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ABSTRACT: The optical character recognition (OCR) for
different languages has been developed and in use with
diverse applications over the years. The development of
OCR enables the digitization of paper document that
would have been neglected over a period of time as well
as serving as a form of backup for those documents. The
system proposed is for isolated characters of Yoruba
language. Yoruba language is a tonal language that carries
accent on the vowel alphabets. The process used involves
image gray scal, binarization, de-skew, and segmentation.
Thus, the OCR enable the system read the images and
convert them to text data. The proposed model was
evaluated using the information retrieval metrics:
Precision and Recall. Results showed a significant
performance with a recall of 100% in the sample
document used, and precision results that varies between
76%, 97%, and 100% in the sample document.
KEYWORDS: recognition, binarization,
digitization, accuracy, Yoruba language.
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1.0 INTRODUCTION

Human Computer Interaction (HCI) is a form of
communication which entails the study, planning
and design of communication between people and
computers. ([Kar08]). Optical Character Recognition
(OCR) is a form of HCI and the technology enables
the electronic or mechanical conversion of different
types of documents by digitization into readable,
editable and searchable document, such as scanned
documents, images captured by a digital camera or
PDF files. Character is used to build structures of a
language and it is the fundamental building block of
any language. These are the alphabets and the
structures are strings, words and sentences ([CK14]).
Yoruba language is indigenous to Nigerians (where
it is an official language), Togolese and Benin
republicans. It is used in interaction by about 50
million people in south west Nigeria and across the
world. (JA+14])

Yoruba is a tonal language like many African
languages and it is one of the Niger-Congo language
families. Therefore, the meaning of a word is in the
tone. Sounds in many languages are produced when
alphabets are combined together. In tonal languages
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like Yoruba, words of the same spelling can have
different meanings. These words are called
homographs. Hence, it is the tonal sign placed on
them that distinguishes their meaning and not their
spelling

Yorubé alphabet can be divided into consonants and
vowels. It is only the vowels that can have the tonal
accents. The alphabets are:
ABDEEFGGBHIJKLMNODQO
abdeefggbhijklmnoo
PRSSTUWY

P rsstuwy

OCR for different languages has been developed and
in use with different application. It will be of great
benefit if it is also developed for Yoruba language
and for the indigenous people due to its diverse
applications such as e-book reader, document
editing, speech recognition, text-to-speech among
others.
2.0 RELATED WORK

The main function of the OCR process is to scan
document in other to extract the text within so it can
be easily searched, copied, edited, and matched
([Geo15]). In OCR “1” is black (foreground) and
“0” is white (background). It is a step by step
process that involves the data acquisition phase
which is to digitize the text image, preprocessing,
segmentation, feature extraction, classification and
recognition of text. Figure 1 shows the block

diagram of the OCR.
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Pre-Processing
(Binarization and skew)

'

Segmentation (lines and characters)

v

Feature Extraction

v

Classification

v

Recognized text
Figure 1: OCR Block diagram ([M+14])

The data acquisition stage is the process of capturing
analog materials of characters (paper documents)
into digitally recognizable resources. The process is
done using an analog-to-digital converter (scanner).
The data acquisition stage is followed by the
preprocessing stage which involves both binarization
and skew. Binarization is used to increase
processing speed and reduce the storage require
(ICK14]). Skew operation is for proper alignment of
scanned document. Segmentation process seeks to
breakdown an image of sequence of characters into
individual symbols of sub images. Segmentation
includes character, word and line segmentation. The
character segmentation determines the effectiveness
of conventional character recognition systems.
(ICK14]). Feature extraction process extracts
information from object(s) that are used for
classification. The features from isolated characters
are extracted which is in form of matrix. The matrix
is then used for classification and recognition of
characters Patil and Mane ([PM13]) reviewed works
that considered the font styles, size, and position
using image insight in typed and handwritten
recognition of English characters. It was
implemented using Matlab and the results were
considered to be good with accuracy rate of 96.5%.
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Tabassam, Syed, Habib & Anoshia ([T+10]) also
proposed a system for offline character recognition
for isolated characters of Urdu language. The system
was implemented using pattern matching with 89%
accuracy and 15 characters per second recognition
rate. Ajao, Olabiyisi, Omidiora, & Odejobi ([A+15])
evaluated quality of Yoruba handwritten characters
using the preprocessing stages of the feature
extraction. In the paper, word samples were
collected from Yoruba writers and it was concluded
that perturbations affected the information on the
samples that needed to be removed.

