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One of the major difficulties for low vision people is to commute
independently using public transportation because they can blurry see and recognize
buses that are approaching the bus stop but reading bus route number is still
challenging to them. Many low vision people need care-takers to help them or ask
other people about what route number the bus approaching. Without any assistance,
they may get lost or get injured by an accident. This has inspired us to develop this
research that assists the low vision people to maintain their independence for traveling

using the public transportation.

This research proposes a bus route number recognition system. The method
uses machine learning, image processing techniques and the GPS information of the
bus stops. The proposed method consists of 4 main steps: the bus panel detection,
the text localization, the text recognition and post-processing. In the bus panel
detection step, machine learning technique faster R-CNN is applied to build a bus
panel detector which localizes the bus panel regions. Text localization based on faster
R-CNN is applied to localize text areas. The Google Cloud Vision text recognition and
text recognition based on LSTM are used to recognize text after text localization step.
Finally, the post-processing is performed to cut the irrelevant characters as well as

incorporate GPS information of the image and bus stop to refine the results.

From our experiments, our bus route number recognition yields 62 percent
of accuracy. This is from the validation by considering the number of correct bus route

number recognition results against the ground truth.

Department: ~ Computer Engineering Student's Signature

Field of Study: Computer Engineering Advisor's Signature
Academic Year: 2017
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2.1 nufningadas
2.1.1 finseallaisa waz aeuligduusaiitseallaisa (Neural Network and

Convolutional Neural Networks) [4]

a 2 acs a ' = A o

Thseautinisa (Neural Network) fia seuulassineUseaviioy N91a99u1a1nauad
Yoy IngauosweuyudaziniiensUszuanaians S1uiun wazidoulesdiumg
lAsevneseuuUsyan iliuywdanulsafniiasiey ﬁTWLLuﬂsﬁagalﬁasiNiam%a 7504

= Aas = o a % 4 o XY a yal

\adsaadnananuininisiseuivesiyed tasihlldiussuureuiumesiviauaiunse
Tunsieus uasfnimseila

Thseallaisa Tlassadredseneulume 3 dufe duidn (nput Layer) Sugou
(Hidden Layer) ¥unadws (Output Layer) bagdutndn 1udeyaveinmudnwuzdif

(Feature) WU 1 fif wananagun 2.1

output layer
input layer
hidden layer

JUN 2.1 lassasravesiiseadinisalaevinly
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UMUUYDITIANENWITIEDUNAY 15 14 NUaU

o

NFUIETIAE1NITT B1aldRanvaed
UG WNAY 15 6

nsldtsealdnisaunduundeya 2 7 wu nw o1aldrudnuaziduganin ie
Tdshafnnudnue (Feature Extractor) afnanndayanindidl 2 if Widunudnvauzveds
a 1 Y o o A A [ = 1 . .
neglunin lngdiadnagudneuziiigafuainduinuny 19y Histogram of Oriented
Gradients (HOG), Scale-Invarient Feature Transform (SIFT), Speeded Up Robust Feature
(SURF), Haar-like Feature 1Jusiu Inesannaudnvauzimaiignesnwuulildlusmuisieiu

e 1% P2y a Lo Y o ¢ o W vam 1 W :s'
wafgnsaldaulaiunudug Wukediu Smadnseraviladlinewiiunungnesnuuy
ubildiitonsduun (Classify) Tutusiely dulu reuligtuueaiiseaidnisadadiuuifady
vaseianinnudnyMe 3nYateyadou (Training data) Nil ieliidessanuuudianin
AANYUEINaITUTaYaYNATY
1Y) a & as & ad = Y a . .

rouligtuueatiiveadaisaduisnismianisiseuiveunies (Machine Learing)
Tngaunuaniisealdniise

rouligtuueatisseaidnisaiilaseadadesfio dunisadnnudnuue (Trainable

Feature Extractor Layer) wag fuaatun (Classification Layer) éﬁg‘d‘ﬁ 2.2

C Sy C; S 1 n;
wput feature maps  feature maps feature maps feature maps output
32x32 28x 28 14x 14 10x10 5x5
% b T
b, S P N\ 1% 05N 0,
e 4 ! 1 — Y M) ¢ g
— -\q: - H ’-.:--‘.__‘_ \ \ m 9
< O N AN\ 0\ \.
5x5 22 5x5 o)
convolution \ subsampling  convolution 2x2 \ \ 0 fully \
subsampling \ \ connected B
feature extraction classification

UM 2.2 Iassasavesneuligiuneaiiisearinise [5]

lutuvesnsatnaudnuazUsznauluaie duasuligdu (Convolution) wastudy

1
12

#8813 (Subsampling) lneinasiuanidlutunsuligdu asgnduiuunlunsusniveldlunis

Y 1
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o v

murutuasulgdu I5n1smeuligtuarideyatidiuninnisaeulign (Convolute) fu

LABSIUA LansAsFURN 2.3

x1 X2 x3 x4 x5
wl | w2 | w3

x6 X7 x8 x9 [ x10 wa | ws | we

x11 | x12 | x13 | x14 | x15 w7 | w8 | wo

x16 | x17 | x18 | x19 | x20 .,
wAsLua (Kernel)

x21 [ x22 | x23 | x24 | x25

Yoy
wl [w2 [ w3 | x4 | x5 x1 | wl | w2 | w3 | x5 x1 [ x2 | wl [ w2 [ w3
wd | w5 | we | x9 | x10 x6 | w4 | w5 | wb [ x10 x6 | x7 | w4 | w5 | wb
w7 | w8 | w9 | x14 | x15 x11 [ w7 | w8 | w9 [ x15 x11 | x12 | w7 [ w8 | w9
x16 | x17 | x18 | x19 | x20 x16 | x17 | x18 | x19 | x20 x16 | x17 | x18 | x19 | x20
x21 | x22 | x23 | x24 | x25 x21 | x22 | x23 | x24 | x25 x21 | x22 | x23 | x24 | x25
x1wl + x2w2 + x3w3 + Xx2wl + x3w2 + x4w3 + Xx3wl +x4w2 + x5w3 +
x6w4 + x7w5 + x8wb + x7w4 + x8w5 + x9wb + x8w4 + x9w5 + x10w6 +
x11w7 +x12w8 + x13w9 x12w7 +x13w8 + x14w9 x13w7 +x14w8 + x15w9
=ol =02 =03

sU# 2.3 Tan13Aeuligdu

nd1ann1vieeuligdu nadnsnlaagliununvesnudnyuy (Feature maps)

[ [ 1%

= = ‘ﬂl = U = 1

gonuMINTIWIUAR LAY Faliduiunintuieataladeyaliiudu nariniddndng

Y
N3¥UINNSANMBENS (Pooling)
lutuvesgudiiegiadu vin1sandiuiunaz AUt IdeuretteyaIntureneullg
o J [ ! axa & Sa A ! L= ! = o
Fu uarlutuveanisguiieda snilunieunanismaigeaavsenismaeie lngdures
W ' P a a I3 . A & o oA A Y% )
n15dufaegne azlin1sideuiulad (Window) fd1saintumsuligdu Aeliideuiudeuriuy

(%
[ 1 v aa

sonuudningtunsdundely lagTnsvestiuduinegaduiiisnisvidegun 2.4

9
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x1 X2 x3 x4

X5 X6 x7 x8

X9 x10 | x11 | x12

LABSIUA - ALRALNTHY

x13 | x14 | x15 | x16

A9814

nagnsInTuneulIgty

x3 x4 x1 X2 x1 X2 x3 x4

X7 X8 X5 X6

x5 X6 X7 x8

X9 | x10 | x11 | x12 x9 | x10 | x11 | x12 x9 | x10

x13 | x14 | x15 | x16 x13 | x14 | x15 | x16 x13 x14
AaAETAXL Xx2,x5,X6) = ol ALAAEUDIX3,XA XT x8) = 02 Aade(x11x12,x15x16) = o4
ol 02
o3 o4

5UN 2.4 FI9E19N5EUIUNIINTAUAIDENS

NN TUNTENAIREN nadnsTlaeanun azlanaanuaeaunsa Ll
uuniiowenlunatanieg Fssaduuniiuinuienatsuuuaisidenlivunzauiudeyad
lldsely Feidelamdenldmduunuuurensduund (Softmax) Inglinadnsiluamau
Wazduitegsening 0-1 fsaunisi 1

ex
x) = — (1
e =5~

lnefl x Feonaansvesnudnue waz f(x) Ao Aanuiasduveusazeaaa

mneaansUiaiaundayar1A11aTe (Ground truth) W minveuaesiua ludiu
Yauduun waglutuvesinainaudnuuy agnuiulilanumunzauiuyndeyaseu lag

WNsunsnszanedaunau (Back propagation)
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Tagluingrdnusaduiiiiisniseeuligtuueaiseadnisaluldludunaunism

USHIULHIAUUNYRITAUTETINI TUABUNIIUSIUTETEAN wAzTUABUN1TIIToAIY

2.1.2 M3nsRTUInglaedsnisiauausiaaiinazluing (Object Detection

Proposal based Detector) [6]

