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RDI OCR - Clever Page

The Final Project Report

I, Dr. Mohsen Rashwan, the Principal Investigator of the project, certify that:

e The information in this report, technical and financial, is accurate and matches the actual
activities, achievements, and expenses.

e The amounts provided in the financial report have been spent for the proper execution of
the project.

e Theinventory list reflects all the project items of equipment, hardware, software ... etc. and
their actual custodians.

e | am aware that ITIDA holds the right for auditing the project reports and documents by an
external financial auditor within a year from the end of the project.

1 Lgs 20 /3 [2012

PI’s Signature Date / Company’s Stamp
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Part 1: Technical Report

1.1 Abstract

Optical Character Recognition (OCR) is the mechanical or electronic translation of typewritten
text into machine-encoded text. It is widely used to convert books and documents into electronic
files. OCR makes it possible to edit the text, search for a word or phrase, store it more compactly,
display or print a copy free of scanning artifacts, and apply techniques such as machine
translation, text-to-speech and text mining to it.

Many OCR systems have been developed since decades, tens of research Arabic OCR pilots have
been produced by the academia, and some Arabic OCR products are even available in the market.
However, reliable Arabic OCR software that can manipulate multi-font, multi-size, and noisy
documents with a practically acceptable word-error-rate is yet away from being available in the
market.

This is what we intended to produce in this project. A high accuracy OCR System that uses a new
proven technology based on theoretical foundations similar to those deployed in digital speech
recognition systems. In addition to a rich easy to use desktop application embedded with
different options such as: Scanning, Single and Batch Image Insertion Modes, Image
Manipulation, Templates Recognition, Proof Reading, Printing, and saving to well known file
formats.


http://en.wikipedia.org/wiki/Machine_translation
http://en.wikipedia.org/wiki/Machine_translation
http://en.wikipedia.org/wiki/Text-to-speech
http://en.wikipedia.org/wiki/Text_mining
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1.2 Introduction
During this project, we have been focusing on two main points:

1. Engine: produce an OCR recognizer with best recognition accuracy.
2. Application: produce a rich OCR application that can compete in the market.

The following figure summarizes the main modules we focused on in this project.
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Figure 1: Clever Page System Components

So, for the Engine we could produce an OCR recognizer capable of manipulating images, remove
noise and skewing effects, and recognize them with accuracy reaches 73% (which is considered
the best available accuracy for Arabic documents).
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And for the Application, we could develop an attractive and easy to use Graphical User Interface,
enriched with different capabilities that make document recognition easier for the user, such as:

e Inserting the image via Scanner or from Hard Disk.

¢ Insert single image or group of images at once (batch).

e Insert any image format (TIF, JPG, PNG, GIF, and BMP).

e Manipulate the inserted image by rotating or zooming it.

e Draw templates for documents that share same format e.g. Invoices, or Certificates. And
that’s to facilitate the recognition process.

e Ability to easily compare between the image and the recognition result using Proof
Reading option.

e Printinserted image or recognized text.

e Save recognized text in well known file formats such as: xml, txt, and html.

All these qualifications and options ended up with a product helpful for many people and
foundation in Egypt and the Middle East, such as: government institutions that use thousands of
documents, publishing houses, universities ... etc.
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Project Team Structure and Responsibilities:

The following figure represents the main structure of Clever Page Project Team:
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Figure 2: Project Team Structure
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RDI is qualified with a great team of experts each in his field. The following table lists the project

team members and their roles during the project.

Management & Consultation

No I Member Name I Role

1 | Prof. Mohsen Rashwan
2 | Eng. Ibrahim Sobh
3 | Dr. Sherief Mahdy Abdo
4 | Dr. Mohamed Al Mahalawy
5 | Dr. Yasser Hefny AbdelHalim
Research
No I Member Name
Mostafa Ali Shahin
| Ahmed AbdelHamed
| Abdullah Mohsen Rashwan
| Esraa Khedr Mostafa
Application

Pl
| Project Manager
| HMM Consultant
| Rule Based Consultant
| OCR Consultant

Rule Based Researcher
| HMM / NLP Senior
| NLP / Postprocessing
| Engine/App Developer

No I Member Name I Role

Eng. Ibrahim Sobh
2 | AbdelRahman Mohsen AbdelRazek
3 | Ahmed Ibrahim Radwan
4 | Ayman Mostafa
Data Collection
No I Member Name
Khaled Mohamed Mahmoud
2 | Mohamed Khairy
3 | Alaa Badr Al Sayed
Testing & Quality Assurance
No I Member Name
1 | Hager Sayed Darwish
2 | Yasser Mohamed Al Sayed
Documentation & Technical Writing
No I Member Name
1 | Ayman Mostafa
2 | Mohamed khairy
Administration

System Analyst & Designer
| Developer
| Developer
| Art Designer

Linguist
| DB Consultant
| Developer

I Role
Tester

| o/A

I Role
Technical Writer
| Technical Writer Consultative

No I Member Name I Role

1 | Ahmed Abou El Magd

Accountant
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1.3 Industry Analysis and Project Output

1.3.1 History and State-of-the-Art

During the project we went through two phases regarding the OCR Engine. At phase (1), we could
release the first version of the Engine that was accompanied with “Nuance OmniPage - Image
Processing package”. Later on in phase (2) we released a new engine that uses another open
source Image Processing package called “Ocropus”. The accuracy of both versions was
comparable, but the first version is enriched with more features than the second one.

Next sections will explain in detail the differences between both versions.

On the other hand, the application has been evolving during the project to include most of the
important features of any OCR system, such as: Proof Reading, Templates, Saving to well known
file formats, and even more.
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1.3.2 Industry and Market Comparative Analysis
For Arabic OCR System, main market competitors are:

Novo Dynamics: Verus.
Sakhr: Automatic Reader

The following table compares the between RDI’s Clever Page product against other competitors products.

Sakhr v.10

No | Feature Professional Edition Verus Standard Automatic Reader
1 | Accuracy 73% 73% 71% 61%
Corei7: 20 Sec Corei7: 20 Sec
2 | Speed Core2Duo: 70 Sec Core2Duo: 70 Sec 3 Sec 15ec
3 Icnlwagg Manipulation and Automatic N N N N
eaning
4 | Templates X v o o
5 (A:rtaobrirljgﬁgl_l?snhg)uage Detection/Recognition X Manual Via Template N N
6 | Diacritics X X o o
8 | Recognition of Colored Documents N ~ o o
9 | Preserving Document Layout N ~ o
10 | Proof Reading N \/ \/ o
11 | Single/Batch Modes \ v N, N,
12 | Scan N y | +
TIF, JPG, PNG, GIF, TIF, JPG, PNG, GIF, TIF, JPG, PNG, GIF,
13 | Input Image Formats BMP BMP TIF, PNG, JPG, PDF BMP, PCX, PDF, FAX
14 | Output Formats XML, TXT, HTML XML, TXT, HTML DOC TXT, RTF, HTML
15 | Print v v v v
16 | Multilingual GUI v «/ v v
17 | Send Recognition Result to Email X X X o
18 | SDK for Integration X v X o
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1.3.3 Marketing Strategy
After investigation and market study, we expect to release Clever Page in the following
forms:

e Home Edition: this edition targets smaller companies or users who use OCR
Frequently. It’'ll be cheap since it doesn’t include all OCR features and the used
Image Processing package is open source (free).

