degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAaANOTEeXHUKHN U KOMIIBIOTEPHBIX
TEeXHOJIOrui

E.A. beasinko

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: AJ'IFOpI/ITMBI pacrio3HaBaHUA o6pa30B
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: PaZ[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYIBHBIX CHCTEMAX

yTpaBiIeHUS
Kypc: 3
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 6 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy cocraBui: J.A. Xu30ymiH, aCCUCTEHT

[Tporpamma oGcy>xaeHa Ha 3aceJaHnH Kadeapbl MUKPOIPOLIECCOPHBIX TEXHOIOTUI B HHTEIUIEKTYaJIbHBIX CHCTEMaX
ympasnenus 30.04.2021



AHHOTANMA

K kypce paccmarpuBaloTcs alrOpUTMBI paclio3HaBaHUsI 00pa30B AJIsl aBTOHOMHOTO MOOMJIBHOTO TPaHCIIOPTA.
PaccmarpuBaroTcs Kak KJIACCMUECKHE aITOPUTMBI paclo3HaBaHHUs OOpa3oB, TaK M METOABI PACIO3HABAHUS
00pa3oB Ha 0a3e HEHPOHHBIX ceTel. 3HAYMTEIbHOE BHUMAHHUE YAESIETCS MPAaKTHYECKHM acIeKTaM 3alrycka
QITOPUTMOB Ha ammaparHbIX iargopmMax B peajlbHOM BpeMeHH. JlaeTcsi 0030p HMCTOYHHMKOB CEHCOPHBIX
JaHHBIX — (OTOCEHCOpa U Jla3epHOro ckaHupyroiero ceacopa LiIDAR. Taxke narorcst 3HaHUST 00 OTKPBITHIX
0a3ax IaHHBIX CEHCOPHOM MH(OpPMAIMH, CHATOW C TPAHCIIOPTHOIO CPEICTBA, MPUTOAHBIX JUIsl TECTUPOBAHUS

AITOPUTMOB paclo3HaBaHMs 00pPa3oB.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

enbto Kypca sIBIsS€TCS O3HAKOMJIEHHME CIyllaTelell C COBPEMEHHBIMU IIOAXOAAaMHU CO3JaHMs
MPOrpaMMHOTO KOZd, CIIOCOOHOTO MO3BOJUTh HA3€MHOMY TPAHCIIOPTHOMY CPEICTBY aBTOHOMHO (0e3
y4acTHsl BOAMTEINS]) IEpEeABUraThbes 110 Topoy U Tpacce. Beuny upe3BbldaiiHOM CI0KHOCTH FOPOACKOIO
CLIEHapHs HCIIOJB30BaHUsI aBTOHOMHOIO TPAaHCIIOpPTAa, CTABUTCS 3aJada MO3HAKOMMTH CIyIIaTrens
QITOPUTMAMHM  MAIIMHHOTO OOy4eHHs, CHOCOOHBIMHM pemath IMOH00HbIe 3amaud. Bceneactsue
KPUTHUYECKOH BaXKHOCTH O€30MacHOCTH JIIONEH-YYaCTHUKOB JOPOXKHOTO JIBUKECHHUS, CTABUTCSA LIEJb

IIO3HAaKOMUTh CJIymaTeyist C

KJIaCCUYCCKHMH

aIropuT™MaMy  KOMIIBIOTEPHOIO  3pEHMS,

YAOBJICTBOPAOIMIUMHA Tpe60BaHI/I$I ABTOMOOUILHOU HUHAYCTpPUH.

33]13‘[1/[ JAUCHUIIINHBI

- NOJyYeHHE TMPEICTaBICHUsT O MpoOieMax, BCTAOMIMX MEpel CO3MATeIsIMU MPOTPaMMHOIO
KOMIUIEKCa, pean3yIonero GyHKIUI0 OSCITUIOTHOTO BOXK/ICHHS.