Naa =

Tudagtdun1snsiadudng d35n159aususiianuiaziiing (Object Proposal

Algorithm) vilslddesvinisideuiulad (Sliding Windows) mu‘%tx;mﬁﬁ"j’mqﬁgqmw K

FidadinlAy (Selective Search) [7] maiauauinadiunedingmardgnasislagliaimg
MNMTUBATAUB WS WU 3 1du Aadnwgene Wlelauainunaleiiing sildanansa
anuInniiFesningléinn fwnduihludinssuaunssuundelu Tnedsnsaueuiimi

‘Lha]z:ﬁ"ﬁ}m}gﬂﬁwm%um%ﬂﬁm%‘%lﬁuLﬁ‘u (Regions with Convolutional Neural Networks:

add o 1

R-CNN) azi5n15 Wa a15aeutdu (Fast R-CNN) &adudsnwamuinauntn vaisnawnas

91353 8UdY (Faster R-CNN)

2.1.2.1 915oUdY (Regions with Convolutional Neural Networks: R-CNN)
[8]

[ [

BN150715T0WdU AzBHNTEIBsIEue U AUzl TngmuInanu1eziiing
(wu Fdaafinde) antwinisde ge ve1e Tngldaulagnsidunin (Aspect Ratio) Ingte
YA IYINAUAINABINITVBIAITILUN AnduddIgnszuIunisasuligtuueailiTea
@ acf = & LY [ v 4{' 1% [ b3 o Y o o a
Wadsa adudainaudnuae Weasisnuanvaugaonin gayneiiluidifduuniea oy
(SVM) iievinsiuunInusatuiiingriell 1ne38n1501598u0u wansdsgud 2.5
To1dv9anszUIUN1T015TOUBY Ao USalinazding 1 uSia azdewinisdn
nszuunsreuligiuueaiiisealnisa uarduundeeaidy fiay 1 U uazillednn
a a o S Ao o D o = v va
USnunuasidngiuidiuiuun vilildaiwasnineinslunisussuiananin 3ad

35A15Ma 215TdUdY (Fast R-CNN) nunwi by
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R C N N N50n098LEUNTS A% 5UALYILY Bounding Box

X, Y, W, h "Jlﬂq/hj‘sﬂq

X y,w, h daq/litnq | Bbox reg || SVMs
Bboxreg || SVMs

AU SVMs

X, Y, W, h

Bbox reg SVMs

CNN wgnszurunis CNN

CNN

o

da / vereuiauimieiiing

a a0 Ao aq
uTuiieeiiing (3n35n1s
(GG PRI Vg REH T (1))

A

JUN 2.5 n3guaunsens@duau [9]

2.1.2.2 Wid 9159haud4 (Fast R-CNN) [10]

[ [

W 97153 ud U WWASANaILIL191n 9158 dudU TaetsuduanninnInidnlum

[ [

U3naiiaeinganisnsausuinaniiaziiing (3u fidadindy) arntduihnimiid,

manmdndnszuiunisreulgtuueatiseadniseaiignaeuaindiselounsieus antu

wldununmaudnuazlutuanyevenisiaeulig du wnuseuiigudmunismingsiing

FalanTsnisaweuTaniingluneuwsn Ineminduniaiinasiingeg usiandaluuwmusg

a

AMAANYETUgATNeveINTTAElgty ndntudignszuiuns ansleleyads (ROI

(%
]

Pooling) Lilal#lFAqudn vz AivuIaafl (Fixed Size Feature Vector) 91ntuting
NTZUIUNITIILUN ‘17'iLﬂuﬂizmumﬂ%auimLﬁugmwu (Fully Connected Layer) wagal
ganAuInd (Softmax) Inegavelsnadniiduavesmnanyvesing uazainduniad
ﬂﬂazﬁi’mqﬁqmﬁﬂﬂﬁzmumﬂ%aﬂmLﬁmgmwu%ﬂﬂ%& ieudlufidnvesingflaznousenin

lne38n1sveemaensBoudu uansdaguil 2.6
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Outputs: beX
{Deep softmax regressor
ConvNet S ;
Rol FC EE
pooling
SRol || loyer }
projection\_
Conv % Rol feature
feature map vector For each Rol

JUT 2.6 NszUIUNTINIE 9135T0ULEY [10]
lngusiagiuniazilainaiinagiing A1finaLgniIu AL IR ILTUIAULLES
AAENYrTUgATNgveInIsTireuligtu kavdndidgnszuiuns ensleleyads vinlvis
wa 2158 8wdu thamidrunsguiunsaeulgiuueaiiseadnisaiinsaied 3
au1snanszezatLazn1sUsswianalauin Wellseuiisuiuisnisensddwdy i

¥ 1

funisnagiiing Whdnszuiunisaeuligtuueaiseadaisannuiiom

9

ae19l5AmNITN1TvNE 158dueu Salivatdsluseiveinislaisn1sauauS I
Wz ingldiaauiusasduduilinestesiuisnisreuligtuueaiiseaiinisalag
Fn15vnames 015Tdudu (Faster R-CNN) Fsaaniuuaiteimunludiuvedisnsiaue

‘U%nm‘ﬁmmm‘v‘l’ﬂmiaauéhaiﬁﬂau‘[agsﬁuuaaﬁaiaaLﬁmﬁ%ﬂ

2.1.2.3 wWiamas ar5a@dudy (Faster R-CNN) [11]

Weamesonsdawdu (Faster RONN) Wwisn1sisuivenniasuuiiugiuves moulyg
Huweaiisoaaisa Neuldlunisnsiaduing (Object Detection) iiaaninwadnsiiaay

o A o s & & o s s & & o
LLlJuEJ'TV]QQ LAZWRIUININNE DITTLOULDU IG]EJIﬂﬁx‘iai']\'ielJE]\'iV\I']ﬁLG]E]ﬁE]'ﬁ‘ULEJULE]u YS9NON

'
=

N 2.7
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JUN 2.7 Tassadavesawmasonsdidudu

AT2UIUNISNIELNDSSTLEULDY SuFUIINAINUITN desalddinszuiunisana

[

AEnuENgnaey Bullassaisweamsnielounisiseus (Transfer Learning) agnelu

] = Py o ¢ [y = % =
ﬂ’]iﬂ’]‘&ﬂaumiw&mg 2] ﬂ'ﬁu’]@ﬂﬂﬂ?qllzwaqlnﬁﬂLiﬁuzﬂqﬁLmeﬂny'}wuq IULLmSU

=

Bnlguilsidnwurlndifiseiu dregiaty nmsdianuinansaidseeud Wldlunis

e

Y o

$91sausinn Wnsesdnuingniunldiduesdniuifignasu (Pre-Train) a1ngrudeya
(Dataset) Mnguazunodio fograu gudoyaves duwailn (ImageNet) [12] wie lala
(COCO) [13] NHINUIANLVDININTIUIUNIN BIAAIUINYNARY gnasuvunsulIgiuLea
a < acs = £ d' ! v ' Y 1 <

Tasealniia lnvilassasingluiunndsiusenluluusag Auwuu (Model) 1wy Lsaiiln

(ResNets) gnihanlyluauideil

ofg=13,4,6,3]
ofg=13,4,23,8]
ofg=13,8,36,3]

_________ ‘ ————
i i
o = g !
~ [ ol ©¥ © X N @) % %
g © ] R o QN CB8ua|i||gBa ©8a oY iy NS
& I ~ 0 o] bl = &3 [N 4
3|o|ls38||| s38||| s38||) SSF|!|[ESF ||| |85 ||| 88| |c&||||8&e||!|5n || 55R||||E20&||¢ [o
gl 3 | [EE s e SgAns sl B ER =l S s SR e || s e IR IS
s 8 > > > > H > S > 23> == =] ) >2 > 2z ls,le
31885 1585 (588 1555 1555 1555 158G BB |ESE[ G55 EsE 1EsE[FG
8| ¢ 858 858 858 8:8 8958 808 899 Gty 9829 o820 680 e Ple
s~ f c2c cQ%c| %! e@®<c| @< coe |e2<c| |2 |c2<c| |2 |c9c |coc| E
X x X X X X X X X
& o & E@ & @& S &S B LR Ea Ea s @& &é o & &8 &
- I i
2 gl . | -
i 5 E [ g [
& @ ofgl0] blocks & ofgl1] blocks @ ofgl2] blocks & ofgl3] blocks

JUT 2.8 fegalasaadieaves wailn [14]
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\5ede \m3sA (Residual Networks) w3e Lsaiiin (ResNets) [15] iinanlaseasaf
gniseNd1 isadnuaen (Residual Block) Wseiunansq 4u awdndulassasiedsgun 2.8

o saile anansaduildlunisiinisaeunsieudidedn wavausadlduinndt 100 4u

X l X
Y
weight layer
weight layer F ) d reylu
X
H(x) relu — X
Y weight layer dentit
weight layer aentity
' ¥ relu F(x) +x

JUN 2.9 Wisuiisulassadnneuligtuueaiizsealnisa $1o: lassasisnauligduuea
a & as o v Y] a & ac a & .
fseadaiianily ¥31: lassainaeuligtuuesiisealdnisauuuisadguien (Residual

Block) [16]

1N3UA 2.9 mavhauveslassasnealigiuusaiasearinisaly imud sy
Fagunedne Buaindeya x uavdsteya x ludidiuvesnouligiuusaioseainisa
(H(x)) aunseiildtoyadsonn

dmsusumesurnifulasaiedsinisfaudasnanlasaiagesmly Tasflnng
umsdnaendeya x lunouusn uazihluswiudeyaiildanaeuligiuueairseaidnisa
(F () wagyhmsinilaiduisaalndidadu (ReLU) luneugaving TagiSenlaseminemieyn
Tusadquaen

% a

Hardusaflnfigadu (Rectified Linear Unit : ReLU) iuilsidunssiuindunis

2

TluraneUNurunn Hesduisadludidadulrnadnsoanunduiiuiuuin nsadulu

=b.