3.0 METHODOLOGY

Optical Character Recognition

Step 1: Scan document in Yoruba and save the
scanned image as .bmp file;

Step 2: Read the scanned image file in .omp format
and extract the embedded image byte stream;

Step 3: Convert the colour image from RGB to gray
scal;

Step 4: Smooth the gray image using filter;

Step 5: Binarise the smoothed grey image to form
edge image;

Step 6: Perform de-skew operation on the scanned
image;

Step 7: Perform character row (line) segmentation;
Step 8: Perform character word segmentation;

Step 9: Perform character segmentation;

Step 10: Evaluation

The document scanning involved the use of scanner
to convert the document from analog to digital. The
digitize document is save in .bmp format which is
followed by conversion of coloured image to gray
scale image. Binarization is the conversion of
grayscale image (0 to 255 pixel values) by selecting
a threshold value in between 0 to 255 to binary
image (0 and 1 pixel values). Skew operation is used
to put the image in right shape. This is to ensure the
document is properly aligned. Segmentation derived
character or word from the image (input document).
Figure 2 shows a .bmp Yoruba scanned text
document as a sample input to the proposed model.
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NITORI AAWE RAMADAANI, OUNIJE GBOWO LORI Ni ILESA.

Ohun & k& selé ri latigbha o wdén H an gba aaweée awon MUusulami nipinlé Osun IS 1 An selé bayii
nitori pala bi 5pd Nind awon osisé ijoba ipinlé naa ko t ni anfani lad gbaawe ti odun yii. Ohun tf
a gbd peée o fa sababi ni Airawd osu gba lati nhkan bii ost méje séyin, ati bii ohun gbogbo se
Ebowad 16ri 16)a Atakunmosa at Sabo, ni llésa.

Twadii wa fidi @ mule pé ata ti wén t an ta 13aadota naira télé v di oeidrun-un, nigba o kéungo
alubé ti fo fére lati ogdrun-an naira si aadgjo naira (150), igd epo & O si jé ogdsan-an naira (180)

ti gbowd 161 péld ogdn naira.

Gégé biiwadii wa siwaja sii, awon ivaléja ati babaloja kd ta daadada md 1§ja atakanmosa éyi ti o
mu ki Opd awon oldja ndaa maa sun ni osan gaan.

Nigba ti a ba lyaldja Abeébi ti & jé oludari goja nda sorg, © so pé& aita oja ti féé so dun di onigbese
baAyii nitori apéreé ata kan téun ra légbeélégbé owa 16 ti jera tan mobi ti oun gbeé e si. O ni bi aawe
awon Musalami se ku 0jé méji ké wayé loun sare loo ra apére ata rodo meji peld afojusun pé

Sun yoo ta meéjeaji tan ldarin QjiG kan si meéjl, sugbdn oja ko ya rara.

Béeni Ogbéni Sadiku 16 jé Babaldja oja Sabo ba wa sord, oni oun téun ti ma-an fi ko Nninla ko
alubdsa ati ata 1ati Oke-Qya 16 di pé dun ko tié kéfiri awoen onibaara Sun kankan lati bii &s¢ kan
tSun b ko gja dé.

NinG ord oga osisé kan niipinlé Osun té ni ka fordko boun lasiivi, o ni airi owd-osu gba fosi meje
16 sakaba foun 1at gbaawe, béé ni pé aimoye elésin Musulumi ni wén kd e kapa nina aawe ti &
Un lo éyi té sakoba fétd org-aje 1pinlé naa.