Expected Customers:
- Data Entry Offices.
- Individuals who uses Arabic language in Middle East, or non Arab countries.

e Scanner Edition (Future Work *): this will be a very simple version of Clever Page
that targets scanner production companies (CD Bundle with scanners).
Expected Customers:

- All Scanner Production Companies.

e Professional Edition (Future Work — Extension **): this edition targets big
foundations and tenders where it is qualified with advanced features and better
recognition accuracy (~80%). Price will be moderate, Nuance (Image Processing
package) Distribution License will be included and it costs around €100.

Expected Customers:

- Publishing Houses.
- Universities, Ministries, and Governmental Foundations.
- Islamic Foundations, e.g. Al Azhar.

e Web Service — Online Solution (Future Work — Extension **): this solution aims
to provide Clever Page OCR system on the internet for regular users who don’t use
it frequently with very cheap prices per page. In addition, this service could be
accompanied with other technologies of RDI’s, such as TTS. Such service would be
more useful to customer thus will lead to better profits.

Expected Customers:

- Students (regular/masters/PhD), specifically who works with Arabic Language.

e Business SDK (Future Work — Extension **): OCR SDK for developers.
Expected Customers:

- System Integration companies who are interested in OCR technology. Such as:
Document Management Systems.
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The following table lists in the technical features of each edition, | addition to marketing and sales (M & S) details.

Feature Home Edition Scanner Edition* | Professional Edition** Web Service** Business SDK**

Insert Single/Batch images(s) v
I I y I S
Print Image and Recognized Text I v I X I 4 I X I |

| Save As (.xml, .txt, .html) I y I \ I < I | I \/

:g Proof Reading I v I X I + I v I v

I Templates | X | X | N | X | N
Image Preprocessor | Ocropus | Ocropus | Nuance OmniPage | Ocropus | Nuance OmniPage
Arabic/English Recognition | X | X | < | X | v
Protection Internet Internet Dongle Not Applied Dongle

Business to Business
Methods of Sales Internet/Dealers (828) Dealers Internet B2B/Dealers
Packaging I Downloadable/CD I CD in a Box I CD in a Box I Online I CD in a Box
. . Direct Events through
Advertising Internet Campaign L Events through Dealers Google Ads
Communication Dealers

Marketing Database | Keep customer DB for each edition (Personal Information, Orders, Comments & Suggestions, etc)




Clever Page Final Report 13

1.4 Methodology and Execution Plan

1.4.1 The Starting Point:

At the beginning of this project the main objective was to create an OCR recognizer that targets
600 dpi images where the word error rate is around 3% WER. We started working toward this
objective and the recognition accuracies were fine, around 3% WER for trained fonts and 8% for
untrained fonts. But later on and after investigation, we found that 300 dpi documents are more
dominant than 600 dpi. From this point, we started to adopt new objectives and methodologies
to reach them. That’s what will be explained in the next section.

1.4.2 Technical Methods/Approaches

Since we were seeking for our position in OCR market, our main new objective was to beat other
OCR systems that are already released in the market. So the Objective was to produce an OCR
engine that recognizes real life documents with accuracies better than Sakhr Automatic Reader
OCR System (which is one of the biggest OCR Competitors).

In order to achieve this objective, we focused on HMM based OCR, so we worked on HMM and
P2D-HMM using bi-gram, tri-gram, 4-gram, and 5-gram language models. After that, we
conducted different evaluation experiments to compare the accuracy of P2DHMM system
against the baseline HMM system.

The inference was:

e P2DHMM is better in modeling the characters, since it shows an average improvement of
18% over the HMM system in all the experiments.

e P2DHMM system is significantly more robust than HMM system against noise, where the
degradation in accuracy from clean to photocopied documents is 10% for HMM and 8%
only for P2DHMM system.

The figure below summarizes the HMM vs. P2DHMM evaluation.
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= HMM

——P2DHMM
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bi-gram tri-gram 4-gram 5-gram

Figure 3: HMM system vs. P2DHMM system for different language models.

The following figure compares HMM and P2DHMM systems using 5-gram on different

documents types.

EHMM B P2DHMM

80% 81% 82% 79%
3%
bdA
T T

Books Magazine Laser Photocopied Total
Printed

Figured: Detailed accuracy results for the 5-gram experiment.

30%

10%

14

After that, we started to evaluate our OCR (P2DHMM, 5-Gram) system against the main OCR

Competitors: NovoDynamics and Sakhr. And the result was:

e RDI: 73%.
e NovoDynamics: 71%.
e Sakhr: 61%.
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In addition, we had to do an investigation around Image Processing. So we investigated three
Image Processing Packages: Nuance OmniPage (Licensed), Accusoft ScanFix (Licensed), Ocropus
(Open Source).

From the licensed packages we chose Nuance OmniPage SDK, since it:

e Detects the document layout and identify the text zones in the page.
e Contains English OCR engine that we could integrate later on in our system.
e Manipulates images and solves skewing and noise problems.

Regarding the Application, it started with a very simple modules and Ul that enables the user to
insert an image, recognize it, and see the recognition results in txt format.

With time, the application has been evolving to be a real product capable to compete in market.
We could enrich it with lots of features like single/batch image insertion modes, proof reading,
templates recognition, display recognition result in same image format, print or save results in
three of the well known file formats (xml, txt, html).

So, we concluded with a real product, rich with features, capable of handling clean or noisy
documents, capable of handling different font faces and sizes, a product that could beat Sakhr
AutomaticReader from recognition accuracy perspective.

1.4.3 Project Output
Clever Page is currently available in two main Editions:

e Professional Edition.
e Home Edition.

The following list describes how both editions could successfully meet the SRS Requirements in
detail:

REQ1l: Recognize Arabic and English characters
Professional Edition: Done.
Home Edition: No.

REQ2: Multi-lingual Graphical User Interface
Done for both.

REQ3: Support input Resolution from 200 to 600 dpi
Done for both.

REQ4: Image Input formats are BMP, TIF, GIF, JPG
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REQ5:

REQS6:

REQ7:

REQS:

REQ9:

REQ10:

REQ11:

REQ12:

REQ13:

REQ14:

REQ15:

REQ16:

REQ17:

Done for both.

