cepeo F280E9 aeTo npodgune. =ml - |

- E::jf;ﬂrm ABapHA Craryc
SERVO Coso ynp |SRv-Her apapuin | [FABDTA |
LAN MpeaynpesaeHue Pesra patiorel
CAN_MHTEPM.
MACWIT. KO3 |HDF‘MA | |BDaLLI.EHME BEKT. TOKE
Per. Tokald 3anaHHe CROPOCTH Tok I/F
Per. Toralg
Per. cropocTu [250 a6/ | [3.00a |
Per. nonosenun

" CropocTb c aarymka | TOK YoepsaHus

sm_chr
AL 225 atim | [1.00 |
LW
Hactpoiiku CY Myek, G | HEREERE:E
3anaHuA Copoc asapyi 20oA
MapateTpbl AEHraTEA - -
3A0ETUME, MHTEHCMEHECTH Sin nin
Kpusan L-f
TeryWwKHe SHAYEHUA DR statusword
1P Honn 00000000 00010111
Jawure DS402 Modes of Operation
CrarucTuka

55 i gon .

- dlog uDebugd
[na ornanku
DS402 [
g”ﬂ'PeL”“m"e””“ Kanan 1 - Uron. anextp.(5152.13) Kanan 2 - Tok ®ast A(5116.01) | Lol 12l s @8] == absPos

uneTp Hraa ol o2] o3| & oo

5 1oi e 5 o wene i
MpOCHOTP NEpEMEHHEL
WM B2 Cvewerwe [0 Jioan |0+ Cuwewewse [0 o |00 " Reset

Brigopka
Kanan 3 - Tox pasw B(5116.02) Kanan 4 - Tok ®asw C[5116.07) B 1-oii KneTke

5 tron e B o e
Cueowe [0 JA  JIo-| Cuewewe o JA oo

HasBaHue Wepapsma
® Nann.O Keper. || T80 "ER =8 HOMEF  [maTa.  [BPEMA  [MeUsna  [OMWCAHME
OfberTos 333 MHoekcos:178
Mpynm: 32 < >
Cratyc: paBota O Tmc Taiimep: 59533482, Rx3236304; Rx_5D0:3058867; T:3089270; MoTepAno B ceTn:1393; MNotepano B DLL:24%612; 3arpyska:17%; Yonewnebx SD0:332/ cex; xl; yvi:5; =45

UniCON gna K1921BKO1T



MpaKTnueckana paborta ¢ peXxumom peanbHoro
BpemeHu B Keil uVision

3anyctutb npoekKT VectorCARD _blinky B Keil
HacTpoutb pexxum peanbHoro spemeHun (SWO + Trace)
Co3aaTb 106aNbHYO NEPEMEHHYIO U CAENATb CYETUUK
[o6aBuTb 3Ty nepemeHHyto B8 Watch Windows
Bkntountb View->Periodic Windows Update

MonbiTaTbcA HacTpouTb Logic Analyzer (cm. ganee)



Moackaska ¢ «paboTtaowmmm» Hactpomkamm ST-
link ana pabotbl Logic Analyzer

Cortex-M Target Driver Setup X

Debug Trace l Fash Download ]

Core Clock: | 100.000000 MHz v iTrace Enablg:
Trace Port Timestamps Trace Events
Serial Wire Output - UARTANRZ J [¥ Enable Prescaler: |54 - [ CPI: Cycles per Instruction
- [ EXC: Exception overhead
SWO Clock Prescaler: h PC Sampling — SLEEP: Sieep Cycles
R Prescaler: 102416 ¥| | | = | 61} | ot Store Unit Cycles
SWO Clock: | 2.000000 MHz [~ Periodic Period: | <Disabled: [~ FOLD: Folded Instructions
| on Data RAW Sample | EHCTRC: Exception Tracing

ITM Stimulus Ports
Paort 24 23 Port 16 15 Port g8 7 Paort 0

P HFHF I_I_I_I_I_I_I_I_ NV VY MYV PRV
Privilege: | 00000000 Port 31.24 | Port 23.16 | Port 15.8 | Pot 7.0 |

Advanced settings
[ lgnore packets with no SYNC
[ Owverwrte CYCCNT

Ok | CmaeHa | |

HenatenbHO CMOTPETb MeAJIEHHO U3MEHSIOLLYIOCA NePEeMEHHYIO, C
BO3MOXHoOCTAMM ST-link obHOBEHME AaHHbBIX MPOUCXOANT NOPAAKA
pa3a B CEKyHAY.

