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AHHOTALUA
B HacCToAICC BpCMA IIPpU HCCICOAOBAHHUHN JIMIAapa dJIA 06H3py>KeHI/I}I u
OTCJIC)KMBAHUA 3a IMOABWKHBIMH IIPCIITCTBUAMH CYHICCTBYIOT HpO6J’I€MBII
HCIOCTAaTOYHOCTh KJIACTCPpU3alH, OIIINOKH IIpu acCcomuanuu HpeHHTCTBI/Iﬁ B
Pa3HBIX Kaapax. I[J'ISI PEUICHUA OTUX HpO6J’ICM MbI UCIIOJIB3YEM CIIMCKHU CCTOK JIA
MOBBIICHUA IIOJIHOTO CIICKTpa aJIropuTMa KJIACTCpU3alrH, a TaKIKC BO3bMEM
HECKOJIbKO TMapaMeTpOB MPEMSATCTBUN I MOCTPOEHUs: (HYHKIIMA XapaKTEPUCTUK
JUIS TIOBBILIEHUS TOYHOCTU acCOLMalUu NpensTcTBUi. Bo-mnepBbix, poOoTy
HEO0OXOJMMO BBHITIOJIHUTH PACTPUPOBAHHUE JIAHHBIX 00JIaKa TOYEK, CETMEHTHPOBAThH
clioil 3emiu, a 3areM wucnonb3oBarh anroputM DBSCAN s knactepusanuu
oOnaka TodeKk. Bo-BTOpbIX, poOOT HCMOIB3YET HECKOJIBKO XapaKTEPUCTHUK
NPCIATCTBUA AJIA aCCOLHMAUUN IIPCIIATCTBUA B PA3HBIX KaJpaX, U, HAKOHCII, pO6OT
ucnoaszyet puinbTp Kanmana st OTCIeKUBaHUS TPEMSTCTBUSL.
Annotation
At present, there are problems such as clustering insufficiency, obstacle
association errors in different frames in lidar research for detection and tracking of

moving obstacles. To solve these problems, we use grid lists to improve the
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sufficiency of clustering algorithm and use several obstacle feature functions to
construct feature functions to improve the accuracy of obstacle association. First, the
Robot needs to rasterize the point cloud data, segment the ground layer, and then use
the DBSCAN algorithm to cluster the point cloud. Second, the robot uses several
obstacle characteristics to associate an obstacle in different frames, and finally, the
robot uses the Kalman filter to track the obstacle.

KiarwueBble cioBa: Jlunap, Ob6mnako Touek, DBSCAN, Accouuarnus npensTCTBUM,
KanmaHn.

Keywords: Lidar, Point cloud, DBSCAN, obstacle association, Kalman.

MoOuIBHBIN pOOOT, B YCIIOBUSIX U3BECTHOM KapThl FOPO/Ia, IEPEMEIIAETCs 10
nopore. Bo BpeMst 1BH>KEeHHsI pOOOT CTAJIKUBACTCS C PA3IMUYHBIMU TPETISITCTBUSIMH.
Tekyiue wuccienoBaHUS 1O OOHAPYKEHHI0 W OTCJICKUBAHUIO TMPENATCTBUN
poboTaMH B OCHOBHOM BKJIFOYAIOT METOJbI: HAa OCHOBE Kamephl [1] U Ha OCHOBE
nupapa [2]. MeTosbl Ha OCHOBE KaMepbl YyBCTBUTEIBHBI K CBETY B OKPYIKaIOIICH
cpene, a Jujap CTajl OCHOBHBIM JAaTYUKOM B OOHApY>KEHUU U OTCIICKUBAHUU
MPEnsSTCTBUM, OJarogapsi CBOEH BBICOKONW TOYHOCTU M HU3KOMY BO3JIEHCTBUIO Ha
OKPYAIOILYIO Cpeay.