Image Color depth
Done for Both.

Recognition Output Format is XIVIL
Done for both.

Saving recognized output
Done for both, For (.xml, .txt, .html file formats).

Printing image and recognized output
Done for both.

Proof Reading
Done for both.

Arabic Natural Language Processing
Done for both, where N-Gram is applied on Char Level.

Integration with Microsoft Office Word
No for both.

Operating in Batch Mode
Done for both.

SDK: Software Development Kit
Professional Edition: Done.

Thread Safe Core Engine
Done for both.

Template Recognition
Professional Edition: Done.
Home Edition: No.

Recognition of Complex Document Structure
Formatting
Done for both.

Setup
Done for both.

and

16
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REQ18:

REQ19:

REQ20:

REQ21:

REQ22:

Recognition Speed

Professional Edition: Core i7 — 20 Sec.
Core2Duo — 70 Sec.

Home Edition: Core i7 — 20 Sec.
Core2Duo — 70 Sec.

Recognition Accuracy
Professional Edition: 73%.
Home Edition: 73%.

Protection
Under Development.

Reliability
Done for both, system has been through two testing phases
and bugs were resolved against each phase.

Usability
Done for both, system has been designed to be friendly and
very easy to use.

17
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1.4.4 Milestones and Task Distribution
The following table lists the project team members, tasks accomplished by each one of them, and the duration of these tasks.

Management & Consultation

No | Task Member Name Months

| | |1]2|3]4]5]|6]|7|8]o]2o|22]22
1 | Principle Investigation Prof. Mohsen Rashwan H #|H|#|a#|a|t|#] 8| #]| %
2 |ProjectManagement |Eng.|brahimSobh |#|#|#|#|#|#|#|#|#|#|#|#
3 | HMM Consultation | Dr. Sherief Mahdy Abdo lalalalaleele]lala]a]a]|s
4 | Rule Based Consultation | Dr. Mohamed Al Mahalawy | | | | | | | # | # | # | # | # | #
5 | OCR Consultataion | Dr. Yasser Hefny AbdelHalim | # | # | # | # | # | # | | | | | |

Research

No I Task I Member Name
Leading of Research Development Team,
1 | Image Preprocessing, 1D-HMM, 2D-HMM, Ahmed AbdelHamed H |#|#|HH|H|HH)H]| # | #|#
Experiments on Fusion and Multithreading
2 | NLP, 1D-HMM, Multithreading | Mostafa Ali Shahin | | | | | | | | | | | |
3 | 1D-HMM, 2D-HMM, Multithreading | Abdullah Mohsen Rashwan | # | # | # | # | # | # | # | # | # | # | # | #
4 | Integration, Proof reading, Templates | Esraa Khedr Mostafa | | | | | | # | # | # | # | | |
Application
No | Task Member Name
1 | System Analysis & Design Eng. Ibrahim Sobh #Hl#|#
2 | Scanner, Single/Batch Modes | AbdelRahman Mohsen Rashwan lel#l#el#l=#] 1 11 | |
3 ;e;:::tc;glr:‘talcg): Result in Image Format, Zoom Emad Abdel Mohsen | | | | | | |# | 4 | #l 4 | " | "
4 | Print img/txt, Save in Well Known File Formats | Ahmed Ibrahim Radwan | # | # | # | # | # | # | # | # | # | # | # | #
5 I Art Design | Ayman Mostafa | | | | # | # | # | | | | | |
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Data Collection
No | Task
Linguistics
2 | DB Consultant
3 | Development
Testing & Quality Assurance
No I Task
System Testing
2 | Q/A Control
Documentation & Technical Writing
\[o] I Task
1 | Technical Writing

Final Report

Member Name

Khaled Mohamed Mahmoud
| Mohamed Khairy
| Alaa Badr Al Sayed

I Member Name
Hager Sayed Darwish

| Yasser Mohamed Al Sayed

I Member Name

Ayman Mostafa

19

112)13]14|5]|6|7]8})J9]10]J11]12

[#le]#] |
[elulelele]e

2 | Technical Writing Consultative
Administration

No | Task Role

| Mohamed Khairy

Member Name

1 | Accounting and Financial Management

Ahmed Abou El Magd
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1.4.5 Resources and Equipment
e PCs.
e Scanners.
e Printers.
e Storage Server.
e Office Supplies and Spare Parts.
e SDKs.

For Details check Annex 3.2 Equipment Specifications.
Request:

RDI Company requests to keep the mentioned devices specially the Storage Server for the
following reasons:

e Do extra testing cycles for the project to ensure its stability and reliability.

e Storage Server contains huge data for the OCR, and it will help in performing extensive
number of algorithms to enhance the OCR.

e To keep going with R&D work that never stops in RDI.

1.4.6 Best Practices, Encountered Threats, and Future Plan
Best Practices:

By the end of the project we could produce a real OCR system enforced with different options
that gives the customer a rich optical character recognition experience. This experience is
accompanied with the best recognition accuracy compared with other Arabic OCR systems.

e Produce two versions of Clever Page OCR System.

e Developed rich application for both engines.

o Performed multiple testing cycles to enhance performance and stability.
e Wrote Arabic and English easy to learn user manuals.

So, the success criterion of this project is based on three critical points:

e Accuracy: we could successfully maintain average accuracy of 73% which is the best
compared with other competitor systems.

e Speed: we have faced some challenges regarding the recognition speed, where the
average consumed time per page is 20 Sec on Core i7 Processor and 70 Sec on Core2Duo
Processor.

e Rich Application: the application has been enriched with the most common options
available at any OCR product.
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Encountered Threats:

e Delay of fund led to delay in salaries and thus led to resignation of many employees,
especially after Quarter 4.
e Underestimation of Project Time Plane.

Future Plan:
During the next period we intend to add enhancements to Clever Page:

e Application
- Integrate with Microsoft Office Word.
- Add more options to “Saving recognized output”, such as: .doc, .rtf, .pdf.

e Engine
- Minimize recognition speed to be at least 5 Sec.
- Improve the accuracy to be about 80%.

