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Abstract

With the continuous development of computer technology, the method to acquire spatial data has
updated rapidly. Three-dimensional digital map attracts so much attention to be developed. Gene-
rating a three-dimensional digital map requires a basic map. Because the Open Street Map (OSM) is
open-source and free, it has received widespread attention. However, the height information of the
road is very sparse in the OSM, and the mean square error is higher than 5 meters, which makes more
and more researchers focus on the generation of high-precision three-dimensional maps. Due to the
Light Detection and Ranging (LiDAR) point cloud’s high-precision characteristics whose average
square error is about 20 cm, it can extend the OSM to generate high-precision 3D maps. This paper
studies the method of OSM combined with LiDAR point cloud to generate a three-dimensional digital
map. Due to the sampling characteristics of the airborne LiDAR used in the overhead view, the oc-
cluded area cannot be sampled. The method proposed in this paper can solve the challenge of occlu-
sion. It is composed of 3 main parts: 1) dealing with indoor area; 2) handling with outdoor area; 3)
applied Weighted Hough Transform (WHT) for recalculation. The main steps for dealing with indoor
area are as follows: 1) The three-dimensional road surface is projected into a two-dimensional line by
orthogonal projection. 2) To find a set of road candidate points, the line is fitted by Hough Transform
(HT). 3) Random Sampling the Uniform Sample Consensus (RANSAC) combined with the least squares
method (LSM) is used to fit the road plane according to the obtained set of candidate points. This pa-
per proposes a method for estimating the height of an indoor road using the height of the associated
outdoor channel which is added up with different weights according to their projection distance. For
the road with abnormal slope, the Weighted Hough Transform (WHT) is used for recalculation. This
paper uses the airborne lidar point cloud (root mean square error is about 20 cm) provided by the
municipal government of Cologne, Germany, to establish a three-dimensional road map for the city of
Aachen. The results show that compared with the Ordering Points to Identify The Clustering Structure
(OPTICS) algorithm, PHT successfully predicts 87% of the scenarios, which is greater than the 13%
success rate of the OPTICS algorithm. In conclusion, the accuracy of the PHT algorithm is higher. In
addition, PHT is more robust to the occlusion problem, change of point cloud density and the interfe-
rence of noise points.
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AXRE T EEGBOLE L S EIRBEERE (Open Street Map, OSM)AE FRIR T =48 B R &2, R
NPHT (Projection and Hough Transform). ZAVAR SN ESNEEAE, =NEELOEMNEEREH
WHEES . BANEE FEL T R E A AP ER R, R ER RN = A E R E L,
E K% ¥ (Hough Transform, HT)IREUE K ZIE SEES, BHUSTHUERE; ENEEFERETMH
RPN EENTEHREEEMAEE . REHNBRERENER, FATRENERZR
(Weighted Hough Transform, WHT) i3, A HEERETBUFRENIBBOEEERZ0RE
#£°820 cm), AWRTE T =4E A . 458 R, 50PTICSHE % (Ordering Points to Identify The
Clustering Structure)fitt., PHTRIIFN T 87% K%, KT OPTICSHE13%HIRIIER, B MR
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XK ia
ZHERE, PotHik, BEREHR, =Z4HmE

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B 2 R NKFER R AT . AT AIARL, GERBESWRIBZAME. RZ SN ARSI
R T R RS R R R N B AT B 2R R, R H A T RE I B £k, LW eNav ‘Fi1 & 4t (eNav navigation system)
[1]. AHFFCHE B2 A FE RS S L) & B2 AR HOR R (1], — kG B = 4 e 1 P i 2 B 4 J D R
R CHE . TR (Open Street Map, OSM) HH T H PR FRFPEAE TR GE b N 02, SR T TE 2% 1) 2 B
FEAE OSM HEEE BT, HAEEA G (T Z & T 5 2K), A 8RR IR0 7038 SGUE ks B = 4k B A i

AL ML T IE A N 5 Z 0N 20 cm)i & OSM, AE AT f#t eNav i FH ) ks FE = 418
PRHLIE . R T RN EEOE B IA R S AR M A A58 43 b T X S840 30 5 170 G A 25 SR R I A, $RH TR T
R B R AR ) 17 ¥ (Projection and Hough Transform, PHT).