Bakan naa la kan sofisi akoweé agba ijoba ibilé lwo-Odorun Llésa, Alhajl Azéez Adésiji eni té binda si

bi &roja isebé se gbGwa 1611 16]a Atakunmosa ati Sabo bayii, nitori & 16 si sé ro lyaldja ati Babalgja

awon oja yii lati wo asikd ost Owo (Ramadan) taa wa yii, ki won jé kédwad tf won gbé 1ori awon

oja dinka.

Figure 2: Scanned Image (Yoruba Text )

The metric used for the evaluation of the
performance of the proposed Yoruba OCR model
are Precision and Recall. They are robust evaluation
metrics that have been extensively used in
information retrieval studies.

Precision= % (1)
S|

Recall = T 2

Where:

I is the sample you give to your system

S is what your system produced from the sample
(system output)

| | implies the cardinality of the set i.e., the number
of characters in the set. So

|I o) S| is the number of characters in the resultant
set of | intersect S
|I| is the number of characters in the set |

|S|is the number of characters in the set S

4.0 RESULT AND DISCUSSION

41 Result

The input/output of the proposed OCR model for
Yoruba are as presented in the following
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subsections. The result of the performance
evaluation of the model is also presented.

4.1.1 The OCR Input

The OCR input is a sample document which is the
.bmp input file for processing Yoruba scanned text
document as shown uploaded in figure 3. The
document used is a Yoruba character document
typed and scanned. The document was printed on a
plain white paper and scanned with a scanning
machine.

4.1.2 Processing Steps

The tasks in the processing steps of OCR includes
Grayscaling, Smoothing, Edge detection, Skewing
and Segmentation are shown in figure 4. The result
of each of the tasks is presented as follows.

Figure 5 presents the result of the Grayscaling step.
The original input is in the left hand side and the
grayscal output is in the right hand side. Similarly,
the original document input and the output results
for the smoothing, edge detection, skewing and
segmentation are presented in figures 6, 7, (8 & 9),
and 10 respectively.

Segmentation: Line and character segmentation was
performed on the image. Figure 10 shows the result
of line segmentation. It identifies each line of

characters, taking in to cognizance the ascent of each
character, separating each character from the next.
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Figure 3: .bmp Yoruba character document

| || e |
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Figure 4: OCR Steps
L |
m Steps.
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NITORi AAWE RAMADAANI, OUNJE GBO
Ohun t kb selé ri latigba tf won ti dn gba aawe a
nitor( pélG bi opd nind awon dsisé ijoba ipinlé n:
a gbo pé 6 fa sababi ni airowé osu gba lati nikar

gbowd tori 16j3 Atdkanmosa ati Sabo, nillésa.

Twadii wa fidi @ mule pé ata tf won ti n ta ldaad
—

>

Figure 5: Grayscale implementation
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‘ Grayseale ‘ ‘ Smooth Smoothing Weight ‘ Edge Detect H DE Skew ‘ Segmertation

TR AVWE RAREA AN, D GROWSS Lmi N A

Gégé bi iwadii wa siwaju si i, awon iyalgja ati b

ma ki 0po awon 9ldja nda maa sun ni 9san gaa

Nigba ti a ba lyaloja Abébi ti 6 jé oludari oja nd

T

bayii nitori apéré ata kan téun ra légbelégbe o

Load Scanned
ot Recognise Text

Seps

awon Musulumi se ku 0jo méji ké wayeé 1oun s
. Ann uAA ta méisail tan lAArin oi6 kan si méii. s~

Figure 6: Smoothening Implementation
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Sreshina isat ‘ i Dt

TGN AAWEAAIBALN, O GROWD o s

| DE-Skew

Segmentation

C SMGHE S, SMOR A

L A
mae oe N

Y el e 2 AT TG T WAVE oUD
LIS S S SRS KOS S SOCE

Figure 7: Edge Detection Implementation

-

Smocthn et | e peet H pEse

O AW BABALM, OUME RO LI MRESA

Segmentation

NITOR{ AAWE RAMADAANI, OUNJE GBO\
Ohun ti ko selé ri latigba ti won ti Gn gba aadwé 3w
nitori peld bi dpo nind awon dsise ijoba ipinlé nai
a gho pé 6 fa sdbabi ni airdwé osu gba lat nnkan
gbéwé 16ri 160ja Ataktinmosa at Sabd, ni llésa.