For more details about Future Engine Enhancements, Kindly check Annex 3.5 OCR
Extension Proposal.
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Part 2: Financial Report

2.1 Budget Distribution by Item

I Estimated Cost I Budget after | ITIDA’s Actual | Unspent

Equipment Change | Refused

Update Expenses Balance

| unit | cost | mipa's share |

1 Data (Scanned Documents on CDs or DVDs) 1 50,000 50,000 (50,000)

2 I References (Scientific Books) | 1 | 12,000 | 12,000 | (12,000) | | I I
Othe.r.OCR systems: (SDKs from Sakhr, Verus and 3 | 20,000 | 60,000 | (25,014) | 94 | 34,892 | 34,892 | 0
Readiris)

Sz‘s’tc:r'::"t selhE B e elke el ke | 1 | 40,000 | 40,000 | (14,720) | 5,560 | 19,720 | 19,720 |

5 | pcs | 4 | 5500 | 22000 | 1,920 | | 23920 | 23920 | (0

6 | copying Machine | 1 |11000 | 1100 | s00 | | 11500 | 11500 | -

7 | scanners | 2] 2300 | 4600 | - | | 4600 | 4600 |

8 | Pprinters | 1] 3000 | 3000 | (700) | | 230 | 2300 |

9 I Digital Camera I 1 I 5,000 I 5,000 I (5,000) I I I I

10 | storage Server | 1 |20000 | 20000 | 11,200 | | 31200 | 31200 |

11 | Travels | 2 |18750| 37500 | - | 37500 | | |

12 IOfficeSuppIiesand Spare Parts I 4 I 8,250 I 33,000 I (10) I 16,500 I 16,490 I 16,490 I

13 | salary + Taxes and S | | 941250 | 61645 | 14720 | 988175 | 988145 | 30

14 I Registration in Scientific Periodicals I I I I 1,429 I 1,429 I 0 | | 0

15 | Data Base Of ALTEC | | | 30,000 | | 30000 | | 30,000

16 | Book Digitizer | | | | 750 | 750 | | |

| | | | 1239350 | o | 76,553 | 1,162,797 | 1,132,767 | 30,030
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2.2 Budget Distribution by Milestone

Milestones Duration Budget
Milestone 1 3 Months 463,850
Milestone 2 | 3 Months | 251,250
Milestone 3 | 3 Months | 265,500
Milestone 4 | 3 Months | 258,750
ITIDA's Actual Expenses I 12 Months I 1,239,350

2.3 Financial Plan

2.3.1 Contracts and Sales
We didn’t accomplish any business agreements or contracts with any customer yet.

2.3.2 Projected Income/ROI
We estimate OCR market size to be around 400,000 to 500,000 $ per year.

Our plan is to release the Home Edition (currently available) to market, which we expect to gain about 10% of the market since the recognition
accuracy is close or even better than accuracies of other Arabic OCR systems in the market.

After that, we will concentrate all our efforts to release the Professional Edition with accuracy will around 80%. This will be our future work, and
when we do it we will be able to beat all competitors and be the closest to customer needs. By then, we expect to gain about 35% to 50% of the
market.
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The following tables explain our plan and estimations:

Expected Prices, Sales, Revenue, M&S Cost, Income for each Edition:
| Home Edition | Scanner Edition* | Professional Edition** | Web Service** | Business SDK**

Expected Prices $50 - 100 $5 $300 - 500 ¢ 10 (Per Page) $ 2000 - 3000

0 | esoo | cao | | -

$a0000 |  $25000 | $ 120,000 | $20000+($20,000fromTrs) |  $12,500
| | | [
| | | |

Expected M&S Cost (% of Revenue) 25% 20% 50 % 25 %

Expected Income $ 30,000 $ 20,000 $ 60,000 $ 30,000 $ 10,000

Overall Expectations with and without Extension:
Given That

K Annual Reduction = 20%

Revenue Decay Percentage/Year 20%
i Year Number

NPV Net Present Value
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Overall Expectations with and without Extension:

Without Extension

Revenue 20,000 50,000 150,000 150,000 120,000
R&D Cost | 20,000 | 20,000 | 20,000 | 20,000 | 20,000
NET | - | 30,000 | 130,000 | 130,000 | 100,000
(1+K)Ai | 1.2 | 1.44 | 1.728 | 2.0736 | 2.48832
NPV for each year - 20,833 75,231 62,693 40,188
Total NPV $ 198,945

Perpetual Value | $ 100,469

Total NPV | $ 299,415

Investment | S 200,000

ROI 50%

With Extension

Revenue 50,000 100,000 150,000 150,000 120,000
R&D Cost | 20,000 | 20,000 | 20,000 | 20,000 | 20,000
NET | 30,000 | 80,000 | 130,000 | 130,000 | 100,000
(1+K)Ai | 1.2 | 1.44 | 1.728 | 2.0736 | 2.48832
NPV for each year 25,000 55,556 75,231 62,693 40,188
Total NPV $ 258,668

Perpetual Value | S 100,469

Total NPV | $ 359,137

Investment | $ 200,000

ROI 80%
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Part 3: Annexes

3.1 Bibliography
We’ve published two papers:
e Paper 1: “Document Analysis and Preprocessing of Arabic OCR”.
e Paper 2: “A Robust Omnifont Open-Vocabulary Arabic OCR System Using Pseudo-2D-HMM”.

3.2 Equipment Specifications
For 1%t and 2" Quarters:

Equipment supplier Name Invoice Amount : Transformation
No Value
Queen Computer
1 |apcs Conter 3475 23919.5 12/7/2010 | 22000
s::::)OCRSVStemS (SDK from Sakhr ‘ 7376 ‘ 21823.9 ‘ ‘ 27/7/2010 ‘ 60000 | 38403 X 5.6833
3 | Copying Machine | Canon | 1145 | 115000 | | 10/8/2010 | 11000 |
4 | Scanners | Canon | 1145 | 46000 | 16000 | 10/8/2010 | 4600 |
5 | printers | Canon | 1145 | 23000 | | 10/8/2010 | 3000 |
6 | Office Supplies and Space Parts |~ Tasmimat | 213 | 41000 | | 16/8/2010 | 4100 |
7 |Office$upp|iesand Space Partsl Tasmimat I 215 I 4150.0 I I 29/8/2010 I 4150 I
8 IOffice Supplies and Space Parts I Tasmimat I 217 I 4490.0 I I 5/9/2010 I I
9 IStorageServer I Computek I 865 I 31200.0 I I 19/9/2010 I I
10 |Off|ce Supplies and Space Parts | Tasmimat | 223 | 3750.0 | I 8/11/2010 I 4150.0 I
| Total | | | 111833.372 | | | 137100 |




Clever Page Final Report 27

For 3" and 4t Quarters:

Invoice Transformation

Equipment Supplier Name Amount
No Value

Document Analysis & Noise
1 Nuance 167710 19720.0 30/12/2011 | 19720.0 3400S X 5.80

Cancellation System

Other OCR Systems (SDKs from )
2 AramediA 1656 9256.50 1/3/2010 9256.50 1595.955 X 5.8

Sakhr, Verus, and Readiris)

Other OCR Systems (SDKs from .
3 Viris 30282669 3811.95 10/8/2010 | 3905.55 657.235$ X 5.8

Sakhr, Verus, and Readiris)
| Total | | | 3278845 | o | | 32882.05 |

3.3 Inventory
No Inventories were needed.
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All the change requests filed by the project team during the project execution are listed below.

