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[Abstract]

In this paper, we propose a method to build a sample dataset of the features of eight sensor-only
facilities built as infrastructure for autonomous cooperative driving. The feature extracted from point
cloud data acquired by LiDAR and build them into the sample dataset for recognizing the facilities. In
order to build the dataset, eight sensor-only facilities with high-brightness reflector sheets and a sensor
acquisition system were developed. To extract the features of facilities located within a certain
measurement distance from the acquired point cloud data, a cylindrical projection method was applied
to the extracted points after applying DBSCAN method for points and then a modified OTSU method
for reflected intensity. Coordinates of 3D points, projected coordinates of 2D, and reflection intensity
were set as the features of the facility, and the dataset was built along with labels. In order to check
the effectiveness of the facility dataset built based on LiDAR data, a common CNN model was
selected and tested after training, showing an accuracy of about 90% or more, confirming the possibility
of facility recognition. Through continuous experiments, we will improve the feature extraction algorithm
for building the proposed dataset and improve its performance, and develop a dedicated model for

recognizing sensor-only facilities for autonomous cooperative driving.
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I. Introduction
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Sopoc 44 7| OXY E2aE olmal SAEn 2 ANl AT AlRe] 54 BT A7{2-4p} 4
2 Qlualel =2 % X420 59 U o4 A5 A JNHUCk olo) $4 ARR ALRFURIYe] HAHH Ciof

guazs o ANSS E8) AXlste BA| AN 28RS 98] 71E
g

1S fet 712 2 AldE 7 F AledE R i 8= =
S 9T BE IPIAAEE Y 55 1T & Aok oY ERAEES RRRA] dEQMIRA] AREAST
RS AHEBEFAS Yol OAE =2-uf Qumep UEREAIRY AlEz w9 eolojote] vlugMs gt
PJES camea 5 Qlumal FIAte] AMgHeL chof  ARERSBAIEY A The BAAEY AT =& 9
o A ERSRY Aulao] ZHdE ARO] AR R vl 5= ARgEH.

7hHlole] 55 7NEE SRBIN /A4S 7] A7S(2-5)2 DAReR SR8 AL Z1E E
Z/FHoto] Al o) AEE X 5ol sEg we Ao G ARERUAIFUS FT B4 A8 A2 &
2 Qe ZHEoR HoHch J2ln sy 2% Al F R VIR ERAER ZELESRA dshs =2
Ago| Foj= 71E MAY =2 uF AEE0 Fej ¥ EA ARREAE, FEANA d2lste eI A
7158 W7dsto] AL 5SY A 4 o] Ate SRS 7] AEXIZIFEYNN AFshe ARRFYAEE St B
o MYt B AEERA QA Y 2 &Y REAIRY Efoof Sl theh R4 Sofl AReRARY
E AYote 98S ot AEES et ojst o] AN & Qs A8 BAAES E8oto] dEshal o
ZPEL T2 0T HOPPHS A43] ZPAlsta vfmsh Al £9YS ofeE m2AIEdEe] AR ARl &0l 9T
TR0 ANES Weohe AR 8718 Sl SOl FBYIA 8ok W Wolldl BA] A Held
AARQD AV §A) delo] &8 & glon, i 2 BAVE ATl Bl

7PE AAZES AFAES O R E ARl ok ARERRAR] AR AlME B toltt M |
3t AFg @AY XYY 4 Qioh 2A ARgRdgalt Al AEFAle WS ARY oz Hoju], IujofA
S Yot MEAES &5l Ayl w2 9 uE e AlY F% ARRRES thREo] JiEtet Solits &

o]
dE FEE 4+ 9l gstol ARgstaL Sl ol2fet B9 AlYrlee 71E
AVdE FAIERIQE AUEEAE B BA] Ql=2} 4 & CCTV ZA] AARIAM = A=4o= F]E1 Qo &
Hopzo] ohFaupt 9lg 7oz wolch[1-5] 474 FH0IA 2foltS drt 7|kt vlwsl 2o, =

o1x|5}0] A}FSZ=3HO] oML S A o]y

A
LU=



Building Dataset of Sensor-only Facilities for Autonomous Cooperative Driving 23

2] igrol] QZLsHAl gt oKt A0 Aolt AT
o2 A1 3% el BAIZ Yrlsto] Arjrloz At
(O]

o
St A6 o= it E3F, A Ale Ry rled]
S AU 3 AFR5Y Amets soR &
P=F o

(o]
=
HEEPoIHE GPS 7Iute] ALgFARIFe] Hohsede
pd

OrA] g AFEY] A AollA] A
e A e g AAG] At AF AR 54 AIEEE
< gholttz Qx| sl =QIE 22t Holg ;s
NMRE AEEEY] S-S FE0I HolEAls 155

