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Cucrema ABTOMATU3UPOBAHHOI'O BBIABJICHUSA
OIIINOOK BOAUTC/IA B AaBTOI'OHKaX

J.H. Cypanosuyl, }0.C. Kopyxosa®

1 Dakynbmem GbIYUCTUMENLHOU MAMEMAMUKY U KUOEepHemuKy
MT'Y umenu M.B. Jlomonocosa

AHHoTanus. PaboTa MOCBSIIEHAa CO3MaHUI0 CHCTEMBI aBTOMATH3WPOBAHHOTO
aHaJIN3a NENCTBUN aBTOTOHIIMKA. ABTOMAaTH3alMs aHAJIN3a JAaHHBIX B OTOH oOyacTu
SIBJISIETCSl aKTyaJIbHOM Kak JJii BOAMWTENS, TaKk W I TOHOYHOTO HHXKEHEpa,
JKEMAIONTUX YIyUIIUTh CIIOPTUBHBIC Pe3yabTaThl. ABTOTOHKH — TEXHUYECKUN CTIOPT U
CKOPOCTb  MPOXOXKACHHS  TpPacChl  ONpenensiercsa, C  OAHOM  CTOpPOHHBI,
po)eCCHOHAIU3MOM BOJUTENS, a C IPYrol - MPaBUIbHONW HACTPOWKOW TOHOYHOTO
aBTomMoOwWIs. PaHee aHanm3 NaHHBIX TPEHHPOBOYHBIX 3a€370B U COPEBHOBAHUU
MIPOBOJIAJICS BPYYHYIO M TpPeOOBaJI 3HAYUTEIHHOTO KOJWYECTBAa BpeMeHH. J[is ero
OPKOHOMHHU TPOBOAMIICS aHAIIM3 HE BCEX, a TOJIbKO Hamboyiee OBICTPO MPOMIEHHBIX
KPYTOB, YTO HE IIO3BOJISIO 3aMETUTh Psii CYIIECTBEHHBIX OIMMOOK M HEBEPHBIX
HACTPOEK aBTOMOOWIA. B paboTe mpeacraBieHa CHCTEMa, BBIMOTHSIONIAS aHATU3
3a€37I0B B aBTOMAaTWYeCKOM pexume. Ha BXon cucremMe moOAaroTCs JdaHHBIC
TEJIEMETPHUH, MOJYYCHHBIE BO BpEMsl TPEHUPOBOUYHBIX 3a€370B. JlaHHBIE TPOXOAST
MpeABapHUTEIIbHYI0O 00pabOTKy, W MO0 HUM CTPOUTCS MOJEIb 3ae3la — MHOXKECTBO
dakroB. CucreMa COACPKHUT TOMONHsIEMYIO0 0a3y 3HaHWM — TpaBWia aHaIW3a U
BBIBO/IA, COCTABJICHHBIE HA OCHOBE OIBITAa PAOOTHI TOHOYHBIX WHXKeHEPOB. [1o Moaenn
3ae3/1a, COIJIACHO M3BECTHBIM B CHUCTEME IIpaBUJIaM, CTPOUTCS BBIBOJ U BBIIAETCS
OTYET O KaXJOM MPOHJECHHOM ITOBOPOTE Tpacchl. B oT4eTe ykas3bIBaeTCs CTENEHb
BaXHOCTH MMOBOPOTA JJISL BCEW NUCTAHIUU, U IPUBOIUTCS WH(GOpMALIUS 00 OmnoKax,
BKJIFOYAsl YPOBHU M30BITOYHON MM HEAOCTATOYHOW MOBOPAYMBAEMOCTH aBTOMOOWIIS,
OJIHOBPEMEHHOE Ha)kaTue NeJayiel raza 1 TOpMo3a, a TAKKe BbIIAIOTCS KOMMEHTApUU
0 BO3MOXXHBIX MPUYNHAX OMHUOKH M AKCIIEPTHBIE PEKOMEHAAINH JTSI BOAUTEIIS U IS
WHXXEHepa.

