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This research presents a method to detect and recognize buildings in
terrestrial images. High-resolution terrestrial images are normally taken from land
survey vehicles. These images and other surveyed data along roads are needed by
many agencies that require new data as time passes by. Land use in rural area is an
example that needs information about buildings and can benefit from terrestrial
images. The proposed method was aimed to detect and recognize buildings in
terrestrial images to benefit the above needs. The method consists of two
stages. The first stage is building detection. It removes unwanted objects, performs
image segmentation and finds regions of interest. Image processing techniques such
as greenness removal, sky removal, color segmentation, color detection, shape
detection are used. After that, building parts detection, projection profiles finding and
the building determination are performed. The second stage is building recognition.
It begins with image normalization, and uses convolutional neural network to
recognize buildings. The method can identify a partial building if the whole building is
not shown in an image. The training set contained 3,995 building images and 3,348
images without building from many provinces in Thailand. The proposed method was
tested on 3,936 images (1,832 images with buildings and 2,104 images without
buildings). The images were from Google Street View. The accuracy was determined
by human inspection. The method gave promising results with an average of 87.50%
accuracy for images with buildings and an average of 97.60% accuracy for images

without building.
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@’]ﬂ'ﬁi@‘Uﬁ‘ﬂ%lﬁLLGiﬁ%i%U’]UﬁU’e]@"lﬂ"li NAN1TNAADNUVBNIUIYUAD dATUITONRILNATISUIU

18

29401A15(Plane)la Lmnmﬁayﬁummaﬁ%’ueﬁaumﬂ6‘] Wi ez Nioureaniieng b
19957V ULUTBIDIATHALIIONAIANUDI81ANT LTUAY

U 2009 Martin taz Wolfgang (Martin Drauschke and Wolfgang F orstner 2007)
IHiaueisnsidenfinesimuzandmiunsianenansuazaiuresenans (Building parts)

H9991NAUVAINNA8VDIDIASHALANINLINEDY N15LEBNTIRDSTIwMLNzauL U ldlunS

1% '
av

= [ = o & 14 | 6 o =2 o v & aa (%
1181A1599%UULT 099 UU IG]EJ'J‘\]EJUI%‘QWU@QWL"ﬂ’e]’i'ﬂ']ﬂﬁ]ﬂﬁu\?uqlﬂL°U’]°UUC‘]@U'J§LE]®']UUEI

(Adaboost algorithm) uarunaanslaiesuiuisnleiiesifeininm msdeilanaans

[y

UsUnthernsvianun 62 fegns madnsilatudilvgianuianainegliinuiniesevay



12 gnviu ndsanfuniaeddleinnuianaineginfeSoay 48.1 waviaduseuay 41.8
AUAGY

2.1.1.2 059599918 IUYND AT

U 2009 Viraj wagatdy (Viraj Kulkarni, Rohan Nagesh et al. 2009) lelaueidnis
asrrmiAsnguntwesermsingldis areluseadumuuave i Ay
wuey dsazinseusfunthsnsldasing arntuld snake Algorithm iteuSunsoulidniu
sUsvosmtieng s1uideddeddymsuniiiedidesldduuniomioaasiy

N52AN 1INTLYLINITEMININTEAINLAazULTReL Wl Uwazsindlwasasnoy

Y 2011 Vincent wag Baillard (Vincent Brandou and Caroline Baillard 2011) 19

'
v a

EUIEMINAIAIIINANEIenaNURUlalEIE I dRFssuNuien s naula wu 19
nswdsdudauld msaueonna Wudu antumvevveswasalagld Hough Transform
Ingviduiosendanuduiusiu g danunsamaimiugndedlaaiosevas 76.32 lagly

[y

ANBgiLn 158 N Tesdnvesnuideiineninmsasiamveusudise mdean
Wlalald 1wy SFuliuatindefionmsudsdulluiiund mIoninnsianiveudiuanawes
waaanlaligndesiazyilinisyhauianain

¥ 2012 Milos wazmtuy (Milos Miljanovic, Thomas Eiter et al. 2012) IoLauaisnng

AT ALUITLNU L AN LA NITHUIAIUNINAUIA19DDNINKTIVDIBIAT L38NI5N15T
Histogram Median Filtering (HMF) Tnganunsayntinaauussunuvesinludguuuasysey
TaviamuiuauLasrnanaiBeenuluwudesla

2.1.2 113RTIANIDIAITINNATNAIYNDINA

U 2008 Xiuyun kay Yan (Xiuyun Wu and Yan Li 2012) lal@ueiswsmuinisuen

L@UYOUYD91ANT (Edge Line) 21nAIMa18%199101A LU0991nTUnaI89)ATINITHIURUTDY

1%
LY

a1msilagnnillesaingusesidudeunariidasuniu (Noise) 10 n1533edidalaimuinism
LAUYBUY0991A15IAgldI8n15 marker-controlled  watershed  SaufiutayanINuaIves
Digital Surface Model (DSM) tieauauutaztalunIn s lgsimiun1smvounuuLALl
(Canny Edge) fi@duvaUv9981A1S MNTURIEUATIVRLEUTRU NaglAlduvauves
9IRS

5 . . 1 aa Ao

U 2010 Xiao wazAtuy (J.Xiao, M.Gerke et al. 2010) IoauaIsN15M5I9M81A15N
naeAAmasuRUIINAMBEIREIateqyu tagldaimannuateyuluniswenidunss

panduauilf (3D line Extraction) uananniulatausiSamanimdsmnliidudindeulalag



18alnunINY0INITNIINTEUIUTB901A5 (Plane sweeping) Falagluazinuaniiugausilu
e iilaausldnisldyude
2.2 nufiieadas

lumdeilaznanndaguiiifiertesiiasdulsslevidonisinide Jediulugas
AT UNTUTEIAaNAN AR WU NI TR UNSIaIumden n1saudIuvesnInild
¥ < ¥
AOINTT LUUAY

2.2.1 ANURUYVBIBIAT

& PP ' A Yo a &
AuvN1gresatmsuuladnisseylilaevateniissu lunilaideiuvse

v
Y v A

Aasneiddnyd1edldinnanly fadl
2.2.1.1 WsETI1vUYARIUANDINTT W.A. el 17757 & (AN1aUNATEY 2522)

“g1A13” e 81A1s T Sou Tse S un adddud ddnounesdsiadidu
06198u Jeyaraenaiiognieiildassls

A1 “yaraenadldaesls” Mdernuiiela?

