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! Mobile light detection and ranging
? Inertial measurement unit

¥ Mobile laser scanner (MLS)

* Connected-components

® Bhattacharya

® Shape template matching

" Principal Component Analysis

® Density of Projected Points



0 JLAJ.) B.3s w..J)}SJ‘ ] o le.m).u ] 8{.9;)‘ 6‘).} alew! o> Lsﬁ-kh}\) Cypro J...A)Lu ¥y U"‘ Sl 00
o ooliiul ey oo Jlad slaosls 5l 5 sle s zl sl sl [VY g WV s

ool 00 a3l lalin (o lge ololis gl bl pl Giliee slacend sla Sig s slaes obuly s, [V] s
3 ol bl 5l oLls sladle lobis lp | e JSs ool 5 [1]s o 4 55 w8y rimen
3 00l Ly e 9 009,5 haos o Sy e |y Lol ol golging s, lal [VE] o ol sus a3l MLS
GRS Pl (sostde Je Cules j3 S oo oSl Jlalins (slaankd a4 b JuSs g cnl R 4y (Soslsd i
S gomuacabd s Jols 5l ealilis o35l ml 5 [V0] o aigi oo ool 5 lse (somaiids gl 5 ool LSas
5 605 sla by (onin o Sh gl sl @l oyl )l gl sl Wy, 5 60,5 2l (Lol izl 5T
ol o o3l LT oliwl g dome slaalacen 5l osliznl b [VA] s .ol oais @8l ool oo ,e aboli

Sleas C‘)M‘ loalo ?0%5

&Lt (9, - Y

Sl pY Glaosls i V-V (idu 10 malo oo alides slocand [0 (golgiion (g, gu iS4 idu ol jo
5 wlwlid gl oo s Y-Y idn 10 090 0 0010 udgh (golpaion mi Nl 45 05,9 (5l Wosls (g 5Luoslel
=2 o sl olwlis 4 Y-V (idy ;o aalol jo 098 o0 a1l cimy S e jlad slaools 51 e bl Bd>
Saled )3 9 i Ssee B)lse (e (cwiia sla Shg glAl g o 4 TV i 0 s o o0 dmen

w0l se B sy gt 4 0-Y iy o

o3l i —V-Y
= 2,8 il Vg odiotin OS> s CoiS e dr (6,80 (Dlile g bools o> el gl Cand ol o
Oimils 18 5] GmlfT Jdo 4y el sl gl s Bis oogusme ol 5l 2y bl g 09 go 423 )3 Jlas 1o ool> 0,8
9 99— pdlg > Lo ools ol j poe> ialS aalls alo o cpl 51 e 098 o plol soool>  Soo5 0 5 slo s

ooy blis B —Y-¥
w2 5k MLS slaosls (Vb JBa s & (Jg el oo (halS (0 B Laosls adgl g (33l 0 oy al o 5l

Loools gz il (6l e bl Bis 4y Cond wlool e 0l oo 1o ooty 31 o> ol L I8
omlod oo pladl

S oo 00l ol oot &8I V8] )3 a5 (SMRF) “oslus (53515850 1iad o o5 51 come; blis 33> (5
Jol ity 0 ol o dalol ol yise § 0 e 5 00,5 (ganaSih | Ll 500 ddlats laol o oS )
Sg—s st e L3 09 e (5310 dieS mhaw pl ped LiSu ;0 0gd ce 0l b3l bl 4y aieS mhaw S
po—w dd> o 10 0 il e o, eS| Ceond iz ol il coey b g sy b lyls 4l Joh 2

! Normalized cut

2 Pairwise

¥ Shape-context

* Supervoxels

® Segmentation

® Eigenvalues

" Buffer

8 Simple Morphology Removing Filter (SMRF)
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for object i

if the i-th object is not a member of a given cluster yet
create a new cluster C

while the neighboring objects satisfy the cluster condition
expand cluster C

end

end

end
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! Digital Elevation Model
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Cell size 1m
Maximum expected slope 0.2
Maximum window radius 16