B cnenytomem pazagene OyaeT moapoOHO OMUCAHO, Kak POOOT MOXKET

WCITIOJIB30BATh JIUJIAP JIJIs1 OOHAPYKEHUS U OTCICKUBAHUS PSS TCTBU.

Co3nanmne KapThbl CETKH.

Po6ot ucnoneiyer muaap «Velodyne HDL 64E» nns nmonmyuenus uadopmamnmm
o0 okpyxarwmieir cpeae. HMudopmarus, BbIBoAMMAs JUIAPOM, BKIHOYAET
uHOOPMAITUIO O TOJOKEHUU TPEMSITCTBUS B CHUCTEME KOOPAMHAT JHaapa |
uHpOpMaIUIo 00 OTPaKEHHON HMHTEHCUBHOCTH JIA3EPHOTO JIy4da. FIcXoaHbIe TaHHBIC
auaapa npeoOpasyroTcss M3 CHUCTeMbl KoopauHat juaapa: O — Xy B CHCTEMY
KOOpAUHAT M300paxkeHus 0’ — uv , myTeM MOCTPOCHHS MOJEIH MPeoOpa3oBaHMs

KOOPJIMHAT MO CIIEAYIOIIEMY YPaBHEHUIO:
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['me: m *n - pasperieHue KapTbl CETKH, a | * W - NPSAMOYTOJbHYIO 00JacTh C
IIEHTpOM Ha poboTe. MbI BeiOupaeM m = 600 nukceneit,n = 400 nukceneit, [ =
60 M, w = 40 M. YuuTsiBasi, 94T0 poOOT JABHKETCS 110 TOPOJICKUM JI0pPOTram, pa3mMep

KKJ0M CeTKM ycTaHOBJEeH paBHbIM 15 cM * 15 cMm. Kapra cetku mokazanHa Ha

PHUCYHKE:

Puc.1. Ucxoanoe 001ako TOUEK

CermeHTanus 00/1aKa TOYEK 3€MJIH.

CermeHTanus o0jaka TOUEK 3eMIId SBJsieTCs YPPEKTUBHBIM CPEACTBOM IS
noBeIeHus Y PexTuBHOCTH BeIunciaeHu. [locie mpoenrpoBanus JaHHBIX 00IaKa
TOYEK Ha JBYMEPHYIO CETOYHYIO KapTy, Kaxkaoe o0JaKo TOYeK P; mo-mpexHemy
COXPAHSET 3HAUCHHS KOOPAMHAT: X,Y,Z W MHTEHCUBHOCTh OTPaKEHUs jiyda Inp,,
a WMEHHO P; = {xpl., Yp;» Zp,) Inpl.}, Kaxnaas cerka (; COXpaHsieT KOOPJHUHATHI

BCPHIMHBI, HOMCP CCTKHU U ITPOIYTO I/IH(l)OpMaI_II/IIO. MaxkcumanbHble 1 MUHUMAJIbHbBIC
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BBICOTHI BCEX JIAHHBIX 00JlaKa To4eK [3], mpoenupyemMbIX Ha OHY U Ty XKe CETKY,
COCTaBJIAIOT:
1
Rimax = max{ Zp, | zp, € Gj}
. 1
Rimin = mln{ Zp, | Zp, € Gj}
Omnpenenure aTpuOyThI CETKH KaK:

ij - hjmax - hjmin
[Ipennouarasi, 4To MOPOT pa3HOCTH BBICOTHI € = 0.1m, mociie mpociaeKnBaHUs BCEX

00JIaKOB TOUYEK yJaIUTE 00JIaKO TOUEK 3EMIIH ij < &, OCTaBUB CJIOW 00JIaKa TOYEK

npenarcTBui. Kak rmokasaso :

Puc.2. O0nako Touek 3eMiIu Puc.3. o6naka Touek npensTCTBUI

Kaacrepuzauus 00/1aka T049eK NpensiTCTBUIMA.

