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Beenenne

Hacrosmunii AOKYMEHT COIEPXKUT OINHMCAHHE TEXHUYECKOW apXUTEKTYPbI
MPOIIMBKY MOyJist aHasmoroBoro BBojia «Titan N1AIXKK factory».

[MpoumBka «Titan N1AIXKK factory» mnpencraBnser coboit BcTpanBaemylo
OMEpallMOHHYI0 CHUCTEMY pEajJbHOrO BPEMEHHM Il MOJYJIed aHaJOroBOro BBOJA,
pazpaborannyro Ha ocHoBe sipa FreeRTOS u creka CANopen.

B naHHOM 1OKyMEHTE MPUBEAEHO OMUCAHUE CTPYKTYPbl, COCTaBa KOMIIOHEHTOB,
B3aUMOJICHCTBUSL MEXKIy DJIEMEHTAaMHU CHCTEMbl W TEXHOJIOTHYECKOTO0 CTEKa,

ucnoiszyemoro B coctaBe npomuBky «Titan NTAIXKK factory»



1 O01IHe moJI0KeHUus

1.1. HacTosimuii TOKYMEHT COACPKUT OMNUCAHUE AapPXUTEKTYypbl MPOILIWBKU
«Titan NTAIXKK factory» (manee — IIporpamma).

1.2. UckmrountensHblie npasa Ha [Iporpammy npunamiiexkat OO0 «I'K MOMKy, .
Mockga (nanee — Kommnanus).

1.3. Hacrosimuii JOKYMEHT MOJICKUT pa3MelleHuto Ha caiite Kommanuu B cetu

WuTepuer no agpecy: https://1.titanplc.ru/ (nanee — opuManbHBIN CalT).



2 CTpykrypa

2.1. llpommBka moxyns ananoroBoro BBojga «Titan N1AIXKK factory»
MIPEACTABIISIET COOOM BCTpauBAaEMYIO ONIEPAIMOHHYIO CUCTEMY PEATbHOTO BPEMEHH,
IIOCTPOEHHYI0 HAa OCHOBE APXUTEKTYpPbI, BKIKOYAIOMIEH HECKOJBKO KIHOYEBBIX
cnoéB. Cucrema paspaborana Ha 0Oaze sapa FreeRTOS u creka CANopen u
npeaHazHayeHa st GyHKIMOHUPOBAHUS Ha MOJIyJsiX aHanorooro Beoaa IITK
«TUTAH KOHTPOJI 1000».

2.2. ApXUTEKTypa CUCTEMBI BKJIIOYAET CICAYIOIINE OCHOBHBIE YPOBHHU:

— Snpo FreeRTOS obGecrieunBaeT IJIaHUPOBAHUE M YIPABJICHUE 3ajJadaMu B
pEeXHMeE peanbHOr0 BpeMEHH, YIIpaBJiIeHue ouepeasiMi coo0IeHuH, cemadopamu,
TaliMepaMy U TOTOKaMU JaHHbIX;

— Crex CANopen peanusyeT oOMeH AaHHbIMU 1o ipoTokoily CANopen, BKiItoUas
npodwmmu CiA 301, LSS, Safety, PDO, SDO, NMT, Heartbeat u npyrue;

— NpaiiBepsl nepudepuitHbIx ycTpoiicTB obecneunBatoT padoty ¢ AL, LIATII, SPI,
UART, GPIO, dmm-nmamsiteio, EEPROM u npyrumu untepdericamu;

— (OO0paboTka aHaJOTOBBIX CUTHAJIOB BKJIIOYAET (DUIIBTPAIMIO0 BXOJHBIX CUTHAJIOB
(menuanublii  QuubTp,  QuubTp  Kammana,  ckomp3siiee — cpenHee),
MaclTabMpoOBaHKE JAHHBIX U IPOrPAMMHYIO HACTPONKY AMANa30HOB;

— VYmnpaBiieHue CBETOJAMOJHON MHAMKALUEH 00ecrieunBaeT MHIUKALIMIO COCTOSTHUS
MOJIYJISI U BXOJHBIX/BBIXOHBIX CUTHAJIOB,;

— COop u nepenaya AMArHOCTUYECKON MH(POPMAIIUHN BKIIOYAET CaMOAMATHOCTHUKY,

TPaCCUPOBKY U JIOTUPOBAHUE COOBITHI CCTEMBI.