13



Pe3ynbrat rpaduka s Keil

) Di\VectorCARD_ blinky_Keil\VectorCARD_blinky! VectorCARD_blinky . uvprojx - pVision

File

NMEdad| & 2@

Edit View Project Flash Debug

Peripherals
| 4=
| EQ ardo | DB REEE-

X

Tools

SVCS

Window Help
IE Iz | &
- @-®- g3 @ -

NI
mi

Registers a B Logic Analyzer

Register I‘u"alue | Setup... || Load... Min Time Max Time Grid Zoom Min/ Mz

s Save.. ||| 0s [ 109976s [ 55 |[In JOut] A0]
100

JRe @ e o & E- X
Update Screen| Transition Jump to [~ Signal Info
[ Stop ][ Clear | |[Prev][Nest]| [Code |[Trace |

[ Ampltude ¥ Timestamps Enable

[~ Show Cycles [~ Cursor

cournter
0 .
20.96008 = 110.961 5
~R10 00000000 5l L ]l>1
- R11 00000000 = —— .
R12 00000000 @Dmassemhl; ELogchnalyzer
] startup_K1921BKO1T.s - | ] mainc | ] K1921WKOTT init.c * X
135 ~
136 if (timer > TimerPeriod)
137 1 |
[+ System 138
139 counter++;
Thread 140 if {counter>18a)
Privileged [> ::; counter=8;
MsP
1710 143 timer = 8;
000001710 144 LEDs++;
[ FPU :i:z LEDs &= Bx3F;
147 f/AAropuTH 1 w
EPr-:-ject = Registers < >
Command o B watch1 x B
La ‘“counter | Mame Value Type
5 ! <Enter expression> LI

AS5IGN BreakDisable EreakEnable BreakKill Breaklist EreakSet BreakRccess

Trace: Running ...

| @ Call Stack + Locals | Wateh 1

ST-Link Debugger

t1: 109.97593353 sec

L:139 C1 CAP| NUM SCRL OVR R/W

14



MpakTuyeckasa paborta ¢ nporpammon UniCON

3anyctutb npoekT MotorControlDemo B VectorlIDE
Nogkntountb USB K USB-UART aganTtepy B VectorCARD
3anyctutb UniCON

Habnonatb 06HOBNEHME NEPEMEHHbIX NPOrPaMMmbl
[106aBUTb n3MeHALWMeca nepemeHHble B ocumunnorpad

Bocnonb3oBaTbca pexxmMmom «Bbibopka»



Pe3ynbtat rpaduka 8 UniCON

® UniCONwv.2.2.3

®ain  Cepenc  [Momows

SEN

{3 ARM_MCP-0000 +.00.01 0.0.2000 (00000033 _00000001] [kaoy npovssogvrens: 11111111] HrpageHie 0fbeKTaMY CAOBIPA

OBHOEWTE CADEaPE | AR =l

-l Hatnopaeree

BHE M'PYIIN

JanaHua

MODELS

CAM

CAnEd YynpagneH1A

Fer. Torald

Fer. Toralq

Fer. cropocTu

Per. nonoxeHua

Per. Tora akopa
Hactpoiiku CY

Bazoe. napar

AL

WAk

Jawprsl

aM

K.puean L-f

AONT Cucr. Ynp.
Hatnwogarens potopa A0
ANP-<onn ;

ONP-3Hkogep k. npepeeaHii 1 el u[3100,01]
ONP-551 ankonep
Ina ornanku

dlog

O zm_chrl

CHETHMHEK 1.CuéTymk npepweaddi 1 klMu. 2. Cyéryuk npepweanui 10 klMy ﬂﬂﬂﬂj g
tonent ofwme gaHHBE MaCLI_I_ . MECLIJ. MEEE E

oer lomproney|[| OG0 0% ]| OCwens 0% | o

mx:: {EHI.JT;.} 3 BackgroundCounter[3100.03) 4 Mycro Denvrens [1-255)
Meererns Mac"”' MEC“J- OfHosuTe | [ npuHya.
@ Nonn. () Kopor. () English O CMELLI,.IC' ] CI’I.-'IELIJ'_ [ O6Hoen. aet.

Craryc: CeofogeH.