3

1NANIYINAUAUGLELD LAga1U1SaAUILAINENNIS 2

Y

0 if x<0
f(x)={xifx20 (2)

daddnszuiunisihamesonsdidudu suanamidindadainaudnwuey

Tgnsangleunisseuiaulanadnsvastuneuligiuanying
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Arafinnuanwue afalinadnsanvineanduasuligdueenuiuad Widudng
NIZUIUNITLATOVIBUTIINNLEUD (Region Proposal Network : RPN) 1agnszuIun1gensle

Lo wada (ROI Pooling)

a d‘ saa

NAIINUENTEUIUNTATEVIBUTIIUAEWR ein1stieuiuladnduwin nx n vu

1 ' '
(% o A

Fuapuligtugaineg uwiaziulaiimitnisideuluvutunsuligdugaine azliiwnvesnsou

[

a8 4 v a A a I a o v A A ! a
ALRAHUNADUIDUUILIUNUIATY mq@q ASBUALMALULMANU LS8N WBeLAa (Anchors) IG’]EJ

LEAIGagUN 2.10

7 v wadLAa
Yunauligiugading
| e
woudulad (nxn) — —
e

T~

/

5U# 2.10 nsEUIUNISIATENIEUSIMNEYE

'
=

weafahulaingnideuuutunsuligdugaineg dvanvaieaunn wasnanvaiy

Y

dnsau Insusazuonfavziidoyany 2 91mn Smnusndeaimnuduing gainluusas

9 U
a v A

a 1 1 o Y1 1 [y =2 [ a 2/ A a a
VNS IPIFN G]Q‘Vii@lll LLﬁ%ENSL“Uﬂﬂﬂ’J’]?,JLﬂujﬁlQUIUﬂ’liﬂﬂﬂi@ﬁLLENLﬂﬁIﬂLMﬁ@LQWWSLL@QLﬁaW

(% ]

wzduingiian (Object Proposal Classifier) $1winfidesdie Joyafifngngudnans aau

LS| LY

a9 wazanuniIdauseuuinaufianduingueiazuenfa nedayassaonndosiu

Y
fiinvesn Iy (Region Proposal Regressor) Inguanssisguil 2.11
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wouifa n1s3uuUnIngiEue

AL

Xcen, Ycen, ﬂ’gﬁﬂ, GN

3UN 2.11 nszvumsiasedigusnaiiaue lnedeyaresusazuaaa Ideyan1sdnuuning

Maue uagtoyannausianiiaula

HaLAR 7
U o 4
Yunauligdugnaing

ATRARUIANA

X ,Y ,W,H
cen

cen

o Ao P
¥ Aaudnvaziinvuala
(3 x3)

5UN 2.12 nsguiun1sesiele wade (udv)

nszurumsenslelenads thwafildarnnszuiunsiaiedisunaiaueit Wuing
vl uazoglusumisla fuduneuligiuaninevoshatnauinuusiignasunliteya
Sy uiiflesnndureuligiugainefouiefidnniivuiavesnimings aldawnsntina
fifpdilsannszuaunsiaietisuinaiiauemldliiui dosdnmsusuldoyamuniside

Iduusiviwatunealigdu waenludignszuiunisenslele wads lnevdumiai
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o 1%

duiusiuuutumsuligtuanvnedudumisiidailaainnszuiunisiasetneusnaiiaus

9

I (%
&

delduinamuiitauuturulgiugatie antwhnmsusdeyavestuneulig dugadie
Ushasiildandumisiidalddurvuinnei (Fixed Size) anfaoenaty 3x3 figud 2.12
pdsantwhnmamefinniigaluisaztes Tnsgninedoyagnanfulufl maudnuusd
yuAAai (Fixed Size Feature Vector) §33U7 2.13 1ilednid1gnszurunisduun

(Classification)

urafinuale (3 x 3)

Apuaneznvuaivuald

(Fixed Size Feature Vector)

JUN 2.13 n3zuaunsensiele wade (VuUnaY)

nszuauNsun Wunseuaumsdenleafuguuuu (Fully Connected Layer) uaz

& [

AedwUng (Softmax) lnganving lanadnsiilumvemananyvesing Asgui 2.14

9 Y

ARuaNBauzNvuIAivuala

S A <
‘U‘L!L?J@NIENL@]&IEU LLUU

AaNAwUNDY

WA veeing = Bus

AUzl = 0.9

JUT 2.14 nszurumsduun madwsiiurvemuinngvesing)
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ALAUINNAVDI TN DU ‘Li"lmLﬂﬂ"}%’uﬂm%aﬂwﬁmgﬂLLUU%ﬂﬂ%’& Ve bURAA LA

q

[

InalAgsivusnundinguiniian Asguin 2.15

9

AunieIng

[

JUN 2.15 nsguiunsdiwun Walviidalalndifesiuusnmuniing)

[J J [ o 1

PHINANUIUINT TR AIAUIR AR TULAAS LA LAAUATU A2 PAINDUNWERILA

q

Ao o o °

Wiudausnaniingniousuniafiae lnefiduuuinauiiuiuveueda Jeedldisnis
vinFnlinIniian (Non-Maximum Suppression : NMS) LieNa Ui nisiinuensaueed
a Y = Y ooaA A = o
Usnamduinguiniigelvivdeiiiswmiasien
Tuineinusaduiiinidnisreuligiuueaiiseadnidsa uuunanesesdausu
TUlluTuAouN1ATI9TVUSLIULHIA UL LTBT0UTEIIMIL LaETURBUNITIIUTIUN

YoYU

2.1.3 KUWAMUINTLLZAUIZEZ12 (Long Short-Term Memory: LSTM) [17]

v
[ [d o w

nirgANuITrerdusrere gldnuiudeyanilanwaeiluddu (Sequence

¥V

Data) fogrugusiuniiade Fuldudeyanfidnwazidudidunedu dhdiisiuliuds

(Previous Hidden State) uinfudsluingns1u (Input Data) vinlviidnlamduvanegludiu
a 1%

n3anele

wieANudsrezduszezen gnasistunfienidymdeyaniludnvazddun

=

g10n°) Inevimihidusandrdeyaneunifignemuuiuds wdesgidudeyaiignen

Uagdu lnelswasidundegun 2.16
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Input Modulation
Gate

e Output }
Gate CCD

|
|
|
: Input Gate ©
|
|
|
|
|

5UN 2.16 NsvInUTeImIgANISEEEHUTYEZE1) [18]

A5YN9IUYDINUIBAIUTIT LT EUSLEZE1D d@1unTauantedn wWielshaisdeu wWials

nrasdu wiellelsfioygnlieuld lae CELL ludniuindoyalumiieanudiszesdu
< v A v = v o v A v
sz8ve1), Gate {ufNmuguNsinavasteya, Xe Ae Toyaundl a4 13an t, he fio Jaya

kY Y

dmen, he1 Ao Jeyadoaniountd, Ce An Toyaiigniiuin wag Ce1 Ao Jayaiigniiudn
euvi
Usenau (Forgot Gate : fi) Aon1saudeyaiiuninegeenluiiieviniswisusudeoya

Tyl FavnnUszaduiiandu 0 avaudeya wimndu 1 Jeyadinadu negdeyatind (X0

v

Usznaufudeyatreanieuntid (he1) wazldilandudnuesd (Sigmoid Function) tUusa

v a

21954

[ o v

Usgnuidn (Input Gate : i wnfideyalmilidn msdwandeyanainuditeya

Y Y

= = o ¥ a1 & = ' Y 1% ] & =
vsold Bamnusegundndiandu 0 nuneieldaisdwandeya uivinidu 1 vuneisns
snantaya laggoyaiidn (Xo Usznaufudeyateenneuniil (he) uazldilanduin
¢ & v v A
NouaUumIRAGEY
Usgausueinidn (Input Modulation Gate : go Aip A19iludnian vinA1NUses
wndnu 1 lnegdoyatnd (X Uszneufudeyathesnneuntii (he1) wagldileidu wnu

