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ABSTRACT

This thesis presents distance detection technique that enhances images from
forward mono camera before calculating distance. The proposed method consists of
3 procedures, namely, image preparation, object detection, and distance calculation.
After the image passed through these procedures, the distance in meter unit is the
result of the proposed method. The image preparation step consists of image resizing,
brightness adjustment, and Region of Interest (ROI) determination, which helps the
system not only to increase accuracy but also to reduce processing time. Road removal
algorithm is used in object detection to subtract road surface resulting in only the
object. Then distance calculation algorithm will determine the distance from the
transform bird’s eye view image. The distance is finally calculated from the IPM image.
The experimental results from 90 images that captured in various situation of light
(low/medium/high) indicated that the proposed technique can be applied for distance

detection whose accuracy and precision are about 92% and 95% respectively.
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2.3 n1sUszulananInmInea (Digital Image Processing)
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Msueaiudwingeg veuyvdidudaidAguasiedunalnnssunmidutousgmils
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]
a

Y (Intensity) Feaziludenszufsdresganin (Pixel) Wuq dsithaulavesdeyainngaiu
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nsupdunietoyan ntuifenszulun sUszIananIn (Image Processing) Aaen15Ld

fINDanaUNILADS
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a = LY 1

N13UsTLIARANIN ABN1TATUIALAG MAATUAUNN WY N138aUB18AIN (Resizing),
N3U5uUANEINS (Brightness) wagadnuaudn (Contrast), 11905830 (Filtering), N1513u
A (Rotation) saulUfian13msi9duinglunn (Object Detection) wazn1sulasviAuiifves
AN (Perspective Transformation) #IN355UIUNITAII ANAINIL ABNTLUIUNITN

a ¢l o 1 & o aa Y
ARAIANTNNTZYINADTNNTUEDAYRININ £ (X, ) Huled
nsUszInanan nATneadzifgiunswlastayan nlvieglusuuuuvesdoyanines
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341 3‘1]5"1\‘1Ll,a$°llum°lla~m'lw (Image Shape and Size)

¥ v '
€ v v

aa ! a d' 2 a ! d' ! LY 1J
G]Q‘Vlll’e]g@]']llﬁiill“(ﬂ@LLﬁZVliJUHEJﬁiN”UUSJEUiWQ‘VILLG]ﬂG]'Nﬂ‘LlE)’e]ﬂbL‘U ‘VN‘V]L‘U‘L!E‘UVW\‘]

3

e

aaaa A

sedianagliidugunsasuiads Tunssuiunisussutananiniy Bntenlduinfiande
nsivuaveulavIn mnawlieglusuavaey Wesanirliniseunin n1sdaiu
v ! o 6 1 < Y 1 = a a
Toyanmlumiieanud wagnmsuansninesnniagunsaling q Wululaegdiussdnsam
auyAlinmdududsuuuansisdouwin Mx N aldiuamuun M x N dleftuns
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MxNxg (2.3)

Toedl M Fednuganinluwiuey N Aediwiuganinluiuids uaz g Aediuiudud

wnunulnvesdeyaluudazganin 61 g dawiniu 8 TnaeaunsaiuaIuuANAI1ITe
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seavdnuluaaan 256 sy (2°=256) seau A1 M waz N aziludiveniisnnnuaziden
Y040 @ nsunsuianesluluszuu VGA (Video Graphic Array) azdlauin 640x480,

800x600 Uay 1024x768 9n LTudu

2.3.2 ¥UAU99NIN (Image Types)
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N ualnelluannsiaduwiAafeliufe nisunualuldasineaiiiousuanisdves
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AN TULFALIRATDININLALLANANA LRI
2.3.2.1 Awluun3 (Binary Image)
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00000000001
0000000001 1
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oo 000001111
o o 0000111 1 1
0o 000111111
00 00011111 1
0 0 0011 1/ 11 1 1

sUN 2.3 amluunsuazesdusenau

2.3.2.2 263 (Indexed Image)

v A ! =

v oA a aa [ ! & =3 = 1
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arfluaglunnaydetoisisd axfudunisesdlunudiug 13 lngagdiamduiuiuvesinay
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o 137 137 137 137 137 137 137 137137 137 137
137 137 137, 137 137 137) 137 135 135 135 135
137 135 137 135 137 135 135 135 142 142 142
135 142

136 [13;] 04706 04078 0.0314
136 (133 06667 0.5843 0.0824
134 05961 05216 0.0941
134 13 4 1135 09686 09137 0.5647
136 09725 08314 01725
137 09647 0.8745 04392
138 09725 07882 0.0392
139/ 0.5490 04510 0.0431
140/ 03451 02824 0.0314
141 06784 05765 0.1725
142/ 04706 04078 0.1569
143/ 09725 08353 0.3176
144 05490 04824 0.2431

134 134

JUN 2.4 msviiuazesruseneu



2.3.2.3 7MNAMULUN (Intensity Image)

nnAnuuLdun nAA1vesiinarsansazi L lslun TNz LanIaIsE iU AL
£ a gj LY} 1 al' <@ Y a a’l’d{ v a 42!
Wuvesiinwatu fMegriiviuladavesnineiindfonnseaudnn (Grayscale Image) @

Id A v 4 s aa Ao =B 1 1 = 1Y) =
Wunmmnulegldguuuuvesensisd 2 46 lagernnuazianeglugieg nils seauvesday

)}

Fuagivrunresnild Famnnamiseauneglugig 0 89 255 ey mneANddl 0 Aod

¥
P=1

A1 wazAn 255 Aedv1n diuA1ous astludimalaszauanudy Megrevesnnviinilay

WARIRIgUN 2.5

129 99 55 49 50| 50 500 48 48 47 &
130 120 74 49 51 50 500 50 49 47 45
128 123 100 61 49 49 49 49 49 48 45
140122 112 90 57 47 47 46 48 47 48
118 119 111 105 79 48 47 46 47 47 46
129 122 108 106 100 57 45 45 45 45 45
136 130 121 109 107 73 45 46 42 44 45
4L 134 127 115 103 86 50 45 44 46 44
137 131 121 107 9 59 43 45 44 4
M3 13415 114 97 65 42 43 43 43
150 142 131 121 1010 67 43 42 43 4

JUN 2.5 AmeuduuazerUsznay

2.3.2.4 AINE339 (True Color Image)
i a S a & | A Y A a = X Y
ﬂqm@QWﬂLSUaIUﬂ’]Wﬁ(\]iﬁLUUQ']V]LLV]U@'JB?WHQG] ﬂjqﬂagLaﬂﬂﬂaﬂaf\]gﬂu@QﬂU

AUt ANNIRsgILTIlULAY 1 Anwadzsewnume 24 U (a9AUszneoU

3 16 Ufay 8 Un) vinlvdladuuinde 16 a1ud
amailadndenldnuniniian Aonw RGB (Red-Green-Blue Image) Faidunn

a o = a 1

A & v s & aa I3 = a a
‘VlLﬂ‘UIG]EJI‘UEJ’]iLiEJ 3 1A UNITNNUADIAUTENDUVDIAULAT FLEN LLﬁSﬁUWNUIULLG]ﬁ%WﬂL‘Ua
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o Aa =

TRgNFVDILARZNNLYAILNIITUIIINATTTIUTEUIUANULTUVDIA LAY FhUYD AZFUINY 7
wulTluszwuudagdndumisineaiug doudu nissussunvdaunsouansliiulanagy

1 2.6 WAzABE19YBINN RGB UARIAIIUN 2.7
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RED GREEN

MAGENTA CYAN

BLUE

sUN 2.6 MIsTImsEUIUEN N RGB

3 17 26 30 2 25 23 31 24
0 10 325 16 24 32 33 33 13 11
6.1 3 5 18 2% 3 325 16 12 6
¢ 1.2 1 3 B 24 15 8 1

40 0 1 : 0 310 .6 4 ¢ 39

i T T3 1 B W 1 7 S

Jo—n_ 0l 0 2 03 m o5 85

qil 0 T memms 2 @ Wr @ W

g o=_n.lo o I SR
el o~ [ Y B LUE 31 4 4

o) k0 BTyl 22 (a2 WsE &5

172 263 185 16l 139 137 91 dI B3 €2 59
172 148 1635 152GiﬂEEI\I:a: 70, 58 57
171 188 165 1é2 — a5 & 58 AL

163 167 164 181 158 139 108 71 - 62 64 66

233 255 255 233 255 (451 253 143 239 240
255 355 255 255 2% 50 290 240 240
250 285 255 255 255 250 43 0 23F 241 42

JUN 2.7 nndAdSauaresAUsEnay

2.4 nsunbuwnuyn (Gamma Correction)
msuAlawnuudunisudluanuainsegrsliidudadumeilsidusnidsluseuuinle
wIan s Tnefianuainsuesninie Aladsvesiissduaudulutiasingarasnn
Vv Sednauudlinniivune M x N waz f(x,y) Aesviuanuduveusayiiniga
o fifesann AvaTIswesn e sawInlldanaunsi 2.4
M-1N-1

B = ﬁzz f(x,) (2.4)

x=0 y=0

n1sUsuanainsvesnnlaeldisnisuiluwnuun (Gamma Correction) ndnn1si
drfyAe nnaafinavesnmsuatuargnenfdamemiUsLnuyn () iWevhlramiay

ANWAEANUALTANMLNZEL HenTueninasaunsaasulelaainaunisi 2.5
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B.=(B.) (2.5)

lae?l B, uaz B, ADAITEAUANNNUBININAURTULAZYDININUAIDINNITaNNTT B99sd

.
Aeglutie [0 1] waz ¥ AeriAlaf
o % 1 d‘ ¥ 1 o Y 1 U ¥ U 2= -dy d‘ = %
dmsuan ¥ Adeenin 1 EVnAA1SEAUANUITNTRIRAaNENA NN T UL LB UAY
ANTLAUANUIUVDIAURUU AITU LV ANARNSUDININLANUEINNUINTVY FI92L58030
“N139818NNUT (Gamma Expansion)”
o v} 1 d' 1 o b7 o v Y} 2= v d' = %
dmsuar ¥ u1nnan 1 agvilulaansyauauldemasnsiatesaailoiauiu
ANSEAUANUTNYDIAUATU ALY A8V IANAANSVDININLANUIALINTY BI9258AI “A1S

v

Judaunuu (Gamma Compression)”
AsUSuAILAIRIN I Wagld SN suAluwnuNnaunsavinlalaeldauni1si 2.6 Taed
f(x, ) Aomanuduvesganinduatu aziuingnyililuussingudienisms 255

(nselilltseeud 8 Um) neunazldnuilandunnuin ndniuazgnaundume 255 8nase

dieldien £, (x, ) ﬁmﬂmwﬁwqqqmagﬁ 255
4
fs =255 L2 (26)

nsudasAlaglaflsdduunuanmuanuaniuanadeiuanssauanslanegun 2.8 &
AnannIsAwIlagUasuAILALNLNAST 0.04, 0.1, 0.2, 0.4, 0.67, 1, 1.5, 2.5, 5.0, 10.0 tag
25.0 ngkAu x ABAIAIINNYRIANINAUATY f(x,p) WasLAY ¥ ABAIAIUINYEY

AN ARUAIATULNLLT £ (X, )