Uszhull paznssumsnguiini weiarsanlianuiulily 5eaaief bea/odae
(FnnuANNIIUNITNABANT 2522) 31

fdoaA1in “yrraoradnldasela” du Tlediemnuvuneddaisuanisdsiineasng

Ju wislruaralUlvassnieluaniunneasialavinty wavingaunede danaasialu

anwaugnyanaaiuisaldasy lasudsylevilufanislafanisnils Tnendgldasyly
o & v 1 ad v X & v 2N
Plureudlunmeludanasedutuiieusedidls

2.2.1.2 79U 880714

v a =

sUMNNeENY (5I7UNTIREaN1Y 2542) Taszuliin 81a15 unedd 3o 159 A

9

'
1% = a 1 o w a

NPASNVUNLANWULAAIYARIIULY §1AT VU 459U 159 51U W ASIAUAT EUNITULALE

Vaueg9du FuanaonainegrieidldansliiasnuenusIuiedinas iy og19du
dl o 1 o % L3 d‘ 6 1A

MNNNGVIENEAMIUA WU SATuns Wou aznnu gland Une gise. (U. 4. 91A15 8A19) .

2.2.1.3 nsulgsI5n71599mI5un

n3ules18NIINmIsUN (nFulesIBn1smmsun 2530) lassymnumunerede1n1shiin
91A13 Yeda 01A13, Uy, Boulswmazdu luanmeaieadsiusuymunelinduninnendy

Usev0amns eunInue dainruzwaztduniduasesanseald



(%
[y

TusAdeiagionnin e1as vanefs o1as Ty Feu 15e Feyarasiaitieguiewi
ISGREIG)
2.2.2 Msudasnmannang (RGB) Wunmyisuuulasyau

AsuUaanInanama (RGB) tun manasuuulasesu (Tarun Kumar and Verma
2010) azuasrdainaufiulsie R, G was B wfunilsfaus Tnslushudsiasifiuen

ANILTUATENIN 0 TUauds 255 @1 0 aziduAlimuuaniiafian a1 255 azidusiaiudy

q

fainannign fagun 2-1

200 255

JUN 2-1 Aanudnvesdana 0 Tauds 255

nswlasAndannnind RGB luidunmvnmuuulasyau auisavilaeldaunis 2.1

De
De

Y=021R+0.72G+0.07B (2.1)

[y

g9l Y wihduaAUluYesdn newuulaseau
R, G k¥ B ADANEYY Anardlnkusniuainu

2.2.3 mM5uUasnImannwd (RGB) wunuus1aedd HSV

HSV (George H Joblove and Greenberg 1978) ﬁmwmﬁam%‘ﬁﬁﬁﬂwngﬂ

'
a =

nsanszuantunsiAuingd faduntenltuinlunisuszaiananInmnanazn1ssuN N
ADUNLADS H Aar1d tneAndazilasulumusir1vaa19aad  (Color wheel) FeAndasisy
Aaus 0 aarmvyulaude 360 0971 91 0 ernvzluAIduns Wenuunds 120 senvzilud
Wen 240 23rAadENN 109 360 parazndun L TuALABNAST S ARAtAuARvRIELAsTlAY
970 0 WURe 1 Aeuandaunndduilaaziniuanuin anvanvesdtesiazlsadutasas
1 d' ¥ d' v < o = 1 1 1 a' q' =1 1

Afilna 0 nudlaazilunmenien (Grayscale) V ApAIAIINEINe ANBINNINBEIANEINS

17N ANURUAIANNNAINNALIINAY LUUIIA9E HSV WandlunIng 2-2



U7 2-2 uuudnaesd HsV

ASLUaININAINLUUIIa09d RGB Wu HSV aunsavinlalaswlasdl R, G waz B 910

[0,255]lviagluane [0,1] Awdnmugnsssialuil

magegalagldaunis 2.2 uazAngalagaunis 2.3 3nuuiuIviaA1 Chroma lag

Toauns 2.4

max = max (R,G,B) (2.2)
min = min (R,G,B) (2.3)
Chroma = max — min (2.9)

nuulgaunis 2.5 Tunismend Toauns 2.6 Tunismeanuuaasloaunis

2.7 WaMAIAINNEIN

( 0°, if Chroma =0
60°x _ mod 6,if max = R
Chroma
= B—R 2.5
B=1 6ox +2, ifmax=G 2.5)
Chroma
L 60°x Chroma +4, ifmax=R
o , max =0
S = {Chroma (2.6)
s max # 0
max

V = max (2.7)



2.2.4 NMIWUSAIUANAIEAITALUY (Thresholding)

NSLUIEIUAINA8ANTALUS (Rafael C. Gonzalez and Richard E. Woods 2009)Ju
Bnsiieiigalunisutsdinnin (Segmentation) Msutsdrunmduisnisileutsdaula
drunilsssnmiiaulassnuiainaim Tneradildnisudsdiunmssadauisazldnadng
Huninia Aditesnitandautsezgaiinliinaneifu 0 Afisnnndvdewiduddaudsazgn
vnlstnanewdiu 255 awnsowanaduauns 2.8 fil

0,if src(x,y) <T

_ 2.8
dst (x,y) {255 ,otherwise =

1Ay src (xy) PRAIMNNYNTDIANINANAR X Uag y vaanmauaty

1Y

dst (xy) ABANAUILYBIRANINITAR x Uag y VoINMUanena

T ADAYALUS
2.2.5 mswdasnmanamd (RGB) (Juwuusiaesd YC.C

1 = a @ = a a = d" 1

ANENLAUNALLAUAIALAY ATIMaLENT (RGB) FUMUNIZLANISLEANINANINDAIN

Wi ka2 NI NNTIATIZAANEINS 1L UUT1809F RGB 1UaZINSAUAIAILLTULLAS
swfuanudud Tud 2001 Cheng uagamlg (Cheng, Jiang et al. 2001) lavinnas
WIBULBULUUIa0986199 19U RGB, YIQ, YUV, normalized RGB, HIS, CIE L*a*b*, and
CIE  L*u*v*  Lialgd1nsuni1seeandlaganiy wuIwaashuuanassdivenvatden1eany
WUUFIADIE YUV N hANISHUSEIUAINE bS8 TN15h8NTEUI19ANANUTNELAZ AN
LNuas UA.p.1999 Garcia wazAaz(Christophe Garcia and Tziritas 1999) WUI1AIAIN
' ¥ a a v P ' v o~ a a PR
nwuANLduwas (V) Ianudesvutesidisaguuinuannudud (C,C) Beiigaulain