Twadii wa fidi @ mule né ata H wan t (1n t3 1333d6
g 2

Figure 8: De-Skew Implementation
37




Anale. Seria Informatica. Vol. XVII fasc. 1 — 2019

Annals. Computer Science Series. 17" Tome 1% Fasc. — 2019

uuuuuu

Grayacale Smooth Smoothing Weight |1 1% Edge Detect DE-Skew Segmentation

NITORI AAWE RAIVIADAANI, ©

|Ohun ti ko selé ri latigba ti won ti ¢

ki sises e MTtOTT pIU bi PO NiNG awon oOsise

2 f"‘a’n‘ Péa 'Wénp,-v -, it ’ \ ” LIS NAS ” ” \
Uebonae - otrn. ... @ gbO pé O fa sababi ni airéwo osu

Figure 9: De-Skew Implementation

Load Scamned Load Scamned
Document I Documert F

Grayscale Smooth SmoothngWeight |1 1 Edge Detect DE-Skew Sagmentation

Ohun ti ko selé ri latigba ti wén i un gba aaweé awon Musulumi nipinle Qsun 161+
nitori peld bi 9pd nind awon osise ijoba ipinlé nda ko i ni anfani lati gbaaweé ti o
a gbo pé 6 fa sababi ni airdwd osu gba lati nakan bii osu méje séyin, ati bii ohun

gh6éwd 16ri 10ja Atakiinmosa ati Sabo, ni llésa.
Iwadii wa fidi @ mule pé ata H won ti Un ta 133adota naira téle ti di ogdrun-un, ni

elubg ti fo feré lati pgorin-in naira si aadojo naira (150), igd epo ti 0 si jé ogdsa
ti ghowo 16ri pela ogin ndira.

Gége biiwadii wa siwaju s i, awon Iyaloja ati babaldja ko ta daadda ma 10ja atal
md ki opo awon ¢loja naa maa stin nf gsan gaan.

< >

Figurm: Segmehtatif)n of Yoruba text imége

4.1.3 OCR Model Output 4.1.4 Character Recognition Accuracy

Figure 11 shows the output of the proposed OCR An error is said to occur if there is substitution or
model. The input data is on the left hand side of the insertion required to correct the generated text. The
image, while the output with system recognized information retrieval metrics Recall and Precision
characters on the right hand side. The output is are used to measure the performance of the proposed
further used for the performance evaluation. Yoruba OCR model. As earlier stated, precision is

the fraction of retrieved text that are relevant and
Recall is the fraction of relevant text that are
retrieved and they are determined using the equation
(1) and (2) in section 3.

In the evaluation, 6 sample pages were used. Figures
12 to 17 presents these sample pages.
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Qba Ogijo rawg ¢be sijoba ipinle Ogun

Oba ilu Ogijo nijoba ibile Sagamu nipinle Ogun, Alayeluwa Oba Abdulganiyu
Dosumu Leme ti rawg ¢be sijoba ipinle Ogun lati fun won ni ijoba ibile Ogijo
Kkawon kuro labe ijoba ibile Sagamu tawon wa bayii.

Kabiyesi ni ilu nla to ye ko ni ijgba ibile ti¢ ni Ogijo, bee lo rg ijoba laii ba
won tun awon oju ona to wa ninu ilu naa se.

Alayeluwa ki gomina wntun ti won sese dibo yan, Senatp Ibikunle Amosun ku
oriire, o waa ro gomina tuntun naa lati mu awon ileri ti won se fawon araalu
lasiko ipolongo s¢, kawon eeyan le royin won daadaa ti won ba kuro lori aleefa.