3 KoMIIOHEeHTBI

3.1. OcHoBHble KOMIIOHEHTHI [IporpamMmel nepeurciens! B Tadauie 1.

Ta6muna 1 — OcHoBHbIe KOMITOHEHTHI TTpoimMBKH « Titan N1AIXKK factory»

KomrmoueHnt

Haznauenue

SAnpo OC (FreeRTOS)

[Tn1anupoBIIKK, yIpaBiIeHUE 3aa4aMH,
ouepensiMu, cemadopamu, TakMepamMu 1

IIOTOKaMH JaHHBIX

API-3aronosku

Hutepdeiicet ayis npukiiagaoro koaa (API-

¢byukauu OC)

VYpaBieHue naMsaTbiO

Peanu3anus annokaropa namstu (heap 4.c)

CANopen

BbazoBeie ¢aitnbl creka CANopen; nmpoduis
CiA 301 (Emergency, Heartbeat, NMT, Node
Guarding, PDO, SDO, SYNC, TIME); LSS-
poToKoJI (MacTep U cieiiB); Safety-npopuib
(GFC, SRDO); ASCII-uutro3 myist toctyna K
00BEKTHOMY CIIOBApIO; TPACCHPOBKA U
JIMarHOCTHKA; XpaHEHHE MapaMeTPOB B
EEPROM wu ¢udiu-naMary; peaninsanus
MOJTyJIEH aHAJIOTOBOT'0/TUCKPETHOTO BBO/IA-
BBIBOIA; ApaiiBepbl a1t STM32 (CAN,
EEPROM, storage); 00beKTHBIN CIIOBaph

(OD.c, OD.h)

HDD (XDD-aiin)

Onucanue Gynkuuii u napamerpoB CANopen-
MoayJist (MHAUBULYNTbHBIA XDD-daitn mis

Ka)KJIOTO THUTIa MOIYJIs)

CMSIS 3arosnoBounsle ¢aitnel CMSIS st ARM-saep
STM32F0 3aronoBounsie daitniel CMSIS ans STM32F0,
CKpHIITHI JIMHKEpa, SVD-daiin, cuctemuas
VMHUIMAIU3a11s
[paiiBepsl Hpaiisepsr ALIIT (SGM5860X, HX711);

npaiieepsr LIAIT (CBM128S085, DAC8775);
npaiiepsl qaTunkoB (MAX31865 —




[Tponomxenue Tadauibl 1

tepmomnapa, MS5614 — naBnenue, SD2421);
npaitBepsl pacmmpureneir (MCP23S08); HAL-
o6&ptku anst SPI, GPIO, UART; untepdoeiic
paboThI ¢ QIALI-IAMATHIO; SMYJISAIUSL

EEPROM Bo ¢ummm-naMsaru

DUIbTPHI

Anroput™m MeauanHou ¢uasTparu, GuibTp

Kanmana

Ckounb3siiiee cpeiHee

ANTOPUTM CKOJB3ALIETO CPEAHETO

MacmrabupoBanue

MacmtabupoBaHue TaHHBIX

AHTHIpEOe3T

AnTHIpEeOe3r KHOMOK

Huknnueckuit Oydep

Peanu3zanus nukanaeckoro oydepa

CRCI16 [Toacuér koutponasHoi cymmbl CRC16
TraceRecorder 3anuck TPaCCUPOBKH: KOH(PUTYpAITHOHHBIC,
3aroJ0BOYHBIE (hailIbl U peanu3anus MoIyJeH
CaMoIuargocTuka CamoanarsHoctTuka MOIyJst

VYnpasieHue cBETOANOaMU

VYnpapieHue CBETOAMOIHON UHANKALIUEH

COCTOSAHUA MOAYJISA U CUTHAJIOB

Tume! JaHHBIX

Omnpenenenne TunoB gaHHbIX (boolean.h,

float.h)

CeHncopsbl

O06¢épTka At paboTHI C CEHCOpaMu




4 B3aumoaelicTBue

4.1. 3arpy3ka cucTeMbl
[Iporpamma 3arpyskaercs BO BHYTPEHHIOIO (PIBII-MamMsATh MOAYJISl aHAaJIOTOBOTO
BBoJa uepe3 wuHtepdeiic 3arpy3ku SWD/JTAG B Buge wucnonHsemoro daiina
Titan N1AIXKK factory.elf (popmat ELF). Ilocne nomauu nutanusi Ha MOAYJIb SIAPO
FreeRTOS BbINOIHSET WHUIIUAIM3AIMIO aIapaTHOrO OOeCIeyYeHus, HaCTPOUKy
nepudepuitHbIX YCTPOIMCTB U 3aITyCK CUCTEMHBIX 3374 PEaTbHOTO BPEMEHH.
4.2. B3auMojeicTBHE C anmapaTHBIM 00ecriedeHueM
B3aumoneiicTBue ¢ anmapaTHBIMU KOMIIOHEHTAMH MOJYJsl OCYIIECTBIISETCS
yepes AparBepsl YCTPOUCTB, peaan30BaHHbIe B cocTaBe [Iporpammer:
— AmnanoroBsie BxoAbl — ureHue naHHbix ¢ ALl (SGMS5860X, HX711) nns
npeo0pa30BaHus aHAJIOTOBBIX CUTHAJIOB B IIU(POBOM KOJI;
— Iudpossie unrepdeiicel — padota ¢ SPI, UART, GPIO uepe3 HAL-06EpTKy;
— ®Omm-mamsate 1 EEPROM  — xpanenue mnapameTpoB KOHGUTypaluu U
00BEKTHOTO croBaps uepes unrepdeiic pmm-namsata u smyssuuio EEPROM;
— CBeroguonpl — ynpapieHUE CBETOJAMOJHOM MHIUKALMEN COCTOSIHUS MOIYJIS U
CUTHAJIOB.
4.3. B3aumogericteue no nporokony CANopen
B3aumoneiicTBUe € BHEIIHMMHU YCTPOMCTBaMH (KOHTpOJUIEpAMHU, JPYyTHMHU
MoayJsiMu) ocyuiecTBisieTcs: uepes3 crek CANopen:
— PDO (Process Data Object) — 0OMeH qJaHHBIMH aHAJIOTOBBIX BXOJIOB B PEAIbHOM
BPEMEHU;
— SDO (Service Data Object) — goctyn Kk 00bEKTHOMY CIIOBApIO JJIsi HACTPOUKHU
napameTpoB MOYJIS;
— NMT (Network Management) — ynpasiienre coctosinuem moyiist (Operational,
Pre-operational, Stopped);