L9% (tanh)

a <

nMsdmandayangniiud (Co fie vasnlateyaainuseniy Useriid wasUsen

Y Y

YSuatn %mmiaé’wmeﬁmdaﬁgﬂlﬁmﬁléf AIFUNSN 3
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ct = [t OC—1 + i OG: (3)

[ = [3 o a

31naun157 3 winUsepdudiandu 0 sliideyangniAudniy (Cer) 110N

1 A a1 < o v d‘ <@ o a a o Y A

uandszaauiAnty 1 aunveyangninuaitan (Ce1) HIWIIT0 wagrinUieauluIdan
Ju 1 agthannnuseausuatindi (g) indwen wazldan Ce Al

o

Uszgueen (Output Gate : 0y Aewlusiadndulainaveygnli doyatieen (hy
ansaeeniietluinnsanluddudalliviels Tnegdeyatini (Xo Usgneududeyaih
ponfounthil (her) warldilsiudnuesdiduidagu

foyareen (h) axdeyaiigniiudi (Co vhgilaiduunuey wdniluiasandu

o |

Uszgihoen 1aunsaliveyaiiesn eanlulanseld mnUszeuioen fidndu 0 Toyain

sonvzlianunsneentule uazmnanlu 1 azeygnlideyaiiesneanlule daunisn 4
h, = 0,Otanh(c) (@)

TuAnefnusatulute115999999UI8AINUINTEULFAUSTLELHD UL b UTUABUNNS

S9veAy

2.1.4 qmaﬂmaﬂwﬁ (Haversine Formula) [19]

a

ansenesley Aegrsilimuinszeznisaiauuiialan Tngldasign uazassdy
93 2 funsdiinaiu Tasgasanelet dunulasmansiasdiond dusnu Tul aa.1835
LLazLﬁuﬁﬁaﬂﬁi’ﬂmzwmiaumwwgﬁmam% (Geographic Information System : GIS)

589EN195EWIN AvAgn uAvADIAg 2 Mundsdisiaiu awnsaduildngns

g1eshoil famolddl

T T

(P2 — ¢1) X385 (A2 —4) X555
a = sin? > 180 ) 4 cos @1 * COS @, * Sin? 5 180 (5)
c=2-atan2(/a,/(1 — a)) (6)

d=R-c (7)
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1nedl @, ey @, AD azAYAEILIIST 1 wazh 2, 1, uaz A, AD a0IRYAVDIALIALY
Y Y
71 wagh 2, R fs Saflvadlan = 6,371 Alawms way d Ao srezauinle lngn1seui
TPEYITNINELAN ULaranIign 2 AunaasisuaINaunIsi 5 6 uag 7 mua1eu

(%
a a (Y

ANSANUINLTUANNAUNITNA 5 LRgUINNNaLRINLALADIRINNT 2 FILAUINIAUNY kaY

Y Y

wasfumbesifieulasnisgauiie — nduunudiuysiivie uazdnueeninauld

A a
A v o = o v ° 1 a = v o i
Wolaan a 13euiesunad agtruiunualuannisi 6 laednisla e duauan
¢ aa £ a v al' A a v Ql'
WULAUARS LNAUEIANNAY VBafiAnkn x Wag y 158U w30 atan2(x, y) [20] lnefiinil x
wnume Va kay y wnume /(1 — a) gavgdnamuain1saulaan c wazdngaunisi
7 oA NIMNTTEEN d
Tuineinusaduilihansvessiesleduildluduneunisussinanand e usul s
Anaaiugn Ingldlumsiuinssesmevesiuniazign aewn veathesausedmne fu

ALAUINOEN TN

2.1.5 muweslna (TensorFlow) [21]

miﬁwmmqﬁmmsﬁsuﬁmaqLﬂ%a 91adauenlunisdeulsunsuiiewaun
dlosndinszurumsidusiou SwiliiRnnsiaulausifiaunseteliiauiniesiunis
Srufvoaaies magiaiviiaulavsifiielumsimumsiiunaieusiun Bont
mueesina (TensorFlow)

wuwasina WulausSlawnuwesa wazldnwlnsey 3101 Indanda Tunsideu
lngmuwailna gninanldlunszuiun1snsaienIngIaduuTIALKIAUULYRITAUTE

NN

=

2.1.6 szazielagiansananIuuNsunleidasiign (Minimum Editing

q

Distance) [22]

HumsuwFeudisummeuiudoyagafney Tidmeutulndifsstugadeyammney
#1ln Tneldilaridunes dif flib. get_close_matches [23] #sldudnnsves szoznidlag
fisanandrnunsuileiitdesiian (Minimum Editing Distance)

szpgvinalagfiansunaindiurunisudleiivesiian azilunisiuieuiiiovanss

(String) 47uu 2 A F1¥eeviansLfY (Insertion) au (Deletion) #3eunud (Substitution)
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f19nuIANUIlA 3998V IATAI9NwsTMIuNY Taen15HINSIAYN AU NSoWNUN A=TiAN

[

YIMRUANAY 1

sitting—— kitten

(n)

[V
~
—~
D
=
~
D)

tle

A A
wily
i b

au

JUN 2.17 frsgamsudilusgduiutdesiian (n) feegeanss 2 gaideinisuily lngas

wilaAanmedne Tuilumniedmuen @) nseuviunmsinisuiluandlegrsanssugy (n)

JUT 2.17 wansdpgnanisuiluanss 2 4a 9nA131 sitting 1uA137 kitten lag

3

v ° a a v ° a4 Ql' = v o
ALADIVINTLNN AU AIBUNUNAWINUIUNATIY SUN 2.17 (V) WERIDINTEUIUNITVIADIVIINNG

Y
4

WAMIFIUIY 2 ASY wavau 1 ASY Saukdvslindmvdnlunisuileidesngawindu 3 luns

Wil sitting 1w kitten

nsAwIMskAlumedIutesigaiy axnsarmwialaaniusunsudssieluil

for (int i=0; i<=string1.length(); i++ { //A?i/@?ﬁ@”?@”ﬁwiﬁ 0 14 strine1 ua”aaugz]

for (int j=0; j<=string2.length(); j++ { /4312106260371 0 lu string2 4a221gy
//mn Stringl lsidlAnla9 991073 Insertion ynF8nwIYed String2
if (i==0)

valueTable[il[j] = j

//mn String2 laiilAnln9 92311013 Insertion yneIenYsved Stringl
else if (j==0)

valueTable[i][j] =i
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//ANe9NYTIUs YT | Y84 Strinel Az | ¥ad Strine2 959AY A7

valueTable 92107317970 valueTablefi-1][j-1]

else if (stringl [i] == string2 [j])
valueTableli][j] = valueTable[i-1][j-1]

/NS 80y IuaNe 1AM 9gv1A7 valueTable igwyds [ilfj-11, [i-1][-11. [i-1][] 9

daeeige uaziiuiuan 1 wiesilum valueTable s Uy [ilfj]

else
valueTable[i][j] = min(valueTable[i][j-1], valueTable[i-1][j-1],
valueTable[i-1][j]) + 1

JUN 2.18 uansdidusunsumsauanisuilumednnutesian

91n3U7 2.18 asluduneunisdviunsuilumediuinitesiian laed i fe
FoNWIVBY Stringl, j ADFAI8NYIVBY String2 wag valueTable ApAtntinnsiUasUL U
19 nadwdnliazuansdwmnsed 2.1 Weduinauasadu nadnsluiurdsgavheiiruinle

g unadnsAventednihmdnideddlunisudluaindrin sitting 10u kitten FellAwviniu 3

A1319% 2.1 LARIFIRENINITANWINABNSWA lutloean

String 2 (j)

0 1 2 3 4 5 6

k i t t e n

0 0 1 2 3 4 5 6

1 s 1 1 2 3 4 5 6

2 i 2 2 1 2 3 4 5

f 3 t 3 3 2 1 2 3 a4
on

£ a t il il 3 2 1 2 3
+
2]

5 i 5 5 4 3 2 2 3

6 n 6 6 5 4 3 3 2

7 g 7 7 6 5 4 4
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>>> get close matches('appel', ['ape', 'apple', 'peach', 'puppy'l)
['apple', 'ape']

o w

UM 2.19 nszuiunsduaiuvesdsiu [23]

Y

a

Ine#endu dif flib. get_close_matches gatnaA1ninsunlufdeeiian udiazi

q
° Aa A v = 2 o o w
Amaundnisuilanivesiign uneuidumnaudiduulsn

91n3U7 2.19 Mndesnsliduafed1dn ‘appel’ wasyadayavesmnounidulula
& A s ¢ y ¢ s ¢ , ° ay v ° A v a a Y}
lavunfAe ‘ape’, ‘apple’, ‘peach’, ‘puppy’ IneAmeuiiliaznaudineulndlhesngaiu
A131 ‘appel’ Wude ‘apple’ Fafiazuuuniiuunaziduiilndifvsuiniiagn Inaddnoud

AzLuUAINITlnARssigndaundudiin ‘ape’

a

lngszggrnalagiiansanainiwiunmsuileidesiian gninanldludiuvestuney

U 4‘ % 1 o =l = o Q" Y v 4
N1sUITLIANaNAUNUITUUTIAINLLNLEN TumimiaumauLammaiaﬂizmmwlmﬂusuaigja