Knacrepuzanust 06;1akoB TOUEK MPEMATCTBUM 0OBIYHO UCTIOIB3YET METO/T
KJIacTepu3aluy Ha OcHOBe 1ioTHOocTH obsaka Touek (DBSCAN) [4]. B anroputme
UCIIOJIb3yeTCsl (PUKCUPOBAHHBIN MapaMeTp TUIOTHOCTH 001aKa ToYeK. AJITOPUTM
MEHee aJJanTUBEH, KOT/1a MJIOTHOCTh 00JIaka TOYEK MPETNSTCTBUN Ha Pa3HBIX
paccTosiHUSAX OT poOoTa CUIIbHO pa3nuuaerca. Ha ocHoBe ynanenus obnaka
Ha3eMHBIX TOYEK MBI CO3/1a€M CITUCOK CETOK, 4TO0bI momMoub anroputmy DBSCAN

B KJIaCTCpHU3alliH

(1) Cozganum GridList nns XxpaHeHus ceTok npensatctBuil u ObjectList s
XpaHEHUS NMPENSATCTBUN.
(2) Tlpocnenum BCrO KapTy CETKM M MOMECTHUM BCE CETKHM MPENATCTBUIA B

criucok GridList.
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(3) CnyuaiinpiM 00pa3oM BO3bMEM CETKY M3 crucka GridList u oTMeTUM ee
kak Object;(i = 0,1,2, ...). Ymanum ero u3 cnmcka GridList ¥ IOMECTHM B CITUCOK
ObjectlList.

(4) Onpenenum, 4TO OKPY’KAIOIIME €r0 BOCEMb COCETHUX CETOK MPUHAIIIEKAT
cnucky GridList, ecnm 3TO Tak, TO CETKa Takke momMmedaercs kak Object; u

yaansercs u3 cnucka GridList. Ecnu HeT, To mepexo UM K CIIeAyIoIIeMy Iary.

ol oo
o [amn| @
o o] o

Puc.4. BoceMb coceTHUX CETOK

(5) HoTopum maru (3) u (4), moka cnucok GridList He CTaHET MyCThIM.

[Tocne 3aBepuICHUS KIIACTEPU3ALNHU MIPENSATCTBUM, MBI IIPEACTABIISIEM MPENSTCTBHE
BHEIIHUM MNpAMOYrosbHUKOM [5]. Ilapamerpel mpsMOyrojpHHMKa Kak:S =
X, YerW, L, h, v, ), e (x,,y,) — KOOPAMHATHI IEHTPA BHEIIHETO MPSIMOYTOJbHUKA
npensTcTBus, w, [, h - mmpuHa, JUIMHA U BBICOTA IPENATCTBUSA, COOTBETCTBEHHO. V-
CKOPOCTh LIEHTPAJIbHOM TOYKH MPEMSTCTBUS, & ¢ - yroa MEXIy HalpaBiICHUEM

ABHOKCHUA IIPCIIATCTBUA U OCBIO Y CUCTCMBI KOOPAWHAT JIHaapa.

-~ }__.
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Puc.5. BHemHui npsMOyroJIbHUK IPENATCTBUS

Pe3y.HBTaTBI CPaBHUTCJIIBHOT'O OKCIICPUMCHTA!

Puc.7. OntumusupoBanusiii DBSCAN
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Anroputm DBSCAN 6osnee addexTuBeH B KiacTepu3allud IUIOTHBIX OO0JIaKOB
TOYEK Ha OJM3KUX DPACCTOSHUSAX, a KOT/a MPENSATCTBUS HAXOMSTCS NAJeKO OT
poboTa, o61aka TOUEK pa3pe’KEeHbl, B pE3yJIbTaTe Yero MATh YAATCHHBIX MEIIEeX0A0B
dbopMUPYIOTCS B TPH KIIaCTepa M3-3a UCIIOJIb30BaHUsI PUKCHPOBAHHBIX TAPAMETPOB,
KaKk Ha puc. 6, B TO BpeMsl KaK ONTHMHU3UPOBAHHBIA AJITOPUTM MOXKET TOYHO

(GbOopMHPOBATHCS B KJIACTEP MPETISTCTBUA.