KiaroueBble cioBa: I/IH(bOpMaI_[I/IOHHBIe CUCTEMbI, OKCIICPTHBIC CHUCTCEMBI,
aBTOMATHYSCKHMI aHalIN3 JAHHBIX

A System for Automated Driver’s Errors Detection
in Motor Racing
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Annotation. The work deals with automated analysis of driver’s actions in motor
racing. The task is important for both — racer and racing engineer willing to improve
sport results that are dependent from one part - of appropriate car settings, but also of
adequate driver’s actions. Motor racing analysis used to be performed manually and
took plenty of time. To reduce it, only several fastest circles of a race were
considered, so if the special situations occurred during the skipped circles the
important data was missed. The automation of analysis is a proposed solution for the
problem. As an input our automatic system takes telemetry data, obtained during
training days. These data are preprocessed by a module for generate a model of race
as a set of facts. The system contains special rules, based on racing engineers’
experience, stored as a knowledge base. In accordance with these rules inference for
the race model is performed and as result we obtain a report with characteristics of
each turn on the racing track: information about errors, including levels of understeer
or oversteer, simultaneous use of brake and acceleration pedals, the importance of
each turn for the whole race, their possible reasons of errors, suggested improvements
and expert recommendations for racer and racing engineer.

Keywords: information systems, expert system, data analysis

B coBpemeHHOM MuHpe TEXHOJOTMM aABTOMATH3UPOBAHHOW 0OpabOTKH
uHpOpMallMu BOCTPEOOBAaHbI B CaMbIX pa3HbBIX cdepax Ku3HH. (OcoOeHHO
aKTyaJlbHBIMH OHHM CTaHOBSITCS B 3aJjauax, rje TpeOyercs aHaiu3 OoJbIINX 00BEMOB
naHHbIX. [Ipm WX aBTOMATH3MPOBAHHON 0OpabOTKE pe3yJabTaTbl MOTYT OBIThH
noJiyueHbl ObicTpee W 0e3 TeX OIIMOOK, KOTOphIE JAENaeT YelOBEK, ycTaBas OT
pyTUHHBIX Bbruucienuit [1,2]. Kpome Toro, mpu aBTOMaTH3MpOBaHHOW 00pabOTKE B
JaHHBIX MOTYT OBITh OOHApyXeHbl 3aKOHOMEPHOCTH, BBISBICHHE KOTOPBIX
«BPYUYHYIO» HE TIPEICTABISAETCS BO3MOKHBIM.

Omna w3 obOnacteil, B KOTOpPOMl TMOAOOHBIE TEXHOJOTUM OKa3bIBAIOTCS
MOJIE3HBIMU, — 3TO aHAJW3 JCHCTBUM aBTOTOHIMKA BO BpeMms 3ae3na. IIpu anamuse
BBISBJISIIOTCS. OIIMOKM ¥ JAlOTCSl PEKOMEHIAIMH, TIO3BOJISIONIME TOHOYHOMY
WH)XCHEPY BBITIOJIHUTH TPABHIIBHYIO HACTPOMKY aBTOMOOWIs. B HacTosiee Bpems
aBTOTOHIIMK W €ro HHXeHep (WM mTad HWHXXEHEPOB) TPATAT 3HAUYMUTEIHHOE
KOJMYECTBO BPEMEHM Ha pa300p pe3yibTaToB 3ae3fa, TaK KaK KOJIUYECTBO
uH(pOpMalK, MOJYYEHHON C TaTYMKOB aBTOMOOUJIS, OYEHb BEJIMKO. B cpenHem, Ha
KpaTKU{ aHaliW3 MNATHAAUATUMHHYTHOTO 3ae3da TpaTHTCS HE MeEHee uvaca.
CnenoBatenbHO, TOJIBKO AJIE KPaTKOro aHajv3a TPEHUPOBOYHOTO JHSI, COCTOSIIETO
U3 TpeX YacoB 3ae3qoB, norpedyercss okoio 12 uacoB. [lpu kpaTkoM aHanuse
paccMaTpuBalOTCs JIMIIb HECKOJBKO BBIOPAHHBIX KpPYTrOB, OOBIYHO TEX, KOTOpHIE
OBLIM TIPOIACHBI 32 caMOe KOPOTKOe Bpems. J{Jisl JeTaibHOTo aHanu3a, mpu KOTOPOM
paccMaTpuBalOTCA BCE KPYT'H, HEOOXOAWMO B HECKOJBKO pa3 Ooibllle BpEeMEHH, H
00paboTKa pe3yJabTATOB «BPYUHYIO» MOXKET 3aHUMATh 1O HECKOJBKUX HEJEb.
AKTyaJIbHBIM SIBJISIETCSI aBTOMAaTH3MPOBAHHOE MPOBEICHUE aHAW3a, OCOOEHHO IS
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perieHuns mpoOJIeMbl TIOUCKA OIMMMOOK B TIOBOPOTAX, a TAKKE OIEHKH MX BIUSHUS Ha
BECh KPYT.