WUUT1R093 YC,C, WNZuANISWUdun g wuuinaed YC.C, wandlugun 2-3

JUN 2-3 wuudneesd YCG,
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mMsuUasanuuudnassd RGB Wunuudiassd YC,C, fiansAuaniColantoni 2012)

f9dUNNSN 2.9

Y 65.481  128.553  24.966 R 16
G| =|-39797 —74203 112 | x |G|+ |128 (2.9)
C 112 93786 —18.214 B 128

198 Y ApAMNEINs, Cy ApAANNaRYRIFtnEY, Cr ANAINUANVDIAWA
R Aa A1dWAY, G A ANEWEY, B A AndGy
2.2.6 Automatic Seeded Region Growing
Seeded region growing Qﬂﬁ%ﬂ?%Uﬂ%ﬂLLiﬂLﬁaﬂﬂﬂ. 1994 lagenulazisey
(Adams and Bischof 1994) Lilelduanu (Merge) anminfuganmindidss sesnlule.a.
2001 Fan et al. (Jianping Fan, David K. Y. Yau et al. 2001) laWaiun3Sunuszandldnis
wUsdruvesdlaesnlul®  laglasiundnnisvesniswenveulagldnndsiudniu  Seed

Region Growing #anNN15¥NUAIUN 2-4

Automatic Seed Selection

Seed Region Growing

\4

Region-merging

SUN 2-4 uanardnn1svinauYesis Automatic Seeded Region Growing

2.2.6.1 nsiaaniuannuslaesnluss (The automatic seed selection)

neuayldnanns Seeded  Region Growing az@eeiin1snauansindy etdu
asusulunsveeiiveIuTn (Region) sald lnenain 2 Weuley lawn
anmaaiusFelinuadrendaiugan minuAewnnIA@auus (Threshold)

A11150VANANUAANEARILALABENNTT 2.10

2
7x = 4|52 (%i=%) 210
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7 x anunsadulavisadanunu v, C, vse C,

i X ﬁ?ﬂ?ﬁﬂﬁfiﬂlﬁ‘ﬂ’]ﬂﬁmﬂﬁi 2.11
9
X — L - - (211)
X=5D N

thandeauuannsgiured Y, Cyuay C, usaufudsaunsd 2.12
0= 0y +0¢, T+ 0c, (2.12)

A dssuunnsguduussiingu [0,1] Tnsauns 2.13

OoN = J/Jmax (2.13)

7 Omax faAluuuunnsgIuiigEalunin

ANUATIEATIVRIRANINAUIAN NI AE LT Ulne 7
H=1l-0y (2.14)

‘NI o = U A 1 ¥ 1 1 A 1 1%
NaUN15N 2.14 11 H Wuiguiumdanus amudn H ganuuinnialinuus aels

] = v & o fa v v & 2 & a
Pynamiilenmaldidundaiusisuduld Rntuasiluduneunismisseenisuuyada
ANMLLAASUAUAiAgIEATeITE BT INUERAAnfaa WlnAALY 8 9a lneauns

2.15

f 2 ~ ~ 42 ~ ~ %2
VO YP 4G -G (G -G
[ —_—

i
- ar L
VY + G+

(2.15)

e i=12,..8
ilasragnawuvgadadaganmlnalAswisulagaseuiosuas ihumenseeenanuin

ﬁqmmmmﬁ’]mmﬁimammi 2.16
8
dmax — “!_Ellx(df} (2.16)

dnAsrEEnIwUUYATATNINIgAN LU s UE UAULEUTALUS MNASEEENIadaT
Woani1a13auus agladnganmiileniaduubaiusld winAAIuAaeadauazen

sreruUgAdnTina Ut eAuRsIutouluivaeste Tuivualiganinilfie wanus

Bustu fagu 2-5 (b)
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2.2.6.2 nguinmaiulavesusaalanius (Seed region growing)

OIW [ v

A vy A & o & w1 2 aa v

deldnmilimynaudaiusias deunasduismsiliudeiusvensdisen lng
& & v aM e a a Y A A ° a % 1
TupauilavldganinitliinisuenuinanasignnmdnefissniinsfmuauTianuaIeg1
oy 1 9a UIHMTEEENUUUEATATEINANNNAVUTIUNAATY a1unsaAlans

dung 2.17

V(57 +(Co, —Co)* +(C,~C)?

VI G G (2.17)

(]j:

aedt (Y,Cp,C) Aoriadsvaswuuingss Y,Cp,C luudadnufes

nduihAmsseznsimueilaanszezmsuugedauiulilusenisidesdeiu
e wwTIRARUIANIMTIGABY 4 0 S1ganIGABe 4 aegluuTion
(Region) Wignfiu MuualAgan iAW mdouiuIANINIILAL: MNIANINTINALING 4 99

agluusiiuuansitaiy lEInsseenaluugAfan seeen193EninganInnegan I

v

T9LAEe INTUAIMUAAITEEEN1INTBeNanliLAgANIN gavineTaiin1susuAtadeves

Usnailndutigduuaziiuuinadiafeandaddlivenuinanazdddoglusenisdig

Y

A a o w 4 Y cav v :.’/ éj Y a r-:ll ¥ ‘:’{
s1ensASEIEUINUN TRy KaansTlnnTuaey 2.2.5.2 1 aglausinafivengniteu

Aumeu 2.2.5.1 aegu 2-5 (O)

2.2.6.3 TupounISHaINUSIa4919 280U (Region-merging)

a 1

g A ] < v a a d‘ £
napstunauNiug 1anudulilanisfianisuiauiuamnnfuluiiesinldnig
MILYLENNITENINIANINDRANMUT IR Fedunouilagyinnsiieuseeenasening

i c{' a = a a v a aa A o g v a ya ° Y
ANLRAYUILIUAIANRAYUILIUVNLAYY ’Jﬁu"Ug‘Vlﬂ,‘VisUEJ']‘EJ‘U?L’JEUE]E]ﬂl‘UVL@E]ﬂ ﬁqll']iﬂﬂ’]U'lvaﬂ