ANPET1850UTLIINN

2.1.7 nM59aUseansnn (Performance Evaluation)

N15TAUSEENTAINVDISTUUBIULATA1850USEI1N19 Usznaulumlenisia

Usgdninm 3 vila fie n13dndaleley nisdndszansamisgldneuintuumsng wag nmyin
Usganinmduunlagnana

2.1.7.1 ﬂ"lZafag (Intersection over Union: loU) [24]

[y

Alelag Jueniitenldlunisiarinnnuwdusi (Accuracy) v83n1505993U
o Falunisuvstudianna 3led (PASCAL VOO) [25] Baufunsudadunisnsaaduing sl
Foidos Ieldanleloglumsusziliuaziuumsudsdu

n1sinenlelag anunsadaldnnsnsidruituiiviviudeu (Area of Overlap)
sEI19USafiviiune (Prediction Area) fiu USIauA1A1A3Y (Ground Truth Area) w13
&2 Nuiisaumanun (Area of Union) Szsrinsusasiinueg uazusnaiaues lnouand

Y =
PAIFUNTITN 8

Area of Overla
IoU = / . P (8)
Area of Union
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Tunuideiildenlelay Tun1suseliuanugnaieIveIn1snsaTuuTIauNg
AUUEYRITUTEd NI mndnleleglAiunit 0.7 §0319T19TURBUSIMNIATLULYEITA

Usgd e lneegrsvasnsianadiloloy aunsanandlanagui 2.18

loU = 0.4

| loU = 0.7

r— — —

I loU = 0.9

USUNUNAIINDSS

- v
I UILIUNUNTINIUNY
—

5UN 2.20 uanwiiegravesnsianalaleg

2.1.7.2 pau19uunsnd (Confusion Matrix)

ABUTANTULLNING ABN1SUTELHIUNATNSAINNITNUIY NIBHNARNSTLARIN

TUswnsy TneSeuiisuiunaansass
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AN9199 2.2 LAASABUTITUUNINDAITINLUNUSLIULRIAIUUUVBITAUTEIIN

ARNER3Y
WeaeuUUYeIsa | Ll waednuuuues
U5891174 50U52IMN
WRNANUUUYBITE
] TP FP
4 U3zamng
AaENIUNY —
Taile waduULYDY
] FN N
UM

Ao tunSndvesramsIuundegauseian 2 Aana 1wy lussuuveing inug
At eUsEneude 2 Aana Ae USNEILA LRI ULYessaUsEs M AU TallduSin
LNsFUUYYRIsaUsES MG AU sual R NG

1) True Positive (TP) fie @runndissuuyuieinduudnamasuunvessalsyan
3 wazdrunmiuduuinaukseuuuresaUssimieds @radnsvesailelogunnd,
WwihAu 0.7)

2) False Positive (FP) fie dhunindiszuuueinfuuiinaumesuuueessaUszsn
3 usdruniiu bilduinaumesiuuuressatszsm @radndvesalelogtiosnit 0.7)

3) True Negative (TN) Aa dauninfiszuuiiiwiedn Wilgusaureduuuesse
Usesmng uazdunniiu BldusnaunsiuuuressoUsesma

4) False Negative (FN) @0 @runtnfiszuusiiuiesn ldlousiauneduuueesse

U5£319119 iAW UUT LA UU Y95 UTE AN (ﬁmaé’wémaaﬁﬂa‘[aqﬁamdq

0.7)

2.1.7.3 A3IaUssansninnisauunlagnand [26]

N15IAUTEANTNINAITINUN @NUTOAIUIUNNAIAINULAEY (Precision) A3

Aoa (Recall) wazA1n15imeul (F-Measure) laannaunisaesaluil

Precision = — ©)
recision = s
TP
Recall = ———— (10)

TP+ FN
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2 X Precision X Recall
F — measure = — (11)
Precision + Recall

ALY (Precision) AeAfiuendnanuan1syiweIndu Ui
saUsEd ety gniseiuAaTeseazvitls anansadnaliangnmdiuvesdeyaiviiueg
Uinausstheduuwressadsedmdldgndes (TP) Audeyanivihunegdnduuiianunedie

ANUUUYDI5OUTEINNNIV VLA (TP+FP)

'
1 1 a

A13ARA (Recall) ABAIUBNINAINTIUIUUTIAUULNINENTAUTETIN99TS
fanuaiiu ssuuiuisgndesiosaziitls awsadiuinein Sasidruvesteyaiivhue
Uhaunsthesuuuvessausswnaldgneos (TP) Audeyafifuusnaunsthaduuuues
snUsERIeTaNA (TP+FN)

Ansmen (F-measure) Ao N3 iaUszavamilassnmasisaois szming
A wagAInon duhAaennduuTuiy Tnsaunsafuwaaldan snsdu

Y99 JOUVIVBIAIAIUTIEIAMAUAIIABA U AIAIUTIEIUINAUATTARA

2.2 UIeNNEIVa9
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Abstract—This paper presents a bus route number recognition
using image processing and machine learning techniques. The
prototype is designed to extract bus route number from scene
images and synthesize audio of bus number for people with low
vision. The proposed system consists of two parts, text detection
and digit recognition. Text detection based on MSERs is used to
find and segment text area from input images. Digit recognizer
based on Convolutional Neural Network is used to recognize digits
on the detected text area. Finally, the recognized digit is converted
to audio which can help the visually impaired people (low vision) to
take the correct bus. The experimental results of the proposed
method presented in precision, recall and F-measure in text
detection and acquire 73.47% accuracy of a digit segment in self-
collect Thai bus dataset.

Keywords: image processing; machine learning; bus route
number recognition; visually impaired; low vision; convolutional
neural network

1. INTRODUCTION

According to World Health Organization (WHO) [1] , there
arc 285 million visually impaired people that can be separated
into 2 groups, 39 million are blind, and 246 million of whom
have low vision. Blindness is complete or nearly complete
vision loss, while low vision can see partially with a limited
narrow angle. According to WHO., ‘low vision™ is defined as
visual acuity of less than 6/18 but equal to or better than 3/60, or
a corresponding visual field loss to less than 20°. The number
of people with low vision has increased as a result of the aging
population, and some deceases such as glaucoma and diabetic
retinopathy which are increasingly important causes of low
vision,

‘When their vision cannot be improved by using conventional
eveglasses, surgery, or medical treatment, people with low
vision may find it difficult or impossible to accomplish activitics
such as reading, writing, shopping, watching television,
recognizing faces, or even commuting. They need to learn how
to make the most of their remaining sight and find new ways of
doing daily activities. Low vision aids come in and range from
simple hand-held lenses to electronic devices. Different ones are
needed for different visual tasks. However. some aids are
inconvenient to carry since it is too large while the other
specifically designed portable aids are too expensive. These
problems inspire us to develop a visual aid application on smart
phone by using advanced mobile imaging technologies to
enhance vision-related quality of life for people with low vision.
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We conducted an interview with low vision people at the
King Chulalongkorn Memorial Hospital’s Low Vision Clinic.
Many of them need care-takers to help in evervday activities,
while some young aged people can take the benefit of smart
phone to help them doing things independently such as reading
sign by using mobile phone capturing picture and zoom in to
read. However, one of the major difficulties for low vision
people is to commute independently using public transportation.
They can blurry see and recognize buses that are approaching
the bus stop. but reading bus route number is still challenging to
them. This leads to our motivation to develop an automatic bus
route number reader which helps them recognize bus number
from captured image like Fig. 1.

This paper presents a proposed bus route number recognition
system. We use MSERs based text detection algorithm
combined with MSERs segmentation to acquire each character.
The extracted characters are then recognized by well-trained
convolutional neural network (CNN). Finally, the recognize
digits are then converted into synthetic sound.

Fig. 1. Example of an image of a bus
conventional mobile phone.

pproaching a bus stop captured by a

The rest of this paper is organized as follows: In Section I,
we present a survey of vision-base bus detection and bus route
number recognition. Our proposed system overview is illustrated
in Scction ITI.  Section IV describes text detection and MSER
segmentation, as well as, the digit recognition using
convolutional ncural network. In Scction V, the experimental
setup and results are reported. Finally, conclusion and future
work is described in Scction VI.
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II. RELATED WORKS

In literature, there are a number of automatic bus number
recognition systems; however. most of them use active sensors
such as GPS (racking systcm, RFID, ctc. For vision basc
approaches, Guida ct al. [2] proposcd the bus linc number
detection and recognition. Their method locates the main
geometric entities of the bus facade through a cascade of
classificrs based on Adaboost, which also used in face detection
method proposed by Viola and Jones [3] and then refining the
matching with robust geometric matching. The perspective
correction technique is employed on the extracted digit area to
produce perspective corrected digits. Then convert it to the HSV
color space and applied thresholding operation to segment ecach
digit. Finally, the OCR is used to recognize the digit and
converted into voice notification for the visually impaired
people.