Accounanus npensTcCTBUi.

Ilepyon ckaHMpoOBaHUs JUIAapa KOPOTKWW, WM JAHHBIE COOTBETCTBYIOLIWE
OJJHOMY W TOMY K€ YTJIy CKaHUPOBAHUS MEXKAY COCEIHUMM KaApaMH, UMEIOT
0O0JIBIIYIO acConUaIuio [6]. Acconmanys MPEensTCTBUIA 3aKII0YaeTCsS B TOM, YTOOBI
COMOCTAaBUTh TPEIMSITCTBUE, HAOIIOAAEMOE B TEKYIIMH MOMEHT, C LEIhI0 C
HAVMMEHBIIEH Pa3HULIEW B CIUCKE MPEMSITCTBUNA, YCTAHOBJICHHOW B MPEAbITYIINN
MOMEHT. DyHKIHS ONpeNeNeHUsI MECTOIMOJIOKEHUSI MPENSTCTBUS  OOBIYHO
WCIIOJIB3YETCS [l OLIEHKH, HO OHA YyBCTBUTEJIbHA K LIYMOBBIM INomexaM. [l
MOBBIIICHUS TOYHOCTH ACCOLMALAM TMPENSATCTBUNA, Mbl MCIOJb3YyEM IOJ0XKEHUE,
COOTHOIIIEHHE CTOPOH, BBICOTY W IJIOTHOCTh OOJiaka ToueK. YTOoObI yCTaHOBUTH
byHkuMo creneHu pasnuuud. I[locne BelUMCIEHUS 3HAYEHUH (DYHKIMIT pa3HOCTH
MEXIy NPENATCTBUAMU B TEKYIIEM KaJIp€ U BCEMU MPENATCTBUAMU B MPEIBITYIIEM
KaJipe, Mbl BEIOMpPAeM JIBa MPEMSATCTBUS C HAMMEHbIIICH Pa3HUIICH JIJIsT aCCOLUAIIUH.
[Ipennonoxxkum, 4To (DYHKIUS CTEHEHU PA3HOCTH MEXAY [ — M MPENsSTCTBUEM,
oOHapykeHHbIM B T — M Kajpe, U j — M NpEensTCTBUEM, OOHapy>KeHHbIM B T +
1 — M kazpe, COCTaBIISIET:

D(i,j) = a184i5t + t28rai0 + o(38height + O(48density

Cpenu HUX:

y j i ) j %
Paznuna paccrosiauii: 84y = (xc’T = xC'T) + (yC’T e yc‘T)

by _ U
Pa3Hu1a B COOTHOMIEHUH CTOPOH: Oy = (1— o ;
T+1
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PasHuna BBICOTBI: Opejght = ( T41 — )
Pa3Huna mioTHOCTH 00J1aKa TOYEK B CETKE:

) p(yg?l’ U7J".+1) _ P p(u%, v%)

j il
T+1lT+1 WTlT

(Sdensity =

Cpenu Hux p(U, V) KCMIOIB3YETCs, YTOOBI OMPEICSITh, €CTh JIM 00JIAKO TOYCK B
Touke (U, V), €CIIM OHO CYIIECTBYET, TO paBHO 1, a ecitu ero HeT, TO 0; &, Ay, A3, Ay-
YeThIpe 3HAYEHUS Beca COOTBETCTBEHHO JJIsI HACTPOWKU Beca Pa3IMYHBIX

XApPaKTCPHUCTHK.

Pe3y.HBTaTBI CPaBHUTCIBHOT'O OKCIICPUMCHTA!