< o5 AR M EY dA 7S Tkl Al
=

i)
Rl
b
Jln
e

2a)
_‘>l_l‘
i)
M
[ia)
L e
i)
o,
o
)
j;‘l
N ]
o2
o |m
N
i1
ol
=]
i,
~
o3
=

II. Facilities and Acquisition System

1. Senor-Only Facilities
AERUFAL ot Amet2 71E AlEE A
AASPUFY M IPIANES BT S,
Y S Y2 BRI SRTEL Udt 57
el ACHY SH(C2), FAT7
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o, 5477 AMERE TlEe] ofdloldarele] A
(Ce)F £(C7), 2=2]1 FYEAY(CY) 55 =3ldto] &

T 87HR19 Al ES2 AIAISien o9 92 Fig. 1
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Fig. 1. Facilities with blue sheeting reflective to LiDAR:

C1 and C2 are referred to as the start and end points

of the cross zone, C3 for the curve zone, C4 and C5

for the start and end points of the construction zone,
and finally C8 for the georeferencing.
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2. Acquisition System
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Monitor Control LiDAR x 2ea
Box:
Industrial
Embedded
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Fig. 2. Block diagram of an acquisition
system with 5 types of sensors
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3. Manual Analysis

olcterel 559 BOIE FeARE clolelo A
20] oju AEo] AajolA] Wakshl| ZAR|EA|E ool
5171 $I5IA 502 PEste] AMEE K A L B
APFEES Eolslgion, ZOIE Z2}ot HojoA AN
W2 YA 8L Fig 33 2k

C2-15m C3-15m C4-15m
Cl1-2m C2-2m C3-2m C4-2m
C5-15m C6-15m C7-13m C8-13m

C5-2m
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Fig. 3. Capture plots by distance for each facility
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III. The Proposed Scheme

1. Overview
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! Data ii Pre-processing

Clustering Classification
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Features
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RAW Data ‘ ‘ to Features ‘ ‘ Data ‘

‘ Interface or Layer for Local Dynamic Map Platform \

Fig. 4. Workflow; gray boxes depict modules that have
progressed to date.

Fig. 49] & ¥mj TAlo] ¥=o] &= ZQIE FeE
glo]g= PointCloud2 E}Qlo 2 ZUie (0.7 ¥AES F4
51, ZOIEW I 47) e yQIEO] A1 A}3E
ZHx, v, 2)3 A} (intensity) 2 A E|0] ZH20] 37
£ 4uto] ExJoltt. s 2tolctz 13] F|Ssh= RQIE 2
2ko.c glo]g|9] OIE 2= tj2F 49 4767]0]0, 15m 7
2] JeojAo] Cl2 Fig. 5-(a)t T}

7P HoloA= glojct MA2 7|dto g 3R}y Z

2ke 27510} 3R BUHS AP SO A7 Tl
Purs] AL, H2ole o2 37t oAl 2AY
] 9 Al BRistel Wokd clojel % U B3



Building Dataset of Sensor-only Facilities for Autonomous Cooperative Driving 25

of HET U AP AT Y 52 PPOR U A7 AW EQIE IS BYF 2 ok Aok S,

E
) e
So] AI3Yel 2 ock. Wehat ofo] EIIE Fepos dloje]  AHEAA HoloA B APAISo] o]F Yl st

7148 2. The Proposed Method
0l AT EE0 uls| AfHOR o Arot 2.1 Key ldea

o1 774e BolED Qickn 2 4 7t HEIE deIAE B8Sl HIIRE ol Jol 9
ofe] o2t & 4 9lon|, tfgel shrole]
Stee B8 e o A e ol tie 5
3t Qaek & 4 ok ST Aka g el AqlEof
oMol dloje 750] Sojdos Mol BEIP} o
T, AN Moy o 9 1R, 12T Y 29
o]
il =

ol OQ,
2

A

P

ojahg S dloje} =g g EARS0] st
# 5iek 2004 Z2REoly 2ol A A

(a)ird Eye View (capture wi PCD Viewer Manualy) NI T'E—'_T\ﬂ% }‘\—é\_é] 6H 6}‘— L}Ho] nJ_Q_o}ﬂoﬂ 7]
vlo] 3470 £ME BE AT olE Ay 9l ool
= B 293 §4 22 1202 35 2R A3
(b) Cylindrical Projection View -. Ho|| tfst “ma Q]&lo] ¥rdio] 7Hl:‘l:,_1>”% Haishe v 2
(c) Spherical Projection View [7]% —‘1316}93\
Al

Fig. 5. Point Cloud Data Visualization and
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PCD file II
[ .