Tngauns 2.18

(=T + (Co,~Cy)* +(C,—C,)*

min(\/?g2 +E§,- -I-?i.- ﬁz‘FEE; ‘l‘Ei)
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JUN 2-5 feganadnsuiazunauvesisnis Automatic Seeded Region Growing

(@) amduatu (b) wadwsnsNaudASNAY (nitial Seeds) () Wadwsves Seeded
Region Growing (d) waawsvesushudfsslaeamduiususs Fuclidean szozn1etio
N1 0.1 (e) WadWSURINITINUIIAUNVUALDINIT 1/150 VOINN () WARNGWAI

Usealana

2.2.7 NMINTINAUNTIALITNIUaEW (Line Hough Transform)

aa o A

AwMsuUasdil (Gonzalez R.C. and RE) ABlon1smenisuszananan nadviaiiiold
mgUnsdlaglusunim Bnsvdnvemguiasldnisasezuuy (Voting  Tuiitlagndnis
nguinsmidunssanguaimdieisnisutasél (Duda and Hart 1972) aunsildlunism
WunsaUnAfIaunis 2.19

y = Mx+C (2.19)

Tag m Ao AU

c fiD IAFALNULUITIU (y-intercept)
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£Y v

Tundnuinaunisd wledrunldnunisussulanan nmaaszdaluse@nsainly
Wiganaflosanddaymidionidunuinsasyinlian m  Hueiud a1euds Shapiro  uag
Stockman Aslainausaunstrdasannis 2.20

xcosO+ysinB=r (2.20)

log?l r Ao sregnaseninaduLazanaugnana (origin)

© Ao yuYAULNULLITIU

3

W

X

S

o

U 2-6 JUnanmUsdmsuaunis 2.20
Wnsanld

1. @hensueuduiussening r uazr 0 Tag 0 axildegludis -90 s 89 way P 9:d

Awiniuszaznsannfiaainiidulule

A5199 2.1 AT UEARSANNEURUSTENING 1 LAy 9

n® | -9 89 | . 88 89

-Dmax

Dmax

2. Wenugalaquugunin (xy) daunsi 2.20 ilglagunuen O faug 0 9ernds 359
PMNTUEILaIATLULTUR919 2.1
3. diovhmisgUaudnauds mgedien r uaz B Tannnfignfazanunsanidunsdls diethen

Tup319ansANUEURUS 29 r way O ammLﬁumwaziﬁﬁ’qgﬂﬁaasmﬁ 2-7
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U 2-7 fhedrmwadndidleldaunis 2.20 asmzuuuaslumssanuduiussewing r uaz 0

(R. Haralick and L. Shapiro 1992)

2.2.8 MILTUIUVBININIUYAYBINITHN

n1siiuIwINvesn nluyavesnisin(Lecun)  eliiuauvaInatglun1s3i
= o Ay A~ 5 v a o § ¥ a '
Weasnyavan1siniivesnieiannudrdeuniniiuliasiiindymilassisUseam
Wenandyan1slnanifuly (Overfitting)  Fsdewarilviinaduianaiatunisiilasaing
Uszamiieulunaaeuiudeyayndy Fansiiudniuyansinaiunsavilavangdd wu n1s

WYUNMN (rotation) , Msndunm (flip) , nsladssunauaslulunin (noise) (Judu Fanmw

=< a 1

HaansnlaannisnaunnlukwineulzIsinaunaInva1sliiuyan1sHnglidiuan
lemalumsiinlannlassiielssamiienandnganisiinuniull

2.2.9 myibiteyalunsazuwsuwuaduussvingiudeiu (Data normalization)

Joyailaanamlusssuwiadanuvainvats Jsdndudesinisuiudeyalieylu
UI1INg LRI (Rafael C. Gonzalez and Woods 2007) msusudeyalvegluussvingiu
Weatuanusavilalagaunis 2.21

Intensity; (x,y) —
std (2.21)

Intensity; (x,y) =

lag? i fio YynvasdayauwsuLua Y, U uag V
Intensity Ao Ad
U A9 ALRRY

std Ao ANUELUNIIATEIY
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2.2.10 lassnguszamineawuunaulgtula

lassgUszanmiisawuuneulgduila (Alex Krizhevsky, Ilya Sutskever et al. 2012,
LISALab 2015) wulasstneyussamitenmiiandsaduiitousnnlunisiiguanuas s
Tassteuszamifisudidasananmehauvesaussnysd lasmislssamifsuuuneu
Thgtutiafulasaigdssamiioniiinisisuuudesfinisaeu (Supervised  Learning)

! = ¥ = 1 = gj =2 ! 1 = =
amfevzAsiinsasulassglssamiisuludunsunisilnnou lassngUssamiiiondsay

]

anwazanzeingild lassieUssamiisuwuunsuligtuiaddiusenouvany

Calle

guinusuiudulassieglng deyatdndregldrmfingalrensdaglifosiunssuiuns

a

s A =% ! I o LY 4 I s Y ua
NINLIDT Lu@ﬂﬁ]']ﬂﬁ’]ll']'iﬂNﬂIﬂ’N‘?J']‘U‘U'i%ﬁ'WIL‘Vlf;lllLLUUﬂSUI’J@J“UUUﬁSLWﬁ']WL"\]EﬁLL‘U‘U o9 LUlRA

19 Tuusiaztu (ayer) vedlassigussamiisuwuuasuligtuiassdsenausiedunoudey

[

mgﬂ‘ﬁ 2-8

Input Feature Maps Supsampling Activation

JUN 2-8 Tuneugeslunsarturadlasingysvamiieuiuuasuligtuila

Tunautegluniaztu(layenveadlasaiiguszamiisuuuunouligduiaaiunse

[

asuelaidu 3 Tuneu el

2.2.10.1 upeauligu

Fupuligiuinihnvandenisueniliaesvesing lnerneuligiureusazinesiuala

|

Sutnnnsin lneusiasiaesiuaseiintnuenilivesieiu reuligtuduusnizlasuiliaes

1%
LY L YY)