Elevation threshold 0.45
Elevation scaling factor 1.2
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#obj dphati #obj dphati #obj dphati #obj dphati
1 2.17 12 0.84 23 0.15 34 0.81
2 2.73 13 0.32 24 1.03 35 1.00
3 2.22 14 0.51 25 1.83 36 0.59
4 0.82 15 1.14 26 0.83 37 0.43
5 2.02 16 2.60 27 1.02 38 1.01
6 0.17 17 0.18 28 0.84 39 0.56
7 0.72 18 1.35 29 1.94 40 0.46
8 0.00 19 0.14 30 2.065 41 0.35
9 0.57 20 1.85 31 1.44 42 1.21

10 0.47 21 1.44 32 3.10 43 1.16
11 0.69 22 0.21 33 1.95 44 0.54
A
AR
) ‘..,-""_ Found Objects
o R o
- 0 \L" < /(\ZDD
12%0;0 ,A.?\ < " 150
&0, Z'D < ‘\50
L@y p gl 2l i 0 S
Ll -0

S oo 5o be Laas L ol emle e oozl [VAD Js o0t &l slaaslis 51 soleccin Sos, 23, sl

Aol gl bl alivlas 56 oy 6l oo so ialed |y b asls I VB0 Laly, T euanS o ' o JelS
Do o Gialad /0 5+ /F /Y wlinl o> aw slp |y obs,l @l ¥ Jgas Ll

TP
Comp =—
Corf =———
TP +FP %) 4_2_31)
Corr = "
TP +FP +FN (V) ala,
Correctness '
Completeness '
Quality ¥



S0 SileUbl (5 59lid | Sawaigo (o sl j83S (ja09s

190 olo 53 P9

ol 9y (05 23yl Y Jgu
sbil s e olbed s (o) & 0

oS Como | g JolS | FP | FN | TP | by plo | G, | abwl e

5. Ve . [$- . f 4 \Y \- AL

5y “IAA AL BT \ \Y V. A

il “IYY S/ B O ¢ A VY Ve -/0
S o5 4o -7

4S5 pliwgy e S bgsye ey Syl jlad blaipl slacols 5l allie opl jo (goleiing (b9, b3, Gl
= sl gloeul Gl Wog oYL coms g JBa lyls slaosls ol ol solaiul gy saxie (B)lee sl)lo
oyl sl eslaiwl L blss sl o g 00y B> SMRF o2y 15 SU1 5l oolainl b ooy bolas Tatl nosls ¢yl
i sla T 5l pETL gl ol ol slaw [bls a5 .ol o dlwse o2 4 5l3>1 4 DBSCAN
e Lo Ty i 4l e 0wl sl (B)lse Bim g B)lse cal 59,5 LS 4 pladl 5 slo S
i sl e ol o b b me @l Sl eolainl Lol ailes oals pld 5 )lge 3l plaS e gl

A B sy glelis a4 pladl b lebl alold 1 oolaiwl b e g 00l Jow (5)lse 5l plaS o sl

(V) Jgoz oamlie Ly ol solil caS g 09 JolS oo slo oLl 5l solprin &g, 2Uj5)) sl
A Hle il oo oS g oo 09 JolS ke o i 4 aS e FY g VY e JA e solpainn o ysSl o Sles
)1 B las (plulid sl golering W) w93 s 3 Slee 5l Glis S ol

O Lasldgeen plo b5 0S50 Jlomen 3 sloyi b 3) 2 50 ooleiiion by OMSae @ 295 b Culed)s
Awgm o 4o Sl Glwlid als o 5l o anasdad slaey ;631 5l ooliiul v, oo Hlai 4y aliee 5 )lse
ol S0 sla ey (p3ges a8lol g (e (qwiin (g bop S b Gl o0 iz @ il dnke WS o

Dged NS v, o8l s

SIoyad g S

20,5 oo ,Sid Baisd ol glaosls olo )8 Last o bl ay ol 185 Lgy Hgliee pwdige &S 5

&l
[1]M. Brogan, S. McLoughlin, and C. Deegan, "Assessment of stereo camera calibration techniques for a

portable mobile mapping system," IET Computer Vision, vol. 7, no. 3, pp. 209-217, 2013.

[2]S. Murray, S. Haughey, M. Brogan, C. Fitzgerald, S. McLoughlin, and C. Deegan, "Mobile mapping
system for the automated detection and analysis of road delineation,” IET intelligent transport
systems, vol. 5, no. 4, pp. 221-230, 2011.