LA A |

‘ 2D Projection

Filtering with 3 conditions : x and y ranges,
intensity outlier

| Clustering Points by DBSCAN method |

‘ Thresholding with Intensity by OTSU algorithm |

‘ Cylindrical Projection

Feature data
for each PCD file
[ v, 2), (u,v), i,
label]

for the model being
developed

‘ Considerations

| 2D Array by (u, v, i) |

‘ Normalization (n x n) ‘ Test for classification
Simple CNNs
(?,nxn), (?,8)

Fig. 6. Flowchart of building a dataset for
sensor—only facilities.

2.2 2D Projection
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2.3 Extracting Keypoints as Annotation
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IV. Experiments

1. Acquisition and Feature Analysis
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Table 1. Characteristics by facilities
c1|c2/c3|calcs|ce|cr|cs
#of | 059l 990| 958|1,117| 970| 950| 987| 967
Total
# of
434] 420| 574| 612| 458| 613| 654| 427
Selected
Min.
. 1.02| 122] 101] 102] 1.03| 1.41] 1.09| 1.02
dist.(m)
Max. | 0005|2145 | 24.9|2054|19.04 | 24.95 | 24.98 | 18.00
dist.(m)
Eff.
Min. | 1.67| 229 1.69| 139 1.42| 385| 2.46| 125
dist.(m)
Eff.
Max. | 1627 1588|2054 |17.97|17.29 | 2486|2470 | 14,84
dist.(m)
Ava. of |1 151 4372|6303 62.96 | 66.60 | 15769 | 18762 | 59.36
points
Max. of | 5051 238| 328| 281| 281| 544| 683 200
points

2. Building Sample Dataset
359 PCD Tl 559 SYHEL 7|90 ]
29 E“Oﬂ/ﬂ U P53 & motel] Sk MNIST |
fozgt Uybxol

1= |
335}71 %’4511*1 ¥ EO'M 2AH Wi aesy

%fg 3 EAES I3 A lolEte ARSI A
OJEJAS 4,192 x 784(=28 x 28)1} 4,192 x 89
a}ﬂg HolEl2 Yk £ ALY A4 Bt o)
2 clojel Wele] - Pabd 4 QAle Aot

%‘Fﬂ% | 9Aste] &9 golHAe] &8 TFsAL
1517] 9J3iA] MNISTO] HlojEjAla} Sst xfd o2

%Léé‘iﬁh Fig. 72 o[/ 759 A42% Ao g2
£ & 9= g Ch= 20m ©o]AtoflA], C8L2 19m
B S0l 43 547 ek ol £a9 S8
371 chgelot A28 A5Ee) s

2 e,

Layer (type) Qutput Shape Param #
Conv2d-1 [-1, 32, 28, 28] 320
RelLU-2 [-1, 32, 28, 28] e
MaxPool2d-3 [-1, 32, 14, 14] 2}
Conv2d-4 [-1, 64, 14, 14] 18,496
RelLU-5 [-1, 64, 14, 14] 2}
MaxPool2d-6 [-1, 64, 7, 7] e
Conv2d-7 [-1, 128, 7, 7] 73,856
ReLU-8 [-1, 128, 7, 7] [}
MaxPool2d-9 [-1, 128, 4, 4] e
Linear-10 [-1, 625] 1,280,625
Linear-11 [-1, 625] 1,280,625
RelLU-12 [-1, 625] 2}
Dropout-13 [-1, 625] 2]
Linear-14 [-1, 8] 5,808

Total params: 2,658,930
Trainable params: 2,658,930
Non-trainable params: @

Input size (MB): ©.6@
Forward/backward pass size (MB): ©.78
Params size (MB): 10.14

Estimated Total Size (MB): 10.92

Fig. 8. Summary of CNN model
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V. Conclusions and Discussion
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Table 2. Results of CNN model by facilities

Ct| C2|C3|C4,C5| C6| C7| C8
#oftest | o3| g4 | 105| 124| 87 | 138 121 78
data
Pred. 1 1
Pred. 2
Pred. 3 2 1 2
Pred. 4 2 1
Pred. 5 2 9
Pred. 6 1
Pred. 7 4
Pred. 8 1 2
Total 0 6 1 9 2 4 4 2
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