° | ¥ &, ¥ Yo ¢ o = |
sEAUA U vau dukazyy Ludu asuligtududaluazlasuiliaessedugetu wu n1s
srufuvasduanuLdy Wy

22.10.2 %4 Rel U

ReLU (Rectified linear units) Aeduiadfunaziiu (Activation function) it

Y

andulaiodeloyalugwadussamiiiondus deauns 2.22

f (x) = max (0,x) (2.22)
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2.2.10.3 $1 Pooling

gy ¢

JunauiiingUsrasiivedosiuiudeyalvitesas  (subsampling)  LieanA3I W

wUsusiuvesteyauarandiuiuvedlunlutugeu (Hidden layer) lagdnudunismenuin

gavseAnadsluudaziuilaglivivdouiu ndsainduiunistuneut Maeinmeaigvuin

o

Tnglazggnihianasdedndumnlumsasiaminguasnisisn

Y

&
o

2.2.10.4 vu Dropout

(% ' '
aa v & A a

unaulliiingUszasaiiaiiinainueinludunounisiniveanlaniainluinaandd

1
Il 1

sUuvumsinunniull Ieedsnstazduaianuinandusening 0.5-1 luliseuusdazein

Qe

<2

a d' [ (BN "y Y aad a < v & =
TseungnAneenazlidwateyalugrudnly Fdarunsafiuanuslviutuneunisiingn

U

n3Y
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una 3

LUIAALAZATEUIUNITNNNUY

aa o

QWU’JQEJUSJ’JG]QU?uﬁQﬂLWE]‘WGNU']’Jﬁﬂ']i‘UiuﬂJ’JaNaﬂ’]‘W@f\]‘VlaLLauIﬂiLLﬂiﬁJﬂauﬁ’JL@@%

q

ansaamenansideglunmagdramsluruunmedanaIiunansuseaiananmaaia
v ' a A a Sy v ® ' AV v =
Ingldnmeanganniiaaninizeldndas Ladybug 2 Tunsaeam amilalianuaziden

640 NNLa x 600 NNLYA

= i aw &9 v ] X A = PN
Lu@ﬂﬁnﬂ.ﬂqwmﬂuxﬂujﬂEJUSLGUﬂ']Wﬂ'WEJf\]']ﬂWUV]%u‘UWT@Q‘Ui%LWﬂIV]S PIAIUNINITUE

'
=

al 1 v v [~ 2 1 v a Y = o I o a
Anv19 1y auldl Wudy F99712d9naliinisuszulananinianatnle 393 duneadl

ATEUIUNITINUIEA1AR A9AnYIens e ludnTulun1sUsEaIaNan1Im$191191A15
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3.8 N1333191A15elasetngUsEamiisawuuAsulagtuila

£%

funeuiifigauszasdifiobuduirvinaildandunounismeinisdieisnig
UszanananmAdviaduoiasesmseld laealdszuulassieuszamiisnuuunoulig
Futlalunguiite 2.2.10 Hrglunistuduninugneies Inedeyavesusiinazgniiuvinli
foyalunsazurunuaduussingiuieatu (Data normalization) niuthdeyadilén
dlassngUszamiiositenssaouinmitldldenasasavidold Tnetuneumstinuansly

WHUQHE8TY Fieil

LS4

a v P
mammazﬂammﬂ

!

a 9] =~ Y 1A a
ﬂ’liLGﬁ‘&JﬂJ‘UagaLWEJLGUWQLMEJGU’I‘EJU%?IWIWIEJM

AnlassigUszanmieuwuuneuligiuuua

€

fa\)

=
N}

ho)

JUN 3-3 unugilangauduneunisiinns3inenns
3.8.1 MsuiudayanIsin

nsinlassgUszamiieuniiuseansamaisiniudeyaivainvaneiiioanlonia
Nndgymlassigdszamiienaninganisinuiniiuly (Overfitting) Fedsnayilviiinaiy
Hananlunsuilasaingussamiiisuluneaeuiuteyayadu Fan1siiuduiugan1siniy

nATpilgisnsnisndunwlukuiueu (Horizontal Flip)



24

3.8.2 Mawn3gnteyaiveiinglasseussaniney

mswnsenteyaiiioiinglassineuszamifivuazdniunisuiudoyalfegluussia
et ngldnsusudeyalegluussingrufertulasaads (Mean normalization)
wlfifionsufudoyanmueluganisfinegludrafertuuas nsiliaarnuainsegly
ussTinguEiuazgnlfifteviilirauainsvesamane ity

3.8.3 msrnlasaglszamiiiedlasaingyseamiiieuuuuasulgtula

lassneUszaniinnuuaeubigtuiadulasaielssamiiisuwuudedldnisaou
A4 vo ) See v o = s:l' ' = ¥ o i v
Wio3dn Tutuneuiddladgeiinuiieaesulilassiguseamiinidneimslunnaig 419
nsluruun

naINRNlATIIgUsEaiisukuunsuligtulang tasaineuseannifieuiazd
Usglogdagrannlunisitienaisiiessyinadnsnlalyerasasamseli andiegaves

Anfagdudnlassnegussamifisnazidunmiinseudndiunin (Crop) wwgludivaoud

il g

JUN 3-4 f198 190 1MNAENSAINTUNDUATIINDIANTIINANANEU1INTIUTUUN



25
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AMINNADILLASHANTIINAADY

4.1 Annlglunsnaass

amilflunsaaeadunmiliaingiiaanivia ngldgiaaninivedleduaiesile
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Feum 1WeaT1e vaus wasUgy Unustdl anssays wae aviestil
4.2 dnTNUINANRTUTINALITHAZTISALIS
421 @15auas
ngUszanana Intel Core i7-360QM / 2.3 GHz
nsauanIwanIn Nividia Geforce GT 630M/ 2 GB / 96 Cuda cores
neANI 12.0 GB
4.22  «eNALIS
Ubuntu 14.04 LTS
OpenCV 2.4.11 (Image processing library)
Torch7 (Machine Learning library)
Google Street View API
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4.3.6 NSNARDIAMAUATINVUIUAUT UL LIRS

nMsnnaesiiflemAiinzaniiagnsramiaeserans lnevndunssilaglunuads
Mnduiugidunsslneisasndursdesnuiutuuareglunuissduientu mndudulas
n32aNUAITUNIY (noise) N Taeosrsinafuliiiu 5 oam szessihsssninaduians
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4.3.7 mymamheulunneig
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nandluguil 4-9 ()