(b)

Puc.8. Accoumaiius npensaTcTBUN

Ha puc.8 (a) mokazan pe3ysbTaT MapKUPOBKH MPENATCTBUS B Kajpe 15, a (b) u (c)
- pe3yabTaThl ONTUMUZUPOBAHHOTO U TPATULIMOHHOTO AJITOPUTMA aCCOIMAIIUU B
KaJpe 25, COOTBETCTBEHHO; TPAJAUIIMOHHBIN aITOPUTM HEBEPHO aCCOLIMUPYET
npensarctBue Ne3 B kazpe 25 ¢ npenstctBuem Ned B kaape 15, a

OHTHMHSI/IpOBaHHBIﬁ AJITOPHUTM MOKET TOYHO aCCOLUMHUPOBATH MPCIIATCTBUA.
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OTcaexxnBaHye MOABUKHBIX NMPeNsiTCTBUIA.

Mp1 ucnions3yem punbTp Kanmana it oTcnesxxuBanust pensatcTBuid. [locie
accouuaunﬁ Hpel'I}ITCTBI/Iﬁ MbI BBOJIUM MATCMATHUUYCCKUC MOJCINU PaA3JINIHBIX
neneBbIx mpenarcTBui B ¢unbTp Kanmana u oOHOBIIsIEeM ypaBHEHHE, YTOOBI
06’beI[I/IHI/ITB TCKYIIUC OAaHHBIC Ha6J'IIOI[eHI/IH C nOpcabiaAymuMn OLCHOYHBIMU
JaHHBbIMHU, a4 3aTEM BbBIBECTH HUX.

VYpaBHenue npejckazanus Kanvana:
X = AXp_4
T
Cpenu HUX TIEPEMEHHbBIC COCTOSIHUSI X = [xc,yc, Ve vcy] y Vex U Uy SBISIOTCH

KOMIIOHCHTAMM CKOPOCTH MPCIATCTBHA UV B HAIIPABJICHUAX X U Y COOTBCTCTBCHHO,

A - MaTpuIa nepexo1a COCTOSTHAN, & UMEHHO

1 0T O
_|IT 0 0 T

A—O 0 1 O’T 11(50)5 (O
0O 0 0 1

Matpuiia KoBapHaIiy OMUOKY MPEACKA3AHMS:

P, = AP,_;A" + TQTI"
HauanpHoe 3HaueHnue P, ompenensieTcs, kak €IMHUYHAS MaTpHUIla YETBEPTOTO
MOpsZKa, a KOBapHAIlMOHHAs MaTpHUIla TEXHOJIOTHYECKOro IymMa W MaTpHIia

paciapcaciaCcHuAa COOTBETCTBCHHO!

Q =0y [1 0],F = [8 0 1 O]T, 0,-TexHOMOrNYECKHi IIyM

0 1 0 0 1

VYpaBHeHue 00HOBICHUS HaO o MeHn KanmMana:

K =P,_H'THP,_H™R™"
X = Xg—1 + K(z — H x4_1)
Py = Py_y —KHPj_4

Ine: z = [x,, y.]T, H - MaTpuna HaGmoeHus; R - KoBapHalMOHHAs MaTPUIIA [IyMa

n3mepenus. Belpaxkenne matpunel H v R siBnsiercs:

H=lo 1o ol =l 1

o, — lllym uamepenus
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[TorpemHOCTh M3MEpEHUs IOJY4YaeTcs IMYTEM MPEIBAPUTEIBHOTO H3MEPEHHUS
OTHOCUTEJIBHO YCTOMYMBBIX MPEISTCTBUM, a 3aTEM II0JIY4YaeTCsl KoBapuauus Iyma
u3Mepenus R. KoBapuanuro TeXHOJIOTHYECKOro mrymMa () 0ObIYHO TPYAHO NOJYYUTh
HaIpsSMYyl0, U €€ HeoOXOJIMMO CHayalla ONpeAeNuTh, a 3aT€M OTPEryJIHpoBaTh B
aBTOHOMHOM DPEXHME B COOTBETCTBUM C ONEpanueil mnporpammel [7]. Perymupys
KOBApUALMIO TEXHOJIOTMYECKOro ImymMa (J, pe3yJbTaTbl IPOTHO3UPOBAHUS
IIOJIOXKEHUSI M CKOPOCTH OLICHMBAIOTCS MPEIATCTBHS B TEKYyIIEM KaJape.
JIoCTOBEpHOCTh HAOJIOIAEMOr0 3HAYEHHUS PEryJHpPYeTCsl IYyTEM HACTPOMKHU
KOBapualuu InymMa HU3MepeHuss R; CKIOHAETCS JIM OKOHYATEIbHBIA BBIXOIHOU
pe3yJIbTaT TEKYIIEro Kajapa, K IPeICcKa3aHHOMY 3HAYEHMIO WIM HaOJII01aeMoMy