Pan et al. |4| proposed another vision based method which
detects information from the front of the bus by using the camera
at bus stop. This system can detect the incoming bus route
number and notify the visually impaired people in voice
notification. Their system can be divided to 2 subsystems: bus
detection and bus route number detection. In the bus detection,
HOG and SVM are used to detect the bus location. In the bus
route number detection, they detected bus route number and
information from LED pancl. They usc adjacent character
grouping and canny cdge detection to find candidate rcgions.
The Haar-like feature is extracted from edge distribution and
stoke orientation maps. The acquired features are fed into
Adaboost to classify cach component. Finally, they use the
Optical Character Recognition (OCR) software combined with
text-to-speech synthesizer to produce an audio.

Tsai et al. [5] also proposed an automatic bus detection
system (o help visually impaired pcople to know bus routc
number. Their system including 3 subsystcms: bus moving
detection, bus panel detection, and text detection. In bus moving
detection. they use Modify Adaptive Frame Dillerencing
(MAFD) to extract the moving objects. If the difference between
previous and current frame is small, current frame is skipped.
Conversely, if the difference is moderate, moving object is close
to the camera. In case of the moving object is big enough, an
automatic threshold algorithm is applied on the different image
to detect the moving objects which can be represent by a
bounding box. If the interested bounding box is larger than
predefined value. it classifies as a bus. Normally, the bus panel
always located at the top of bus so, in bus panel detection part,
the upper part of bounding box is sclected as region of interest.
Finally, they wusc background distribution and border
thresholding to find the area of text which is converted to voice
notification.

The three systems surveved above deal with standardized
bus with same color and same pattern both layout of the bus
facade and line number format. Unfortunately, there are so
many types of public buscs in Bangkok with no standard format.
There arc so many variations in bus color, layout of thc number
plate, color and font of route number, appearance of route
number, ie., some are plain painted plates, some are painted
plate under glass cover, some are digital LED pancls, ctc. Fig.
2 shows variations of Bangkok public buses. In addition, it is

known worldwide that Bangkok has some of the worst traffic

jam. The scene images around bus stop area are typically quite

complex. This creates occlusion: bus image region is typically
incomplete. These are our challenges.

Fig 2. Samples of varations in Bangkok buscs

TII. SYSTEM OVERVIEW

Since the bus recognition and segmentation is still
challenged as stated above. In this paper. we assume the bus
routc number pancl alrcady detected. Our system consists of two
slages: text detection and digit recognition. The overview of the
system is shown in Fig. 3. First, we enhance the input image by
applying perspective transform to correct the geometric
distortion. The output will be aligned rectangle of the route
number panel. The MSERSs based text detection is then used to
localize the text location in the panel region. Then, MSERs
based segmentation algorithm is employed to segment cach
character which is fed into our convolutional neural network
digit recognizer to recognize each digit. Finally. the recognition
output is converted into the audio.
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Fig. 3. The flowchart of proposed bus route number recognition system.
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TV. PROPOSED METHOD

The proposed automatic bus routc number recognition
system consists of 3 main slcps: image pre-processing, text
detection and segmentation, and digit recognition and voice
synthesis.

A. Pre-processing

Our pre-processing step begin by cropping the bus panel area
from the provided four corner points. We then apply perspective
correction on bus pancl arca to correct the skew as shown in Fig.
4. The output will be an aligned rectangle of the route number
panel.

Fig. 4. (a) input image with specificd 4 comer points of routc number
panel, (b) cropped panel image (c) perspective correction result.

B. Text Detection

In this step. the text in the bus pancl region should be
detected and segmented. The details are shown in text detection
diagram in Fig. 5.

1) Text Detection

In text detection part, we use OpenCV text detection |6].
This method is based on the algorithm proposed by Lukas
Neumann & Jiri Matas [7] and Gomez L. and Karatzas D. [8].
This algorithm is based on MSERs and adopts trained classifier
for character detection. The results are drawn in text character
grouping. Our proposcd mcthod applics this algorithm to find a
rcegion of (ext on the bus pancl image.

The results of text detection are presented in Fig. 6. The text
areas are then cropped.

OpenCV Crop area of Convert to
Text Detection > Text grayscale
image
Y
Crop a digit to Segment to a digit
process by MSERs

Fig. 5. The diagram of text detection.

Fig. 6. Example results of text detection.

2)  Digit Segmentation

We adopt Maximally Stable External Regions (MSERs) to
segment characters from detected text area. First of all, we
converl the output from text detection to grayscale and usc
MSERs to scgment characters. The example of text scgmented
by MSERs are shown in Fig. 7. MSER is a technique to find
stable region in image. It is popular in object recognition and
sterco matching. This method was proposcd by Matas ct al. [9].

(a2) (a3)
(bl) b2) (b3)

Fig. 7. Character segmentation using MSERs. (al) and (bl) are input images.
(a2) and (b2) results after applying MSERs. (a3) and (b3) the segmented results.
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C. Digit Recognition

After character scgmentation, we then perform  the
recognition. Our convolutional ncural network digit recognizer
is trained by The Street View House Number (SVHN) dataset.
All of sub-steps of digit recognition are shown in Fig. 8.

Convolutional neural network is a machine learning
algorithm developed from neural networks. It is very famous
classifier used in many applications such as object detection,
video analysis, and natural language processing.

Digits are trained
from SVHN and
recognized by
Convolutional
Neural Network

l Synthesis to audio I

Fig. 8. The system diagram of digit recognition

In this paper. we apply convolutional neural network
proposed in [10]]11] to train digit dataset and recognized digit.
The output has 11 classes, 0-9 and non-digit. The result is
probability of a digit class.

V. EXPERIMENTAL RESULT

In this section, we present the experimental results and
discussion. First, we begin with datasct detail. Sccond, we
provide result discussion.

The proposed method was implemented experimentally by
Codc::Blocks IDE on Ubuntu operating system on Intcl®
Core™ i7-4720HQ CPU @ 2.60GHz, NVIDIA Geforce GTX
960M.

A. Bus Dataset

The dataset is collected by capturing 99 images of Thai buses
in Bangkok arca during the daytime. The images arc capturcd
when buscs are approaching the bus stop. The datasct contains
quite a variation of bus images, for examples, low contrast,
reflection from bus panel cover glasses, blur images and various
viewpoints.

B. Results and Discussion

To demonstrate the performance of our proposed system, we
conducted two experiments. The first experiment is text
detection. After the pre-processing was done, we use text
detection from OpenCV to find region of text. If region of text
contains bus route number, we decide that result is correct. It is
shown in Fig. 9. The evaluation of text detection is calculated in
precision, recall. and F-measure which are presented in Table I.

(b)

Fig. 9. Text detection results (a) is a correct one (b) is an incorrect one.

TABLEI TEXT DETECTION RESULT
Text Detection
Precision Recall F-Measure
0.78 0.67 0.73

The problem of text detection causes by variations of
Bangkok bus panels due to differences in colors, fonts, and
styles as shown in Fig. 10. Other kinds of variation of images
that affect the detection are low contrast, reflection, and motion
blur. These make finding region of bus route number difficult.

Fig.10. Variations of bus panels.

Second experiment is to evaluate digit recognition. Region
of text from text detection is segmented using MSER. The
results include both text and digits. We conduct an experiment
by recognize only digits without Thai character in region of text.
If the result has Thai character, it refers to non-text presented by
nullity value as shown in Fig. 11.

The result of the second experiment is presented in confusion
matrix shown in Table IT. From the 66 extracted bus pancl
images by text detection, we adopt MSERSs based scgmentation
method which acquired 98 segmented characters. It yields better
results it clearly images and appropriatc contrast than low
contrast, reflective, and blur images.
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TABLEIL CONFUSION MATRIX OF DIGIT RECOGNITION
Predicted
1 2 3 4 5 6 7 8 9 0 Non-digit
1 1 - - - - - - - - - 2.
2 - 8 - - - - - - - - 2
E 3 - - 5 - - - - - - - 1
- 4 - - - 8 - - - - - - 2
-
E’:: 5 - . = = 12 = " = = = =
- 6 - - - - - 3 - - - - 2
3
= T - - - - - - 1 - - - -
)
g 8 - - - - - - - 1 - - 4
@ 9 - 1 B B B B - 5 4 B -
0 - - - - - - - - - - 2
Non-digit 9 - - - 1 - - a & o 27
TABLE I11. DIGIT RECOGNITION ACCURACY

From the 98 scgmented characters, our algorithm gives 72
correctly detected. The digit recognition accuracy is 73.47
percent as presented in Table I11.

Fig. 11. Our digit recognizer will recognize only digits. Other characters will
be classified into an unknown class (7).

Digit Recognition

NO:of images Correctly Detected Accuracy
segmented
98 72 73.47%

‘We found a problem with some Thai characters which arc
similar to digits. Thus, the recognizer yields the wrong results as
shown in Fig. 12.

Digit
recognition

Digit
recognition

Fig. 12. Some example of Thai characters that are similar to digits.