—— St

NITORI AAWE RAMADAANT, OUNJE GBOWO LORI NI ILESA

Ohun ti kn selé ri latighd ti wén ti in gba 33we dwon Misdlimi nipinla Osun 16 ti in sel& bayii nitori
inha pinl& nda I ti ni Anfani 4t ghaawe ti ndun il Ohuntia gbd pé &

irdwd osll gh 4t nkan bii osl méje séyin, &ti bii ohun ghnghn se gbdwd 16ri 16j&

Ardlctinmasa &ti Sabd. ni llésa.

Twadii wa fidi & mule pé ata ti wén ti On t3 |33addta naira téle ti di ogdrin-in, nigba ti kdlingd &liba ti

F&s f&rd &t pgdrin<in naira si 3&ddjo ndird (N150). igd epo ti 6 si j& ogdsan-dn ndird (MN180) ti gbdwd

l6ri p&ld ogdn ndira.

Gegé bi wadii wa siwajd si i, awon yaldja ati babaldja ko ta dadadaa md Igja atakdnmasa éyi ti 6 ma

ki 6pd awon cldja naa maa sin ni Gsan gaan.

Migba ti a ba lyaldja Ababi ti 6 j& olidari oja nda sord, 6 so pé ata oja ti féé so dun di onigbéss bayii

nitori apéré ata kan toun ra légbalégbe owd 16 ti jera tan mabi ti dun gbé e si. O ni bi aaweé awon

Muosdlomi se ku ojé méji kéd wéyé l&un saré loo ra apére ata rodo méji pala Afojasin pé dun yad ta

méjé&ji tan |13ann ojd kan si méiji, sugbon oj& kd ya réra.

Be&eni Ogbénl Sadikd ta j& Babalo]a oja S&bd bé wa sord, dni dun téun ti ma-an fi okd ninld kd

alibdsa atl ata I3t Oke-Oya 16 di pé dun ko tie kéfiri dwon onibadra dun kankan 1&ti bii &s& kan téun ti

i owd-os0 gba fash me]e 16

. bea ni pe dimoye el&sin Mosiliimi ni wnn kd le kdpa nind dawe ti 6 0n lo &yi

té sakdba fétd ord-ajé ip |nle naa

Bakan naa la kan sdfik aknwe &gba joba bile lwad-0arin llésa, Alhajl Azédz Adésiji EI’\I 4 bil |nu sibi
akunmosa &ti Sabo bayu. n rtorl e Io sl sér lya i Babaldja

i3
Je yod dohun gbagbe &ni
inu wahala ti & ko wdn l6ja

Adési IJI waa fi dd dwon Mastlimi nda 16j pé |dipe n| ti 6 tn se ord
ioba apapd t6 kogba wolé 1abé olidari Qgbéni Jénatani |6 so pinlé na
Igwalgwa.

Figure 11: Output

NITORIAAWE RAMADAANI, OUNJE GBOWO LORI Ni ILESA.

selé bayiinitori pélu bi 6pé nind awon osisé ijoba ipinlé naa ko ti ni anfani lati
gbaawe ti odun yii. Ohun tia gbo pé 6 fa sababi ni airowo oeu gba lati nhkan bii osu
méje séyin, ati bii ohun gbogbo segbowé Iori 16ja Atakinmaésa ati Sabo, ni lléea.
iwadii wa fidi & mule pé ata ti won ti Un ta [aaadota naira télé ti di ogorun-un, nigba ti
kélngoelubd ti fo féré lati ogofrin—in naira si addojo naira (150), igd epo ti 6 sijé
ogosan-an naira (180)ti gbowo [ori pélu ogun naira.

Gégé bi iwadii wa siwaju si i, awon iyaldja ati babaldja ko ta ddadaa mo 19ja
atakunmosa eyi ti omu ki 0po awon olgja naa maa sun ni ©san gaan.

Nigba ti a ba lyaloja Abébi ti 6 jé oludari oja naa sérd, 6 so pé aita oja ti féé so dun
di onigbésébayii nitori apéré ata kan téun ra légbéléghé owd 16 ti jera tan mobi ti
oun ghe esi.Oni b| aaweawon Musuluml se ku 0j6 méji ko waye Ioun sare Ioo ra
sugbon oja ko ya rara.