(n) ()

= o v A v a o !
U 4-9 a it (n) waznmmailiainnisneassmaumaeluningis (2)



32

4.3.8 N1SUIAINRAIAN

Asnaaesiiiomafianzauludunaunsn s inIresenns Savemden
aunsanranmgmaiiaUssananan naavialalaneld Hough transform as29WIL&UATY
Mndumidunssaesduivhyunsstiuiu Tnsesmuasiduandnefuldlifiu +5 oe 1wy
45 perniu 135 o9 waziilesainivatsnimil Hough transform asianudiueanesdsl

Anfiu Faawearndusenvesiaetduliegiaiulalainiu 7 finwansluiwinuag

LWIDY FIR1aNaTIlAINN1INAaRmImMaIALandlugu 4-10 ()

(n) ()
JUN 4-10 Al () wazn nKanliaINNIIMAaemnIvaIe (2)
4.3.9 NMINSIVVADIANS

AsNAaBIRtNan A NNzaNluN1sATIAMIENUIUTEN181A1S U UTLY

o = = QOJ a 901 & 5 | 1 av v v
WUUIN8898 HSV TuN15M59mawad U1dU 11nNa 1aedwaseid MINA9ANUeI9a InINg
wnulUasihlaluasianuingdugninalulusssuwd wndaivesdadlinnnifuliag

Tmenanslatoeas AERWMLNIEAUNLAANNNISNAADILEARAIILANS19N 4.1

AN 4.1 A1 HSV MALNLAUINNSNARDWNBNTIFNIDIAT

a ANd ANANULTNYBE ANAILEINUDSE
BN 0-34, 340-360 35-100 33-86
?ﬁj’l’] LU 150-200 35-94 19-78
ﬁfwma 216-244 1-44 66-80
dwides 16-50 10-17 11-35
dum 30-60 19-78 39-58
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ilensranudnegluyeinagld agvihnisuenesnindagui 4-11 ()

(n) )
SUN 4-11 ol (n) waznnEanlaannIaaewmIandenans (v)

4.3.10 NsveUlRveIUsINvetingiaula
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q q
¥ ¥

(Projection profile) Ingagnaassisnislusiadurisuifuaziuiuey Adaudslunay
dudutmnasliieniiuly Slemafiazisodutantaouléinn massligaiuluenavin
Tldusnnianan Wanadunuwdgasudufesumiiisnisiusnadutuldiiu 7 fn
wa eduaafemwliiinsuseadutulddesndt 7 finwa udangeaduaaluudmmy
dudulmilasfivieningaduandudesndt 100 fnwaszieingaidudulvogluiiog
Feafuuinadu mngedugslmieginiainndugaiuiu 100 Anwaazieiigadudulml
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4.3.11 NMINSIVEDUILINLALOAITIAIUVBIUSHIY

A1SNAADIULN NI AITIAU AU ONSIVADU USHIUN LA D1ANSUIB LU TUADUWSN

a a 2 a p= a 2 a ) a a
ATIRFBUVUINVBIVTIN nUSadnAulUTlemMageasidudasuniuaagu 4-12 usian
A v a v ' v a ' v a o | Y e
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4.5 AMSUINITITNBSUIMAFIUNUAINENE
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4.5.1 NMsauUsnunasiLaznsavdldenvaduls
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BUILDING DETECTION FROM
TERRESTRIAL IMAGES
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Abstract— This paper presents a method to detect buildings
in terrestrial i High resolution terrestrial images are
normally taken from land survey vehicles. These images and
other surveyed data along roads are needed by many
agencies that require new data as time passes by. Land use
in rural area is an example that needs information about
buildings and can benefit from terrestrial images. The
proposed method was aimed to detect buildings in
terrestrial images to benefit the above needs. The method
consists of two stages. The first stage removes unwanted
objects, performs image segmentation, and finds regions of

interest. Image pra g hniq such as gr

extraction, sky detecti color g ation, color
detection, shape detection are used. The second stage
performs building detecti It includes the ibl

building parts detection, projection profiles finding, and the
building determination. The method can identify a partial
building if the whole building is not shown in an image. The
proposed method was tested on 936 images (332 images with
buildings and 604 i without buildings). The i

were from Google Street View. The accuracy was
determined by human inspection. The method gave
promising results with an average accuracy of 82.5%.
Positive faults were 4.7% average.

Index Terms—Building Detection, Terrestrial image, Image
Processing, Image Segmentation

I. INTRODUCTION

Land use may include living, grazing, agriculture,
industries. Many agencies need information about land
use for many purposes, such as, taxation, community
growth measurement, new dweller area finding. Building
identification is a feature that helps specifying living or
industrial land use. Building identification from aerial
survey photos is a widely used method. However, in
Thailand, this method is not used frequently due to the
high cost of survey. An option is to use human surveyors
to survey the area. This option requires many surveyors,
and takes a long time. Another option is to use a survey
vehicle that can take high-resolution photos with GPS
coordinates and look for buildings later on computer.
This method is considered more efficient and save time.
At present, there are agencies that operate such vehicles.
If a computer can detect buildings in the surveyed images
there would be a new source of land use information for
the relevant agencies.

The proposed method was aimed to find buildings or
building parts in real environment images. Most buildings
have specific elements in common, such as, roof, gables,
doors, windows, and pillars. Difficulties include the
detection of an incomplete structures or shapes of the
buildings, building obstructed by other objects.
Algorithms based on color detection, Line Hough
transform, automatic seeded region growing were used to
find potential features that can help specify a building. In
the building determination process, it considers detected
building parts such as gables, long horizontal lines,
parallel vertical lines, rectangles, unnatural colors by
using rules described later in the paper.