Change Control

Change Request Form

Request No: 1 Request Date: 19-9-2010
Request Title: Status:

Originator's Name: The Engineering

Systems (RDI)

Sponsor's Name: ITIDA Priority: High

Assigned To: Madam Hanan Abdalla Response Date:

Request Description

Company for the Development of Digital Phone/Email/Mailstop:

N A3 gl J 6 N Al ga (e A9 e Jin S

The rest Of Other OCR systems: (SDKs from Sakhr, Verus and readiris) ¥l say e JlSicl amd

3817653 LE,

Name : P, Signature

P&l e Gl e pezme Y14 LliSae

AYYYSAY s 9 dS ) Qi gl

Document Analysis and noise cancilation systems 46200 =
|
Digitai Camera = w84 2800 LE :
el 4180 8 50l I g Aelall 3 iy (3 200 L.E. {
The rest Of Other OCR systems: (SDKs from Sakhr, Verus and readiris) 38176 1 i.E. :
S i

Suggested Solution
|
| |
et gl Al gl ¥ o) 43 sa a2 55 i S g
|
Document Analysis and noise cancilation systems (s e JuSiul saad) 40000 L0 i
Digital Camera ( SDKs from Sakhr, Verus and readiris b e aLal ) 2800 LB 3
el AL 3l 0 g Al 5 sl 3 g i 2 e Gl 00 Le
i
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Change Control

Change Request Form

Request No: 3 Request Date: 26-12-2010

Request Title: Status:

Originator's Name: The Engineering

Company for the Development of Phone/Email/Mailstop:
Digital Systems (RDI)

Sponsor's Name: ITIDA Priority: High

Assigned To: Madam Hanan Abdalla Response Date:

Request Description

1- Document Analysis and noise cancellation systems 40000 L.E.
2- Book Digitizer 60000 L.E.

=

Suggested Solution

1- Postpone to Q3 of the project

We Have Already Started the Process Of purchasing, The invoice Will Be
Sent By Mail ( 3400 $ =19720 L.E.)

Last program “ Scan Fix : the purchasing around 20000 EGP Is Still Under
Testing and Will be purchased Soon.

2- Postpone to Q3 of the project

We Have Paid Initial Payment (5 KLE) , Waiting Few Weeks
For The Delivery and The Final Installation

Signature (/ :/\M,f . v

20f4 12 Apri

dutig?! 38

BRI R TRV | Py PESR AL YWvr=]
Aged | @l glald

AYYY 0¥+ g
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Kb«v»./{‘ &‘)‘\AN—-A b3 Sy o Dl o L O/ /L oI Y

Clhianze Conitrol

Change Reguest Form
‘Request No: 4 Request Date: 19-9-2010
Request Title: Status:
Originator's Name: The Engineering
Company for the Development of Phone/Email/Mailstop:
Digital Systems (RD!)
Sponsor's Name: ITIDA Priority: High

Assigned To: Madam Hanan Abdalla
Response Date:

Request Description

| |
I
| 1 storage server 20000 L.Ex f
|
|

|
&

Suggested Solution

1 storage server 31200 [L.E. Adedll o ) A

Ais 11200 @oar @55 gali e By 3L 5 4l

cedbadl el 3 8 gn Ve ga g DAL St i e, Bl i el s

% 50 pas @33 el ity Jad g e 3 e Uyl aigel Jollaiad S8 25 N8

Al syl O3S Sleadt a5 JUanl s s sl

oy ) ,H&~ (5 N ¢S v L‘J\J» L'm,,, (: be ;Lw_‘,w.J L,.\ H, doo =
PR S ) % Signatur Do -
£ - : 5T L) TN ARSIy,
(8 NG .
W@?ﬂ M2 O wad
el N
( - ’f.‘;‘ 3

/e SN
\\:——/—:// e
R e ——r N s kg

. axmera éJ"’"\.N"f)g,g ot Al o Dot Rt M« =

Hafis
@ : A
< W /1 ] oy 3
REES] T We Gl e paxa V1A Cligos o gilpilet e /N\/) g pPRTAVPI LB (SR |
ATYVAAY gl <;>/’M>\ . dand ) i el
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4 /2@! [»]
K 0D Ve | /L[/ SOLL‘ o By < /
j F 3 Change sz/w CO I e O N >
‘ Change Request Form
questNo: 5 Request Date: 19-9-2010

; 'st Tltle Status:

nators Name: The Engineering
pany for the Development of Phone/Email/Mailstop:
al Systems (RDI)

Sponsor's Name: ITIDA Priority: High
Assigned To: Madam Hanan Abdalla Response Date:

Request Description
\ya..sfa/dn.‘hﬂos’rm AT ;d:.mic

Data (scanned documents on CDs or DVDs) 50000 L.E.
references (scientific Books) 12000 L.E. é‘7/

Suggested Solution

Book Digitizer 60000 L.E. adiall o gl

ot oS Slea il dai @llyy [ Saal Sleally @il Ol Jlasid g~ il Qs
50000 e saadll Glibull acf 68 et e lacly ] GTEN G kI | el ygaly
@&ngxlﬁ&cd&oﬁyléjhj)w‘ llﬁd/\;w@‘\_u; chSJA}ALan._u;

L £ ol il fas S0 |
Name : s S)gnature 5
/‘_{w
S
)
e g

I Ulpge s

PR - LYS==9) A\/":}/ 5 Al S it
PRSI e Sadl e paze YA G b Aad ot Qaid pglalt

AYY QY ;g
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Change Control

Change Request Form
Request Date: 26-12-

Request No: 6 2010

Request Title: Status:

Originator's Name: The Engineering

Company for the Development of Phone/Email/Mailstop:
Digital Systems (RDI)

Sponsor's Ry

e ITIDA Priority: High
Assigned To: Madam Hanan Abdalla Response Date:

Request Description

Other OCR systems: ( SDKs from Sakhr, Verus and readiris ) 41,256,60 L.E.
- Salary ( Consultant Rule Based ) 7000 L.E
- Salary Consultant (OCR) 9000  L.E.
- office supplies 10 L.
Total 57266 ,60 L.E.

Suggested Solution

~ostpone to Q3 of the project
We Have Already Bought The 2 Software With Reduced Prices (673,37 $ + 1595,95 $) =(22693z
$)—13162,05LE
The difference between the budget and the actual (44104,55 LE) will be used as follows:
e 10% Annual salary increase (39425 LL)

2N

o Registration in scientific periodicals we found them very useful for the project (4679.55 LE).