Bééni Ogbéni Sadiku to jé Babalgja oja Sabé ba wa séro, éni dun téun ti ma-an fi

oun kankan Iati bii 6sé kantéun ti ké oja dé.
Nind 6ré 6gé dsisé kan niipinlé Osun 6 ni ka fordko béun Iasiir

Figure 12: Sample Page 1

ri, @ ni airi owo-osu

Oba Ogijo rawo ebe sijoba ipinle Ogun

Oba ilu Ogijo nijoba ibile Sagamu ipinle Ogun, Alayeluwa Oba Abdulganiyu
Dosumu Lemeo ti rawo ebe sijoba ipinle Ogun lati fun won ni iJoba ibile Ogijo
kawon kuro labe ijoba ibile Sagamu tawon wa bayii

Kabiyesi ni ilu nla to ye ko ni ijoba ibile tie ni Ogijo, bee lo ro ijoha lali bawou

tun awon oju ona lo wa ninu ilu na se.Alayeluwa ki gomina tuntun li won sese dibo
yan, Senalo Ibikunle Amosun ku orire, o waa ro gomina tuntun naa lali mu awen ileri
li won se fawon araalu lasiko ipolougo se, kawon eeyan le royiu won daadaa li won
ba kuro lori aleefa.

Figure 13: Sample Page 2

39



Load Scanned

Main

[N

=W

aN N

Main

Anale. Seria Informatica. Vol. XVII fasc. 1 — 2019

Load Scanned

Recogniss Text g

Document

Steps

. Fun idi éyi, idi paté fiin akanse ise yii nilati;

. Lati se ak6jopo asojade oro ni édé Yorubani agbégbe
alariwo fun agbékale org alariwo.

. Lati se agbékale isoro alugoridimu.

.lati se igbeyewo aluggridiminaa ni édeé ero ayarabasati 6
peye

. Lati se agbékalé ohun kiko silé ni édé Yoruba.
. Lati mt asepo wa laarin oro siso di akosilé ati akosil¢siso

di oro éyi ti a ti se agbékale si iwaju.

Figure 14:

Steps

Akiyesi

Etd tf a 1b fun kiko ¢ro ind iwé yif niyif:

A fi awo burahlun ko awon oro ti edé Geési. }\wb
dddd ni a 1o fin edeé Yoruba afi ni igba ti a ba
fi awo pupa, awo ewé tabi awg ard tgka si awon
silebl oléhiin oké, darin tabi isale ni sise-n-telé.

Figure 15:

Etd dord ni a ri pe ni Mofglgji.
O se pataki l4ti ni imd ti 6
Péye nipa eto gigé eyo oro sfi
ébu-ébu (silébu) ni édé Yoruba
nitori pé eyo silébu kookan
ni 6 ni iré ohun tire.

Figure 16:

Annals. Computer Science Series. 17" Tome 1% Fasc. — 2019

1. Fan idi eyi, idi pato fin akanse isé yii nilati;2. Lati se akojopo
asojade 6ro ni ede Yorubani agbégbéalariwo fun agbékalé ord
alariwo.3. Lati se agbékalé isoré alugéridimu 4. |ati se igbeyéwo
alugéridimi naa ni ede éro ayarabasa ti 6péye5 . Lati se
agbékalé ohun kiko silé ni ede Yoruba.6. Lati mu asepd Wa laarin

iwaju)

Sample Page 3

AkiyésiEto ti a 16 fun kiko ord ind iwé yii niyii=A fi awd hirahln
ko awon rd ti dé Gée'si. Awodudu ni a 16 fun &dé Yoruba afi ni
igba ti a ba fi awd pupa, awo ewe tabi awo ard toka si awon
silobu olohun oke, aarin tabi isale ni sisé-n-télé.

Sample Page 4

Etl ord ni a ri p& ni Moféldji.( se pataki lati ni imo ti 6 péye nipa
&to gigé eyo oro si ébu-ebu (silébu) ni édé Yoruba nitori pé eyo
silébu kodkanni & ni ird chan tiré‘.