V1. CONCLUSION AND FUTURE WORK

In this paper, we present an automatic bus route number
recognition. The project aims to develop a visual aid for people
with low vision in rcading bus linc number. We hope with this
kind of application will be helpful to them in commuting using
public transportation by their own and reduce chances of
accidents when they want to take a bus. From our experiments,
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we can achicve 0.78 of precision, 0.67 of recall and 0.73 of F-
measure in text segmentation. Second, we recognize only digits
without Thai character and can achieve 73.47% in cropped bus
panel.

For the future work, we want to modify text detection to
improve an accuracy of the digit recognition. We also plan (o
cventually implementing the algorithm on smartphone platform
to help people with low vision.
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Abstract—In this paper, we present vision-based bus route
number reader by using machine learning and image processing
techniques. This prototype system is designed for people with low
vision to recognize bus route number from natural scene images.
Our proposed system consists of three stages: bus panel detection,
image enhancement, and bus number recognition. The bus panel
detection is done using faster RCNN. The pre-processing is applied
to enhance bus panel images. Next, the bus route number is
recognized using Google Cloud Vision API. Finally, the recognized
bus route ber is tr d to synth d audio. The prototype
system can be applied to develop a mobile application or embedded
system at the bus stop to aid people with low vision when taking the
public bus transportation. Experi 1 results pr d in
precision, recall and f-measure in bus panel detection stage and
obtain 67.9 percent accuracy of bus number recognition.

Keywords: bus route number recognition; visually impaired; low
vision; assistive technology, faster RCNN; tensorflow object
detection

I. INTRODUCTION

According to the International Classification of Diseases,
vision function is classified into 4 broad categories: normal
vision, moderate vision impairment, severe vision impairment,
and blindness. “Low vision™ is a term that groups both moderate
and severe vision impairments. People with low vision can
partially see. Causes of low vision include hereditary conditions,
eye injuries, eye diseases such as glaucoma, diabetic
retinopathy, and especially age-related macular degeneration.
Low vision can occur at any age, but by far the greatest number
of people who are partially sighted are the elderly. The Low
Vision Association (Thailand) estimated in 2013 there were
about 300,000 people in Thailand who have low vision.
According to the World Health Organization (WHO) s fact sheet
updated in 2017 [1], there are approximately 217 million people
having moderate to severe vision impairment and could triple by
2050 due to population growth and ageing.

Imagine what life would be like if we lost a certain amount
of eyesight and could not be corrected with eyeglasses, contact
lenses, or laser surgery. With low vision, it is hard and suffering
to do many of normal tasks such as reading, shopping, and
travelling. People with low vision need to use assistive devices
which enable them to use their remaining vision more
effectively and do things they thought were no longer doable.

These devices include hand-held magnifiers, stand electronic
magnifiers that can adjust images and colors, computerized text-
to-speech devices, etc. These devices are used for close-up,
detail viewing suitable for near-sighted tasks such as reading,
writing, and crafting. To see objects in the distance for activities
that are farther away such as watching television, seeing movies
or sport events, reading street signs, or identifying train or bus
route numbers, common devices in today's market are hand-held
and spectacle-mounted telescopes. However, these telescopes
often provide a limited field of view and quite dark illumination,
which can be frustrating. They also require good motor control
to focus the lenses, and to be steady to keep it in focus.

It has become accepted in today's world that cameras and
smartphones are everywhere. This has inspired us to develop a
vision-based recognition system that can assist the low vision
people to maintain their independence for activities of daily
living such as travelling using the public transportation system.
In Bangkok, while the rail systems recently have been developed
and being expanded, the huge network of public buses serviced
by the Bangkok Mass Transit Authority (BMTA) and privately-
own companies provides the incredibly cheap and easily
accessible way to travel in the city. Normally, at the bus stop,
the people with low vision need to ask other people of what route
number the bus is approaching. Without any assistance, they
may get lost or even get injured by an accident.

By leveraging the highly developed computer vision and
machine learning technologies, in our previous work, an
automatic bus route number reading systems were proposed [2]
to aid low vision people to able to travel using public buses more
safely and confidently. The prototype we developed as an
assistive system to help the people with low vision to recognize
the bus route number from a captured image, see Fig. 1. The
system began with some pre-processing and manually cropped
the bus panel region. Then, a text-detection based on the
Maximally Stable Extremal Regions (MSERs) [3], which is a
technique to find stable regions in the image, was used to locate
the bus route number area and segment it into regions of
characters. The CNN number recognizer, which was trained by
the Street View House Number (SVHN) [4] [5] dataset, was
applied to recognize the route number. Lastly, the voice of route
number was synthesized. However, due to variations of image
viewpoints, illuminations, brightness, contrast, and noises, the
recognition rate of the previous system should be improved.
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This paper presents an improvement of the system by adding
an automatic bus panel detection as well as proposes different
techniques for route number recognition.

— @,
»n»rﬂ») Ian

Fig. 1. The bus route number reader processes captured bus image taken
by mobile phones and syshesizes voice to aid people with low vision at bus
Stops.

The rest of the paper is organized as follows: Section II
provides overview of the related works. Section III introduces
our system overview. The details of proposed techniques in bus
panel detection and route number recognition are described in
Section IV. Section V presents the experiments and Section VI
concludes the paper.

II. RELATED WORKS

The existing approaches for bus route number detection and
recognition can be categorized into two groups: active sensor-
based and vision-based methods. The active sensor-based
methods utilize wireless sensors such as Global Positioning
Systems (GPS) and Radio Frequency Identification (RFID).
Noor et al. [6] proposed a bus detection device for the blind
using RFID. Their system utilizes RFID to communicate
between buses and bus stops. When the bus approaches the bus
stop, the bus information can be retrieved. Kalbani et al. [7] also
proposed bus detection system for blind people using RFID.
Their system can be divided to two subsystems: station and bus
subsystems which are connected to a database. When the bus
approaches the station, the station subsystem reads bus
information and converts to voice for blind passengers. In
addition, the number of the blind passengers as well as their
destination information, which are registered at the station
earlier, will be sent to the bus.

For vision-based methods, Guida et al. [8] proposed an
automatic bus line number localization and recognition on
mobile phones. Adaboost is used as a bus fagade classifier. The
perspective correction technique is applied on the bus fagade to
correct the geometric distortion. The predefined bus template is
applied to extract a bus number. After all those steps, color
segmentation in HSV color space and thresholding are applied
to segment the bus numbers into individual characters. The
Optical Character Recognition (OCR) is applied to recognize the
bus number. Finally, the bus numbers are synthesized to voice
for visually impaired people.

A primary travelling assistant system of bus detection and
recognition for visually impaired people was proposed by Pan et

al. [9] This system detected the approaching bus and warned the
visually impaired people by using sound. Their proposed system
can be separated into two subsystems: the bus detection and the
bus number detection subsystems. Histogram of the Oriented
Gradient (HOG) and Support Vector Machine (SVM) were
applied to detect the bus location in the bus detection system.
The detected bus region was fed to the bus number recognition
system, which could be separated to coarse and fine stages. In
the coarse stage, adjacent character grouping and canny edge
detection were used to filter out non-number regions. Then, the
rest of regions was forwarded to the fine stage classifier based
on the Adaboost to acquire the bus number region. Finally, OCR
software and speech synthesis were used as transcribing the bus
number images into speech.

Lee et al. [10] proposed automatic number recognition for
bus route information aid for the visually-impaired. This system
can be divided to two subsystems: the bus number detection and
the bus number recognition subsystems. In the bus number
detection subsystem, they adopted the census transform feature
and fed result to the Adaboost, which was trained by the number
from license plate number dataset. In the bus number recognition
subsystem, the thresholding was applied to segment the number
to be individual component. Then, the gradient feature was
extracted from each component and forwarded to the multiclass
SVM. The multiclass SVM was used as the number class
classifier. Lastly, they used the text to speech from Google to
convert text to speech.

The bus number detection via motion and YCbCr features
was proposed by Cheng at al. [11]. This system began with the
bus area detection. Adaptive frame differencing was applied to
find the bus area from the moving bus. Aspect ratio correction
properly adjusted the aspect ratio of bus panel. Finally, YCbCr
color space is used to find area of bus number. The other
researches for bus number detection using YCbCr features were
proposed by Tsai et al [12]. This system applied YCbCr color
space to find the bus number from moving bus. Connected
component labeling was applied to find the bus number
candidates. The bus number was represented as bounding-boxes.
However, many noises were detected. To remove noises from
irrelevant bounding-boxes, localization method was applied.
Finally, the bus numbers were detected.

In summary, the active sensor systems provide higher
accuracy, but limits in distance. To increase the distance,
expensive high-performance equipment is required.

In vision-based systems, to the best of our knowledge, the
previous systems reviewed above work based on assumptions of
standard templates in term of bus body, panel, and route number
format, pattern, and color. Apparently, due to a huge variation in
Bangkok’s buses, the existing vision-based techniques will not
work. The variations of buses in Bangkok include variations in
body types, size, and color of the buses, variations in position,
size, color, and material of the route number panels, as well as
variations in font, size, color, and types of the route numbers.
Fig. 2 shows the examples of the bus variations in Bangkok. This
paper proposed learning-base approach in detecting bus and bus
panel by training with self-collected bus dataset.
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Fig. 2. The example of the bus variations in Bangkok buses.