Gl
=
e e L g

7)"\&' /C‘}/\:{.‘}’d

/m

T

Signature
/74 Yo f L\

Name:

1of!

PSRl T e Gl Lo peme Y14 Liae
AYYVeQY s Ggads Ty ALy glald




Clever Page Final Report

33

Change Control

Change Request Form

In case of Change in budget lines , a maximum no of 2 change request / milestone may

be approved

Milestone No: 3 Request No: 7 Date :10-1-2011
0105827579

Request Title : Change In Team BRon= Eniais A_dakrory@rdi-
eg.com

Originator's Name : The Engineering Company for the Development of Digital

Systems (RDI)

Change In Team Change in budget line

Transfer of Funds

Problem Encountered

e Eng. Abdurrahman Mohsen Rashwan Has Travelled and Eng. Emad Abdelmohsen
Mohamed Will Substitute Him.

Suggested Solution

Change in Team: -
Name of Staff : Eng. Abdurrahman Mohsen Rashwan. Position : developer.
Salary / m :5000 L.E. Salary /Q:15000 L.E.
New staff: Emad Abdelmohsen Mohamed. Position :developer.
Salary /m:5000 L.E. Salary /Q:15000 L.E.
Name: Signature:

P
e

B -~ S ~—-’;’,\,/___—5)
1 (‘Lj\\/‘_‘,;_ T \, ) .
s SSE— A

RESI T e Gl le pame A Lligae il 38 it
AYYN QY ;g dS Al o QAL pyglalt
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Change Control

Change Request Form

In case of Change in budget lines , a maximum no of 2 change request / milestone may

be approved
Milestone No: 3 Request No: 8 Date :10-1-2011

_ 0105827579 |
Request Title : Change In Team Phatie Brsils N B ;
Originator's Name : The Engineering Company for the Development of Digital =
Systems (RDI)
Change In Team Change in budget line

Transfer of Funds

Problem Encountered

e We Find that We need a Specialists in D.B. management The Data We Have , So We
Like To invite Mr. Mohamed Khayry a consultant, and his compensation is going to
be Taken From D. Yaser hefny Abdelhalim The OCR Consultant.

Suggested Solution

Change in Team: -

Name of Staff : D. Yaser hefny Abdelhalim. Position : Consultant (OCR).
Salary / m :3000 L.E. Salary /Q: 9000 L.E.
New staff : Mohamed Khayry. Position : Data Base Consultant,
Salary /m : 3000 L.E. Salary /Q:9000 L.E.
Name: Signature:
i
ST ke Gl e pamme YV Cligne i;;umr“;,...::»

AYYY QY & gl el QAL pglalt
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Change Control

3+

The Engineering Company for the R
Development of Digital Systems  iaiuime

Suggested Solution

we have two options :

a. To fulfill the plan and buy the machine and the scan fix tool. The cost allocated is
about 15KLE (2.5K$) + 63.25KLE for the Book Digitizing machine = 77970 L.E.

b. Buying the DB of ALTEC and developing the preprocessing engine with a total cost
of (about 30KLE + about 49KLE + SKLE (penalty)= 84KLE
We prefer the second solution because:

i. The DB will benefit the system for the long term and in the short term. We did
not wait this DB otherwise the project would not be finished until now.

ii. The preprocessing if implemented will have a great advantage which is that we
will not pay any royalties per copy as for the scan fix tool. In the beginning of
the project we could not know if it is possible for us to succeed to develop such
a tool. We have tried in a fourth year project (that has been finished by July
2011) to test the possibility, and we succeeded to get very promising results.

1ii.  The only disadvantage is that we will need 3 months more.

iv. For marketing reasons: we also prefer the second option because we did not
reach the level of quality that move the people to pay high prices (as exist now
in the available OCR products and there sales are not so high). We like as late
competitor to have a low price product until we can develop a really better
version with at least 10% higher than we have achieved right now. Paying the !

royalties will hinder this strategy.

Name: Signature:

A 0 oDyl Apurigh A5y ~7 ,///.,/i

o ;lw

YoV = Vig = VAL : Ga, o

4 2 4 ' )
219 Mogamaa Ali EL-Dien, 6 October city, Egypt a9 981 Ayt - () le é.fyu(\')\(ﬁ ./_.:s.’il /‘_,...._u 1 all
12 A Haroun St., Dokki, Giza, Egypt s - B yuzedl - AU - (9l £ HLLTAY : (5, 48
Phone : (+202) 37 49 95 61 — 37 49 55 66 — 37 49 94 63 +V4Y - YYERQETY / YYEAA0T / YVEA00TT : (y9auls
Fax : (+202) 33 38 21 66 HY Y FYYAVII : uSla

wWoweowleptl di e =lelglisiicho m
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Change Control

‘i

The Engineering Company for the
Development of Digital Systems o

Change Request Form
In case of Change in budget lines, a maximum no of 2 change request / milestone may be approved

Milestone No : 4 Request No: 10 Date : 26-10-2011

0105827579
| A_dakrory@rdi-eg.com 1

Request Title : Change In Item Phone / Email :
Originator's Name : The Engineering Company for the Development of Digital Systems (RDI)

Change In Item
Change in budget line

Transfer of Funds

Problem Encountered

Ledlagis) 3l yall 3 i)
Digitizer Book 63250 L.E.
Document Analysis and noise cancelation systems 14720 L.E.

Total 77970 L.E.
4a il Baaadl o i)

Buying the DB of ALTEC and developing the preprocessing engine with
total cost ( 30000 L.E. +48750 L.E. + 5000 L.E. (penalty) = 83750 L.E.

1 due to the success of ALTEC to make some copies with its DB for the type written OCK.
copies with such a machine, that makes buying the DB can be more useful for RDI than
buying the machine now. The DB cost is about ( 30000 L.E.)

2 we have developed (through a 4th year project) a preprocessing tool making use of an open
source tool. The results seem to be very good. But to review the code and fixing it to match
our application and engine will need 3 months of (2 Engineers to fix and adjust the code + .5
time of an application programmer + .5 time of a tester + .25 time of a team manger). With
average salaries of SK/person. That will add to

(48750 L.E.)

3 . We have already paid 50% of the machine. We asked the company if we like to get back our

money, the company insists to deduct SKLE as a penalty. (5000 L.E.)

