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Agaia Hlodly dala)l duhiall 8 deddiiall Glagidl (s (e saliwY)
:(Xue et al., 2020) 4wy ©

sl Ak Ll ilaglee z3lal Vol cpraaill £jlae ) duhall sda cad)yle
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Caieail] sl Ayl Crandin) ey sl g8 g 8yl Ayl Ghliall 8 dals
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:(Chen et al., 2018) 4wl *
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2 Al el Caian saleY Baaaia Byda 4850l oda ol L (ghumn (Bl o Jlaall il
e Aasadly ¢ U Vs aal) sac al Laihaall bl dljiel DA (e 280 Alle & yeaal) lalial
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:(C. K. Wang & Hsu, 2007) 4wy ®
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:(Rutzinger et al., 2006) 4wy *
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:LiDAR (intensity) <lln 5a& aid .0.Y. ¢

Glad b 5 laal mhaadl Gy z)A3uY (LIDAR) 508 ard ciliby dolas sy
Li &) calaa¥) Caia’ 5o LIDAR 508 sl calilad L€aall cilindail) asl L any e i)
D855 o oy Biyall 5l 5L 598 Jiad 51k a8 LIDAR bl (e off ey +(Liang, 2015
-(Kuras et al., 2021) gl mhaw pailad Jon dudlia) Gilaglas

Gl 8 80l al o L)) e i Lae ¢l pgeial Bl Alle Lok dilejal) aem
bl (8 BLaal e degiad) Shd) mhal e e el 5380 dadiall aill o3 LIDAR
(Yietal, 2016) J& LauslSail 23 (5aT dlsa (1 desianll =) e LIDAR

il LIDAR @lily 528 a8 o V) cale <& dailiye A3l All LIDAR 525 af o osa
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Kaartinen et al., 2022; Kashani et al., 2015; Kuras et al., 2021; ) :dwlse sac Ao lalae) cplin
.(Park & Cho, 2021; Song et al., 2002; Yi et al., 2016

e 55 O oS (LSl cia ) gotina Jie) Aleoall A8 Al s ilwall gy -
ol Al

G35 38 Las caliiie pe (K gpal) (e ) Jua Ail all dndal) mdacll) smdand) digds —
coaleY) danY A jlae Bl B0 0 )

o (sl ) 350 Lae c@ilinpall 5l GaalSadl o Jliy o (S el paleaial sdighll —
WA

Lo cdlall Bl pall e At dedlSeil Gailad Lol bl of Agtiad) ) :udl -

Bkl a8 8 ) die il
Oleall lalag)y Lgall CagHlall Jia (5a] Jalgal diLayl
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ad g Ve by L JSB gl il mdadly 35jlhe ST 80l GulaY) Sl Al mlaid) (uSe
Cra i) g3 dany Wiy 8 Ll N b gl (pe g3 JSU ol 81y GulKas) sl ds
sala JSI L}HLS&JY\ AW (—;_45 d_.'ﬂ;:aj daxaya bl @A;Bj c(é).«a.ﬁ\ ua;.d\) @\A&Aﬂ L_.gu\ BYES
Ayl dihie 8 el 5380 A8y ST U Gl Wl jag a8 bl de gana (e

Y linpal) mdand Jon dad claslea 355 (f (S LIDAR 525 i (f (e a3l e
Bk sl aladial agall (e ¢ SN L (Kaartinen et al., 2022) Laila 8ydlie Cacalg 5ai2a Lagin 4DAa])
(Al alss cils ) LIDAR
ftgd) iall) Lo Y0