— mnpuoOpeTeHne 3HaHUH 0 COBPEMEHHBIX CPEICTBAX PELICHUs 3aa4 OECITMIOTHOTO BOXKICHHS

— TOJy4eHHUE NMPAKTUYECKUX HABBIKOB Pa3pabOTKH MPOTPaMMHOIO KOJa KOMIIOHEHTOB IPOIPaMMHOTO
KOMILJIEKCa OECIIIIOTHOTO BOXK/ICHHSI, OTBEYAIOIINX 33 Paclio3HaBaHUE 00pa3oB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIIEIASA 3TANbl €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 3a1a4U

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOUpaeT
nHpopMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! MOCTaBICHHON
3a7a4n

VYK-1.3 PaccmarpuBaeT pas3iIHyHBIE BapHUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamortHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VYK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOZMOKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1 Cnocoben npuMeHsTh
(dyHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLCHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (M)
TEXHOJIOTHYECKOH MH(OPMAIINH ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJUIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pabOTHI C KOMIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMannun




[IK-4.1 3naer ynciieHHbIe MOPSIIKN BEITUYHH, XapaKTEPHBIX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh o o
JUI COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

NPUMCHUMOCTDB UCITIOJIB3YCMbBIX MCTOJAUK U

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBECHHBIC
METO/IOB

OTHOILLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

3. IlepedeHb NJIAHUPYEMBIX Pe3yJIbTATOB 00yUeHHsI MO JUCHUILIAHE (MOTYJII0)

B pe3ynbrare 0CBOCHHS AUCIUILTMHBI 00yYaIOIINECs TOIKHBI

3HATh:
- OCHOBHBIC 3a7]a4¥ B O0JACTH PACIO3HABAHUS OOpa30B OCCIHMJIOTHOTO TPAHCIOPTAa M METOMbI UX
pelleHUs, KaK aJrOPUTMHUYCCKUE, TaK M MPU MOMOIIM HEWPOHHBIX CETEH; MMETh MPEACTABICHHE O
CHUCTEMHBIX AaCIeKTaX MPOCKTHPOBAHUS MPOrPAMMHOIO KOJAa JUIi MOOWIIBHBIX CHCTEM PEalibHOTO
BpPEMEHH, TPEOYIOIINX MOBBIIICHHON HAIC)KHOCTH;
- UMETh MPEICTABICHHE O CTPYKType M MapaMeTpax OTKPBITHIX JaTaceToB i OCCIUIOTHBIX
ABTOMOOHIIEH.

YMETb:

- pa3pabarbIBaTh MPOrPaMMHBIN KOAA KJIACCHYECKHX aITOPUTMOB KOMIIBIOTEPHOTO 3pEHMs Ha 00OIaKax
TOYEK.
BIIAJICTh!

- HaBbIKAMH TPEHUPOBKH HEHPOHHOM ceTn/

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 BBenenue B anroputMbl pacro3HaBaHUS 4 )
00pazoB.
2 Koopannarusie cuctemsl 4 2
3 Knaccuueckue aJTOPUTMBI 6 3
KOMITBIOTEPHOTO 3PCHUS
4 Pacno3naBanune 00pa3oB mpu MOMOIIU 4 )
HEUPOHHBIX CETEU
5 Certu ¢ MHOTOKaIpOBOM arperanuen 4 2
6 MeTpukH TOYHOCTH sl BepHuUKaMu 4 )
KJIACCHYECKUX aJITOPUTMOB
7 Tenzopusle KOMITHJIATOPBI JUIst 4 )
HEUPOHHBIX CETEU
Nroro yacos 30 15
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 6 (Becennuit)

1. BBenieHue B aqropuTMBbI pacrio3HaBaHHUsS 00pa3oB.




VYpoeuu aBtroHOoMuu SAE OecnmnoTHbIX aBTOMOOWIel. Kiaccuueckuid TpOrpaMMHBIH  CTIK
OecnIOTHBIX aBTOMOOMIIEH. YpoBHU cucTeMHOM uHTerpanun ASIL, crannapt [SO26262.