3HAYEHUIO, ONIPEAEISAETCS MapaMeTPaMu AUCTIEpCUr MaTpubl Q U R.

Pe3yabTaThl IKCIIEPUMEHTOB.

Ms1 coznmanu nipoekT B nporpamme «Visual Studio 2017» u oGpabotanu
JMaHHBIC 00J1aKa TOYEK JIMapa ¢ MoMOIIbo 0udamoreku ooakoB Touek PCL (Point
Cloud Library), u mpoekT cojaepxail BCE BBIIICYIIOMSHYThIE aIrOpUTMbl. MBbI
BBIOpANIM CIIEHY, B KOTOPOM IMOJBUYKHOE MPEMATCTBHE O0XOIUT poboTa ¢ JEBOM

CTOPOHBI.

LS pecwo
M

‘mum35
\/\speed0
4}

—
|

Puc.9. Kaap 418 O6nako Touek MpensiTCTBUM
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Puc.10. Kaap 433 O6nako To4ek NpensiTCTBUM

Puc.11. Kagp 442 Ob6nako Touek NpensiTCTBUI

N3 pe3ynbTaTOB SKCIEPUMEHTA BHUIHO, YTO METKH Pa3JIMUHBIX NPENSTCTBUN B
kanpax 418, 433 u 442 He UBMEHWINCH, U POOOT TOYHO OTCIICKHUBAI MOABUKHBIC
npensTcTBUsA 0e3 cO0eB accolMalMi M OWMOOK OTCIEKHBAHUA, YTO JOKA3aJIo

3¢ (HEKTUBHOCTH aNTOpUTMa B TaHHOU paboTe.

BriBOA.
Ota cTathsi B OCHOBHOM TIOCBSIIIICHA HCCJICAOBAHUIO OOHApYXKEHUS U

OTCJICKMBAHUS TOJABUKHBIX NPENATCTBUM Ha ocHOoBe 3D-nmmmapa. B mporecce
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KJIACTEPU3ALUN TPEMIATCTBUA Mbl MPEIUIOKUIN METOJ HMCIOJIB30BAHUS CIIMCKOB

CEeTOK [UIsi TMOMOIIM anroputMmy kiactepuzauuu miotHoctd (DBSCAN).

Pe3ynbTaThl AKCHEPUMEHTOB MOKAa3bIBAIM, YTO ONTUMH3UPOBAHHBIA aITOPUTM

uMeeT 0oJiee BBICOKYIO TOUHOCTh KJIACTEPHU3allMU, TaK KaK MCIOJIb30BaHUE OIHOU

XapaKTepUCTUKUA TMPUBEJIO Obl K HEMPAaBWIBHOM acCOUMAlMU MNPensTCTBUA. Mbl

WCIIOJB30BAIM HECKOJBKO XapaKTEPUCTUK TMPEMSITCTBUM MJi1 accolMaliu, 4TO

MOBBICHJIO TOYHOCTh ACCOLUALIUU MTPENSATCTBUM, U HAKOHEI, UCTIOJIb30BAIH (PUIILTP

Kanmana aiist oTciaexuBanus NpensTCTBUM. Pe3yabTaThl SKCIIEpUMEHTOB MOKa3aJIH,

4TO pOOOT MOXKET TOYHO OTCIEKUBATH TMOJBUKHBIC TPEMSITCTBUS B 30HE

CKaHUPOBAHUSA JIUapa.
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