<
o
T

Adjusted brightness
= =
s )]

UM 2.8 nsanuduiusseniteAtanududuaduuagAtnudunaainidau

Gamma Correction
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D4

Original brightness

2.5 udifiaule (Region of Interest: ROI)

1% a el' 1% a A a A N A o
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HansynuAvdIudus 39lu 1w awnsanualaraiee ROI HoMUUARILNLIAI99) LA7

2x@519 Mask L4 Binary Mask d@usuldlunisivusveuiuaiiazinisi

dsuwlasniely

sun i) lnglvandauinaulaidu 1 wiedvn warldidug U 0 wiedd Tneseogns

983 ROl Milunsoudindsuanuisaunandlanigui 2.9 Jud subimage Wintuazgniun

UszaIananIn
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image 1 a subimage

JUR 2.9 ROI Midunsevdnaey

L% a

2.6 NAUNAVININ (Perspective of Image)
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2.6.1 FTAUYNNDIVDIVIAULRA
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2.6.1.1 yuaslussiuaeniuyud (Human’s eye view)
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(Vanishing Point) 1Judu

2.6.1.2 yUNBITTAVEEAUN (Bird’s eye view)
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= )

yunosaenveunluyuueWay Weowssingseg anauuulneiiyuues

[

a
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gﬂﬁ 2.10 Bird’s eye view

2.6.1.3 JUNBITTAUAWAIMUBU (Worm’s eye view)
YUUDIANYAIVBINUBUA DYUNDIVDITRYIINAIUATIAUEFRNAN 100 DY
e AsaiutuiuyuNeesEEnIun Wisulalounaaaeensmin 90 aemAuTsuIuNIGY

vendIwiavendesagian veaiuiuraalumauvserionl dreg1wesningued

wamafaguil 2.11

‘Eg

g‘dﬁ 2.11 Worm'’s eye view
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2.6.2 mmﬂmmwguuawnﬁu (Inverse Perspective Mapping: IPM)

nsudasnmyameswndufemaiianisadamansegnmileiildomlunisuasszun
17 Mnyumomilslugnndnyuueanis emdanansznuvespmesitatouveanm Tu
fiflfdonldnisadrenmemuesnun iesnifuyumeninaueszesnsvesingléogay
Wadu TunisasiauteseaualenIun Liﬁé}’aqmﬁ;muuﬁuauu (X,.Y,.Z) fanglud
STUNUAM (,v) Tnevdnmisaneniniansisguil 2.12 auifiudnsidesnsnsTuLunnTsL
(0) Tadugunmanyuresndewieduyuiindenseviiuiiuauy nsuasnmyuuesuniy

anunsauanslansaunisn 2.7

¥,
XC
Ze h
u sin(6&)
h
v KV
Xw
(4 &
Z‘W
g'ﬂ'ﬁ 2.12 nannisuuag IPM
(u,V,l)T :R'T'K(XW,YW,ZW,I)T (27)
Taofl R Ao wyviEndnisvyu faunsil 2.8
1 0 0
10 cos(f) —sin(6) (2.8)

0 sin(d) cos(0)
0 0 0

- o O O

T @9 nsngni1suuad Asaunisa 2.9



15

1 00 0
0 0 0
T= .
00 1 " (2.9)
sin(d)
0 00 1

g9l A ABAINAIIINNUALAINGDY Uag K A lWvsNdn1s18no3uainaed faunisy
2.10

/
K=|0
0

u, 0
v 0 (2.10)
1 0

o

S N @

5%

A1 f wazAl s WudAmsfiwesniuegiuriinvendes Tnefl £ Fennuenlndaves
ndes s Aeamiuan1imes (Skewness parameter) wiarduUsEAVSAMUTI8INS
wanuasteya u, uag v, Aegadniliiendesfussritsssununmuasssuiutesndes 3o
o1a3unliindugansnansueagunim unuaaNnsa 2.8 2.9 uay 2.10 asluaunisi 2.7

gleaunsi 2.11

u Pun Pn Pz Pu
VI=1 Py Pn Py Pu
1 Py Pxn Py Py r

ALY

(2.11)

— N

wilesnniaulaszwivauu (¥, =0) hlvaansoanadiuvwinvesaunisi 2.11 1a

WARBLNYY dUNSN 2.12

u P P13 Dis [ X
V|=| Py P Pl Zw
1 P31 P33 P 1

(2.12)

ansaldaunisn 2.12 intelumsasisninyutesndula n13vi IPM asgielinmene
y1nndessuniiniinistiadeuvestemaiuse aeguil 2.13(n) a1uisaNeiuges

nmadusaludurunu daanslugun 2.13()
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® 2

(n) NEUNITHUAY () naInN1swuag

@

gﬂﬁ 2.13 MSUUAIN NN

= (=1 ! v A o A 1 N v 1 £ 1Y
1NFUN 2.13 Iy viedwwesiilleszevyelnasenlvaziidnuueiadimiu
waaInMskUasursinndusdItznaeduduruumnuidy viedwestiug [y asmuld

Instadauvesgunmanunsagnuilulamenisuuasnneuaeanduy

2.7 M5AATIZIRNISAN0D8LUULTALEY (Linear Regression Analysis)

L% (3 1

nsasizinsanaeslumaianisadaildluniseSursninuduiusseninedanys
nsdifidrefigaiiaznsiaaoy Aomudsnils () TaFenirdudsitusgfutivae o1q
Aedestuiudsuids (x) Beninfulsdasy danuduiussening y fu x Budunse
W& aunisvesduannsaesunledaunisi 2.13

y=ax+b (2.13)

lngN a Foduusednsanudu wag b Asyailidunsellidauny y lagdiminlied
x =0 wiugunisieglugluuy y =b 9aUszaduaIn1siagIzinIsaneswuududufe

NI NEUNSINANER Msoaun1svavanisauduiusseninesuwls y waz x 19

[y

TUNIIN1FIATIENNITOANRELUUITLAUALADINNTANEAAU (x,, y,) Ineivuali

v

A A ¢ A o ¢ o v ~ o, ' a Ql'
P, AOAINITAINNITAIVEY ¥, NAURUSAU x, wazld e =y, — P, Wur1auRanaIng

a

= oA a saa a Y a I3 a ¢ aal g v
‘Via\‘iLVia@@EJ LW@ﬂ'ﬁ'ﬂLﬂiqgﬂwmﬂiga'ﬂﬁﬂqwfﬂgmaﬂuLﬂm%mqﬁﬁﬁqquUﬂ'ﬁ?Lﬂi’W'Vi ']ﬁﬂ'ﬁ‘vrlﬂj
A ada o

Uoeiignie F8i1dsaestiondign (Least Squares) 9nANALAANAN UNUA §, = ax, +b

agldaunsi 2.14
Zei = Z(yi _j;i)
i=1 i=1
S =Y 5-5) = (3, - ax, — by’ (2.14)
i=1 i=1 i=1
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o < ° = £ o v d' '
We 7 Wudwuduivaveniiediuwiuteya 3naun1si 2.14 meAves a uay b
Mildnismenmasaesiitosiian uanaiaaunisn 2.15 waz 2.16 auady
n
oy e
2. (2.15)

—£—=-2% x.(y,—ax,—b)=0
oa i=1

oy e

2. % (a0 (2.16)

8[) = i i
NaUN1TN 2.16 11 2 mMsvaestlinazaunaunseagluaunts vlaaunisi

2.17

> —yi+a) x,+Y b=0 (2.17)

i=1 i=1 i=1
TumsudaunislaendedSnismisadfungae lngdwndendunlddunismAede
v9990ya laedlaun1sataunisi 2.18 uar 2.19 lngzAnadevasnuls x, A ¥ way

ARdsURIiILUS y, Ao 7

F=1% (2.18)
n i

_ARIRS
nio

WUATENNNST 2.18 uag 2.19 adluaunsd 2.17 avldaunisildlunisman b deaunisi
2.20
b=y —ax (2.20)

RNANNITN 2.14 11 2 W3veeeEly @measamﬁzmﬂuaumi LAYWUAIANENNTT

7 2.20 9zloaunsy 2.21 drenauienian a lassaunisi 2.22
=D xy+ay.x +(¥—ax))y x, =0
i=1 i=1 i=1
n n n n
—Y Xy tay Xy xy-ay xx¥=0 (2.21)
i=1 i=1 i=1 i=1

S % (3~ 7)
= (2.22)

a

. zn:xi(xi _f)

wWialdaunisi 2.20 way 2.22 wad trluunuarluaunisi 2.13 wWisldduaunis
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N1S9DNLUUKAZNTITALUIU

3.1 nanuI
unitdunisdauanisiimannisitananluuni 2 unldluudde swudesieaziden

TuN1399NLUUIZUUNITUTENIUAITEBZNNIINFYYIUNINTLADINNADIAIUNTNTABUA B9

anunsauansudentnezunsulanegui 3.1 Inefissuuiinauetazusenaume 3 dwlug

A ! [

Mg @1uN15wSeNFUNAIN (Image Preparation) @3un13059a3UT0g (Object Detection) ua

3

daunsFuINsEEEN1e (Distance Calculation) wanaufiagUszanananinanunszuiunisle
wwdedldunsumaiiuniderou

Anenfinusilald Raspberry Pi Camera Module iundaslunisdisnin anuasden
g9gR 2592x1944 pixels \Feustefiu Raspberry Pi 3 model B Fadudrudildlunisuseuians

o
¥ ¥ U

an13emenien1w Python T Open CV nassazgniindlegfinszanuesnasiiegaumtinves

Y

Jo8UA 1AUAINLANUIULIURINADIN 1.3 1nT Yundondesas 30°

I
| | | 1
\ d |
re Imgge e Br!ghtness _, Regionofinterest
i Resizing Adjustment Determination :
} I
I
' Image Preparation |,

o e e - i

I \ [ \
I 1 I
Distance _ ! Distance Tygres | ; Road ]
(m) "1 Determination . Ferspective <+ Removal |
| Mapping ! 1
| ¥ .
I
I
3 Distance Calculation ,/' ', Object Detection /

PNUADNIABLUNTUATNTINVDITEUY 289UINA8luszUUaTUsENauRIEnNIEUIUNNT
¥rauaun 6 nszuaug e M3USUTUIAFUNM (Image Resizing) N15USUAIUAING
3Unw (Brightness Adjustment) nsfsunfiuiiiaule (Region of Interest Determination)
Asaufiuauy MISUUAINNLULBINARU LaNITUTEUIUAITEEEN Imaﬁwﬁq@ué’wﬂé’f
waé’wéaaﬂmL‘fJuszEJzmwaﬁmqﬁmw%’ﬂmwmgLmﬁ %aﬂszmumﬁﬁwmuﬁwungﬂ

asuneluidenald
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3.2 daunsin3eugunin (Image Preparation)

i

drumswsgugunmazlsznaunig 3 nsEUINNT Ao n1sUTuruaguam n1susy

I v 4

AMNATINgUNIN waznsiueiiufnauls dygraninazdesiunismssugunimdy

o

[
o 1 [

TUNBUKINNABUNILUIFTUNDUNITNTIITUTRY TnsludiutiaznanisivaziBenlunsias

9

1Y

:’1 a a dy
ﬂum@u%@ﬁﬂﬂimiﬁugﬂﬂ'WWIG]EJaSLEJEJ@ PNU

3.2.1 n5UuTUIA3UATW (Image Resizing)