O0630p Ttexnomoruii LiDAR ceHCOpOB, OCOOCHHOCTH TPUMEHEHHUsS U1 pa3iMyHbIX YPOBHEH
aBroHOMHUH. Pa3bop xapakrepuctuk LiDAR cencopa na nmpumepe Velodyne VLP16. OcoGennoctu
(hoToceHcopoB (KaMep) AJIsl TIOABHIKHBIX CUCTEM: II00NILHBIN 3aTBOP.

2. KoopanHatHble CHCTEMBI

CucTeMHBIe CBOICTBAa POrPAMMHOIO CTIKa OSCIMIIOTHBIX aBToMoOMiIel. KoopauHaTHble CHCTEMBI:
no0anbHas, JOKaJlbHasl, CCHCOpHas. B3anMHas ceHcopHas xanuOpanus: Mexay kamepamu, LiDAR
cencopamu ¥ ['HCC-uHepumanbHbIM MoayiaeM. [OMOreHHbIE KOOpJAHMHATHI M KOOPAMHATHBIC
npeoOpa3oBaHus, IPOCKIIMOHHBIE TPEOOPa30BaHNUSI.

CUHXpOHM3AIMS CEHCOPHBIX U3MEPECHUI M BBIYUCIUTEIBHON IIaTQOPMBI, BBICTABICHUE BPEMEHHBIX
OTMETOK. 3ajiepkKka 00paboTKH 3aMepa, KOHBeHepr3alus 00padOTKH, IPOKaHUE 3aICPIKKH.

3. Knaccuyeckre anropuTMbl KOMITBIOTEPHOTO 3pEHUS

O030p 3amad KOMIBIOTEPHOTO 3peHHs B obmactu OecnwioTHOro TpaHcmopra. Kiaccmueckue
QITOPUTMBI KOMIIBIOTEPHOTO 3peHHss Ha ©a3e H300paKeHWH: W3BJICYEHUE MPOCTPAHCTBEHHOM
DIyOMHBI 1O cTepeo-mape. MHOTOKaapoBasl arperanusi HM3MEpeHHH, KOMIICHCAIMsA JBHUKEHHS
TPaAHCIIOPTHOTO CPENCTBA.

Krnaccuueckue anropuTMbl KOMIIBIOTEPHOTO 3peHMS Ui 0ONakoB To4eK. BbiieneHne moBepxHOCTH
noporu. CeTKa 3al0JIHEHHOCTH: BbIICJICHHE CBOOOTHBIX, 3aI0OJIHEHHBIX M 00JacTel MpOCTPaHCTBa, O
KOTOpbIX HeT wuHGpopmammu. Krmactepusaumss Ha o0nakax TOYEK: S3BKIMIOBA KIacTEpU3aIHs,
anroputMel  DBSCAN, HDBSCAN, OPTICS. BeigeneHue BBITYyKIOW 000JIOYKH, BOTHYTas
obonouka. Beinenenue mTuHUN pa3MeTKU: 0 M300payKeHUIO C KaMephl U 10 aTpruOyTy HHTEHCUBHOCTH
o0Jiaka TOueK.

Pazbop 3aroroBku kona Ha C++ 118 mpakTUYecKux 3ananuii 1 u 2.

Pa30op npakruueckoro 3aganus 1: mpoexuust LIDAR o6naka Touek Ha n300pakeHUe ¢ KaMephbl

Pa30op npakruueckoro 3aganus 2: peanuzanusi DBSCAN na C++ npu nomoruu 6ubnuorexku PCL
4. Pacno3naBanue 00pa3oB MpH MOMOIIX HEMPOHHBIX ceTel

OcCHOBHBIEC TIPUHITUIBI MAITUHHOTO OOyUYeHUsI. 3a/laul JIETEKIMH OOBEKTOB Ha M300paKEHUSIX: CETH
SSD wu FasterRCNN. 3agaua ceMaHTHYECKON cerMeHTanmuu Ha wu3o0paxkeHusx: cetu UNet u
DeepLab.

HetipoHHbBIE ceTH sl ACTEKIIMM M CEMaHTHYECKOH CerMeHTanuu 001akoB ToueK. ba3oBbIil OIOK:
PointNet. I'pynma HeHpoHHBIX ceTel IS JACTEKIUH JHMHAMUYECKHMX OOBEKTOB B JIEKAPTOBBIX
KOOpJMHATAX ¢ MPHUBA3KOH K moBepxHOCTH Aoporu: VoxelNet u mocienosaremnm.