B pabore mnpencraBieHa cucTeMa aBTOMATU3MPOBAHHOTO aHalIM3a JaHHBIX
TEJEMETPUH C LEbI0 TOUCKA OMMOOK MPU MPOXOKIACHUU MOBOPOTOB Ha TOHOUHOMN
Tpacce.

1. llpeaBapuTesibHasA 00padoOTKA JAHHBIX

Jlnst mepeBoga nmaHHbIX Tenemerpuu B dopmar CSV, momaBaeMblii Ha BXOJ
cucrteMme, wucroiab3oBaHa nporpamma WINTAX [3]. U3 Bceit uHdopmaiumy,
colepkamieiicss B JAaHHbIX TEJIIEMETPUU, B  TEKYyIIed BEPCHUH  CUCTEMBI
paccMaTpuBaeTCs IUCTaHIMS, WHPOpMaIUsS OT JaTYMKa PYJis, YPOBEHb Ha)kaTHs Ha
nejanb TOpMO3a M YPOBEHb HaXKAaTHsl HA Mejanb rasza. s aHanmuza mpoxXoKIaeHUs
MOBOPOTOB UMEHHO 3TU JJAHHBIE SIBJISIOTCA ONPEAEIISIOIIUMH.

BHyTpeHHee nmpeacTaBieHre MOJIENH 3ae3/a B MPEeAJIaraeMoil CUCTEME COCTOUT
U3 JBYX KIJIACCOB: Kpye U n08opom, NPEICTABIAIOIINX, COOTBETCTBEHHO, KPYyT 3ae3/a
Y TIOBOPOT B Mpejenax JaHHoro kpyra. Heo6xoaumMo pa3aenuts Kpyr Ha MTOBOPOTHI U
3aUKCUpPOBATh JIaHHBIE JUISI KaXIOro w3 Hux. JIjis BbIACICHUS TOBOPOTOB
MCIIOJIB3YIOTCSI HECKOJIBKO MTPaBUII:

1. Ilegans TopMo3a Haxkara Oojee, yeM Ha 30% => BBIIOJHACTCS TTOBOPOT,

OpUYEM €ro Havajo OTCUMTHIBAETCS OT TOYKH, TJI€ TOPMOKEHHE BIIEPBbHIC

U3MEHWIO MUHUMAJILHOE TIOJIOKEHHE.

2. Ilegans ra3a ormyuieHa Oosee, yem Ha 30% => BBINOJIHSETCS IOBOPOT, MPHU

TOM €ro HayajiOM CYMTAeTCs TOYKAa, B KOTOPOM IMOJIOKEHUE MeJaau rasa

BIIEPBbIE U3MEHHUIIO MAKCUMAJIbHOE TIOJIOKEHHE.