'
a

9 < Ao & v ° & o -~ °
n1susvrwianmdudsndndudewilutusouusn THlunisiiunseandiuiuganin
(finta) Navue lagazaeinnisusuvuinvesninlviianaelunng anneunavidn
N3EUIUNTT NIFUAIBEINRTYITanTIILgAN Wl TpeauAdIRsanIT Az denraenInle
1 % d' dl 3
DHNATUNIULNBNITUTEUIANANTIALED
m3vFurwngunnldnisandnsinisdu (Downsampling) laganunsauansladisasnis

3.1
S(x,y) = fo(Kx,Ky) (3.1)

o K=1 f,(Kx,Ky)=f,(x,y) Wen £, (x,y) Ao Anwavesninduaty waz K
Aa WI1dmesiiIMuAdnsINsdu Insvuinvesnniineinusaduilidenldfe 640x480
(K =4) Juruialiidnauvinlisisasideavesninme wavlilugauseddiaanlunns

UszuanauIU

3.2.2 mM3uFuanueadegunm (Brightness Adjustment)
' < v o o A o ! v saa v Y o w
auaitavesn ndudadudrdglunisussananan ninilugradnsngd dedednin
manafiavesgunsainisareamiinlviiiamansenudenin A1veIn1suAluLNNLIEYN

mnualagnisiienade seauanuduluesgnaudnaiesdalawnsulagagivualvaiaiiy
1 (Y] v A I~4 1 4‘ | d' [} % % o v 1
ar19naan1susuiiandu 3 LANIIUANRAYVBITLAUAINULIUNINLAIN LA E L1509 AN

LANULARNNAUNITA 3.2

N | =

log,,

N | —

B log,,
=03
log,, r

(3.2)
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lag?l 7 ABALRAYTEAUANUIINYRININAUATY wag » [0 1]

a

A Y1 o (% (% ! v 4 o 3 1
Lll’e]l@lﬂ']LLﬂiJiJWﬁ']MiUsLsﬂuﬂ’liﬂiULLG]@Sﬂ’]‘WLLa’J ALADININTHYNNINDBNLUY 3 Vd

PNUUUIA I ULABLYDIEAIWIUANANNITA 3.3, 3.4 way 3.5 d1USUTe9ELAY Ale7 wavd

(%

duauaau
Jr(x,y)=255x %jy (3.3)
o (x,y)=255x %jy (3.4)
5 (x,y) =255x% %T (3.5)

Wed fr(xy) fi(xy) wag f,(x,y) Aomszauamnuduluudaefinenveosdung e
LazdItu MINE1RU naunIsh 3.3 3.4 uaz 3.5 aziiuindinisiliamduussingu

(Normalization) mgn1smsmemasi 255 (nsalauasiden 8 Un) antutluidgileidu

U 1%

Gamma Correction gavgusuaINanIgn1IQeeaIAd 255 eliA1syiunlnuidugagn
WinAuNINFURTU Na9anAIuIAluLAaz YR E L dLAY Y199 3 YesduINauTINAulaLTY

AN RGB Tvsifvinn1suSuAIAIMNEINIS8US DY

¥ 1
= =

3.2.3 mstmuaiuiinauls (Region of Interest Determination)

'
= 1

amAgelinndesiinegfumiivedse asdsenauldie auu Jngieguunuy uae

9 Y

'
o a

auq Yusgivawindeuneluuiiniug Wewnninaulamsesaiuingieguuauuingy
Wi liNemMonNT15UTELaNALS 1399 89M 1% UA RO

TunAnerinusilaldnsevavdeuruiinuiniudmasuaimysuin 114800 pixels

Jeanuuvazivuiaenaziduruianaesa 14

[

Tun15A1vum ROI Taesi ROI MINendnus

©

'
Y

dmfunnaniileninnaesazdesgnindsag iduniaauvinlilan niyusousiy fedy

a PP o w 1A a & a ] A & v = q‘
UILIUNUUYFN iy"\]SE]E‘JJVILWlI ROI ﬁ]gLﬂUUiLmeﬂWWWQMN@WMWJ’mLTJ‘L!VLWJ']"\]ZL‘UUWUGUUWE]EJ

Y

NIAUNNTIID Lazusnaneguenuioanauurseusailudiiviedluawasgnas

[

74999n270N59U ROl Jumaunsivuaiunnaulaausavinlamutunausall
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17 (BN
= I

1. aduendniundmdeuiudmunniudmvtsuaamyiansisgui 3.2

2. dndnludunaud 1 dngauriununnnaglduseaiana

U 3.2 ndnuamdeurudnuiniuavheunimy

CaN

1% um—r (% '
a a v v (2 =

3. denwziunndeuiuiuaintuneui 1 way 2 Nunuenuileaniazgnyinnig

A a & Ad s @74
auasn Lﬂa@LWfNWUVWlaUI%LVHuu

3.3 d2un133233UIRY (Object Detection)
Wlunsesmingdinlngduisnisseudmeniesneuiiunes (Machine Learning)
Jesmanistoyaregavidludauinuazdsauiieldlunisinasureuiiunes [2] egnslsinu

P v XY = ° ~ v ¥ v e 1 2 v
Wasndeslddeyalunisiinasuiiuiunin emesligiudeyanivuialvglunisinudeya

[

feg1 dnvadaliifianunainraelunisnsiaduing

9

[ =

W n1seseduingdusednanimunniu Aenislddana3sunisauliaauu (Road

[
a

Removal) Laanningiiisisiemsiaduiluduilnangavesnmdalilanumsouulaensed
Auninvessn Aauisndeigalun1snsinduinglaegigniesuazuiug) Aenisauiiuia

q 9

[

AUUBONIINNNENEGD LI TN NIFDINI9N UL TUABUVBINTLUIUNITNITAUAUY AIU150

wansladsgun 3.3
5 & “ 4- o wve X
Tumeun1sauituauuluvdenlnesunsuzufl 3.3 awsaesunglansil

1%
a

1. mwazgnuenaeniu 3 Hoed Ao dwas ATe7 uazduntu

o 1

2. den 1 osdunmanaduaandu (4) RnfufiFumiheseiidud ey
3. asanmluunlvd b.(x,y) laefide 0 wanadeiuiduauy On 1 wansdeitud
Flalldauu nssndulaldidonldan Threshold Wuanfildannisnaassmen
mdufingavesusnaiifuiiuauy Gruau 10 A1) wasdanfuanAm

40/ Ao Aady (Mean) harAd1uLDgLULINNALRAY (Standard Deviation:
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SD) wugusnanuiiuauudian SD eglugae +35 fundruniluauuazdsuen

1 v '
C% a1 1 =] =

Wenunnsaduiirroglugig £35 vesdnadsludunouin 2 Nundiud
= & Ay a ~ | ] Q1 & ~ PE

wenwitleanntazgnunuiaiedn 1 iievsvaninlallydiuvesiiuauy welide

fan15vIANIN e Asnseedaulaanunsananslafsaunisi 3.6

0, if| e - 4| <35

1, otherwise

bl.(x, V)= (3.6)

a9 i AaveIdALAazYD

4. VFTUNBUN 2 WY 3 ANNSUTBIENNEDDN 2 BBd

5. TuRaUEAYNg 331 3 ANLUWNIIRIeiU waIAMAIEAIAI 255 Liteas19nIw
RGB lnyl
Find average Using value
Select one of > intensity of area average, create
Input frame-—3 RGB channels in front of the binary image of
vehicle non-road pixels
Loop for each
R G B channels
Road-removed Merge 3 binary |
image =~ € images into new <
RGB image

= < Y a = &
E'U‘VI 3.3 Ua@ﬂi@a%LLﬂilIGU@ﬂ@aﬂ@'ﬁ%iﬂﬂ’ﬁaUWUﬂuu

3.4 @9UNISATUUTTYINIG

WA INFYYIUN MR IUTUNDUNITATIITUTRGUAT Aosvhnsarwruaszaznindy
o w o = 19 ¥ s o d' o 1 ! & o
anduganie elilanadnsaisseeniswesinginsiadulaeanun Ingludiuliazyiinis
Na1AMENTIUNIIAUINTEEENIE BIUTENBUAIE 2 NTEUIUNT AD NITHUAININYLLBY

(Y]

HAFY wazn1sUTTINAASEEEn I TulsagnssuIumsIzgnesuelngazidun fail

3.3.1 MIWUBaININYUNBINNEU (Inverse Perspective Mapping: IPM)
ndilananluuni 2 msuuasnmyusemniulzfomuamLUTinee Aldlunis

marngunsal Insunuadius 0 @uluyundesiiBesas) 307 adluaunisi 2.8 agld
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1 0 0
0 cos(30°) —sin(30%)
0 sin(30°) cos(30%)
0 0 0

(3.7)

- o O O

lun1smanuning 7 demsiuan @ waz h Mduadnuaaseninsiuauuiundes Ty

NIt llaRnRINaoIANNE 1.3 lns AiuRInaunisi 2.9 agledn

1 00 0
0 1 0 0 3.8)
3.8
-~
0 0 1 _.143
sin(30°)
0 0 0 1

dusummnsfimesangg sssnassiiglunisaisnn nuddeiladenldainusilniaues
NA9Y f =500mm, s=0, &MU u, wag v, duduAninatswesnimay nsailadenld

ANTUIA 640x480 FIUU u, =320 LAz v, = 240 lilaunualadluaunsi 2.10 azld

500 0 320 0
K=| 0 500 240 0 (3.9)
OAAARS A L

wazazlin1suUaIn NyLNBIHNAUATENN1SN 3.10

u 500 49.36 421.04\( X,
v|=l 0 531.04 31578 Z, (3.10)
1 0 0.15 1.32 1

3.3.2 N15UszuuA15282N1e (Distance Determination)

A @

dedyaunmildgnudasiedluyuueswuuniun Fudumsuilymauldiduds
EusenIeszeenslunINiusseEn199se ssdunamiuindedyaiunmgnulasisuioy

wan Wureusuauuluduegluguuuuiduruiu dwmalinismeanszeznsanunsaiinldlag

[
IS [

AstaunIsiaunsaleviud TunszuIun1sUinISYIn UL U UL

1. Anaaedsauduvesinanmduiel Buiaiaisdn
2. WUSHUMiBUAILRALANULIURNLYATBILAaZLANUAN threshold Tufa 50 Taun

31NNINAGDINILNTIENINTT TN NFBIN15nTITUl LT EENLANAIIUTIUIY

10 p wuhianfianuduiingaedeninndy 50 axdusurlasuduresing
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IS 4 J

i = Y a =i & vy Y o & =
mnAtadgaNuduineanLatuiaiesndt 50 Iudeunduluvituneudn 1
lAga1AiuNITAILINAELAIINKOIATULIVY AWALATUAUYDI TN ALYNUIY
WaANRayAMNLTNANIaNLaIUULAININATY 50 LazAIAIAUTBIAINY (p) 9%