5. CeTu ¢ MHOTOKaJpOBOH arperanuen

Ceru ¢ MHOTOKa/IpoBO# arperanueii nndopmanuu Ha npumepe FaF. ['pynma ceteii ¢ coBmenienneM
JNEKapTOBOTO0 M IMJIMHAPUYECKOTO TMpencTaBieHuss oOmakoB Touek: MV3D, MVEF, Multi-view
LidarNet.

HaraceTsl U1 3a1a4 pacrno3HaBaHust 00pa3zoB B OecrmiotHoM TpaHcnopre: KITTI, Semantic KITTI,
nuScenes, Waymo, Argoverse, Lyft Level 5. CpaBuHenue QopMaToB TpejCTaBICHHUS NaHHBIX U
MH(POPMALIMOHHON IEHHOCTHU JaTaceToB.

6. MeTpI/IKI/I TOYHOCTH AJIA BepI/I(bI/IKaLII/II/I KJIACCUYCCKUX AJITOPUTMOB

MeTpuKkd TOYHOCTH JUIs BepU(UKAIUK KIACCHUYSCKUX AITOPUTMOB W MOJCICH MAIIMHHOTO
o0ydeHus. PerpeccnoHHBIN aHANN3 TPH UTEPATHBHOM pa3padoTke MojIesIei MAaIlIMHHOTO O0yYeHus!.
O030p ammapaTHBIX BBIYUCIHUTEIBHBIX TIATGOPM il OSCHMIOTHBIX aBToMOOmMiel. OcoOeHHOCTH
peanuzanuu i yaoBJeTBopeHus: craHmapty [SO26262: pesepBupoBaHue ¥ (PYyHKIHMOHATIHHAS
0e30MacHOCTb.



7. TeH30pHBIE KOMITUJISTOPHI JJIsI HEUPOHHBIX CETEN

Pa3bop mpakTmueckoro 3amaHusi 3: TOHKash HAcTpoiika HeipocereBoit monenu PointPillars mms
nerekmu 00bekToB Ha naracere KITTI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEJILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

CranpapTHas ayIuTOpHs UL ICKIUHA U IPAKTHUYECKUX 3aHITHH, OCHAIIEHHAS MYJbTUMEIUHHBIM
o0opynoBaHueM (IIPOEKTOP, 3BYKOBasi CUCTEMa) M KOMIIBIOTEPHOW TEXHUKOHM € OAKIIOYEHNEM K CETH
«HTEpHETY.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopus pacno3naBanusi o0pa3oB. Craructudyeckue npoodieMsl ooydenus [ Teker], [MoHOTpadus]/B.
H. Bamnuk, A. 1. UepBonenkuc, -M., Hayka, 1974

2. MepkoB A.b. PacrioznaBanne 00pa3oB. BeejeHue B METOIbI CTATUCTUIECKOTO O0yUCHMSL.

JlononHuTeNbHAS TUTEPATypa
1. T.A. KaniutonoBa. HeiipoceTeBoe MosieIMpoBaHne B pacrio3HaBaHUH 00pa3oB/

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

https://openedu.ru/course/spbstu/NEUROINEF/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
npeseHTanuii. s 1eMOHCTpaluy MPAaTKUYECKUX aCIeKTOB pabOThI HCCIIEAYEMBIX CHCTEM
ucnoib3yeTcs nporpammuoe odecnedenne Docker, Visual Studio Code.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe OCBOGHHME Kypca TpeOyeT caMOCTOSTENbHOM paboThl CTyIeHTa C HWCTOYHHUKAMH.
CamocrosiTenbHas paboTa BKIIOUACT B CE0s:

— UTEHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBaHHON JIUTEPATYPBI,

mpopadoTKy yueOHOro MaTepuaa (o KOHCIIEKTaM JICKITUN ),
— PpeIIeHHUE 3aj1a4, pe/UlaracMbIX CTyACHTaM Ha JICKLUSIX,
— TIOIrOTOBKY K KOHTPOJIbHOI padore.