2. Z4EEEMERE R

NN T A Pl = 2T B 1t P ) STR S b, R 2 V8 SO P AR ST B T A B ) 2 U AN 202K [2] [3] 1
TR BRSO E R, HA M OSM Bl &k, Bk, xR & s Mg S B s, HRZ7
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TIRER A

N TRTA XA, AR AN T R v BB TR . (X SRR S R Y T R R

FTHOCHIE S s FE R RIS 0 BIK A EEZRT 0 LT 6 K. 1) ETARRIINE: 2) BEY
Jiiks 3) BETIEBKHER T 4) 2ERE: 5) FETHLES IR M55 6) Ma-FHf k.

FETARE A TTVE[4] [51HCI R B, AR A A AR I 6 1) v JE2 o A A1 1 5 AR Ve AN FH 3 23 ) B T 155 700 »
Eeanfh, m2RMAE . BT 6] R FEBCE R A . B R e B R, HELERE
BT TR AR RS AT LA R XA T, DR, —SemE A7) (8 R R Rk BRI
PAET7E0 TS50 R/ R IR, RS T, ASRER T BT .

FT 2 BIOIRTE T LI ER AL, X T MBI 2 SOOF A& #E . Dzafic [11H] OPTICS 5351
HEER R SRT OPTICS B30 T i s H BRI AR 5 ) BN B 3T JUAE, TR L ST T Ve
IRZ ATFHIREE T HE IS T B AR - Caltagirone Luca [10]5 FH 445 #7268 A0 T 97 7E KITTI H )2
BB LIS — RS, BRI 2 I E R AR AR SO B IR ok, I Eda e .

L RIAEL A TH ) 7 VA BEHLRAE — 2 527%(Random Sample Consensus Algorithm, RANSAC) [11]
[12][13], %A% (Hough Transform, HT) [14] [15]. RANSAC HAEINAH— MR, ZLEBRGFEST
AR 1 HT 7 L—RA 28, HESE R MM 5. Xiangyun Hu [15]8 ] 7 WHT $2H0%
T 2R RIS BT, 25 SRR IR AR s 70 BOAS [F) AL B R A0S AT DAS B THT 2 A 45 R, (R HERA T
SRR RGN 1 SRR IR AU 5 s TRAR B K

PV T 77 V2 T R B T T LA TP R B, AR TR, PP SERRE . B R BAT (R
R 2 A g5, RN AT DAARSE G P [ BB GRS B 0 = B2, PHT sl T4
e AT prar N

3. Bikdmid

PHT 2B ALEE OSM HIE R i, FRICHANISR S = 0 XS T WAL BN 2B S m A . 1%
D7 EAR BT R 1 o] P A R s . BERAR W 1 FoR. wIarR 3 AP ER: 1) BT IER#HEE
SRR L EE 2R, NS FIH HT A% E 4, R EREE SRS . MG, HHT 84
BLSEm T EIEMRCE, Bt A s g T I HT fe— RG24 B L, v DMRLFIIE R 2 418 %
FAERITE DL, 2) FIH RANSAC HI LSM HR#E15 H ik sl A G BT 1. 3) N T fRvE NiEiE
TR @, $El TR A OG5 A8 TE Y e AR DA A3 5 R B IR 7 VAl v 2 P I TE ) B
4y BEXF IR S B IE RS, ) A EE (1) R AR (Weighted Hough Transform, WHT)#E47 #1154

X —A~ OSM H I TE 6 o, AR XY P10 A B PR B PR BB AE O B 1A S HR R AR R o T SR AT
KA, BT OSM A B A7 B i 22 LA RS S5 0l @, H AR BRI P RE ANEAE TAR S R = b i — 7T, BOKR
AR A 2y R Z M AP, THRRCR R N, I, MRHE RIS R~ T R Ah 52 Sk S ) i 4
et BRI 25° CHMBUFIRAER B30 RN BRI A 25°), ARk 1.