III. SYSTEM OVERVIEW

Our system overview shows in Fig. 3. It consists of three
main stages: the bus panel detection, the image enhancement,
and the bus number recognition. In the first stage, the image
regions of bus panels are localized from scene images like ones
shown in Fig. 2 using Faster RCNN. Then, a sequence of image
processing technique is used to enhance the bus panel image to
suite the next step. Lastly, the OCR from Google Cloud Vision
API is applied to recognize the bus route number from the
enhanced panel image region before the synthesized sound of
the bus route number is done.

IV. PROPOSED METHOD

A. Bus Panel Detection

Bus panel detection is trained using TensorFlow object
detection [13], which uses pre-trained-weight ResNet101 based
on faster RCNN model. The COCO dataset [14] was trained to
be pre-trained-weight model. This trained model is used for
testing the detection in our bus panel dataset. The results from
the bus panel detection are shown in Fig. 4. The bus panel is
detected into the form of bounding box.

! Input Image ;

£
§ TensorFlow
& Object Detection based
- on Faster RCNN
£
3
&
Perspective
Correction
-
g v
2 Adjust
_g Aspect Ratio
=]
g

Gamma Correction

A 4
Optical Character
Recognition (OCR) from
Google Cloud Vision API

I Bus Number Recognition | |

A

f Voice Synthe ;

Fig. 3. The system overview of proposed system,

Fig. 4. The example result of bus panel detection. (a) input image,
(b) Output image, which the bus panel area is detected, represented in a green
rectangle.
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Faster RCNN [15] is machine learning algorithm, which
was developed from Fast RCNN combined with Region
Proposal Network (RPN). It is powerful classifier for object
detection because it produces higher accurate result and it is
faster than fast RCNN. ResNet101 is the pre-trained network,
which processed the good detecting results in ImageNet and
COCO datasets [16], and it was applied to the Faster RCNN.

B. Image Enhancement

Possible area of bus number, which is green rectangle, is
automatically cropped from the bus panel detection. Next,
perspective correction is applied to recover the perspective
distortion. The aspect ratio correction is also applied. Fig. S.
shows output image of this processing.

(b)

Fig. 5. (a) Four corners of bus panel are detected from the bus panel image
obtained from the Faster RCNN (b) Bus panel after perspective and aspect ratio
correction.

(a)

\
|

¥

(b)

(©

Fig. 6. Il of image steps (a) input image, (b) pre-
processing with CLAHE, (c) pre-processing with CLAHE + Gamma Correction
(¥ = 0.5), (d) pre-processing with CLAHE + Gamma Correction (y = 1.0)
and (e) pre-processing with CLAHE + Gamma Correction (¥ = 1.5)

The Contrast Limited Adaptive Histogram Equalization
method (CLAHE) [17] is an enhancement technique, which is
adjusts image contrast for improving image details. Then, we

find mean value of Y in the 8-bit YCbCr color spaces from the
images. In gamma correction [18], which known as the power
law transform, we use the mean value of Y to adjust brightness
from gamma values. The example of image enhancement using
CLAHE and gamma correction with varied gamma values are
shown in Fig. 6.

C. Bus Number Recognition

The Google Cloud Vision API [19] is widely used in the
image processing and the computer vision fields. It enables
developers to receive the content of an image by its machine
learning models. It has many features to analyze an image such
as label detection, face detection, logo detection, OCR, etc.

In the bus number recognition system, we use the OCR from
the Google Cloud Vision API which can recognize texts in many
languages. This OCR will upload the image to the Google
Cloud. Their translation and vision API extract the bus number
text from the output image of the image enhancement step.

V. EXPERIMENTAL RESULT

In this section, we present the experimental results and
discussion. First, we start discussing with the dataset details.
Second, we explain our results and discussion.

The proposed system was implemented on Ubuntu operating
system on Intel® Core™ i7-4770 CPU @ 3.40GHz, NVIDIA
Geforce GTX 1080 Ti.

A. Dataset

Dataset images were collected by capturing bus image using
mobile phones. The current dataset contains 540 images taken
in day time while buses were approaching the bus stops in
Bangkok metro area. The dataset contains wide variations in
clarity, contrast, illumination, viewpoint, and scene complexity.
Some images may contain more than one bus. The dataset is
divided into two sets: one for training and the other one for
testing. The training set consists of 432 randomly selected
images used for training the bus panel classifier. The testing set
is the remaining 108 images used for evaluating the panel
classifier.

B. Results and Discussion

To evaluate our system performance, we conducted the
experiment into two parts: the bus panel detection and bus
number recognition experiments. First, we fed the input image
to our bus panel detection system. The bus panel regions will be
detected by our system. The results were evaluated by the
Intersection over Union (IoU) [20] that is a comparison between
prediction and ground truth areas.

The IoU is widely used for evaluating the accuracy of object
detection. The famous competition like PASCAL VOC
competition also uses the ToU. The equation (1) is formula for
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calculating the IoU. In our system, the area of overlap calculated
from intersecting area between the prediction and the ground
truth and the area of union calculated from union area between
the prediction and the ground truth.

_ Areaof Overlap

loU = (0]

Area of Union

The example of the IoU score is shown in Fig. 7. Our scoring
condition considers the correct prediction when the IoU has
score more than 0.7.

Ground-truth Bounding Box

o Predicted Bounding Box

Fig. 7. An example of intersection over union scoring for various bounding
boxes.

The first experimental result shows that 112 bus panels
correctly detected. The bus panel detection gives 114 prediction
boxes from 108 evaluation bus images. The amount of ground
truth has 113 images. The errors can be divided to two cases:
incorrectly detected prediction and missed prediction. Our
system incorrectly detected 2 prediction boxes and miss 1 bus
panel. The result is presented in precision, recall and F-measure.
It is shown in Table I.

TABLE L. BUS PANEL DETECTION RESULT
Bus Panel Detection
Precision Recall F-Measure
0.982 0.991 0.986

The second experiment was evaluated the bus number
recognition. After the bus panel detection, the segmented bus
panel image region is proceeded to the image enhancement stage
before entering the bus number recognition stage. This is done
using the OCR from the Google Cloud Vision API. We scoped
the experimental evaluation without Thai character and focused
on only the number recognition.

We experimented by using various pre-processing
techniques and parameters before doing the OCR. The
recognizing results are shown in Table II.

The 112 bus panels, which were correctly detected from the
bus panel detection stage, were processed in the perspective and
aspect ratio correction steps. Then, we apply the 112 bus panels
with eight pre-processing techniques. First technique used
ordinary bus panel images to evaluate the accurate recognition.
Second technique enhanced the bus panel images with the
gamma correction. Third technique used the CLAHE method to
modify the bus panel images. Fourth technique used the gamma
threshold with the mean value of Y from YCbCr color spaces to
adjust the bus panel images. Fifth technique used the CLAHE
and the gamma correction to enhance the bus panel images.
Sixth, Seventh and Eighth techniques used the gamma threshold
and the CLAHE to enhance the bus panel images. The best result
is the 8™ technique pre-processing. It gave 67.9 percent of the
accurate recognition.

TABLE IL Bus NUMBER RECOGNITION RESULT
Bus Number Recognition
Gamma Correction

Y y=10 1% CLAHE | Correctness | Accuracy

=15 =05
1 - - - 71 63.4%
2 Y. - - - 69 61.6%
3 v 64 57.1%

Hy By Hy
4 <180 = [180,220] | > 220 - 61 59.8%
5 4 a L v 71 63.4%

Y Hy Hy

6 <100 = [180,200] | >200 ¥ 66 58.9%
7| <100 ny > 100 - 4 72 64.2%
8| &gy | mr>180 - v 76 67.9%

Fig. 8. An example of variation of bus panel such as single character,
reflextion, low-light image and more font and panel styles.
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From our experimental result, we discovered 12 of 112
images that our method could not recognize the bus numbers.
There are various reasons of the errors such as font styles,
noises, incomplete characters, reflections, blur and low-light
image. The other main reason is that most of text detection and
recognition processes assume any text or word has connected
characters as a chunk. Therefore, a single bus number cannot be
detected or recognized because of that reason. The examples of
various error are shown in Fig. 8.

VI. CONCLUSION AND FUTURE WORK

In this paper, we proposed the vision-based bus route number
reader to aid people with low vision while taking the public bus
transportation. We wish them to be able to travel on their own
more safely and confidently. The bus panel detection using
Faster RCNN achieved 0.982 precision, 0.991 recall and 0.986
F-measure tested on 108 test images which contain 113 bus
panels. After obtain bus panel, the OCR is done after some
image enhancement. The best recognition rate we get at presents
i8 67.9 %.

For the future work, we need to improve the recognition by
incorporating some prior knowledge of geographic information
such as bus routes and user location as well as working on better
model of the digit recognizer.
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