3. Pynp nmoBepHyT Oonee, yem Ha 20% => BBINOJHIETCS MOBOPOT, HAYAJIO

KOTOPOTO B TOYKE, IJIe BOSHUKIO OTKJIOHEHUS MOJIOKEHHS PyJisl OT HYJIEBOH

OTMETKHU
Takxe B cucTeme cojepKarcs TpaBuia, BBISBISIONIME OKOHYAHHE IOBOPOTA, U
pa3leNsIolIMe ero Ha TpU CYIIECTBEHHBIX JUIsl aHaju3a JTara: Hayaiao, aKTUBHOE
TOPMOYKEHHE U Pa3roH MaluHbl. Ha KaXa0M U3 TanoB OlleHUBAETCA U30bITOYHAS U
HEJ0CTaTO4YHasi TMOBOPAYMBAEMOCTh AaBTOMOOWJISI W OJIHOBPEMEHHOE HaKaTHe
nefajiei raza U TOpMo3a, a Takke (UKCHUPYETCs CTeNeHb BaXKHOCTH MoBopoTa. Ha
OLICHKY Ba)KHOCTH IOBOPOTA BIMSET PACCTOSHUE OT KOHIA TEKYIIEro MOBOPOTa 0
Hayasia cienytoniero. OHa BBIYMCIAETCS KaK OTHOILIEGHWE IJIUHBI MPSMOM Mocie
IIOBOPOTa MO OTHOIICHHWIO K JJMHE Bcero Kpyra. Ilapamerp 3amuchiBaeTcs B
MPOLICHTAX.

HTorom mpenBapuTenbHOW 00pabOTKHM AaHHBIX SBISICTCS (Daiis, comeprrantuit
HaOOp (aKTOB, KOTOPHIH MEPEAACTCS MOJYJIIO CUCTEMBI, BBHITIOTHSIOUIEMY aHAJIN3.

2. ABTOMATHYECKHUH aHAJHM3 MOJEJH 3ae31a

[IpeaBaputenbHo 00pabOTaHHBIE JaHHBIE 3aHOCIATCS B pabouyyr MamsTh
CUCTEMBI B BuJE (hakTOB. AHAJIN3 3a€3/1a BBIMOTHIETCS C TTOMOIIBIO MPABIIT — Oa3bl
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3HAHUM CHUCTEMBI, COCTABJICHHBIX Ha OCHOBE ONBITA OKCIEPTOB — TOHOYHBIX
uHxeHepoB. [IpaBuia npeacTapisitoT co00i MPOTYKIIUU U UMEIOT BH/I:
Ecnu <nabop daktoB B padoueit maMsT>,
mo <j1o06aBjieHHe HOBOTO (haKTa UM HOBOTO KOMMEHTapHU ™.
KoMMeHnTapuu BbIIalOTCS MOJIB30BATENIO, a (PaKThI, HAXOASIIKECS B pabodel mamsTH,
WCTIONIB3YIOTCS B alibHEHIIIeM BbIBoie. [IpuBenem nmpumep npaBuia:
Ecnu B paboueit maMsTi €CTh YeThIpe (pakTa:
U30bLIMOYHAS NOBOPAYUUBAEMOCTND,
8bIX00 U3 HOBOpOMA,
sascHocmsb nogopoma >0,
00HOBPEMeHHOe Hadcamue Ha neoalu 2a3d U mopmosda,
mo 100aBUTh KOMMEHTapuil: « 30b1mounas nosopavueaemocnms Ha 6b1X00e U3
nOBOPOMA U3-3A MOPMONCEHULY.

B | MainWindow — m] b 4

Corner 1

Start: 2539 Finish: 3301

05:01200

Us: 803120 Ready data
importance: 0

trotle/brake: 0 0 0 M) fResualtFile281858.txt J/.J].//Data_Real_Demo_txt.txt

Corner 2
Start: 3303 Finish: 3945 | Analyze ready data Analyze telemetry data
05:088 131

Us: 0216 280
importance: 16
trotle/brake: 00 0

Corner 1
Comer 3 Entry OS = 0; Mlidclle 05 =3 Exlit 0s=0;
Start: 7592 Finish: 8364 Entr)tr us = 3-.'_ le:ldle Us = 4 E:-f|t us = 0' _
0s: 00 144 There is an US in this corner, but this corner is not important.
US: 00 392 There is an OS in this corner, but this corner is not important.

importance: 0
trotle/brake: 00 1 L L L e e

Corner 2

Comner 4 Entry OS = 0; Middle OS5 = 3; ExitOS =3;
Start: 8365 Finish: 8749 Be careful with throttle on exit of the corner, that’s the reason for OS, need a check for settings.
0500121 Entry US = 0; Middle US = 4; Exit US = 4;
us: 00 232 Be careful with throttle on exit of the corner, that's the reason for US, need a check for settings,

importance: 4 )
trotle/brake: 00 0 There is an US in this corner and this corner is important. Importance level = 16%.