RN AR AT AR A, RAET PR BRI S I Am L IERR B A B
TR B Tk m) AR AT 22, B0k ) AR AR KIAE N R .

TALER S M e, PHT EZE R EAMNEEAI, = N mE s A B 5w o E = A B .

3.1. EIMNBERILERAR

3.1.1. IEXTTR
HETHE, T3 R34 E IS5 = 4 H v DY R B 2. iE 2 i, B
S BN IZR AT RETE BT H AR AVE &, HRE SR LR E T XY “Fif.
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Figure 1. Flow chart of the algorithm
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Figure 2. 3D road surface projected into a straight line

B2 Z#BERERELREE

FIH PCA $EEL AUV I, T 0 07 Z2BE B R BRI AR, R PCA 15 3 ) = AMRFE ) B2 AH
HAESE HARSLI o S/ N AVRFAEAE 0T I (R AREAIE o) B st sV ) B o KBS OSML H H R 55 p 7E XY P IfT E i
VT kAN RURNE A B T3 ELT N p BBk T ERvEmE . B BAn] LRI R ANRHIE ) E A — 4
BRI & n, SRR A] DUORIE SR ) B R W] R BT F [k )

n=a*n'+b*n" €))
n',n" R ESCR BN kAR5 AFIH PCA 43 A3 200 k AR R ST, 43 A0 S AFAEAE S K FVRRAE [
F Ko a, b NREL

T, BLsE, RUONER D FIHE), Hk PHT ZF R L 0EE T XY Pl B

BT T XY P,

O=a*n,+b*n] )

n,,n! N, 0" 1)z LR &,
BONHOR AR n FREARIBEY, N T RS, fika 81, MIHESRN

a=Lb=-" 3)
n

K 3(a)2 OSM HHJE i (AR st B 4 it F TS H I B T (15 3(b) P (i [ B s ) PR I 4
s 3. ATRUKELE 2 P b i R TSL 2 R 5 R B, JEARETE B 2. TN E R
ST RS PR M 2% B () 3 (o) B FLZR T /R) e 1] 3(d) SRR & AN sk In) B, ey o) BEAEAE R
{8 HARER E R DL, (HR AT 8RR, 15 7 RER SR,

3.1.2. FIAEXRTIRRAVERIRIE R

HT AR LR )OS BIUE SR E AT RE IR T IS5 M BCR . BERAERTA A L 2R, SR m 2 R LR
NI AN E R

B RIZIR[ 16 RIT i HT FIRCR, R RO BR P B A 2 M 2 R e 2 B P 5 3 R 5521
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K 4 FRBESPRIE S R E R MRS . SPREW], JERR TP R R B I R i R R,
N JE 8 T IR OB B i

(c) projections of neighboring points ( d )
190
. Those two normal
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AALNIEAN Y SN e deviation from the
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IR
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Flgure 3 Dimensionality reduction of point cloud

(b)

(a) BRUERRTILRRIERZN; (b) IERRTIRAERZIN; (o) MERRTH AR HIBE L B 0 (]

Figure 4. Hough Space
B 4. S(5EA 507363403, RE K 6.1011415)EXRTERR

A% FH v B O B ST B e A ) ] DA 2 B — S TR AR A s, R B AE H AR B 2R i S 0 2
R 5 B T gk s nkT HT K952, & 5(a)F1 1 5(b) T EL 6B 1 I8 A 22 % 7B R A A N
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Figure 5. The effect of the Gaussian filter
B 5. SEEKERNIER

SR SCHR1 7182 Hh A48 1 T (7 ¥ 2% TR RS » Fe i AR IO /N2 (5 B A N 2 2 R E
2k, AREOKOK, ArREs it HAREAL AR . PHT Bl T3NSR, BN 2 R ELIFA SR
KELMER, WA 5 PEM), ENTRAE TR ELHZ SO EZ.