on (b geall dallany dalarl dasiall LaulsY) dinylall (OBIA) rgll Caviaill ol
A el Jilatl OBIA A (e Lre goludiall sailly Hsuall dallaag (GIS) Ty Yoo ale
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.(Rasouli et al 2021)
358 Ao lanll Layglas o5 ) Baraial) ullu) 0T OBIA yiia ¢ aall Gadaill
& Aapall il yaanl diliwg Lsaudy dadpl Gilasles ey s¢d DL e A8GI Gkl
A8 Alle Leliall HLEY) Hyem Ciniail ulie OBIA olb ¢ Ml .5)50al
iilaie Gl ) 8ygall Segmentation 45y a2 OBIA 4 ¥ Bglaill
caaally (J<ally ccompactness Sl gl SWSY) i s 5ae jules o audill dilee At
Qe b ey Al jaliall Gljae daaBlgll 82l e 2 Al
1385 4sb 53ga pall SO Lilian) pailadll (Aadad) CAIS IS iay (Al sodadll b
Jaly Cadal) 0l ik Lae esanly 258 ) dadad Jals COLaS) psen Garead g5y 43 i
ey el Caianl) LK) e AW @)lally ddasipall ddalisal) COLLS JSLEag Jlal)
Lol Qs JS (5S09 cdanpe LS (i 4dld ¢ 9)AT Blamng LS e aainy
LCpddne dading anan Al vector dgaie JISE 8 DL aasii OBIA
s e (LS Canoatl Lalide By aladiad (<o OBIA Ao LW Caieatl) b
:(Rasouli et al 2021) JLl
Dl Jhe ISl dilaan) aladial o€ ¢ Slad) ot 2y LS 13 sSHAPE JSall -
cabinl) €5 ) delly A dvia s ) Al bi])
b Lailaie bl 55 (JUal i e LS Guilas g aalall :TEXTURE Gasaldll -
L9a¥ly iyl (e Ty P e (ggias GLlll oS8 oSl Gyl Y sl
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IS capiaatl dopphal) lgiailady Lganay clulsll IS5 OBIA sl addiug ¢ Uil
bl dadii e Jasd Lo Wle ¢ jgeall pndal) Cbeanl) bl aladtiud die ¢ bilaall & olS
."salt and pepper Jalig mla' jglae il
:43.41) a0, ¥
ol dales Ad3an 48s Al L0 ¥

Ogialdl Ha) Eua ¢ laalll clily 2530 48y A 48yl (Kushwaha et al., 2019)
gl 483 aniil (1) ad) Aloles Jgeadialy (A5l A8y vty Jaf e Jlsdie JSa @iy SO
Cread Guaa L Aahal) dslaie Al cliby A85a0 il avil W)y A galadiad <a  Allg
sy A5l Blal axe e daiiall Lyl A3haall Bl dde decds dogie dawi€ A8 Lowed

No.of points segmented by the suived method

Percentage accuracy = *100 (1)

No.of points segmented manually
redandl) g 19df Ciiual A8a o 0. Y. Y

ey aliie alina (e Baty ¥ leha 882 s of Al o (383 2ay L) il b
eLla) A giinn aladial mosal (ladldl) A ae e i) Gl e ) LAl
el 48y (el 4503 8lal (confusion matrix) <Ils,Y) ddsaas o Classification Error Matrix
1 e sladiad) Sl e saciced) Taihall ataee clS el il Jolas A0l Laifyal
.(Congalton, 2001) 483 (ye (V) 2l jules (aes duhil disllas

Baga ddieaall Bsall A8y ari caay - olladY) (e SIS e dieadll §yguall (gpins
e Adinall Capieaill 28y audil L2 e Jlediunl) Gy (e lgle Jpanll (K Al Glagladll
LS Jalae Jie diiall Ganladlly (confusion matrix) <Ly ddseas aladia) 2b L Bale JoSil)
wuliag <Overall accuracy (Foody, 2009; Olofsson et al., 2014) 4.I<1) 43ally kappa coefficient
.User’s accuracy a3l 4835 Producer’s accuracy ziiell 483 Jia 5 Al

o) degd) Jian Caiail) A8y e juaill legad Jilugll fST aa] Gl ) ddghian da
Ashian (psS Ao tliy (il degana s A ¥ dunaall JLERY) Jus Cilang 2paa3 S
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tstagd) Ciail) 483 sl 0. Y. Y

ainall U8 e Agirall 2801 Lenlie Gld ¢ gl Careail) il 3 480 ] Laally W
CRAR e (e ARidie enlie aladia) S Cus (Corr) daally (Comp) JLaSY) o Aal)
(Adeleke & Smit, 2020; Rutzinger et ) dllea!) 482l sl Quality "sagall’ o Cayatiy ¢ i)

.(al., 2009)

DA e L aalally 5D ¢ G el 9o Ll GLES) e iagd) s L Bale

Ciae LS ) (TP) gl o)) el digeaall bl (W1 2 )as ) il 45l
OGS 52 (FP) S o) Laiy o Lpmapall Ul 6 ) AL IS At ae Lol oty
L) 8 angd (2 ALy denyal) Ll 8 S e il Y 4D (S Al o Clias
«(FN) LS Lbes o Chiaail] i b lala (S0 adda o) alAS a3 (1llg danasal
) i (TN) Adall bl Wz hanu¥) dulee 6 dalii of 48lins) 2y ol G gall say
Adeleke, 2018;Rutzinger) duaajall Gl & of Canaill 3 elge LN ) ety () oA\

.(etal., 2009

s2gally daally JLAOU 282l aui Gonlie (A5 (ar clabaall 03 alasialy

TP .