— Heartbeat / Node Guarding — MOHUTOPUHT COCTOSTHUSI MOJTYJIS;



— LSS (Layer Setting Services) — HacTpoiika HUASHTU(PUKATOPOB U MapaMeTPOB
CeTH;
— Emergency — nepenada aBapuitHbIX COOOIICHHUIA.
4.4. O6paboTKa aHAJIOTOBBIX CUTHAJIOB
B3aumopeiicTBue ¢ noacucTeMoi 00pabOTKH CUTHAJIOB BKITIOYACT:
— Ilpumenenne wenuanHoro ¢unsTpa, Guibtpa Kanmana u anropuTMOB
CKOJIB3SILIETO CPEAHETO K BXOAHBIM aHAJIOTOBBIM JTAHHBIM;
— IIpeobpazoBanue mudponoro kojaa ALl B puzndeckue 3HaueHus (HanpsKeHUe,
TOK, TeMIEepaTypa 1 T.J.) C IPOrpaMMHON HaCTPONKOU TUAaNa30HOB;
— COop u epenayy TMarHoCTHYECKOW HH(POPMAITUK O COCTOSTHUN KaHAJIOB.
4.5. Coop u nepegaya 1MarHoCTUUECKOM HHPOpMaUu
CO6op u nmepeaaua AMArHOCTUYECKON MH(OPMALIUU OCYIIECTBIISETCS Yepes:
— TIpoBepky paboTOCTIOCOOHOCTH MOAYJISl U KAHAJIOB,;
— 3anuch COOBITUI CUCTEMBI JIJIsl TOCIIETYIOIIETO aHaIN3a;
— Ilepenauy aBapuitnbix coobmieHuit mo CANopen.
4.6. BzanmopeiicTBre ¢ 0JIb30BaTENIEM
B3auMozeiicTBue ¢ moJjib30BaTeNieM OCYIIECTBIISAETCS Yepes:
— BusyanbHoe 0TOOpaxeHue COCTOSHUSI MOYJISI U BXOHBIX/BBIXOHBIX CUTHAJIOB;
— Jloctynn k o0bexkTHOMY cioBapto depe3 ASCII-mpoTokon i HACTpOMKH U

JUAarHOCTHUKH,

— Ypaan€HHyro HacTpOMKY MmapaMeTpoB MoTyJist uepe3 mpotokosi CANopen.



5 Texunosorun

5.1. bazoBas mardopma
— FreeRTOS;
— CANopen;
— CMSIS.
5.2. llonaepxuBaeMble MUKPOKOHTPOJIEPHI
— ARM Cortex-M.
5.3. IIpombIIIEHHBIE IPOTOKOJIBI
— CANopen (CiA 301);
— CANopen LSS;
— CANopen Safety;
— PDO, SDO, NMT, Heartbeat, Emergency.
5.4. llepudepuitabie uaTEphEHCH
— SPI;
— UART;
— GPIO;
— SWDJ/ITAG.
5.5. AnanoroBsie u IU(PPOBHIE KOMITOHEHTHI
— AIIL: SGM5860X, HX711;
— IAIL: CBM128S085, DAC8775;
— Jaruuku: MAX31865 (tepmonapa), MS5614 (nasnenune), SD2421;
— Pacumpurens: MCP23S08.
5.6. Anroputmbl 00pabOTKU CUTHAIIOB
— Menmuansabpiii GUIBTP;
— Ounptp Kanmana;
— CkoJb34lliee CpeaHee;
— MacirabupoBaHue;

— AHTHIpeOesT.



5.7. XpaHeHHUEe JaHHBIX

— @DBUI-NaMsITh;

— EEPROM-smynsuus;

— XDD-daiin.

5.8. JImarHocTHKa U OTJaJIKa

— TraceRecorder;

— CaMoauarHocTHKa;

— CeroanoiHast MHAUKALIMSL.
5.9. UncTpyMeHTHI pa3paboTKu
— CMSIS;

— STM32F0;

— SWDJ/ITAG.
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