[ = o ¥ o J

gninuLitethluldAmnussezms

INANNTAUATI ABWINITIAT @ way b Tuaun1si 2.13 laen1smienay
MN1TATIERnIsanney (Linear Regression) laglddayaainnisnaaesivinnis
ANTZEENNATUAZIAUNINAINNEDINENTONNY 1 AT ISUFUT 3 luashia 20
As Pedayanlaviinisiiunan1snaaesannsanandlannisned 3.1 Jayaain
M135197 3.1 lnsliesginisanneeidiuntiglunisadisaunisidunss el
a=0.03174 uag b= 3.235 dwalissesn1esenineinginsduivenuninue

anunsamualanEuNSIEURSIRIENNIST 3.11

d=0.03174p+3.235 (3.11)

lnel d Aesvesnesenivinginsaduiveunmugluniiewns uag p e

segvin@anvaun I uaNlUILiRasuAuesing (Mlanntunauil 2)



M13199 3.1 Toyanldlun1simseinisanaesy

spEEMeaTe (Was) | dwuumiEuduvesing (p)
3 29
4 59
5 82
6 90
7 114
8 140
9 166
10 173
11 191
12 214
13 245
14 271
15 304
16 333
- 407
18 461
19 549
20 585
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uni 4

N1INNADNLLASHANTIINN D

4.1 nann

unifgnanimanismaaewessEuUNImIASTEENsTiTiEue Tnsaziiauenants
naaosluuartunounInaans Mamaaesszuuluanzudsing Wisuiisunanisvaaes
YoismsThiaueiuitnissngg Ainsiemilndifesiu uasdugarinessoznaniissuuld
Tun1svinau maﬂ'm/lmaaﬂuwﬁgﬂmaauﬁamwLLaqu'm (80,000 - 150,000 LUX) L&
Urunang (5,000 = 80,000 LUX) wazkastos (20 — 5,000 LUX) fuasnnuazLaIunan
NAADU 18 T2U¥N N T2U¥NNAE 2 NN LAYl evAaaU 18 T3esnNTeuznINag 1 AW

U 3 ANNITWAILANAFDUNINUA 90 AN

4.2 HANITNAADINITUIANTLEENY
PINUNT 3 szuumbiaueysenauly 3 dulvig)q Tume dnswseuunm dunis

[

ATIVTUING waTAIUNITAIUINTZELNN HANISVINABIbUEIUAINY FzaBUIEAIll

4.2.1 daunwm’%augﬂnﬂw

! a 3 ! A v ' = v I o
mumimiamgﬂmw Lﬂuaﬁ]um“lﬂEJELWﬂ’]TUi%lI']EMV"I’]i%EJS‘VHQ@JWJ']QJQ?]@ENLLaSLLlI‘UEJ']

¥
=]

WINTU WaveInswsEugUAmMUsEnauluaie 3 diu fall

4.2.1.1 wamsuSuruiaguam

syuuidnaueldldndes Raspberry Pi Camera Module Tun1sdunindaas
Feuseriu Raspberry Pi iftevnisuseuiana anuazdenveaniniildanndessiifu sMp
(2592x1944 pixels) Ingifloviin1susvauIngunim agldnmdifvuin 640xa80 fintwa s

wandlugui 4.1
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A
L #4

SUT 4.1 namsususunmiliilsvunn 640xa80 finiwa

T

4.2.1.2 wan13suSuAUEINgUAN
aINUTuTIIASBUTosLAIN NAZIdIgNsEUIUNSUTUANINETS Weliins

Uszanuarszeenelnlivseansamingadu nan1suuaiiuadnegdnn (310U 4.1)

anansauanslanaguil 4.2

5UN 4.2 mamsuSuanuaineguam

1NgUT 4.2 agiiulsinnmidanuainsenasangudl 4.1 Seiliiusoaziden
#199 1nBetu leduamianuainesgU 4.1 nudnddwiiu 05375 dluduanm
Aunasnfmanzas ale 7 = 0.8988 AAIIAINIYRaTUT 4.2 Tidindu 0.5076 axnungl
arauanshadisadniies esnamiedsdugnagluiififinnuiduuasdeuttamnyan
o199gliifiuanuusnsnsnniin Iswesndegrafiuundunwiignareluififinnanduuas

Liwangan Tugun 4.3 gnanefiannivuatios uaggun 4.4 gnaneiian1iewadun
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(n) (¥)

Ul 4.3 nansUuanuaI e miianuainstios (n) amduaty (@) amiviuan
GRRNEITEGN
N3V 4.3 wansliifunanisuuanuainauean milgnaneluaniizuasiios U
7i 4.3(n) TAwadng 0.2082 tlumuamARnuITINzaN agld y = 2.2720 A1y

#1199893UTN 4.3(%) Aty 0.4552 IgnuinAIANaI ANy

(n) (@)

UM 4.4 nanmsuFumnuainanmndanuadnenn (n) amsuatu (1) Mmiuiuainy
ainaseuiey

NUN 4.4 wansbiiunanissuanuainsweaniniignangluanmzuamn U
#1 4.4(n) TA1NaINe 0.8158 WhlumwimmAnuuivsnzan ld y = 0.2947 JU7 4.4(x)
ANUATNVRINMTAVNAU 0.6155 wuAauaIvanasIna vty vinldausadiu

aLLDYAVDININLATULAUTITU

4.2.1.3 Wan1SAIUANUNNEUTR

nunfaulaszluguamdsuiuinuniudvisuanmy diuiivenmieainiu

srgnaudneen (Uviniduden) uansiagui 4.5
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JUT 4.5 nansivuaituniaula

4.2.2 §9UNINTINIVING
dwnsnmasuingladenldnisauiiuau Inevilidunidunuauunaadudauans

o ::4' | & A A g Ao v i = v |
5UN 4.6 FAIUNUNDU ﬂlul‘ﬁﬂuu%gﬂamquﬂﬂquL‘UN"U'ENLLWaSGU@ﬂﬁ Wgﬂwﬁlﬁ'}ﬂﬂqu 3 YD

Y

a
SUN 4.6 NaN1395ITUINYALTTNITAUN UL
4.2.3 @9UNISUIASZYZNIY
AUN1TNIANTE8EN199rUTENU UM IENATDITUABUNITHUBININ IPM WazluUnaunIg
UILUIUAITZYLNNG

4.2.3.1 Wan1suUasnw IPM

HlenwHuYNNTEUIUNSTsFULE azgnihuudas IPM Taenanisudad IPM
YosIBNsThinaue uansisgui 4.7 nmazgnudadliedluguuesiiunnendly lufitdfesmmes
LUUAILN (Bird’s eyes view) dunaldainusnaiduduouuasidnvarvuiuiy (dulsed

917) Y ASEeL NNl UNNIANUFUNUS A UTLEEN19939
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§1J1'7i 4.7 wan1sklas IPM

4.2.3.2 HANSUTTUUATZEZNN
= v i & a v o = v vy A
1NANN1TA (3.11) ABIN1INTIUAT p MTulanTuAuvesinginsiaduldiiie
U UMNUAIMTZEENIT AI0819NANITUTENINATTEEE NN TEUUINLALARIRITUN 4.8 uaz
HAYDINNTUTEUNUATEEEN VBTN NaURTIaNUA 18 S¥8e (3 — 20 LIAT) LARIAIATT1NT

4.1



JUN 4.8 NaN1IMANSEEENNVRITEUUTIYLEAUD

A15799 4.1 HAaNSMIAIZEENSVD9TEUUNULEUR luaN g LasUIUNaNa

SreEN1993 (Wes) | M p | ssezmnsdissuutszanals (wes) | anufanans (%)
3 15 3.7111 23.70
4 42 4.5680 14.20
5 70 5.4568 9.13
6 94 6.2185 3.64
7 123 7.1390 1.98
8 150 7.9960 0.05
9 179 8.9164 0.92
10 203 9.6782 3.21
11 230 10.535 4.22
12 254 11.2969 5.85
%) 287 12.3443 5.04
14 307 12.9791 71.29
15 332 13.7726 8.18
16 390 15.6136 2.41
17 421 16.5975 2.36
18 431 16.9149 6.02
19 496 18.9780 0.11
20 515 19.5811 2.09
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Tuveszey 3 - 5 wasszuudsllanunsaussun Aol aLLUGLYINNAIT LASTUU

a11150vANsEasn e lawug lugessee 6 wasiuduly

(Y a a = = [ A [ a v =~ 1 =2
ANFIAUTELEANTAINLATBINDIN AULNYIRTILUUDNAILUTUUINANUITAUIUDNDY

UsLANSAINVWATDIIALA AN AINUTEINSIADALANIDIAINUAINITOVDIATDIND IR LY

nsuanIALAulaviinTIanaee Ass F9In1sNUEUstlAIN1TIAAULTIEINT 190953 UL

MENTIATISTELANGTY) T 5 ATIVNITZELNI ANTLEENTINLALARIFINNT1 4.2

A15199 4.2 AnszuuUszanadlelulsazszeznig

X

TSN g 4 g e B & o
S (13) AN 1 AN 2 AN 3 AN 4 AN 5 LAY
3 3.4156 3.4254 3.9650 3.6476 3.6476 3.62013
4 3.9558 3.9668 4.5363 4.6633 4.4411 4.3125
5 4.2552 4.3142 5.2346 5.3933 5.3615 49117
6 5.9351 6.0916 6.0598 6.3772 6.3772 6.1681
7 6.6253 6.8216 6.8533 6.4724 6.4407 6.6426
8 7.3456 7.5834 7.6786 7.5516 7.5516 7.5420
9 8.2154 8.5038 8.5038 8.7577 8.8529 8.5666
10 8.8752 9.2021 9.5195 10.0591 9.9321 9.5175
11 9.7151 10.0908 10.4082 10.9795 11.0113 10.4409
12 10.4951 11.043 11.4556 12.5348 12.4078 11.5872
13 11.5458 12.027 12.3761 13.4552 13.3283 12.5463
14 12.2659 13.0109 13.3283 15.0105 15.1692 13.7568
15 13.1655 13.7409 14.2487 16.1531 16.3118 14.7239
16 15.4456 16.1532 15.1375 16.9149 16.9149 16.1131
17 16.4952 17.2641 16.1531 18.0575 17.7084 17.1356
18 16.8850 18.0893 17.0736 18.8510 19.2637 18.0325
19 19.7053 20.6603 18.3115 19.9302 19.9302 19.7074
20 20.4851 21.4855 19.6128 20.7237 20.3746 20.5363
a']ll']ﬁﬂvﬂﬂl’]ﬁqulLﬁSQW§QIé’QqﬂaﬂJﬂqiﬁ 4.1
precision = (1— /A }dOO (4.1)

m
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Tnedl x, AeAninninlalulsazass uas x, AeAnadslunsinfissuziiy wudnssuudn

Piaueinuiismsmeanisinaasyintu 95.4%
4.3 Nﬁﬂ'liVlﬂﬂE]Qﬁﬁﬂ']?ZLLﬂ\Wi’N‘]

Tude 4.2 TALanInan1snIAIsssN199e9TsuuTinaassluaniizuasiinoudig
winzay luduissasuaninanismansyessesszuufitiauelufianzuas fuandns
ponlU Ingazutsnsnaassesniu 2 dau auAianuduLa@oIUS AR TAITAa0s
1A Nan1sMAasfian1IzuaInIn washaitoy wnazan1zLasldiinIsnA1szeznIg