= Momrop | MapameTped Ocumnnorpas [ Typtia

aundCaunter 03] EaE7R 1908 E1770

EUELECEREEEELEEEEEEEC LR R R R

| {g} arpysure NapareTpel CoxpaHHTE NapareTpel 3arpysMTE MO YMONYSHKD
R

Yackl koHTponnepa

04.05.2048, 16:11:52

Craryc

raoToe

AEapHA

HWMMAT - Het aBapuil

YacTora BpaweHs

10,0 ob/r

YacToTa BpalleHun

—

AT

Myck Cron

CApoc aeapud

Hron zan. anekTp.
15,47 rpan

Mepapus WHpekcos: 125 -
GID GID ||'|'i D&bEKTDB: 854 UrmedCD II'IJtTJ\ |DDI:ILJCI Ih.loll‘:ll'l.i'\ II'II'IIM"J’\IJIHI:
Grp| bnd Ind Mpynm; 32 < >

Cratyc: pabora Tmac Tarmep:69787219: RdD62; Ry _SD0:3587; Tx:3587: Motepano 8 cetwi(; Movepano s DLL:343; 3arpy3kaid s Yenewnenx SD0:20/ cex; il y:0: z0




UniCON + CANOpen gpaunsep + COODEdit

HUN3T npunobpen TexHonormm otnagku, padpabotaHHbie HMO
BEKTOP ana K1921BKO1T

Habop nporpamm goctyneH 6ecnaaTtHO No agpecy
https://bitbucket.org/niietcm4/motorcontroldemo

Kpome Toro, Tam aoctynHo NO ana mMKpoKoHTponepa,
peasninsytoulee BCEBO3MOXHbIe CTPYKTYpPbl ynpaBieHunA
aneKkTpoasuratenamm Ha 6a3e K1921BKO1T. Mo coaepKuUT TakKe
NMMUTALMOHHbIE MOAENN SNEKTPOABUraTENEN ANA OTNAAKM
CTPYKTYP YNpaBaeHUA «BUPTYaNbHOY.

Kpome TOro, A4OCTYNHbI NoApobHbIE ONMCAaHUA N PYKOBOACTBA
No/ib3oBaTeNA Ha PYCCKOM fA3blKe A1 BCEX KOMMNOHEHTOB


https://bitbucket.org/niietcm4/motorcontroldemo

CANopen «HUNIT» - «HMD BEKTOP» ana K1921BKO1T

* UniCON — nporpamma mis ITK mox Windows,
& padoraromas mo nporokoay CANopen c
( A MHUKPOKOHTPOJUICPHBIMU yCTpourcTBaMHu. I1o3BoIIsIeT
UniCON  napamMeTpupoOBaTh, HAOIIOAATh OCIHUJIOTPAMMBI,
YIOPABJIATh YCTPOUCTBOM.

» Jlpaiiep CANopen — 6ubaroreka ais
MUKPOKOHTPOJLIEPA, OCYIIECTBIISAIOIIAS B3aUMO/ICHCTBHE
o nporokoiry CANopen. IIltatHO (GyHKIIMOHUPYET Yepes
CAN, HO UMEET «ILII03» JJIs IIepeaadu COOOIISHUN yepe3
mo6oit apyroit uarepdeiic (UART, USB u .1.).

CANopen

> »

« COODEdit — mporpamma g IIK mox Windows,
( J*:i sBisironasics peaakropom ciaoBapeit CANopen. ITo3Bomnsier
BBEIOpAaTh, Kakue repeMeHHbie 110 MukpokoHTpoIepa
COODEdit «BuaHbl» yepe3 CANopen u B kakoMm (popMmare.



k>,

UniCON

dyHKuuu nporpammsbl UniCON

 [loakimroueHue u padora c a00bIM ycTporicTBoM B cetu CANopen
(IaHHOM peanr3alyu ApanBepa).

* HaOmrogeHue n n3MEHEeHME 3HaYCHUH apaMeTpoB (IEPEMEHHBIX
BHYTPU MUKPOKOHTPOJIJIEPA).

* OrtoOpakeHHe napamMeTpoB B (PU3UUECKHUX €IMHUIIAX (BOJIBTHI,
aMIiepbl U T.J.) C 3aJJaHHBIM MacIITAOMPOBAHUEM.