\‘*"ﬂe“‘)uh-““-‘r"“sf‘ /v/ /(/(/é/P
s - S T e
e a1 e ot e s W 801 L
AR AL Bl SRR 0 i e S S Y T

219 Mogamaa Ali EL-Dien, 6 October city, Egypt

12 A Haroun St., Dokki, Giza, Egypt
Phone : (+202) 37 49 95 61 — 37 49 55 66 — 37 49 94 63 +Y+¥ - YVEARETY / YYEAQ0T) / YVEA00TT : (9adl
Fax : (+202) 33 38 21 66 +YLY YYYAYIIL: Sl

wowiw lir-dio= eig icio m
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Change Control

s 4679.55 flues 42 Ll wl,u!' &l #ill; ; Registration in scientific periodicals 4 g yas;
el il AL r‘j

ol aie uin Cill 30 jilio i a7 28 duin ..d/é‘oc.bguul:.llujjal/élugdb Digitizer Book i yas<aiy
O o gl SXE ilgadl 2] b 45 jlead!

(Y

I

s A4S, e pdiall 7 k) - LU

Bl 23m b by (4a B2775 ) Lieds sl el ilsse S il sl e 15y (Siolaws L8
-3 3 (e (4l 44489.05 ) 5 a) el S el Josall 7 EA gy g g sl
¢ Eapiall Tjlge cuen diin 37500 lio o g 2id) daii JalS 8 ypaill 5 dolaiiv] Tl il dedy ¢ phedf 3 1
A s ol il b Lasdy
O A8 gl o Jeani Caguy jaise jsuand 2011/3/14 B Opall (B 00 ) (oY) il &5 e il 5 0y
g A8 il 3855 Ll 2011/9/21 (5 2011/9/18 (e 55l (b Lindl (5% o sy 2011/6/1 b i oL
L)\)éM‘éL\J‘)u.\J d_’\AAQSAJ_’tulQQ4 Aa.lu,S.\u)hJ‘d‘c..A.udn.\_,s Q4J>\.;‘,.!L‘JLHJ|

A.MAJLA\J\ \JA_,&)J_,LJlJ‘.u)AU.“&JM\Cm\]JJJQ4@444.\:.\".‘:éa)‘,;.ﬂbt.,)unﬂ_\u\w)lun
&_’_)uuh.\l.ucy |T|DA JAM‘MJ‘J&&JM\&)G.\J&
Ligall S 4aliinl ~ j5al sl 4ieds - Document Analysis and noise cancellation systems & 2

'“J//'FLFBJIHJIICMUJJWJM/QJL“J‘{“A55595 aJ.MJtLu)O

Y4 7990J.Hélu_)a)u babmcabﬂwlﬁﬂ/dthme/uﬂiwdylﬁ mLuJ/c/)ur-.u,a/
G0 S s S SDK L il sl i (sl Y33 20 N prs sl Uoosf i3 OCR o il e i Ly S5 ol
u).dc I-'" .:iL..JIJ :/)uj/rg.u u_,..y @J‘JAJ Muk “,.Jl‘.lj/_)buy/ u..//;/_)a/‘.l;‘)[a‘, ‘ JLL”)’/ /_VJ‘_/).‘)!/ /J.-; ).u.u.//
Ads 147205 Jolay Lor s ¥ Sipal fS1 ol Y30 2495 5 1y dlin 4xd il SDK iy il o2 3f M o o gt
sl s 4 6559.8 ey Ly 147205 iy Asie 20280 (o iull yay U3l (3 by Fimg Loy 3 ¥ (g jme

il yall e 2330 el (L gal (&S dalasiul C):“h

AL ol o 55 4679.55 ile 2idl Ligs 4alill 45 jl5)l 4ad, : Registration in scientific periodicals & 3
dlo 54y Lgiv (il Digitizer Book gs e 4 <is Ll 6yl Jisail 4ie 4iin 3250 gl plsiul
L E kel oo 5 G gidl] L e o 4l 3T sl o] frgadl At i 4iin 142955

Cun oY o gl DIS lgall pdissl UL 55 lead! Sl a2iaS uin ilf 30 jlie 303 o7 - Digitizer Book i
Golaall Al 5 U 4S5 LaS g DBLasll 5 581 (6 o) Ly & g0 ) g B [ s )36 ) 3 sy ._,lplﬁu_w.ﬂr.,u
s 63250 ! i 60000 e gt ¢1 i e <ol j a8

. - !“ :|-

3 1S3 Gl 2 il e N LYY el U s (e 6 disal (A g BaliEY # STl Aldll ) 05 Gl
5 (02 Y L3 100/5 5 sman 4in sy gy Allany g ll Gons s gl Lo ) 42 44489.05 iads il
Document Analysis and noise cancellation systems i (s 5559.5 + il ai (e 43ia 37500) 0 5 ke

.( Registration in scientific periodicals ~: >« 1429.55 +

EN

Gl Gsraly o)l Do ) i aded &l o3y 5 SAall aliall 138 alastiuly o SH WSidlass (e s 5 083 Gae Le J90 1k
gl g g3 ALYl el Clise G e 3a sl b (02 Y L8 100/5 5 s mae din (5ildly qudiy dileny
Oa i) alad) 38,30 JaaT of e duin 82775 o8y adie LSY o) Bau LS aiad &l 31y 4d) ¢ 55l 3 Jaall

Adis 38285.95 4iad s I el i s

r
Name: Signature: C/—,’;._j

20f2fa

/V’//:\//

12 April 2008
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Change Control

Change Request Form

In case of Change in budget lines, a maximum no of 2 change request/ milestone may
be approved

Milestone No : 3 Request No: 9 Date : 8-3-2011

0105827579

Request Title : Change In Item Phone / Email : :
A_dakrory@rdi-eg.com

-

Originator's Name : The Engineering Company for the Development of Digital
Systems (RDI)

Change In Item

Change in budget tine
Transfer of Funds

Problem Encountered

b bl s et Al b e Lgiagp cliss ) ClaaSl | s
A lll o (3] a7y Jaedl 5 iy Craa 35 4if Cpa ¢ OCR g yrdal (ilgill geiiall o lgTY) yelpe o _pili Con @
o oell by 30 Ly &7 JalS il 5 55 i O gl il e gl 53] jpuanl) 8 alLT) ane Gisa lasesy Sue s 5aaf
.OCR & mba iy 48 0l
Cios LS ¢ diia 82776 o 85 flie 98 Gl ilaY] sgidlly dalsd! il sall o pkall CillST Gl aSDleis ale Lni LS @
omw LY LB s 3250 53 4iia 63250 Al 44> 60000 (= Digitizer Book lea /sl 4as & 5l
gl gl by say ) denaall LSS g 3By Y palt
Ui oo Y3 2071 Lin sgd Ulg 5 pelusill oy Gl o 3T sged 330) 85 ikel) (3 unl] 0 o 4 palls o Sl -1
2011 sle sgsi
W)lse agan 3 elldy (4in 82775 ) Letads slhall el il po S i) el e 4381 gally o Sl -2
G Al Gl Al ¢ (43> 44489.05 ) s AlaY) el sl el Jysatll 2 mall gladlly g g 52
,‘étﬂl&_éd;ﬁiu.iygﬂ\ Q.l.lun.“ c._)a.“\’JJ:\.AﬁIL'.);‘”
Ao o GSaTi pl G 9 5] (0 ais SS) el gl gl
4,\“1.5/“_1;,%b&;bﬂtmuddmérmu%,ﬂ,ﬂ/mﬂ/ L
e 5l o) 0 8 g plall TSN D gl ) 6 L3