I
v

PI9UA 18 28T AL 3 — 20 LWAT
4.3.1 HANISNAABINANIIZHEAINN

NANISNAABINANISLAININ WUNaINN1TITEaEnIalugInia 08.004. — 13.00u.
AMLTLLAIUSIAINTATUTENNRY 80,000 ~ 150,000 LUX fired1svasniniignanslaly

ﬁﬂ?’l%ﬁLLﬁﬂﬁﬁ\‘iEUﬁ 4.9 La¥HANITNIAITEULNNANIELENNLEAAIAINS 1N 4.3

0157197 4.3 Tutieseeenne 3 - 8 lns ARNuAanaIneglugle 5 - 34% 81ew191N
waensenuiviinquazasyiauinndeunniiwiissuuldaiunsaauauueanainamla 3a
o 4 o = a Y i 1 !

ilvinsAtwIuszeen1finuianaInluaie wilugieszeenie 8 - 20 WS 9INAAIY

RANAINANNITAUIUDN AN TZUUANLNTRVNULAR

JUN 4.9 awiienglaluanizuasnn
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A15199 4.3 NANISUIASLEENI9U95E VUL AU lUAN IS LEININ

JLULNNAT (AT) | A1 p svgeneitsruuUszinald (wes) | anufanan (%)
3 25 4.0285 34.28
4 45 4.6633 16.58
5 1 5.6789 13.57
6 104 6.5359 8.93
7 136 7.5516 7.88
8 164 8.4403 5.50
9 193 9.3608 4.00
10 227 10.4399 4.39
11 251 11.2017 1.83
12 291 12.4713 3.92
13 315 13.2331 1.79
14 359 14.6296 4.49
15 383 15.3914 2.60
16 413 16.3436 2.14
17 444 17.3275 1.92
18 476 18.3432 1.90
19 502 19.1684 0.88
20 537 20.2793 1.39

4.3.2 nan1snnaasiianizudstios
HanIINAAITaA LAY WunannsTasyezyislugaanan 17.00u. — 20.00u.
arudunasunaduiiaiussum 20 - 5,000 LUX fegswasnmiigndreldluansd
LLamﬁquﬁ 4.10 NANIFIIAITZEZNNTIANIZHAITOULERIRIRISI9T 4.8 9InA151991 4.4
Tugrnauasiosszuuiitiausasnsareuldaluszes 4-8 was wazanunsavhaulaly
s¥8y 39 10 12 14 uay 15 AT uATisvozneRaus 17 - 20 wns AanuRanaiadaigedy

= o o

91aLlipanaInsEesn I iinudmalinalnvtsadeshifiaingnagaunti

Y



JUN 4.10 nuniianelaluaniziastey

A157197 4.4 Han1SIANTEEENeUResEUUNNEuelugnzLaas

35

segeNNTEUUUsEanula (uns)

FEHENNAT (AT | A1 p ANUHANAA (%)
3 2 3.2984 9.94
4 25 4.0285 0.71
5 50 4.8220 3.56
6 94 6.2185 3.64
7 101 6.4407 7.98
8 133 7.4564 6.79
9 (55l 8.0277 10.80
10 164 8.4403 15.59
11 229 10.5034 4.51
12 221 10.2495 14.58
13 294 12.5665 3.33
14 282 12.1856 12.95
15 301 12.7887 14.74
16 383 15.3914 3.80
17 272 11.8682 30.18
18 317 13.2965 26.13
19 325 13.5505 28.68
20 317 13.2965 3351
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4.4 NANISNAFIULNULALY

ndlasinisvedevlunarsaniniindesunuindsiidutladedenssnunossuun
UEUDAD LNUDIAINAADUUTIIATUS TANATENUAUNUNULY LavanNuuyIIToInILALTE
19339z NaDNaNIINAGD ULNLLANYOINANTZNULAZTDI AR89 N91LARTUDUN

seuululgauass

Hanisageuliuiinludiunsnazndifienismaaeussuuaignnignaiely
anmuandeuniiansznuiuiiuauu Medrsweinindinauandlugunl 4.11 aziudn

Uinaduniduiuauuasiiviivewiulivivey uagnan1smageuseuULaAIRIgUR 4.12

TP
j{% o3 s

JUT 4.12 nan1snageuUT NNl

JUN 4.12 szuudszanamsseenalaminiu 5.71 was laefissegnieasadeniniu 6
AT HANISNAABUTEUENNDUY Landlun1319% 4.5 AINNTNAFBUNUINTLUUEINITANIAN
szuEalabNALALINUSEEEN199SaNTzeEn19lna (3 — 7 1Wng) walllaszaznialnaseanly

(faus 8 - 20 ns) wudrszuulianunsonsnaduingasald seuvagasduliasiouduy



37

NUOUULNY N9T91911971001569A1 Threshold Tunisasraduliwmunzay 39vlin1snsadu

JANURANaN

A15199 4.5 NANSNAFBUSLUUNUILEUD L UUS NI UUAUOUY

saEeNTsuvUszanla (uns)

FEUENT (R3) | A1 p AURANATR (%)
3 2 3.2984 9.94
a4 28 4.1237 3.09
5 55 4.9807 0.38
6 78 5.7107 4.82
7 105 6.5677 6.17
8 76 5.6472 29.40
9 78 5.7107 36.54
10 5 5.6155 43.84

NANSNAZBULNLALIUAILEANIILNANDINITNAABUS L UUNENINAUUTIY DN BAUTAN

UNTU WU 4 YRINIUAUTD NIDFNINAUUUUNIAIL AIDEIAINIIABINITNAFDUNENIN

DUUVANEYRIMNIUAUTALANIAIFUN 4.13 nansvadeunTsuvansailiuansdagui 4.14

3UN 4.13 Mo MMInARRURAN N UUVANEYBINAUAUTA
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5UT 4.14 NaN1INAFBUITUUTANNAUUNANEYDINILAUTD

[%

Areg1alugun 4.14 seEEn1easene 17 lwuns asdurianudanainlun1susyun

SYYLUYIINU 2.11% LLaNAFDUTEUUNULEUBLAD NUIIFINITOVINIUNFN TN UUNANY

1
(9 <

¥9IM1uAUsale LI INITURIUNISAIMUA ROl 19781752 UUAILISNSIDTULAELATRG

q
agYaaLAUITREINU KaN15iMUA ROI WanefaguTl 4.15 9Mn3U7 4.15 9ziiudn ROI i

nIsnUsMsguenmleNYemnAusasuntesnly fAuuszuumiiaueiw@iunse

MOUluaNINAUUTANSYINAUSO LS

5UN 4.15 Hani1sivun ROl AinaaeuluanmauumaIeyesmaiuse

nan1snagevludiuiiaviiunisnaaeuvessruufitiaueinauazidon 0.5 WS
nnaeulneNTINTEoENIUBITABUATISE N SaRY Raus 3 — 10 LA gﬂﬁ 4.16 LLamgﬂﬁ
Foensinsrgmeresnsudfivinedu 0.5 wns laefisuil 4.16(n) szeenevisie 3 wns U
7 6.16(0) S20EN993970 3.5 AT NANISVAGOUANILAZIEIATEINITIALENIFINITIT 4.6
NanIsAdOUNUINTIsEEEN1e 3 — 5 wassuuliansaiieuldnsziiaiauiianain
11NN31 0.5 LUAT WAKANISNAZDUSYEENI 5.5 — 10 1S nudszuusinnulanuazaing

ALLDYANSTUUANNNSUTEUIUANSLEENNNLANANAY 0.5 LUASLS



(n)

JUT 4.16 MInadeuANNAZIdYATIN1TIA (M) T08UAVIG 3 AT (V) TD8UAWNG 3.5 LS

a a A o
A919N 4.6 NANITNAFDUAINUALLDYAVDITEUUNUIEUD

Seuzn93e (wes) | A1 p | szesysdfiszuulszanald (ums) | anuiawann (%)
3 15 3.7111 23.70
3.5 29 4.1554 18.72
4 42 4.5680 14.20
4.5 58 5.0759 12.79
5 70 5.4568 9.13
55 81 5.8059 5.56
6 94 6.2185 3.64
6.5 109 6.6946 2.99
7 123 7.1390 1.98
7.5 134 7.4881 0.15
8 150 7.9960 0.05
8.5 162 8.3768 1.44
9 179 8.9164 0.92
9.5 191 9.2973 2.13
10 203 9.6782 3.21
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4.5 nSUSEUNBUNISHIAISZEZNIG

namsnnassluduiidunisiisuiisunismessesmaesssuuivauefiuianis
A9 fflndnnsienulndifesiy 3 38n1s Leud 33n15vea STuohy [8], 330159849 A. R,
Mondal [10] wag TBnsithiaueusidenldnwdunniunmsefuaudum Gray scaled
image)

A o O

ax I~ o A [N o aa YY) 1%
98N13UBY STUOhy NﬂqﬁmqﬂqumiﬂaLQSQﬂUQﬁﬂqi ‘mLﬁU@UUﬂaﬂﬁmjf\]ﬁ]U’mqmﬂ

a

& % | s | v ad o =
nsauiiuauukazldniswdas IPM Tlunsmiaszegnng uddsuansaiuisnisidiauens
F’nstlagldfituneuniswisugunmneunisuseanana 3801598 A. R. Mondal ladenld
nmansnduingirenisusunmlindunimluuns leefian Threshold WWusrimuniniiniga
Tamsidudvnivien diuduneuninsmaisseznisldnisudas IPM mieudsnisiinaus

! aq ay v I = o !
uwiazignisniandifsaggniunldlunmsmassagnislunnaniizuas (wasunn uasiu
NaN4 Uaguaation) seEEN1e 18 S88Y AaWA 3 - 20 1WAT AN1ZRAIINLazLAIUIUNATY

NAFBUAIETUNANTELEAE 2 NN anlantioenadouMugUnINszeray 1 NN TINVNEY

90 NN
4.5.1 NANTSNAABNIANIIZUAININ

nan1sSeuiisufianinzuasunn 910015 Inszeznslugaeaal 08.00u. — 13.00u.
AL LA US I aTuTAY UsEana 80,000 — 150,000 LUX wiagszezniald 2 amlunis
Ussanana #an1siUSeufisun1smenszeen1andedeisniseng fan1iguasnnuanid
a1597 4.7 Tnefisaavlurndufomaufinnain 91015199 4.7 @usaadlunisen

A919N T MANUFNITUSVDINITMANTEEENIRIEATNNTAN FagUR 4.17

—&— Actual ——S.Tuohy A. R. Mondal Proposed == Grayscale

25
20
15

10

DISTANCE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
DATA SET

JUN 4.17 n9anuduiusuein1smanszee g Ton1iee Tuanieiean
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mﬂgﬂﬁ 4.17 NUHANSNARDILFALITNITAAUATIUAUAD BITEHLNIE 3 — 7 LUAT
AAnuianaineglutis 7 - 34% eraidosnanuainsznuiuiiinguazagieuiindos
Wi biszuuldaisnsaauauueenanawlaeg1siug FevinlinisAuiaszagnied
anuRananlusae d195U3En15ves S Tuohy 33AsildnimA gL warisnnsd