II. RELATED WORK

Most researches of building detection from terrestrial
images detected facade, windows, and plane. Zhizhong,
Sisi, and Ben (2005) [1] introduced an automatic
detection of range variance of facades by projective
difference of corresponding points on a common
projective plane. Therefore, the algorithm could separate
building fagade from cross road. Haider et al. (2007) [2]
presented windows detection in the urban environment
based on Adaboost to optimize cascaded classifier for
detection. Martin and Wolfgang (2009) [3] applied
Adaboost classification framework to classify feature of
building parts. This research focused on facade, roof,
windows and windowpane. Viraj, Rohan and Hong
(2009) [4] described a method to identify windows from a
building frontal facade by projection profiles and snake
algorithm. Vincent and Caroline (2011) [5] presented a
method for gable roof detection from terrestrial images.
Milos and Thomas (2012) [6] used image-processing to
detect windows in facades at several different orientations
and scales.

An approach that detect buildings from aerial images
used LIDAR data and image processing techniques [7].
Others used image-processing such as Antonis and
Hichem (2008) [8], Xiuyun and Yan(2008) [9],
Qiongchen and Zhiguo (2009) [10], Masoud and
Parvaneh (2009) [11] and Melissa and Parvaneh (2012)
[12]

III.  PROPOSED METHOD

The proposed method has two stages. The first stage
removes unwanted objects, performs image segmentation
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using automatic seeded region growing and performs
region analysis. The second stage determines whether the
image contains a building or not. It uses the result from
building-part extraction and projection profiles. The
system overview of the methodology is shown in Fig. 1.

| Unwanted Objects Removal |

v

Image Segmentation |

| Regions Analysis |
]
+
y

| Building Parts Extraction |

v

Projection Profiles |

¥

| Building Determination |
-

Stage | |

Stage 2 |

End

Figure 1. System Overview

A Unwanted Object Removal

This process was intended to remove the objects that
are not part of a building, e.g. trees, sky. The result will
then be appropriate for image segmentation. Two steps
are described as follows:

Tree removal: This step was used to remove trees by
detecting green color of trees by using HSV color space
[13][14]. The transformation of RGB to HSV performed
using the following equation (1) to (6), where R, G, and
B are in the range [0, 1], H is [0°, 360°], and S and V are
[0, 100]:

max = max(R,G,B) (1)
min = min(R, G, B) (2)
Chroma = max - min 3)

Equation (1) to (3) calculated Chroma value. Then,
compute HSV value in (4), (5) and (6).

0°, if Chroma = 0

60° x mod 6,if max = R

Chroma
s B-R 4
H 60° x +2 ifmax=G @

Chroma

60° if max = R
Chroma

0 , max =0
= {Chroma
s — max 0 )
max
V = max (6)

The proper range of Hue to detect green color of tree
was 40-120. Saturation was 19-100. Value was 0-66.

Sky Removal: In landscape images, sky is mostly
brighter than objects on the ground. Automatic Threshold
method [15][16] was used to separate the sky in the
images. From the experiment, the proper range of
threshold values was 130-150. The sky removal method
can be performed using equation (7) where T is threshold
value, src(x,y) is horizontal and vertical addresses of
source image and dst(x,y) is horizontal and vertical
addresses of destination image.

0,if y > Image height + 2
0,if src(x,y) >T 7
src(x, y), otherwise

dst(x,y) =

B. Image Segmentation

This process segmented each area of an image
according to colors. The algorithm was automatic seeded
region growing as used by Shih and Cheng (2005) [17].
This algorithm was developed from Seeded Region
Growing which was presented earlier by Adams and
Bischof (1994) [18]. YC,C, color space was used in Shih
and Cheng method. The RGB to YGC,C; conversion
performed using (8), where R, G, and B are in the range
[0, 1], Y is [16, 235], and Cy, and C; are [16, 240]:

Y 65.481 128553 24.996 R 16
Cy|=1-39.797 —74.203 112 [ x|G|x[128 (8)
(o 112 -39.786 -14214] 1Bl l128

The process began with initial seeds. The seed
selection determined 2 conditions. First condition is a
similarity seed pixel checking. It was considering a 3x3
neighborhood. It started with calculates a standard
deviation in (9):

(©)]

where x are Y, C, C; and X is mean value of 3x3
neighborhood. The similarity of pixel to its neighbor is
defined as
Oy + 0c, + 0,

H=1- ) (10)

Umrzx
where 6., is maximum standard deviation in the
image. A similarity value (10) must be higher than a
threshold value. From our experiment, a proper similarity
threshold value is 0.80.
Second condition is a relative Euclidean distance to its
neighbor checking. The formula is as follow:

Jor-ritso-cp ) +Cr-Crp?
d; = (11)

JY2+C§+C,3
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where i=1,2,3,...,8. The relative Euclidean distance in
(11) is used to find maximum distance in (12):

dmax = maxi8=1(di) (12)

The maximum relative Euclidean distance to its
neighbor must be less than a threshold value. A proper
threshold value from our experiment is 0.08

A pixel that met two conditions above is classified as
seed pixel. Next, the growing method started with
labeling seeded pixel. Then, unclassified pixels were
calculated a relative Euclidean distance to its adjacent
regions in (13):

JEe2 -+ =02
d; = (13)
J vECE+CE,

where (Y,Cp,C,) are average value of Y, G, G
information in that region. The pixel merged into adjacent
minimum relative Euclidean distance region. This step
performed until no unclassified pixel left. Next, the
region similarity checking performed using (14):

J T 7+ Co=Cy 2 Gy =Cr?

d(R,R;) = (14)

min(qu?+cgi+c,2i, Jyl.2+c,§l_+crzj)

The region merged into adjacent minimum relative
Euclidean distance region. The minimum relative
Euclidean distance must be less than threshold value. We
used 0.04 as threshold value. Final step is merged small
region size. Our threshold value described below:

Image height XImage width (15)

Threshold =
150

where 150 was obtained from experiment. The region
that size smaller than (15) merged into adjacent minimal
distance region. The threshold of minimal distance
Euclidean distance of adjacent region from our
experiment must be higher than 0.02.

C. Regions Analysis

This process culled out regions that are unlikely to
contain buildings. It involves three steps: noise removal,
left-over tree removal, and low-region removal.

Noise removal: The tiny regions would be removed
because they were too small for the detection and can be
burden or cause error in determination process. In our
experiment, if the region size was less than 500 pixels, it
will be eliminated.

Left-over tree removal: From trees removing step, it
cannot remove all green color because of several reasons
such as light, various color of leaves. Removal occurred
if the number of white pixels is greater than 30% (from
the experiment). This method will wipe out the left-over
trees regions.