PyKoBOACTBO M KOHTPOJIb 3a CaMOCTOSITENBHOW paOOTOM CTyIEHTa OCYILECTBISIETCS B PE3yibTare
MEePUOANYECKUX ONPOCOB MO MaTepHaly MNPeabIAyIInX JIEKUUH W aHalin3a HMTOTOB KOHTPOJIBHOM
paboTsl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa MUKPOIPOIIECCOPHBIX TEXHOIOTHIA B MHTEIUICKTYJIBHBIX CHCTEMAX

yTpaBiIeHUs
Kypc: 3
KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 6 (BeceHHul) - nuddhepeHunpoBaHHbIil 3a4eT

Pa3zpatGoTunk: J.A. Xu30ynuH, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-4 CriocoOeH oCymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/I0B

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3yueHus AUCHMIUIMHBI « AJITOPUTMBI PACIIO3HABAHUS 00pa30By» 00YUAIOMIMNACS TOJKEH:

3HATb:

- OCHOBHBIE 3a7a4d B 00JaCTH paclo3HaBaHUS OOpa30B OECHMIOTHOIO TPAHCIOPTAa M METOIBI MX
peleHus], KaKk aJrOpUTMUYECKHE, TaK U IpU HOMOLIM HEMPOHHBIX CETEH; UMETh NPEICTaBICHUE O
CHUCTEMHBIX acCIeKTaX MPOCKTHPOBAaHUS MPOrPAMMHOIO KOAA Ui MOOWJIBHBIX CHCTEM pPEalbHOTO
BpEMEHH, TPeOYIOINX MOBBIIIIEHHON HAJIEKHOCTH;

- UMETb NpPEICTaBICHHE O CTPYKType M NapaMeTpax OTKPBITHIX [aTaceToB i OECHMIOTHBIX

aBTOMOOMJIEH.
yMeThb:

- pa3pabarbIBaTh MPOrPaMMHBIN KOAA KJIACCHYECKHX aITOPUTMOB KOMIBIOTEPHOTO 3pEHMS Ha OOIaKax

TOYCK.
BJIaJd€Th:

- HaBbIKAMH TPEHUPOBKH HEHPOHHOM ceTn/

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst




ITepeueHb KOHTPOIBHBIX BOMPOCOB IS cliauk AU dHepeHIMPOBaHHOTO 3a4eTa:

1. CucremHBbIe CBOICTBa MPOrPAMMHOTO CTIKa OECITMIIOTHBIX aBTOMOOHIIEH.

2. TomoreHHbIe KOOPAWHATHI M KOOPAWHATHBIE TPe0OPa30BaHus, IPOCKIIMOHHBIE IPEOOPa30BaHMS.

3. CuHXpOHM3aLUS CEHCOPHBIX H3MEPEeHMH U BBIYMCIMTEIBHON IUIAT()OPMBI, BBICTABICHUE
BPEMEHHBIX OTMETOK.

4. 3anepxka o0paboTKH 3amepa, KOHBelepru3auus 00paboTKH, IpOKaHUE 3aICPIKKH.

5. Kiaccuueckue alropuTMbl KOMIBIOTEPHOTO 3peHus. O030p 3aJady KOMIBIOTEPHOTO 3pEHUS! B
o0JyiacTi OECMIOTHOTO TPAHCIIOPTA.

6. Kraccuyeckue anropuTMbl KOMIBIOTEPHOTO 3peHHsT Ha 0a3e H300pakeHWil: H3BIIEUCHUE
MPOCTPAHCTBEHHON TIyOMHBI IO cTepeo-nape. MHOTOKaApoBasi arperaius U3MepeHH, KOMITCHCAIHsI
JBYDKEHUS TPAHCIIOPTHOTO CPE/ICTBA.