Puc. 1. UnTepdeiic cuctembl aHann3a aBTOTOHOK

Cnenyer OTMETHTb, YTO BBIBOJ CHUCTEMBI HE SBISETCI MOHOTOHHBIM.
Hanpumep, ecnu oOHapykeHa oIIMOKa «Ha)XaTUe Menaid raza A0 3aBEpLICHHS
TOPMOXKEHUS», TO JaHHBIA (aKT 3aHOCUTCA B pabOuyl0 MaMATh CUCTEMBI, HO JI0
BbIJIaYU PEKOMEHJAIMI TMOJb30BaTeNt0 TPeOyeTcsl MONOJHUTENbHBIM aHamu3: B
HEKOTOPBIX aBTOMOOWJISX ISl IEPEKIIOYEHUS TIepeladyd Ha MEHBIIYI0, HEOOX0UMO
Ha)KaTh KPAaTKOBPEMEHHO Ha ra3, M JlaHHas CHUTyalus [OJDKHA YYUTHIBAThCS B
CUCTEME aHaIM3a MOJIENU 3ae3/1a.
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[Ipumep paboThl cuctembl mpuBeAeH Ha puc.l. B momenu 3ae3ma ObuIO
BBIJICJICHO YETHIPE MOBOPOTA, B pe3yJbTaTe aHalu3a BTOPOTO — CaMOr0 Ba)KHOTO —
3auKkcupoBaHa M30BITOYHASI TTOBOpAaYMBaeMOCTh aBToMoOmIs. [lonp3oBarento nana
pEeKOMEHJalus MJIaBHee HAKUMATh Ha MeJallb ra3a, YTo MOKeT ObITh JOCTUTHYTO HE
TOJILKO MOBEICHUEM BOAUTEINSI, HO U PEryJIMPOBKON aBTOMOOMIIS.

3aKJIroueHue

B pabote mpezacTaBiieH MOAXOA K CO3JaHUIO0 CHUCTEMbl aBTOMATHU3HPOBAHHOTO
aHasm3a aBTOrOHOK. [lo maHHBIM TeneMeTpuu, NPOLIEAIINM IPEABAPUTEIBHYIO
00paboTKy, cucTema JeaeT BbIBOIbI O JOMYIIEHHBIX HAa TOHOYHOM Tpacce OIMoKax,
BbI3BAHHBIX HEMNPABWJILHOW HACTPOMKOW aBTOMOOWJISI — €ro HEeAOCTAaTOYHOW WM
M30BITOYHOM TOBOPAYMBAEMOCTHIO, M BBIBOJAUT KOMMEHTapUH MO KaXIOMY
noBopotry. CucreMa HCIOIB30BANACH JUIS AHAIW3a TPEHUPOBOYHBIX 3a€310B Ha
aBTOTOHKAX M IO3BOJIAJIA CYIIECTBEHHO COKPATUTh BpeMsl aHanu3a 3ae310B. Crucrema
ABJIIETCS pacCUIMpPSAEMOil: OHAa MOXXET OBbITh JOMNOJHEHA HOBBIMU IMpaBUIIAMU
oOpa®oTku paHHbIX. [lmaHupyercs mnpoBeaeHHE aBTOMATH3UPOBAHHOTO aHaln3a
JaHHBIX O 3a€3/1aX C LEJbIO BBIABICHUS 3aKOHOMEPHOCTEH BOSHUKHOBEHHUS OILINOOK.
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