Low-region removal: Since the source images were
taken from a survey vehicle, the bottom parts were
mostly road, grass, or wall. Eliminating such region helps
reduce error and burden to the process.

After all, unwanted objects in original image (Fig. 2a)
are mostly eliminated. The result presents in Fig. 2b.

»
'
& |

(b) Pre-processing results

(a) Original image

Figure 2. Pre-processing results before building parts extraction process

D. Building Parts Extraction

Color Detection: The colors: red, blue, brown, yellow
and white are widely used as building paints which are
clearly distinct from nature. Each color will be evaluated
by size and position. Red and blue detected only the top
half of images for checking rooftop. Brown, yellow and
white are detected in the middle of images for checking
body of building. The proper HSV color ranges for
building detection are shown in Table I:

TABLE 1L  THE PROPER HSV COLOR RANGES FOR BUILDING

DETECTION
Color H S v
Red 0-34, 340-360 35-100 33-86
Blue 150-200 35-94 19-78
Brown 216-244 1-44 66-80
Yellow 16-50 10-17 11-35
White 30-60 19-78 39-58

Line Detection: Structure of most buildings contains
rectangles. In the real environment, it is hard to find
perfect shapes because of obstacles such as trees. This
step uses the benefits of Line Hough Transform [19] to
help finding the straight edges of buildings. The angle
finding formula (16) is as follows:

" ol 2-y1 180

Angle (in degree) = —(tan™* %) X (T)) (16)

where yl,y2,x1,x2 are pixel coordinates at the tips of

aline.

Line detection can be categorized into four cases
below:

Horizontal Line: Detection of long horizontal line(s).
The line length must be at least 100 pixels.

Parallel Vertical lines: Detection of a pair of parallel
vertical lines whose centers are almost of the same
vertical level. Each line is far from the each other more
than a threshold value. Our test used a threshold value at
least 100 pixels.

Rectangle Detection [20]: Detection of quadrilateral
shape with four corners. This step aims to extract
windows and doors. The size of quadrilateral shape must
be larger than a threshold value. Our threshold value is
300 pixels.

Gable Detection: Detection of two lines with opposite
angle in the same horizontal area and their top points are
near each other (less than a threshold value). From our
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experiment, threshold value used + 7 pixels from top
point of line.

E. Group all building parts

After performing building parts extraction process, this
step superimposes all results (Fig. 3a) and use projection
profile to find the height and width of each group (Fig
3b).

a) Superimposing building parts

(b) Projection profiles

Figure 3. Superimposing and Projection profiles

F. Building Determination

To consider these elements, decision-making rules are
needed. The rules use size and aspect ratio values as
described below. Though these values were chosen
empirically from 20 trial images at the beginning of our
experiment, the values were applied to all tested images.
Further investigation for more appropriate values should
be done for real use.

Size: The group elements size must be at least 100
pixels x 100 pixels.

Aspect ratio: The width to height ratio of each group
must be between 4:3 (07:5.

IV. EXPERIMENTS

A, Data test sets

The location that the test images were taken was in the
rural area of Thailand. The buildings had various
structures and many of them were blocked out by
obstacles, e.g. trees. These images were from Google
Street View survey vehicles. The resolution was 640 x
600 pixels. Many kinds of building textures such as wood
and cement were found. Some buildings had no facade,
some were covered by trees.

B. Unwanted object removal and image segmentation

Sky, vegetation, noise, and left-over trees were
removed after automatic seeded region growing method.
Building parts would be left in the resulting images. The
results are shown in Table II:

TABLE II.  OBJECT REMOVAL AND IMAGE SEGMENTATION RESULTS

Errors were caused by dark cloud, trees with green
colors which were out of the defined range. The
problems can mostly be solved by the left-over tree
removal.

C. Experiments on images with buildings.

Testing was performed on 100 images of no obstacles
in front of buildings and 100 images of building with
obstacles. The results are shown in Table III:

TABLE I1I. RESULTS ON IMAGES WITH BUILDING(WITH/WITHOUT

OBSTACLES)
Descriptions Accuracy
Building without obstacles 92%
Building with obstacles in front 83%

The results showed satisfied accuracy in both cases.
The errors were caused by the edge joint of source
images (Fig. 4a) and by no-wall building (Fig. 4b), which
made buildings undetected in projection profiles.

(a)lmage with edge joint

(b) Building without wall

Figure 4. Error cases

D. Experiments on mixed data set

Experiment was done on 936 images (332 images with
buildings and 604 images without buildings) in the rural
area environment. The results are shown in Table IV:

TABLE IV. RESULTS FROM MIXED DATASET

Descriptions Accuracy
Images with buildings 82.5%
Images without building 95.3%

Some false positives occurred due to trees, burned
agricultural area, and large water surface. Some trees
were not totally removed by the prior process and created
faults.  The reason was the confusing Hough line
detection in many angles. The burned agricultural area
was detected as large brown color and water reflection
detected as large white color in color detection. Thus, the
situation led to mistaking the area as buildings. The

Method Accuracy results are shown in Table V:
Remove sky 94%
Remove vegetation 97% TABLE V. FALSE POSITIVE CASES
Regions Analysis 100% Reasons Number of images
Trees that were not removed in early process 21

Bumed agricultural arca 5
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False negatives also occurred mostly due to objects
between the cameras and the buildings. Far-away
buildings were also too small to be detected. Too few
building parts detected can also cause false negatives.
The false negatives are shown in Table VI:

TABLE VI. FALSE NEGATIVE CASES

Reasons Number of images
Small Building (far away) 11
Obstacle objects (trees) 39
Few building parts were detected 8

V. CONCLUSION

This proposed method can detect buildings in
terrestrial images that contain whole buildings or part of
them. The test images were taken in the rural area of
Thailand by Google. Building detection was tested on
936 images. An average accuracy of 82.5% was achieved
with average positive faults of 4.7%. Errors were from
objects, such as trees that were over the buildings in
images. Too small buildings and unclear building parts
also caused errors. Other causes were from out-of-range
tree colors, water reflection, and burned agriculture. The
program, sometimes, did not detect some walls and may
detect more than one building. The difficulties were from
the handling of objects over buildings and the analysis of
existed buildings from the detected components.
However, the result showed that the proposed method
could be for real use and is satisfied.
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