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TpaeKTopuyM aBTOHOMHOM CHUCTEMBbl

OpoMeTpusa — oLeHKa NONOXKEHNA CUCTEMbI B MPOCTPAHCTBE

PedepeHCHble gaHHble
GNSS, MoCap

OrpaHnyeHus
[lorpewHoOCTb
OCobeHHOCTU CLEHDbI
[loporosnsHa

LEGEND

—— Trajectory

—— Ground Truth

NcTouyHuk: http://ai.stanford.edu/blog/trajectory-forecasting/
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http://ai.stanford.edu/blog/trajectory-forecasting/

BespedepercHble MeTpuku (1/2)

ApTedaKT paboTbl CEHCOPOB — 06/1aKO TOYEK

OcobeHHOCTN KapTbl 06/1aKOB:
LLym
KOHCNCTEHTHOCTDb

KapTa, cobpaHHas 13 Habopa 061aK0OB TOYEK
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BespedepeHcHble MeTPUKM (2/2)

ba3oBble be3pedepeHCHble METPUKN:

MME!*) — Mean Map Entropy
MPV'Zl — Mean Plane Variance

Mutually Orthogonal Metric (MOM)"!
TOYKM Ha OPTOroHa/ibHbIX MTOCKOCTAX

[1] J. Razlaw et al. “Evaluation of registration methods for sparse 3D laser scans”, ECMR 2015

[2] D. Droeschel et al. “Local multi-resolution representation for 6D motion estimation and

mapping with a continuously rotating 3D laser scanner”, ICRA 2014

[3] A. Kornilova et al. “Be your own Benchmark: No-Reference Trajectory Metric on Registered Point

Clouds”, ECMR 2021
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https://www.researchgate.net/publication/280000286_Evaluation_of_Registration_Methods_for_Sparse_3D_Laser_Scans
https://ieeexplore.ieee.org/document/6907626
https://ieeexplore.ieee.org/document/6907626
https://arxiv.org/abs/2106.11351
https://arxiv.org/abs/2106.11351

Bbuébnuorexa map-metrics

map-metrics'¥ — 6ubnunoTteka c 6espedepeHCHbIMY
MeTpMKaMu

HanucaHa Ha Python
AnpobupoBaHa TonbKo Ha LiDAR gaHHbIX

HepocTaTKuy TeKyLLen peannsaumm

WnTerpauus B ROS, CloudCompare!®
Hu3kas npon3BOANTENBHOCTD

HeBO3MOXHOCTb 3daHNA NOJIb30BATE/IbCKUX NMapaMeTPOB

[4] https://github.com/MobileRoboticsSkoltech/map-metrics
[5] https://www.cloudcompare.org/
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https://github.com/MobileRoboticsSkoltech/map-metrics
https://www.cloudcompare.org/

Llenpb 1 3aja4n

Llenb paboTbl — peann3oBaTtb KpoccnnaTthopMeHHYo 61MbnnoTeky
b6e3pedepeHCHbIX METPUK Ha A3blke C++ ¢ Python nHtepdencom.

3agayn

Peann3oBaTb 6MHGNMOTEKY METPUK HA A3bIKE MPOrpaMmmMmnpoBaHms C++;
MNopaepxatb Python 06Ba3ky u ClI/CD Python nakeTa B nHaekc PyPl;
[06aBNTb BO3MOXHOCTb 3a4aBaTb NapamMeTpbl a/ITOPUTMOB B
3aBMCUMOCTM OT CLLeHAPMS UCNOJIb30BaHUS AATUYMKOB;

OUEeHNTb NPOU3BOANTENBHOCTb U Ka4eCTBO peasin30BaHHbIX
anropnuTMoB.
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Peanmu3aalimusi 6a30BbIX METPUK

CpaBHeHMe bubnnoTek gnst paboTbl Cc 061akaMm Touek

Normal estimation (k = 10 neighbors)
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NcTouHuk: K. Zampogiannis et al. “cilantro: A Lean, Versatile, and
Efficient Library for Point Cloud Data Processing”, ACM 2018

[6] https://github.com/kzampog/cilantro
[7] http://www.open3d.org/
[8] https://pointclouds.org/
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https://arxiv.org/abs/1807.00399
https://arxiv.org/abs/1807.00399
https://github.com/kzampog/cilantro
http://www.open3d.org/
https://pointclouds.org/

li3BjIeYyeHMEe OPTOrOHAJIbHBIX IIJIOCKOCTEN
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Monyunte oBnako
TOuEK
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KnacTepu3aumio > Makcumanbyi
OCTaBLIMXCA TOYEK KNUKY
TR J 33 JlO]
alglib™ boost::graph!