Y1au Tud19528en19 8 — 20 LUAS INANANURANAINFINITAUIUDNLAINSTEZUUAILSD

Y
(Y |

yuled aziliieisn1svee A. R. Mondal 9aliszazne 16 wns ssuulianunsansiadu

nglagnees Fwihlirszesmelidulunuszeznimss

A15199 4.7 NaN1SIUSHUABUNITUIANTEEENINRAYR9ID N1 TN L@UDLALIEN1TA19Y T

ANMZLEIUN
ILYENN BN15U09 /N394 Billdnmeny | Fnsfidiaue
939 (LWM3) S.Tuohy A. R. Mondal LN

4.060 (35.34%) | 4.028 (34.28%) 4.028 (34.28%) 4.028 (34.28%)

4 4.758 (18.96%) | 4.822 (20.55%) 4.758 (18.96%) 4.663 (16.58%)

5 5.678 (13.58%) | 5.742 (14.85%) 5.678 (13.58%) 5.678 (13.58%)

6 6.567 (9.46%) 6.599 (9.99%) 6.567 (9.46%) 6.535 (8.93%)

7 7.583 (8.33%) 7.615 (8.79%) 7.583 (8.33%) 7.551 (7.88%)

8 8.440 (5.50%) 8.472 (5.90%) 8.440 (5.50%) 8.440 (5.50%)

9 9.424 (4.71%) 9.487 (5.42%) 9.424 (4.71%) 9.360 (4.00%)

10 10.503 (5.03%) 10.503 (5.03%) 10.503 (5.03%) 10.439 (4.39%)

11 11.297 (2.69%) 11.328 (2.99%) 11.296 (2.69%) 11.201 (1.83%)

12 12.598 (4.98%) 12.598 (4.99%) 12.598 (4.98%) 12.471 (3.93%)

13 13.360 (2.76%) 13.455 (3.50%) 13.360 (2.76%) 13.23 (1.79%)

14 14.820 (5.86%) 14.851 (6.08%) 14.820 (5.86%) 14.629 (4.49%)

15 15.645 (4.30%) 15.677 (4.51%) 15.645 (4.30%) 15.39 (2.61%)

16 16.280 (1.75%) | 6.377 (60.14%) 16.248 (1.55%) 16.343 (2.14%)

17 17.200 (1.18%) 6.377 (62.49%) 17.200 (1.18%) 17.327 (1.92%)

18 18.311 (1.73%) | 6.377 (64.57%) 18.311 (1.73%) 18.343 (1.90%)

19 19.041 (0.22%) | 6.377 (66.43%) 19.009 (0.05%) 19.168 (0.88%)

20 20.05 (0.289%) | 13.645(31.77%) | 20.057 (0.28%) 20.279 (1.39%)




4.5.2 Han15NNasInanItzwaIuIunag

al

a2

nan1slUSUBUNEN MElasU1UNa 191N TINTEE g luTEIaIan 13.001. — 17.00U.

AU ULAIUSINHUTANIUSEN 5,000 — 80,000 LUX wiazsyesn1ahy 2 aanlunnsg

Uszanana Nan191Ussuisun1smAITe8EnIaedenIeisn1Imnee fanizuasuiunans

[ A Ao @ A ! a
LEAAIANINITINN 4.8 I@EJ‘I/]G]']L&GUI‘L!'NLa‘UﬂEJﬂ’]ﬁ'J']llNﬂWﬁ’]@

o = = i d' ax A o aa ]
M19190 4.8 Naﬂ']iL‘UiEJ‘UW]EJUﬂ']ﬁV']ﬂ']iﬂEJ%‘VI'NLaaEJ"U'EN'Jﬁﬂ']TV]U']Lau@LLﬁgqﬁﬂqiﬁqﬂﬂ 1‘1‘!

A8n15084
A. R. Mondal

ASAsAlgn

AULTLULNT

ad a o
IBNINUEUD

3.806 (26.87%)

3.711 (23.70%)

3.711 (23.70%)

4.980 (24.51%)

4.599 (14.99%)

4.568 (14.20%)

5.837 (16.75%)

5.456 (9.13%)

5.456 (9.13%)

7.012 (16.86%)

6.250 (4.17%)

6.218 (3.64%)

7.678 (9.69%)

7.170 (2.43%)

7.139 (1.98%)

8.218 (2.72%)

7.996 (0.05%)

7.996 (0.05%)

9.233 (2.59%)

8.948 (0.57%)

8.916 (0.92%)

9.995 (0.04%)

9.709 (2.90%)

9.678 (3.21%)

10.820 (1.62%)

10.535 (4.22%)

10.535 (4.22%)

11.646 (2.94%)

11.328 (5.59%)

11.296 (5.85%)

12.757 (1.86%)

12.376 (4.79%)

12.344 (5.04%)

13.360 (4.57%)

12.979 (7.29%)

12.979 (7.29%)

14.090 (6.06%)

13.772 (8.18%)

13.772 (8.18%)

15.962 (0.23%)

15.645 (2.21%)

15.613 (2.41%)

16.978 (0.12%)

16.629 (2.18%)

16.597 (2.36%)

17.327 (3.73%)

16.978 (5.67%)

16.914 (6.02%)

19.644 (3.39%)

18.978 (0.11%)

18.978 (0.11%)

annewaaUIunang
LN WN5V9
239 (lIA9) S.Tuohy
3 3.711 (23.70%)
4 4.599 (14.99%)
5 5.456 (9.13%)
6 6.250 (4.17%)
7 7.139 (1.98%)
8 7.996 (0.05%)
9 8.916 (0.93%)
10 9.678 (3.21%)
11 10.535 (4.22%)
12 11.296 (5.85%)
13 11.709 (9.92%)
14 12.979 (7.29%)
15 13.740 (8.39%)
16 15.581 (2.61%)
17 16.565 (2.55%)
18 16.914 (6.02%)
19 18.946 (0.28%)
20 19.549 (2.25%)

20.152 (0.76%)

19.644 (1.77%)

19.581 (2.09%)

INATWN 4.8 A1U150UNANLUANTIUES 1N IINAUFUNUSVDINITUIAITLELN 998

ABN136i199 FAegun 4.18
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=—&— Actual —ll—S.Tuohy A. R. Mondal Proposed == Grayscale

25

20

=
[€,]

DISTANCE (M)
=
o

A 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
DATA SET

5UN 4.18 n919ANUAUTUSVRINIMAITEEEN19MEIBN56199 Tuanizuamunans

NNIsNsiiNanaaesinauiupe Tussaenie 3 - 5 wnsssuudwihnanulalifuinneog
S2gENN 6 - 20 WesTruvansavihoulaaluannzwasiviizay Iileddsnisves A R.

Mondal N15£UUE5uaUlamusTes 8 — 20 WAS

4.5.3 Han1snaaasfian1nzudstios

nan1sieuisufianizuasiies nnsinszeznsluginan 17.00u. - 20.00.
anudunasuSnatuiduszana 20 - 5,000 LUX usavsvazmdld 1 amlunisuszanana
nan1sUTeudisunIsmAsEEEN1eReIEN13ne NanTeuastiosuanifimisned 4.9 nei
miavlusdufsanuEnnan

a31150UA T UANS190E5 19N TN AMNFUNUGVRINITUIANTLEN 39183 N1TA199) A9
U7 4.19 99n3U7 4.19 wazans19il 4.9 wuianzuasiosnsmesyernsiieisns
#1199 Fauldaluszaemslng (Usenna 4 — 6 1WAs) dIusz8eN19BUY STULAINITANIAN

SNl AkAAMUBUUETILUAWNTAAT haztilinUSe U UAIAIURANAIALAIALNUIN

ANINULAUDANUITOMIANTLH LN LA UUEININAINITANTOU U NTZ8ZNE 8 — 12 LUAT



=—&— Actual —ll—S.Tuohy

25

[ N
[S) o

DISTANCE (M)
=
o

A. R. Mondal

7 8 9

aq

Proposed == Grayscale

10 11 12 13 14 15 16 17 18
DATA SET

UM 4.19 nsvlauduiusveinismanszeenanigTonsaneg Tuanneuasioy

A197199 4.9 Han1SUTBUTIBUNIIANTEUEN eI oN1TNIEWaLaEoN1TeY Tuaniay

WEILIDE
SEHYN 3915704 F9n15984 Bnsalsnw | AFnsidaue
939 (LM9) S.Tuohy A. R. Mondal AT

3.488 (16.29%)

3.361 (12.06%)

3.457 (15.23%)

3.298 (9.94%)

4.123 (3.09%)

3.996 (0.08%)

4.123 (3.09%)

4.028 (0.71%)

4.948 (1.02%)

4.726 (5.46%)

4.980 (0.38%)

4.822 (3.56%)

6.409 (6.81%)

5.425 (9.58%)

5.932 (1.11%)

6.218 (3.64%)

7.361 (5.16%)

6.155 (12.07%)

6.694 (4.36%)

6.440 (7.98%)

11.741 (46.76%)

6.916 (13.53%)

20.406 (155%)

7.456 (6.79%)

\O oo ~ (o)} (G5 a SN

12.979 (44.21%)

7.615 (15.8%)

13.010 (44.5%)

8.027 (6.79%)

10.503 (32.64%)

8.376 (16.23%)

16.597 (65.9%)

8.440 (10.80%)

11

13.867 (26.07%)

5.298 (51.83%)

15.550 (41.3%)

10.027 (15.5%)

12

7.202 (39.97%)

4.917 (59.02%)

7.297 (39.18%)

10.249 (4.51%)

13

10.503 (19.20%)

12.566 (14.5%)

14

11.138 (20.44%)

12.185 (3.33%)

15

5.012 (66.58%)

12.788 (12.9%)

16

12.661 (20.86%)

15.391 (14.7%)

17

13.106 (22.90%)

11.868 (3.80%)

18

5.425 (69.86%)

13.296 (30.1%)

19

13.994 (26.34%)

13.550 (28.6%)

20

13.677 (31.61%)

13.296 (33.5%)




a5

NRANISIUIEULTIBUNISNAADINITIIANTEEENIIRS 4 33A1S vlFaIunsann
UszAninmueusazssuuldlagnisedsaanuRanainvesusaziinislusrazaniisuas
HANIINARBINITNIANTZEENAIETENITE99 Tuan1IziaInnudnynIsnisanunsarinanu
1# fifiss3Bn135909 A R Mondal filiiasnsonmatuingldgniesausszesnis 16 wns
3315909 S.Tuohy fAnuniiugiade 92.69% 33015909 A. R. Mondal finnunsiugiade
77.09% 330 1sildnmanudumiiinnuudusiiedy 93.03% wazisnisidaueiianig

walugade 93.44%

TuanizuasunanunnIdNMsannsavinnula 38n15ves S.Tuohy fAuusiug
WAy 94.02% 35115999 A. R. Mondal danuusiugiade 93.03% 35n15NEnInANUL U

TPNULUUEINRY 94.44% WwarIsNISNUNAUDLANULLUELRAY 94.41%

Tuaniizuastios 35015999 STuohy dAundugiafy 52.11% 35015999 A. R,
Mondal fanusiugade 73.72% 3501570 INAIILL TN ANUWIUEN LR 43.87%