* HaOmrogeHue ocUMIorpaMM — KaK B PEKMME «PEaTbHOTO BPEMEHI
C JUCKPETHOCTHIO 4 TOUKU B CEKYHAY, TaK U yepe3 Oydep BHYTpH
MUKPOKOHTpOJuIepa ¢ NUCKPETHOCTHIO 10 100000 TOoUEK B CEKYHY.

* Co3ganue naHeau yIpaBiIeHUs — IPYIIIMPOBKa HAaU00JIee 3HAUMMBIX
apaMeTpOB U OPraHoOB YIPABJICHUS B OTJEILHOM IIOJIE.

* CepBUCHBIE (PYHKIMH — IEPEHOC MApaMETPOB YCTPOMCTBA B (haiiil U
u3 (paiina, BEJCHUE JI0ra CETEBOrO0 OOMEHa, SKCIIOPT JaHHBIX
OCHMJLIOrPaMM B (paiii u T.I.



CANopen

-

v‘ Opansep CANopen

BcrpauBaercs B Buae 0M0JIHOTEKH B 110Jb30BaTebckoe 110
MUKPOKOHTPOJIIEPA.

Hcnonb3yeT He0O0JIbIIoe KOJIHUYECTBO PECYPCOB — HE 3aMEISIET padoTy
CHUCTEMBI YIIPABJICHHUS.

IIpenocrapnser goctyn o cetu CANOPEN k BEIOpAaHHOMY CITHCKY
nepeMeHHbIX BHYTPH MUKPOKOHTPOJIIEpa (B Ueane — KO BCEM CKOJIb-HUOY/Ib
3HaYUMbIM ). CIIMCOK (CJ10Baph 0OOBEKTOB) HACTPAMBACTCS IMPOrpaMMOit
COODEdIt.

Hmeet cBsA3b ¢ MoayieM ocuuuiorpadgupoBanus, mo3Bosiga uepe3 CANopen
oJy4arh OCHUJJIOTPAMMBI 3HAYEHUI JTIOOBIX 00bEKTOB CJI0BAPSA MyTEM
3alricHu B Oy(ep MUKPOKOHTPOJIIEpA.

Peammsyer cremyrommue cepBuckl CANopen cranmapra: Heartbeat, Expedited
SDO, PDO cepsuc.

VimeeT HaACTPONKM, HE HApYIIIAIOIIUE CTaHAAPT, 100aBIIsIs 00bEKTaM
BO3MOXKHOCTb YKa3aHUs eIWHHUI] U3MepeHusi, popMara, MacmiTada u T.0.
VYpaBngeT coxpaHeHHueM HACTPOEeK MUKPOKOHTPOJIIEPA, ITyTEM COXpaHCHUS
BCEX 3HAUYCHUU CJIOBaps OOBEKTOB IO KOMaH/IE€ MOJIb30BaTENA B
YHEProHE3aBHCUMYIO MaMsITh U 3arpy3K0OM UX MPU WHUIIHATU3ALIIH.



NN

LAS dyHKunu nporpammbl COODEdit

PenaktupoBanue ciaoBapsi 0ObEKTOB, IIPEICTABICHHOTO B BUJIC TAOIHUIIbI:
CO3/IaHHE, UBMEHEHUE, yAaJleHuEe 0OObEKTOB.

['eHepalinst Ha 0CHOBE HAOPAHHOIO CJIOBaps OOBEKTOB (paiiyia 11 ApalBepa
CANoOpen MUKpOKOHTpOJIIEpA.

['eHepaliysi Ha 0CHOBE HAOPAHHOTO CJIOBaps OOBEKTOB (pailyia-oTyeTa B
Word ¢ HanISIAHBIM CITHCKOM ITapaMeTPoOB (IS PYKOBOJICTBA IOJIb30BaTCIIS
YCTPOMCTRBA).

['eHepaniyst Ha 0CHOBE HaOpaHHOTO ciioBaps o0bekToB EDS-(alina s
padotel CANOpPEN yCcTpOMCTBOM CTOPOHHUX CUCTEM BEPXHErO YPOBHS
(MacTepa CeTH).

AJIMUHUCTPUPOBAHHUE 0a3bl TEKCTOB U NIEPEUUCIICHUN (Ha3BaHUE
mapaMeTpPOB).