OpTOroHanbHble MIOCKOCTU (BblgeNeHbl LBETOM)
Ha bparmenTe gaTacera KITTILY

3Tanbl anropuTMa U3Bne4YeHus
OPTOrOHasIbHbIX MJIOCKOCTEN

[9] https://www.alglib.net/

[10] https://www.boost.org/doc/libs/1 79 0/libs/graph/doc/index.html

[11] A. Geiger et al. “Are we ready for autonomous driving? The KITTI vision benchmark suite”, CVPR 2017
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https://www.alglib.net/
https://www.boost.org/doc/libs/1_79_0/libs/graph/doc/index.html
https://ieeexplore.ieee.org/document/6248074

Python maket

Co3gaHue Python 06Bs3ku — pybind1112

CbopkKa nakera

PacnpocTpaHeHune B KadyecTBe Kosneca (Python wheel)
Mopgpepxka Centos 6, 0OS X 10.14+, Windows 7+

Cl/CD

GitHub Actions
ABTOMaTM4YecKas cbopka 1 3arpyska B PyPI

[12] https://github.com/pybind/pybind11
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https://github.com/pybind/pybind11

IlarpaMmMa KOMIIOHEHTOB

CTOopoHHME BUBNNOTEKU

boost::graph =] k-

alglib =] k-

cilantro =] k-
e > pybind11 =]

......................................................................................................................

M3BneyeHune opToroHanbHbIX NNOCKOCTeN

P Python obssiska =]

>{ MeTpuku ] [ S >

KoHdurypaums =]

mee s>

Mownck Knuk =]

M3BneveHne opToroHanbHbIX @
NnmockKocTen

Knactepusauns =]
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OmnucaHue 3KCIIeEPpMMEHTOB

[1aHHble

28 obnakoB., 100 TbiCcAY TOYEK
OueHKa BpeMeHU paboTbl METPUK

80 3anycKoB, time.process_time_ns()
OueHKa TOYHOCTU MEeTPUK

A6CONOTHAsA MNOrPELIHOCTb
KapTta n3 4722 obnakos
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CpaBHeHME BpeMeHU paboThl

Anroputm Bepcusa CpenHee Cl (a =0.05)
apudmeTmyeckoe (c)
MPV Python 2448 [24.41, 24 .55]
C++ 5.25 [5.22, 5.28]
MME Python 19.27 [19.24, 19.31]
C++ 5.27 [5.25, 5.29]
N3BneyeHune Python 0.368 [0.365, 0.370]
OpTOroHasnbHbIX
MNOCKOCTEMN C++ 0.038 [0.038, 0.039]
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CpaBHeHMe TOYHOCTMH
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3BJIedyeHHBIE ITJIOCKOCTHU
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PesynbTaThl

Peann3oBaHa bubnnoteka map-metrics Ha si3bike C++;

MopaepxaHa Python o6Bsizka n HacTpoeH CI/CD gns nybnmkauum pip-
nakeTa;

[lobaBneHa BO3MOXHOCTb 3a1aHMs NAapaMeTPOB a/irOPUTMOB ANS YYETA
CLEeHapu1s CNoJib30BaHMS AaTHYMKOB;

[poBefeHa oLeHKa KayecTBa U BpeMeHu paboTbl METPUK.

MpoeKT Ha GitHub:
https://github.com/MobileRoboticsSkoltech/map-metrics
BubnnoTteka Ha PyPlI:
https://pypi.org/project/map-metrics/
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https://github.com/MobileRoboticsSkoltech/map-metrics
https://pypi.org/project/map-metrics/