WALITNNSNULAUDLAIULLUELRRY 87.12%

4.6 szuzIalun1sUssulana

(% £
o Y

nauuAgILTesnLIdeilaasliinssuundnausazldnailunisuszaianatiosnii
sruunlifiniswieuguninnouuszanana Juduisnisves STuohy lnefiszaziianadyly
N5UTELIANAYDINT 2 T3uanIlananns199 4.10

A195°97 4.10 szazanilglunisuszaanasznindion1siuLEueiuIsn15ves S.Tuohy

N ranveedsnsividaus Guadl) 198199935015 S.Tuohy (Fu¥)
1 0.32518 0.35187
2 0.32991 0.35466
3 0.32698 0.35327
q 0.32056 0.34732
5 0.34715 0.35958
6 0.32802 0.35349
7 0.32209 0.34936
8 0.33215 0.35857
9 0.34344 0.35986
10 0.32021 0.36191

\de 0.32957 0.35499




a6

NA9NUIIT NN EusldalunsUsEIaNaRAsWwINAU 0.32957 Wi F9ties
| aa Av 1 a g v a a ~ = ' ' ) ~
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WBntes tesnlddfies 1 anlunisuszanana LayNiiusIuIUANLINTUISTNUIITLUUT

PausanunsaUszulanalalunafitsinga
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AdafildlunismAtssesnisvasisnisfivaiaue

import numpy as np

import cv2

import time

start = time.clock()

#gamma

def adjust_gammal(image, gamma=1.0):
table = np.array([((i / 255.0) ** gamma) * 255

for iin np.arange(0, 256)]).astype("uint8")

return cv2.LUT(image, table)

img = cv2.imread("8.jpg")

original = img

bright = np.mean(img)/255

#calculate gamma

gamma = -0.3/np.log10(bright)

adjusted = adjust_gammal(img, gamma=gamma)

image = adjusted

road = adjusted[475:480, 0:640]

b,g,r = cv2.split(road)

b2,62,r2 = cv2.splitlimage)

roadb = np.mean(b)

roadg = np.mean(g)

roadr = np.mean(r)

bmin = roadb-35

bmax = roadb+35

gmin = roadg-35

gmax = roadg+35

rmin = roadr-35

rmax = roadr+35

bleft = b2 - bmin
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bright = b2 - bmax
gleft = g2 - gmin
gright = g2 - gmax
rleft = r2 - rmin
rright = r2 - rmax
maskb = np.multiply(bleft,bright)
maskg = np.multiply(gleft,gright)
maskr = np.multiply(rleft,rright)
abb = abs(maskb)
abg = abs(maskg)
abr = abs(maskr)
maskb = (((np.divide(maskb,abb))+1)/2)*255
maskg = (((np.divide(maskg,abg))+1)/2)*255
maskr = (((np.divide(maskr,abr))+1)/2)*255
maskb = maskb.astype(np.uint8)
maskg = maskg.astype(np.uint8)
maskr = maskr.astype(np.uint8)
imagem = cv2.merge((maskb,maskg,maskr))
bird = np.zeros((400, 640, 3), np.uint8)
src = np.array([[260,216],[416,216],[0,355],[640,340]] ,np.float32)
dst = np.array([[0,100],[400,1001,[0,5801,[400,570]] ,np.float32)
M = cv2.getPerspectiveTransform(src, dst)
warp = cv2.warpPerspective(imagem.copy(), M, (400, 640))
rows,cols,dim = warp.shape
M = cv2.getRotationMatrix2D((cols/2,rows/2),180,1)
dst2 = cv2.warpAffine(warp,M,(cols,rows))
for i in range(0,639):
average = np.mean(dst2[i,:])
#print average

if average > 50:



print i
p=i
break
cut = dst2[0:p,:]
d = 0.03174*p+3.235
cv2.putText(original, "d={}".format(d)+"'m", (10, 30),
cv2.FONT HERSHEY SIMPLEX, 0.8, (0, 0, 255), 3)
end = time.clock()
t =end - start
cv2.waitKey(0)
cv2.destroyAllWindows()

cv2.waitKey(0)
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ArdaildlunsuAnszezn1eaddsnis S.Tuohy
import numpy as np

import cv2

import time

start = time.clock()

img = cv2.imread("20.jpg")
original = img

road = img[460:480, 0:640]
b,g,r = cv2.split(road)

b2,62,r2 = cv2.split(img)

roadb = np.mean(b)

roadg = np.mean(g)

roadr = np.mean(r)

bmin = roadb-35

bmax = roadb+35

gmin = roadg-35

gmax = roadg+35

rmin = roadr-35

rmax = roadr+35

bleft = b2 - bmin

bright = b2 - bmax

gleft = g2 - gmin

gright = g2 - gmax

rleft = r2 - rmin

rright = r2 - rmax

maskb = np.multiply(bleft,bright)
maskg = np.multiply(gleft,eright)
maskr = np.multiply(rleft,rright)
abb = abs(maskb)

abg = abs(maskg)
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abr = abs(maskr)

maskb = (((np.divide(maskb,abb))+1)/2)*255
maskg = (((np.divide(maskg,abg))+1)/2)*255
maskr = ((np.divide(maskr,abr))+1)/2)*255
maskb = maskb.astype(np.uint8)
maskg = maskg.astype(np.uint8)
maskr = maskr.astype(np.uint8)
imagem = cv2.merge((maskb,maskg,maskr))
#cv2.imshow('road',imagem)
#cv2.imwrite('8 road paper.jpg,imagem)
bird = np.zeros((400, 640, 3), np.uint8)
src = np.array([[260,2161,[416,216],[0,355],[640,340]] ,np.float32)
dst = np.array([[0,100],[400,100],[0,5801,[400,570]] ,np.float32)
M = cv2.getPerspectiveTransform(src, dst)
warp = cv2.warpPerspective(imagem.copy(), M, (400, 640))
#cv2.imshow('IPM',warp)
#cv2.imwrite('8 _ipm paper.jpg,warp)
rows,cols,dim = warp.shape
M = cv2.getRotationMatrix2D((cols/2,rows/2),180,1)
dst2 = cv2.warpAffine(warp,M,(cols,rows))
#ov2.imshow('rt',dst2)
for i in range(0,639):
average = np.mean(dst2[i,:])
#print average
if average > 50:
print i
p =i
break
cut = dst2[0:p,:]
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#ov2.imshow('cut',cut)

d = 0.03174%p+3.235

cv2.putText(original, "d={}".format(d)+"m", (10, 30),
cv2.FONT HERSHEY SIMPLEX, 0.8, (0, 0, 255), 3)

#cv2.imshow('dis',original)

#cv2.imwrite('8 distance paper.jpg',original)

end = time.clock()

t =end - start

print t

#cv2.imshow('original',grayscaled)

#cv2.imshow('Adaptive threshold inverse',th)

cv2.waitKey(0)

cv2.destroyAllWindows()

cv2.waitKey(0)
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AdafildlunisuArszesniewasdsnis A. R. Mondal
import cv2
import numpy as np
import time
start = time.clock()
grayscaled = cv2.imread('8.jpg',0)
origi = cv2.imread('8.jpg)
th = cv2.adaptiveThreshold(grayscaled, 255, cv2.ADAPTIVE THRESH GAUSSIAN C,
cv2.THRESH BINARY INV, 115, 1)
cv2.imwrite('8_object thres.jpg',th)
bird = np.zeros((400, 640), np.uint8)
src = np.array([[260,216],[416,216],[0,355],[640,340]] ,np.float32)
dst = np.array([[0,100],[400,100],[0,5801,[400,570]] ,np.float32)
M = cv2.getPerspectiveTransform(src, dst)
warp = cv2.warpPerspective(th.copy(), M, (400, 640))
#cv2.imshow('IPM',warp)
cv2.imwrite('8_ipm_thres.jpg',warp)
rows,cols = warp.shape
M = cv2.getRotationMatrix2D((cols/2,rows/2),180,1)
dst2 = cv2.warpAffine(warp,M,(cols,rows))
#cov2.imshow('rt', dst2)
for i in range(0,639):
average = np.mean(dst2[i,:])
#print average
if average > 100:
print i
p=i
break
cut = dst2[0:p,:]

#ov2.imshow('cut',cut)
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d = 0.03174*p+3.235

cv2.putText(origi, "d={}".format(d)+"m", (10, 30),
cv2.FONT HERSHEY SIMPLEX, 0.8, (0, 0, 255), 3)

#cv2.imshow('dis',grayscaled)

cv2.imwrite('8_distance thres.jpg',origi)

end = time.clock()

t = end - start

print t

#cv2.imshow('original',grayscaled)

#cv2.imshow('Adaptive threshold inverse',th)

cv2.waitKey(0)

cv2.destroyAllWindows()
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import cv2

import numpy as np

import time

start = time.clock()

grayscaled = cv2.imread('8.jpg',0)
road = grayscaled[475:480,0:640]

mroad = np.mean(road)

roadmin = mroad-35

roadmax = mroad+35

roadleft = grayscaled-roadmin

roadright= grayscaled-roadmax

maskroad = np.multiply(roadleft,roadright)

abroad = abs(maskroad)

maskroad = (((np.divide(maskroad,abroad))+1)/2)*255
maskroad = maskroad.astype(np.uint8)
#ev2.imshow('maskroad’,maskroad)

cv2.imwrite('8_road gray.jpg',maskroad)

bird = np.zeros((400, 640), np.uint8)

src = np.array([[260,2161,[416,216],[0,355],[640,340]] ,np.float32)
dst = np.array([[0,100],[400,1001,[0,5801,[400,570]] ,np.float32)
M = cv2.getPerspectiveTransform(src, dst)

warp = cv2.warpPerspective(maskroad.copy(), M, (400, 640))
#cv2.imshow(IPM',warp)

cv2.imwrite('8_ipm_gray.jpg',warp)



rows,cols = warp.shape
M = cv2.getRotationMatrix2D((cols/2,rows/2),180,1)
dst2 = cv2.warpAffine(warp,M,(cols,rows))

#ov2.imshow('rt',dst2)

for i in range(0,639):
average = np.mean(dst2[i,:])
#print average
if average > 50:
print i
p=i
break

cut = dst2[0:p,]

#ov2.imshow('cut',cut)

d = 0.03174%*p+3.235

cv2.putText(grayscaled, "d={}".format(d)+"'m", (10, 30),
cv2.FONT HERSHEY SIMPLEX, 0.8, (0, 0, 255), 3)

#cv2.imshow('dis',grayscaled)

cv2.imwrite('8_distance gray.jpg',grayscaled)

end = time.clock()

t = end - start

print t

#cv2.imshow('original',grayscaled)
#cv2.imshow('Adaptive threshold inverse',th)
cv2.waitKey(0)

cv2.destroyAllWindows()
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Abstract—This paper presents a distance determination
technique using an image from the single forward camera.
Since too dark or too bright of the image and non-linear
relation between height of the object and distance from the

camera have effect on the performance of the detection process.

Therefore, automatic brightness adjustment and inverse
perspective mapping (IMP) is applied in the proposed scheme.
In addition, region of interest (ROI) determination is used to
decrease the processing time. The experimental results confirm
that the proposed fechnique can detect distance of the object in
front of the car where the error is 7.96%.