Completeness = & (1)
|ITP| + ||FN]|

TP _

Correctness = & (2)

ITP|| + ||FP]] '

25 Producer’s Accuracy gisall 483 o sl Jana anls JLaSY) ) LY Ll o Sa
paieall 48y mlbian daall ) Leadd )L . Lgalis) & (Al darapall bl & GBI dus
J<en dasiyig duas yall calalul) e 4adiSal) clslsl) Gl saa ) e 23 User’s Accuracy
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Ldleay) 480l bl iany 4 5Ly dacally JLaSY) c (s aSie shal Guliie gilaill aga
.(Adeleke, 2018; Foody, 2002; Rutzinger et al., 2009)

- 7
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v uindi ty ”1—11-” L Il-:['.!”” T ||I|_|!T-'_"'|,,"|| (
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Comp + Corr — Comp = Corr’

rduyal) ddlaia .1
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alibad) aaa VLY

liby Blal o5 . Gabyl) Anaad L8l Lgll e jlaal Glily degana (Ao Jguaaldl o3
Dlalll @liby degane cilalae Agas &3 LArCGIS Pro gl (& Al dalaial Hlalll Ll delee
.(\) d}dﬂ\ ‘55 )@.LB) z\.mbdj\ M 5)5}'3.43\

cililasy) Gans ga Aalyl) Ailaial Bhgiall Jlalll cliby cilila (V) Jgiad)

No. LAS File Point Count Point Spacing Z Min Z Max
1 G07-e06.las 2703523 0.515 616.6 664.74
2 G07-e07.las 2622667 0.535 615.08 751.7
3 G07-e08.las 2759559 0.521 604.02 781.83
4 GO07-f05.las 2840533 0.514 614.49 755.79
5 G07-f06.las 2674685 0.518 615.88 875.73
6 G07-f07.las 2754350 0.522 622.46 660.9
7 G07-f09.las 2778864 0.52 591.14 719.93
8 G07-g05.las 2953599 0.504 626,78 755.77
9 G07-g06.las 2965766 0.503 626.81 721,11
10 G07-g07.las 2848067 0.513 621.19 72151
11 G07-g08.las 2402114 0.559 605.28 658.22
12 G07-g09.las 2790041 0.519 591.44 897.26
13 G07-h04.las 2956695 0.504 634.59 688.56
14 G07-h05.las 3002665 0.5 635.36 698.92
15 G07-h06.las 2682371 0.519 624.81 823.65
16 G07-h07.las 2726680 0.525 613.19 673.43
17 G07-h08.las 2661927 0.531 609.11 657.46
18 GO07-i04.las 2770764 0.52 638.45 712.2
19 GO7-i05.las 2708718 0.526 639.88 676.21
20 G07-i06.las 2620847 0.535 624.65 710.46
21 G07-i07.las 2863746 0.512 612.68 704.99
22 G07-i08.las 2727542 0.525 608.1 644.53
23 G07-j04.las 3100522 0.492 643.88 689.46
24 GO07-j05.las 2731193 0.524 640.29 710.53
25 G07-j06.las 2733091 0.524 624.42 714.32
26 G07-j07.las 2744489 0.523 532.17 717.26
27 HO7-a05.1as 2909402 0.508 640.21 713.8
28 H07-a06.las 2660811 0.531 621.1 696.59

Sum Avg. Avg. Avg.
77695231 0.519357 617.3067 | 721.3241
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(L/(PS)*2 = 1/(0.5)2=4
:GIS Ay (b lgelgily Abal) mhand (adATY jladl) lilby dadles V.Y
:LAS dataset Jladll cilily ds gana L) V. Y.

iy desane sLai) Yl g el pal) Aidaie JalST jlalll lily Aallas e (Saii S
d8lia) a3 ) 2ay . Study_Area.lasd aul lgieudy deganall oda L&) 23 . (LAS Dataset) lulll
(7) IS mmgy oda bl desans N (V) dsaadl (3 Lol 5sS0al jlanll) cilile apen
Ll ae il cile S8 cililaayl ) Z8LaaYl ol diacaiall lalally laglll cilily degene