['enepanms crmcka TekctoB At 11O Bepxuero ypoas UNiCON.
AJIMUHUCTPUPOBAHHUE TAOIHIBI MACIITAOUPYIOIIUX KO(PPUIIMEHTOB
(MHOXKHUTEJICH 1 €IMHUI U3MEPEHMS JIJIsI TIEPEBOJIa 3HAYCHUM TTIEpEMEHHBIX
U3 IIPeJICTaBICHUSI MUKPOKOHTpoJiepa (Hanpumep, 0x274840) B ynoOHoM
nojp3oBareins Bua (12 Ammep).



http://motorcontrol.ru/production/soft/softcanopen/unicon/

MpaKTnueckana paborta ¢ nporpammoun COODedit

3anyctutb npoekT MotorControlDemo B VectorlDE.
Co34aTb HOBYIO NepemMeHHyo, obecrnevynTb eé n3meHeHune no
3aKOHY cMHyca c Yyactotomn 100y,
OTKpbITb Nporpammy COODEdit, nobaBuTb B cnoBapb 06beEKTOB
HOBYIO NEPEMEHHYIO:

e Co34aTb HOBbIN TEKCT A1 NePEMEHHOW;

e 1o6aBUTb B CZ1IOBAapb HOBbIM OOBEKT, 3a4aTb TEKCT, aApec U

dopmaTt nepemeHHOoMN.

CreHepupoBaTtb ¢pann cnoBaps 0O6bEKTOB A1 MUKPOKOHTPO/IEPA.
CreHepupoBaTb pann tekcto ana UniCON.
3anporpaMmmmpoBaTb MUKPOKOHTPO/IIEP C HOBbIM COBapeEM
06BbEKTOB.
[Mpounssectn obHoBNeHUe cnoBapAa 0b6bekToB ycTponcTtea B UniCon
HanTtu HOBYIO nepemeHHYo U HabatoaaTb eé B ocuunnorpade.



JlononHnTenbHbl GYHKUMUOHAN, AOCTYNHbLIN K
npnobpetreHnto oTaesbHO

* [Mporpammatop (bytnoanep) ana K1921BKO1T n gpamsepa CANopen.
[Mo3BonsaetT 06HOBAATL 1O MUKPOKOHTPON/IEPA YEPE3 NPOrPaMmMy
UniCON no cetn CAN. YcTonumB K cbosim: no3BonsieT NPOA0XKUTb
NporpamMmmMmmpoBaHme gaxke nocae cboa NnMTaHUA MUKPOKOHTPO/IEPA.
[lo6aBnsieTcs B NPOEKT N0/Ib30BaTe I B BUAE HE3ABUMCMMOTO MOAYS.

* MHorononb3oBatenbcKasa sepcma COODEdit: no3sonser
CMHXPOHM3NPOBATb Ha3y TEKCTOB NapaMeTPoB Yepes eanHyto 6asy
AaHHbIX, NO3B0/1AA HECKO/IbKMM NO/1Ib30BaTeNAM OA4HOBPEMEHHO
pPaboTaTb Ha4 NPOEKTaMM, NCKIOYAA KHANOXKEHUE» TEKCTOB APYr Ha
apyra. No3sonaet pabotatb «odppnamH», NOAKNIOYEHNE K MHTEPHET
TpebyeTcs TONIbKO AN CUHXPOHU3auuu 6a3bl.



CAN uHTepdenc
[lpenmyllecTBa:
- BO3SMOXHOCTb PaboTbl B peXmme KECTKOro peanbHOro BPeEMEHMU;
- MPOCTOTA peanu3aunum 1 MMHUMa bHble 3aTpPaTbl Ha
MCNONb30BaHUE;
- BbICOKAA YCTOMYMBOCTb K MOMEXaM;
- apbuTpark gocTtyna K cetn 6e3 notepb NPONYCKHOM CNOCOOHOCTH;
- HAAEXKHbIM KOHTPOb OWIMOOK Nnepeaayum n npuéma;
- WWMWPOKUWN AMana3oH cKopocTen paboTbl;
- 6onblLIOE pacnpocTpaHeHUe TEXHONOTUNN;

HepnocTtaTku:

- MAaKCMManbHaA AIMHa ceTn 06paTHO NPONOPLMUOHA/IbHA CKOPOCTH
nepenayu;

- OTHOCUTENbHO HONbLLION pasmep C/YHKEDOHbIX AaHHbIX B NaKeTe;

- OTCYTCTBME €ANHOTro ObLLLENPUHATOrO CTaHAAPTA Ha NPOTOKO
BbICOKOTO YPOBHA.