Keywords-component; inverse perspective mapping; distance
detection; opencv; gamma correction

1. INTRODUCTION

According to global status report on road safety
published in the World Health Organization (WHO), it was
found that in 2012 the major cause of death among those
aged 15-29 years was road traffic injuries and more than
50% of road ftraffic injuries were caused by cyclist,
motorcyclist, and pedestrian [1]. Many car manufacturers
also realize to the importance of the problem, as a result,
collision detection is thus invented to safe a driver and road
users [2] which hopefully to decrease road accidents rate,

The collision detection system can be divided into 2
types: active and passive system. Active system consists of
signal transmitter and receiver but passive system only
consists of receiver. Currently, most available collision
detection systems are active system based Radar. Although
radar, which is the most popular technelogy, provides a good
result in reflecting of metallic object, but its disadvantage is
pedestrian  detection, high cost of hardware, and
susceptibility to interference [3].

On the other hand, the passive system such as camera is
an alternative detection scheme. The literature reviews found
that the object detection by using camera can be divided to
dual cameras and mono camera. Dual cameras are installed
left and right on equal height for reduction of linear
distortion in the image [4]. In 2012, D. Botero et al
presented FPGA implementation of dual cameras IPM for
obstacle detection [5]. Using dual cameras provide accurate
detection results but the proposed system is high cost. For
mono camera based technique, some researches proposed for
distance detection using machine learning such as neural
network [6] and cascade classifier [7]. These methods are
similar in the sense that large amount of positive and
negative samples are necessary in training process to obtain
good accuracy. However, using technique of [6] does not

978-1-5386-6349-3/18/$31.00 ©2018 [EEE

provide satisfied results and large samples (up to 2850
samples) are needed in training process in the method of [7].

In addition, the Inverse Perspective Mapping (IPM)
principle is applied for distance determination to reduce
linear distortion of distance in image from mono camera as
given in [8-11]. The difference in these researches is the
object detecting method, for example, road removal
algorithm [8], threshold adjusting [9][10], and HSV color
mapping [11]. However, it is noted that proper brightness in
image is important for image processing procedure. Low
brightness in image obtained during the nighttime may cause
low performance in the detection system.

In this paper, a technique for distance detection by using
enhancing IMP is presented. The image obtained from
forward mono camera will be processed by non-linear
brightness adjustment. With the proper brightness image, it
improves object detection performance. In addition,
rectangular couple with trapezoid mask is applied to
determine ROI for reducing processing time. The
organization of this paper is as follows. The principles of the
proposed technique are provided in section II. Section III is
for experimental results and the conclusions are summarized
in section IV.

II. PRINCIPLES

The proposed system consists of 6 procedures which are
image resizing, brightness adjustment, ROI determination,
background (road) removal, IPM, and distance calculation as
depicted in Fig. 1. It is noted that the mono camera is
attached as forward camera behind the rear view mirror of
the car. The obtained image is therefore from the front view
of the car.

A. Image Resizing

Image resizing is the first essential procedure to resize
all processing image to a standard dimension which is
640x480,

m " m
Dstance
-. e i 1

» Bnghiness Adjust » Region of mierest

Inverse
Perspective &
Mappng

Figure 1. Block diagram of the proposed system.



In this work. The down sampling image by K factor is
given by

f(x,y) = fo(Kx, Ky) (1)

where f,(x,y) is the original-image pixel. It is noted that
pre-filtering such as average filter or low pass filter whose
cut-off frequency is f, /(2K) may be performed before
down sampling process ( f, : the original sampling
frequency). This is to prevent the aliasing problem.

B. Brightness Adjustment

Brightness is an essential factor for latter procedure of
image processing. In general, brightness of an image is the
mean intensity of the image. Due to limitation of camera, the
brightness of the obtained image in some condition e.g.
during the night-time may not be proper and causes
unsatisfied result. Hence, the gamma correction, which is
non-linear operation, is employed for brighiness adjustment.
Brightness of the original image can be modified by a
constant (gamma), y , using the following relation.

B =(8,) @

where B, and B] are original and new brightness whose
value is normalized in range [0 1]. For ¥ >1, it decreases
intensity of the image, resulting darker image. Likewise,
y <1 increases intensity of the image and brighter image is
obtained.

To determine the gamma parameter in the image, the
technique proposed by [12] is adopted. This technique
estimates a power (gamma) that transport average amount of
brightness to center of histogram as expressed by

1

BY == 3

WA S8 3)

Since, the average brightness of an image is known, hence,

the gamma can be estimated from average brightness as
expressed by

1

1 b
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2 log,, B, log,, B,

Once the gamma of the original image is derived, the image

intensity in each color channel is gamma adjusted by using
the relationship in (5).
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where fp(x.»), fe(x.y) and f3(x,y) are original intensity
of red, green, and blue channels, respectively. The adjusted
intensity fr(x,»), fo(x,y) and fg(x,y) of red, green, and
blue channels, respectively, are merged resulting in new
RGB image f'(x,y) that is brightness adjusted.

C. Region of Interest (ROI) Determination

Generally, the image from forward camera consists of
road, object on the road, and other parts in the environment.
Since only object on the road is interested, then region of
interest (ROI) determination is employed to decrease the
processing time. ROI is the area framed around interesting
arca with circle, rectangular, or other geometries. In this
paper, the rectangular couple with trapezoid mask is used to
determine ROI that can be explained as following.

C1. Creating rectangular couple with trapezoid mask

C2. Overlapping between a mask and image

C3. Selecting only the area that interrelated on mask
and image

D. Road Removal

Most object detection schemes are based on the machine
learning algorithm which requires large data samples in
training process [7]. To avoid such difficulty,road removal
algorithm, which is the easiest way for achieving accurate
objects detection, is selected. It removes the road surface
from the image, leaving only the desired object. The process
of road removal algorithm as depicted in Fig. 2 can be
explained as following.

D1. Selecting one color channel of the image

D2. Calculating average intensity in the first 3 rows
(from bottom) of the image ( 4, ), representing the intensity
of the road surface

D3. Creating binary image where the pixel 5,(x,y) is 0
if it is road surface, otherwise the pixel b.(x,y) is 1 if it is
not road surface, using the following relation

b(x,y)= 4 P =)~ 4% 33

L otherwise

(6)

where | means either R, G, or B channel,

D4. Repeat step 2 and 3 for remaining two image
channels

D5. Finally, merging 3 binary images and then scaling
by 255 to create a new RGB image

Find average Um;vahn
M frome — - mm — e 5 ‘*Hn-ympor
vehicle non-road pivels
T I.ﬂglrmh
R G B channels

R N

Figure 2, Block diagram of road removal algorithm.



E. Inverse Perspective Mapping (IPM)

An Inverse Perspective Mapping (IPM) [8] is one of the
mathematical technique for two dimension transforming to
another perspective.

In this paper, to eliminate the problem of non-linear
distance in perspective-viewed image, IPM is then used to
transform the image from forward camera into bird’s eye
view. To create top-down view, the point on road surface
(X, Y,Z,) that projects to the image plane (u,v) is required.
Projection principle is shown in Fig. 3. For rotation angle (6),
which is angle between camera and road surface, it must be
known. The IPM equation is shown in (7).

(uv,1) =K -T-R(X,.Y,

wr W

z,.1y 0

where R is a rotation matrix given in (8)

( 1 0 0 0)

2=l 0 cc.>s(€) —sin(6) 0 ®
|0 sin(d) cos(6) 0 :
o o 0 1)

and the camera is set with #=30° in this paper. T is a
transformation matrix as shown in (9),

(100 oy’

ON 1 =0 0
T= ‘
001 - _" ©)
sin(&)
0 0 0 1
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where / is height of the camera which equals 1.5 meters.
For the matrix K is a camera parameter matrix given by
(10),

A% %”0
K=|0W\v,<h (10)
0 LN @
Yoa
% >N
Z h

sini &)

-

¥,
. =
1 A

A
|~

2 Z.

Figure 3. Projection and transformation for top-down view.

where f is camera focus length, s is skew parameter and
tgy,vy are the center pixel of desired image size. Equation
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(10) can be substituted by the parameters specified by the
employed camera and these parameters are f =3,60mm,
§=0, u,=320, and v,=240 in this paper. By
substituting (), (9), and (10) into (7), it results in

X
u| (R A Ry Ay ¥
v =£P21 Py, Ps By Zw (1
R Py P, PRy B)l "

1

where the matrix P is derived from the product of
K, T, and R. Since only road plane is interested (¥, =0),
(11) is simplified to (12) as given by
w\ (R Bs; Rs\(X,
" Pll PZ3 P24 Zw
L \B B B\ 1

s

(12)

F. Distance Determination

In this procedure, it is implemented as following steps:

F1. Calculating average intensity in row direction from
bottom row up to top row

F2. The average intensity of each row is compared with
the threshold level (obtained from the experimental) which is
50. The starting position of an object is indicated if the
average intensity in that row is greater than 50 and the order
of that row is stored in a parameter p .

F3. The distance between object and vehicle is therefore
calculated using a linear equation given in (13).

d=ap+b (13)

where 4 is distance between object and vehicle in meter
unit, p is the order of row that object is detected, and « and

b are constant. In this study, 2 and b are determined by
linear regression from data obtained from experiment by
measuring actual distance and capturing resulted distance in
every 1 meter from 3-20 meters. It is noted that the
parameters @ and b are dependent on camera installation.
Equation (13) is rewritten as (14)

d=03174p+3.235 (14)

IIl. EXPERIMENTAL RESULTS

In this section, results of the proposed technique are
demonstrated. In brightness adjustment procedure, the result
is depicted in Fig. 4. The ROI image obtained by rectangular
couple with trapezoid mask to the brightness adjust image, is
shown in Fig. 5 where Fig. 6 illustrates the obtained RGB
image after performing road removal procedure. Later, the
resulted image is processed by IPM technique (given in
Fig.7) and distance determination procedure. Finally, the
successful detection distance is shown in Fig. 8. In addition,
the comparison between actual distance and detected



distance using the proposed technique is demonstrated in
Fig. 9. The data set (18 points) in the plot is obtained from
experiment where the distance is from 3 meters to 20 meters
(stepped by 1 meter). It is seen that the detected distance is
close to the actual distance where the error is approximately
7.96%.

(b) After
Figure 4. Result of brightness adjustment.

Figure 6. Result of road removal.

Figure 7. Result of IPM.
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Figure 8. Successful distance calculation result.

Distance of vehicle

Distance (m}

Data set

—— FCRUSEISEE venees dEtEC

Figure 9. Comparison actual distance and detected distance.

IV. CONCLUSIONS

In this paper, an improved technique for distance
detection is proposed. The application is focused on forward
camera installed behind the rear view mirror of the car. The
proposed scheme performs brightness adjustment using
gamma correction and ROI determination to obtain the
proper image before applying IPM. The successful results in
distance detection of the proposed method confirm that
brightness adjustment and ROI determination algorithms are
helpful to increase the accuracy and reduce the processing
time. The accuracy in distance detection of the proposed
technique is about 92%. In addition, the advantage of the
proposed scheme is that no prior information of objects is
needed and can solve the problem of light intensity in the
obtained images. Various images in different light conditions
are tested and the proposed scheme can provide efficient
results in distance determination. In the future work, other
object detection such as line lane is further studied. The
proposed technique can be applied for safety purpose.
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