Sample Page 5
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Main | Steps

Abajadeaiwaidifi han wipé 71 80%ni ighéléwonsise dééds
ibanisoro Eniyémsi Ero nigbati ibanisoro ero sise déédé
ibanisoro éro si éniyan fihan wipé 80% ni ighéléwon siso
déédée.

Twéidi fi idiiré male wipé ¢ seése ki éro 6 jé mi mlo fin Edé
Yorubaati wipé imoran daadaani ti Edé Yoriba naa ba kin
awon ede ti 6 gbajimon ni agbayé ki awon éya Yorubanéa ¢ lé
ma jé anfani itésiwaji éro igbalodé.

Figure 17:

Table 1 shows the precision and recall results for the
6 pages samples. The total number of characters
used is 4665 out of which 4540 characters are
correctly recognized.

Table 1: Character accuracy for 6 pages samples

Sample | Relevant | Retrieved | Precision | Recall
Characters | Characters % %
Page 1 [2495 2496 99.96 100
Page2 |812 823 98.66 100
Page 3 |308 406 75.86 100
Page 4 (283 290 97.59 100
Page5 |183 186 98.39 100
Page 6 |459 464 98.92 100

Table 2 shows the correct character and the
generated character. Generally, substitution occurred
with one consonant lower case s that is substituted
with s or space or s_ or ¢ and lowercase vowel 0 is
sometimes substituted with ¢ or ¢ for sample 1 in
figure 12. Sample 1lalso included errors with
characters b, t, and u due to noise on page (scanned
document) as shown in the output in Table 2.

Table 2: Correct character with corresponding
generated character

Correct | Generated Correct | Generated
0 0 k k
1 1 | |
2 2 m m
3 3 n n
4 4 0 0
S S 0 0
6 6 p P
7 7 r R
8 8 S S
9 9 S S, ,S_
A A t t, 1
B B u u, n

Abéjaded iwaidi fi han Wipé 71 .80% ni igbéléwon sise dééde
ibanisénd En‘lyén si Ero nigbati ibanisoro éro sise dééde
ibanisénd éro si éniyan fihan Wipé 80% niighéléwon siso
déédeée lwaidi fi idiiré mulé Wipé 6 seése ki éro 6 je' mi muld fin
EdeéYoriiba ati Wipé iméran daadaa niti Edé Yoruba néa bé kun
awon éde ti 6 gbajumon ni agbayé ki awon éya Yoruba naa 6

l&é ma jé anfani itésiwaju éro igbalode.

Sample Page 6

=

C1 COTO+OFO1 Oy OO O = — — —-to{-tri{-try-to I T MY M 0~ >y 9 [ A< | S
SN C O O[O O O | O = = =7 | @ [T © Ty @ [ TN @ T > D> > D> < | =

e ERSH R RERNEER RN EEEHEE R EE R E RS

— = =a = cnUp><éc—|-mm;UU-OOZZI_7<L-I_G)Tl‘mmU
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4.2 Discussion

The proposed Yoruba OCR model has shown a
significant performance result in the recognition of
Yoruba characters. It showed a 100% recall which
implies that all the input characters are accurately
recognized by the OCR model. The precision of the
model varies very slightly between 97% to 100%
except in the sample page 3 where a precision of
approximately 76% is observed. Precision is the
number of relevant characters among the recognized
characters. This lower precision is as a result of
fonts used for the characters.

CONCLUSION

The Yoruba OCR model encompassed various
stages that include gray scal, smoothing, skew,
segmentation and recognition. The model created
can be used to digitize Yoruba characters. This can
be used in speech recognition, text-to-speech and
also to digitize old hardcopy text that would have
been redundant after a period of time. The model
was evaluated using recall and precision metrics
with the 100% performance in recall while precision
varies between 76%, 97%, and 100% accuracy. In
future, the model can be extended to other Nigerian
languages like Hausa and Igbo.
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