bl Vo5 lan ¥ Jlgs amasy 3daii Gl Vo v g ol VY Jlgs il degana 6 daleil

LAS Dataset Properties: Study_Area.lasd O X
| | General Files
Statistics
Show: |Files v Show full path of LAS files
| LAS Files :
Surface Constraints Add Files... | Add Folders... |
Pyramid LASFile  Version/Poin Point Count  Point Spacing ZMin  ZMax  Details !
Coordinate System GO7-e06.1as 1.0/ 1 2,703,523 0.515 6166 | 66474 L] -
GO7-e07.las 1.0/ 1 2,622,667 0,535 61508 | 751.7 ]
GO7-e08.1as 1.0/ 1 2,758,559 0.521 604.02 | 781.83 |
GO7-f05.las 1.0/ 1 2,840,533 0.514 61443 | 75579 ]
GO7f06.as | 1.0/ 1 2,674,685 0,518 61588 | 87573 [
GO7f07.las 1.0/ 1 2,754,350 0.522 62246 | 660.9 ]
GO7-09.0as 1.0/ 1 2,778,864 0,52 50114 | 719,93 =]
GO7-g05.1a: 1.0/ 1 2,953,599 0.504 62678 | 75577 [
GO7-g06.Ja: 1.0/ 1 2,965,766 0,503 626,81 | 721,11 L]
GO7T-g07.la: 1.0/ 1 2,848,067 0.513 62119 | 721.51 |
GO7-g08.Ja: 1.0/1 2,402,114 0.559 60528 | £58.22 L]
GO7-g09.1a: 1.0/ 1 2,790,041 0.519 591.44 | 897.26 [
GO7-h0d.la: 1.0/ 1 2,956,695 0.504 63459 | 68856 L]
GO7-h05.0a: 1.0/ 1 3,002,665 05 63536 698,92 ]
GO7-h06.la: 1.0/ 1 2,682,371 0.519 62481 | 823.65 I v
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Geoprocessing v 1 X
© LAS Dataset To Raster P
Parameters Environments @
Input LAS Dataset
| Study_Area_Extracted.lasd w |
Output Raster
| DSM |
Value Field
|Elevatiun V|
Interpolation Type |Bir1r1ir15| V|
Cell Assignment |A~.rerage A |
Void Fill Method [Natural Neighbor .|
Output Data Type
| Floating Point A |
Sampling Type
| Cell Size .|
Sampling Value | U-3|
Z Factor | 1|
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Extracting Rooftops Types from Lidar data Using Geospatial techniques and Objective
Classification for a Group of Neighborhoods in the City of Riyadh

Abstract:

This research aims to compare the accuracy of two different approaches for
extracting building rooftops and classifying their types from LiDAR data in Riyadh, Saudi
Arabia. The first approach is based on data processing into Geographic Information
System (GIS) environment, while the second approach is based on object-oriented
classification.

In the first approach, LIDAR data from 2012 was used to generate a Digital
Surface Model (DSM) along with slope and aspect, reflection intensity values maps. The
LiDAR points were then classified into three categories: ground, noise, and buildings.
Following classification, two-dimensional building footprints were extracted, and the
roof types were classified based on the corresponding reflection intensity values.

The second approach employed a combination of data including normalized
Digital Surface Model (nDSM), intensity values, slope, and aspect. A multiresolution
segmentation technique was applied to classify the data into two categories: building
rooftops and background, using decision rules. Subsequently, three classification
algorithms - Support Vector Machine (SVM), Decision Tree (DT), and Random Tree (RT)
- were utilized to further classify the roof types into six categories: precast concrete roofs
with gravel (differentiated as smooth and rough), ordinary concrete roofs (encompassing
buildings and parking lots), tiled roofs, and other roof types.

The analysis revealed that GIS tools achieved an overall accuracy of 88% in
extracting building rooftops. In comparison, object-oriented classification achieved an
accuracy of 84.4%. This slight advantage for GIS tools can be attributed to the high
spatial accuracy of the LiDAR data point coordinates. However, object-oriented
classification algorithms demonstrated superior performance in classifying roof types.
The RT algorithm achieved the highest overall accuracy (67%) and Kappa statistic
(0.49). The overall lower accuracy in roof type classification can be attributed to the
overlapping LiDAR intensity values among certain roof types.

Both approaches were effective in extracting building roofs, with GIS
demonstrating a slight edge. However, object-oriented classification algorithms provided
superior accuracy in classifying roof types. To further improve classification accuracy
and overcome the limitations of each individual approach, it is recommended to integrate
LiDAR data with high-resolution satellite imagery. Additionally, future research is
warranted to develop more advanced classification techniques and explore the influence
of other factors on classification accuracy, such as the specific characteristics of
buildings and their surrounding environment.

key words: LIDAR data, Building roofs, Roof types, GIS, Object-oriented
classification, Riadh
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