3.1.3. RANSAC BEJ /P ZRENSER T E

TERE R B FHRBIAE S, ARSI N IE SR Z S SRS . FEH RANSAC Jixis
RO N AR S N R R AT SR A, AR S S, fER ST, RSN
PG I BT . S8 R AMEEZAMRE, BIAFEZ AR, E8 XY PN S OSM # H
B p sl B A AR A

Kl 6(b)H, SO A RIERSES. FHZARAN, 15 HT & MEZRM LSM 454 RANSAC
LA HFIH AR IR 2, 433N 44 JEOKFD 14 JE2K . fUknl WL, RANSAC nI 4 HF 2Rk s 52,
B LA ST T HE R

WA HPE S, BURTARYE p s x Ay (ESR HX R 2 {8
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Figure 6. RANSAC and LSM improve the accuracy
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Figure 7. The method to calculate the height of indoor ways
7. ERBESEHEREE

R OSM g FAHMEIE, WRAE D RPhr R E AR, WX & EINEE S —F =N E
EAE. Bk FENEERARG A B ME G0 SR E/MEERE. WE 7 for, BEAIER
MR MAEL b, HEOYHBIARIE R L2 by BV S NS — SR

3.3. ETNEEXRTHRORBHENOLERER
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Figure 8. The flow chart of WHT
& 8. WHT B3Rz E
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MR %5 BRI NT 25%0 A0 9(b), 1 9(c) s, BeATR e FX) B vt FEE A AT F) AR P 1 B v
B, WFEARRIIEL, K o), BT EKIMARREER, fafah AWM
KB T HIRHE, HT RSN FPAIE MR, FrELE 9(e) b4 L H bR w1 i FEALAEA 76 v 1]
LRI S5 PR3 E B TR A A TSR B R AN G B, R, KX SR T2 ) sl OB D, IR
WA, EE U EPRERIE/NT 25 HARENT 0 WY EARIR R, B0 €0k i 42 HoH
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4. TWEHERS5 T

AR5 IR Tl K 2 EA LR S AR NS = A1, )P 40 [ R 77 BORF R AL 0 T2 R Tl
PINLEBO G A s, EERTH A B i 2 i = 4k i g b 1]

P TSR B T 1) 50 v E T L B () RS PGPS W%, R HL T sesb i o 7oA T, PRk shil
BT 1 P AT BV VA R AN SE (). 3£ T Dzafic A OPTICS A= jli V5 11 1 4% s J5 1 P 1K) 7 925 1]
XTEL T PHT 5 OPTICS HiAMISE R, 459K, 5 OPTICS HykAHEL, 8.7%HI AN FIA AL 1w B
AESFHZESRKT 1K, B 10 X2 M B B Am, @z FEERIE | KB 3 K20, HiE7T
86.2%. FHHLRFE 500 NEEZEAE 1 KF] 3 KZ BRI AL 100 NEEZELE 3 KB 7 KR, BLAFA KT
TORBI, BIHRE 62 Ao R AR ARSI S AR VR AR I s B, — N T 3 KRR — AR, 4
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Figure 9. The abnormal incline and the effect of WHT
B 9. WEFFEUR WHT B91EF
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BLEHE T 70%, A 15%2 FONAALERHI K L 22 F 50 OPTICS Al vH4i%.

PHT fliiHES iR B2 12.7%, FERKAXE SE OSM HIFAER A EE N, W 11e)
Fias: AR A E, A S R A 23.6°; Bk, WHT AReREIAA .
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Figure 10. Histogram of height difference which is greater than 1 meter
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Figure 11. Analysis of height difference which is smaller than 3 meters
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Figure 12. Analysis of height difference which is between 3 meters and 7 meters
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Figure 13. Analysis of height difference which is greater than 7 meters
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