[3] J. Gong, H. Zhou, C. Gordon, and M. Jalayer, "Mobile terrestrial laser scanning for highway
inventory data collection,” in Proceedings of International Conference on Computing in Civil
Engineering, Clearwater Beach, FL, USA, 2012, pp. 17-20.

[4] Y. Yu, J. Li, H. Guan, C. Wang, and J. Yu, "Automated detection of road manhole and sewer well
covers from mobile LiDAR point clouds,”" IEEE Geoscience and Remote Sensing Letters, vol. 11, no.
9, pp. 1549-1553, 2014.




[5] H. Guan et al., "lterative tensor voting for pavement crack extraction using mobile laser scanning

data," IEEE Transactions on Geoscience and Remote Sensing, vol. 53, no. 3, pp. 1527-1537, 2015.

[6] H. Guan, Y. Yu, Z. Ji, J. Li, and Q. Zhang, "Deep learning-based tree classification using mobile
LiDAR data," Remote Sensing Letters, vol. 6, no. 11, pp. 864-873, 2015.
[7] S Pu, M. Rutzinger, G. Vosselman, and S. O. Elberink, "Recognizing basic structures from mobile

laser scanning data for road inventory studies,” ISPRS Journal of Photogrammetry and Remote
Sensing, vol. 66, no. 6, pp. S28-S39, 2011.

[8] H. Yokoyama, H. Date ,S. Kanai, and H. Takeda, "Pole-like objects recognition from mobile laser
scanning data using smoothing and principal component analysis,”" International Archives of
Photogrammetry, Remote Sensing and Spatial Information Sciences, vol. 38, no. 5/W12, pp-\\d .

Yeyy \ye

[9] S. I. El-Halawany and D. D. Lichti, "Detection of road poles from mobile terrestrial laser scanner
point cloud,” in Multi-Platform/Multi-Sensor Remote Sensing and Mapping (M2RSM), 2011
International Workshop on, 2011, pp. 1-6: IEEE.

[10] Y. Hu, X. Li, J. Xie, and L. Guo, "A novel approach to extracting street lamps from vehicle-borne
laser data,” in Geoinformatics, 2011 19th International Conference on, 2011, pp. 1-6: IEEE.

[11] J. Reitberger, C. Schnorr, P. Krzystek, and U. Stilla, "3D segmentation of single trees exploiting full
waveform LIDAR data,” ISPRS Journal of Photogrammetry and Remote Sensing, vol. 64, no. 6, pp.
561-574, 2009.

[12] J. Shi and J. Malik, "Normalized cuts and image segmentation,” IEEE Transactions on pattern

analysis and machine intelligence, vol. 22, no. 8, pp. 888-905, 2000.

[13] Y. Yu, J. Li, H. Guan, C. Wang, and J. Yu, "Semiautomated extraction of street light poles from
mobile LiDAR point-clouds," IEEE Transactions on Geoscience and Remote Sensing, vol. 53 ,no. 3,
pp. 1374-1386, 2015.

[14] B. Yang, Z. Dong, G. Zhao, and W. Dai, "Hierarchical extraction of urban objects from mobile laser

scanning data,” ISPRS Journal of Photogrammetry and Remote Sensing, vol. 99, pp. 45-57, 2015.

[15] A. Holgado-Barco, D. Gonzalez-Aguilera, P. Arias-Sanchez, and J. Martinez-Sanchez, "An

automated approach to vertical road characterisation using mobile LiDAR systems: Longitudinal
profiles and cross-sections,” ISPRS Journal of Photogrammetry and Remote Sensing, vol. 96, pp.

2.Y-VF YV-A

[16] T. J. Pingel, K. C. Clarke, and W. A. McBride, "An improved simple morphological filter for the

terrain classification of airborne LIDAR data,” ISPRS Journal of Photogrammetry and Remote
Sensing, vol. 77, pp. 21-30, 2013.

[17]T. N. Tran K. Drab, and M. Daszykowski, "Revised DBSCAN algorithm to cluster data with dense
adjacent clusters," Chemometrics and Intelligent Laboratory Systems, vol. 120, pp. 92-96, 2013.

[18] M. Rutzinger, F. Rottensteiner, and N. Pfeifer, "A comparison of evaluation techniques for building
extraction from airborne laser scanning," Selected Topics in Applied Earth Observations and Remote
Sensing, IEEE Journal of, vol. 2, no. 1, pp. 11-20, 2009.

A