7. Knacrepuszanus Ha obiakax Touek: 9BKIMAOBa kiacrepuzauus, anroputMbl DBSCAN, HDBSCAN,
OPTICS.

8. Pacno3naBanue o0pa3oB HpU MOMONIM HEHPOHHBIX ceTedl. OCHOBHbIE MPUHIMIIBI MAIIMHHOTO
oOyueHwusl.

9. 3amauu neTekuu 00beKTOB Ha M300pakeHusx: cet SSD u FasterRCNN.
10. 3amaua ceMaHTHYECKOHM cerMeHTanuu Ha n3o0paxkenusx: cetu UNet u DeepLab.

11. I'pynmna HEHPOHHBIX CETEH U ACTEKUUH IUHAMHYECKUX OOBEKTOB B JIEKAPTOBBIX KOOPAMHATAX C
MPHUBS3KOH K MOBEpXHOCTH Joporu: VoxelNet u mocnemoBareny.

12. Cetr ¢ MHOTOKapOBOH arperarueii nHpopmanuu Ha npumepe FaF. ['pynma cereit ¢ coBmenienneM
JIEKapPTOBOTO Y IMJIMHIPUYECKOTO MpecTaBiieHus o0makoB Touek: MV3D, MVF, Multi-view LidarNet.
13. MeTpuku TOYHOCTH IJii BepU(PUKALNUU KIACCUYECKUX aJTOPUTMOB W MOZENECH MAaIIMHHOTO
o0yd4eHusI.

14. PerpeccroHHBIN aHAIW3 IPYU UTEPATUBHOM pa3padOTKe MoJeield MAITMHHOTO O0yUYeHMSI.

15. TenzopHbIE KOMITUISATOPHI AJ11 HEHPOHHBIX CETEH.

Kpurepun onennBanus

Onenka otnuano (10) BeICTaBIsIeTCS CTY/ICHTY, IOKa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIE,
DIyOOKHe 3HAaHUs Y4eOHOU MPOrpamMMbl AUCHUIUIMHBL, TPOSIBISIONIEMY HHTEPEC K JaHHOW MPEIMETHOM
obnact, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKH NPUMEHATh UX Ha MPAKTHKE MPH
peIlIeHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NPAaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.

Onenka ominyHO (9) BBICTaBISIETCS CTYAEHTY, MOKa3aBIIeMy BCECTOPOHHHE, CUCTEeMAaTU3UPOBAHHBIE,
IyOOKHe 3HaHUS yueOHOM MporpaMMbl AUCUUIUIMHBI U YMEHHE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU peIIeHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE U IIPAaBUIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.

Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBaHHbIE, [ITyOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHMEHSATh MX HA MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 3a]a4, IPaBHUJIbHOE 000CHOBAaHHUE MPUHATHIX PEIICHUH, C HEKOTOPBIMH HEIOYETaAMH.

Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IGHKa XOopo1Io (6) BBICTABJIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MATCpHajl, r'paMOTHO U IIO
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO OOITYCKACT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka xopomio (5) BBICTAaBISAETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAaeT MarepHual, 'PaMOTHO U IO
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HA MPAKTHKE, HO JOIYCKAET B OTBETE
WIN B PEIICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTAaTOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN NIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemMy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM I1O0CIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.



OueHka HEYIOBJICTBOPUTEIBHO (2) BBICTABISICTCS CTYACHTY, KOTOPBIH HE 3HaeT OoJblieil 4acTu
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OueHka HeyaoBIEeTBOPHTENLHO (1) BBICTABISICTCS CTYACHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

JudepeHnrpoBaHHBIN 3a4€T IPOBOJUTCS B YCTHOU (opMe.

[Tpu nposexennn auddepeHpoBaHHOrO 3adera olydaromiemycsi npenocrasisercs 20 MUHYT Ha
noAaroroBky. Onpoc 00yvaromerocsi mpoBoanTcs B TeueHue 30 MUHYT.

Bo Bpemss mpoBenenus auddepeHIMpOBaHHOTO 3adera OOydYarolmuecsi MOTYT TIOJb30BaThCs
IpOrpaMMOl TUCHIUIUTMHBI, & TAKXKE CIIPABOYHON JINTEPATY PO, BBIYUCIUTELHON TEXHUKOM.