Suggested Solution

s Al pal) dpiss oSN pdagll - 5 9]

&M o 4is 18750 G ke by 4iin 37600 o5 dlio b 4 alidl jlsall il gilly ; josl) dis o puais -1
el &l 3 187505 S
;._L/LTI/J)A“//*‘JJJquﬂ/:ﬂ/webﬂ&jl@}d/y y/gﬂ;&/Lﬂ/d;)]/gJ}.J/P@rJ

b Lol Ljlsall il 23, - Document Analysis and noise cancellation systems 4 gasass 2
4ia 40000 @lie
s 20280 Liad geali el ity 4iin 19720 Sy Loy o1 sal Y 53 3400 jilias geali o ) 13 p

12 April 2008
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3.5 OCR Extension Proposal

OCR Extension Proposal

ITAC Program
ITIDA-Cairo University -RDI

Version 1.5 18 May 2011
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The Deliverables
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1- Executive Summary

We have successfully implemented an OCR system “Clever Page” that is based on innovative
research ideas. According to the results of the exhaustive, practical and real -world experiments,
we can claim that our new OCR core engine is comparable and in some cases even better than
well-known commercial systems.

We have developed an internal benchmark test data with 140 different pages (books; old and
new, magazines, clean and copied pages) Given this, the new system can compete very well with
the current commercial systems, however, we believe that we can make it much better and be
the best possible Arabic OCR system to date. Practically, the commercial systems accuracies are
about 60-70% WER based on our test data). We have number of research ideas that can enhance
the accuracy to very promising levels close to 80%, making our system to have a real edge in the
market.

Most of the proposed work is focused on the core engine and its accuracy, which is the most
important differentiator factor that determines the success or failure of the final commercial
product. Accordingly, our methodology will include the improvement of the OCR core engine
through number of algorithms and aspects, namely; 1) Stable HHM engine, 2) To make
adaptation to specific HMM models for different fonts, sizes, 3) Using more advanced language
model 4) Developing the application as a web service.

According to our detailed study, the extension phase duration is planned to be 4 months. The
needed fund is 240,700 LE. Indeed the total period of the project (due to many reasons for the
time extension approached 2 years), so this extension is in the range of 20% regarding both the
time and cost.

Through this report, we will introduce the details of the status of the OCR now. Then, we show
our vision of the extension in terms of the new points of research and the expected outcomes
and deliverables.
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2- The status of our OCR now

2.1 The benchmark database

We tested our system using a benchmark database of 140 pages full segmented and annotated.
The benchmark database is collected to consider the real world variability like printing method,
used paper type, printing font, the printed document age, as it contains 75 book pages, 15
magazine pages, 25 clean pages, and 25 copied pages. The following table shows the database
sources and the corresponding number of pages.

Source

Books 75 pages
Clean documents 25 pages
First copy 25 pages
Magazine 15 pages
Total 140 pages

2.2 Experiments and results

Following is the results of RDI clever page OCR versus the other two existing commercial OCR

systems

1. Sakhr Automatic Reader
2. NovoDynamics Verus,

Sakhr RDI NovoDynamics
Automatic Reader v10.0 Clever Page v1.0 VERUS v3.0.4

Segmentatio Recognitio Segmentatio Recognitio Segmentatio Recognitio
n Accuracy nAccuracy nAccuracy nAccuracy nAccuracy n Accuracy

Books 87% 59% 85% 62% - 67%
Magazin 97% 67% 94% 68% - 79%
e

Original 96% 70% 94% 75% - 76%
First 85% 52% 89% 70% - 66%
Copy

Total 91% 61% 89% 73% - 71%

The above results show that Clever Page OCR is outperforming Automatic Reader in all document
sources. Clever Page shows more robustness against the noise as its accuracy decreases by 5%
only in the First Copy documents.
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When comparing our system results versus the NovoDynamics Verus OCR, we notice that Verus
OCR outperform our system by 6% in magazines, and this because of the small font size used in
the magazines, as the most of magazines use 10pt font size. On the other hand, our system
outperformed VERUS OCR in Books by 3%.

2.3 Methodology

Our solutions, that tackle ASR and typewritten OCR, are typically based on the concept of sub-
word units (phonemes and graphemes) that are concatenated to form utterances and words
respectively.

In ASR; the speech signal, which is a 1D function of time, is sliced into a sequence of windows
(called frames) and a features vector for each frame is computed. Frame widths should not be
too wide or too narrow. Were the former case holds true, a large portion of the computed feature
vectors would be taken from inter-phoneme regions leading to the inability to neither build
stable models nor recognize the basic units. Were the latter condition holds true, the computed
feature vectors would be unable to reflect the local characterizing properties of the signal. (See
Figure 3).

On the other hand, the OCR problem is a one of recognizing a 2D text image signal, with the
sliding window moving on the writing direction (from right-to-left in the case of Arabic) and
having a fixed height equal to the one of the word/line being analyzed. (See Figure 3) To keep
HMM search lattices at reasonable widths, which in turn reduces the computational complexity
hence the recognition WER, the word has been chosen in our work as the major unit for training
and recognition. Using an enhanced histogram-based word and line segmentation approach, the
text image is therefore decomposed first into horizontal lines, and the lines are in turn
decomposed into words. ) Selecting the frame width is subject to the same compromise
mentioned just above while talking about speech frames. Taking into consideration the typical
printing resolution of 300 dpi, and a smallest font size of 10, the width of the slimmest ligature
at that font size is 4 pixels. This puts the limit of the frame width that should not be exceeded.

Writing direction =

Figure 3 - Sliding window over a speech signal and over a text image

2.4 System Architecture
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The architecture of our OCR system is shown in Figure 4. In the recognition phase, the printed
text pages are scanned and digitized, and then the lines and the words boundaries are specified
automatically. Each word is segmented to vertical frames and features are extracted from each
frame.

In our system we use discrete HMM models. This is due to the continuous/discrete hybrid nature
of the features used in our system. After feature extraction, each feature vector is quantized to
the nearest codeword in the codebook. The codebook is generated from millions of feature
vectors extracted from the training words using the LBG algorithm. Indeed this new algorithm
attracted our attention with all its implications from working on the fusion strategy that we have
planned to do in the beginning.
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Figure 4- System architecture of discrete pseudo-2D-HMM Arabic OCR

2.5 The 2D HMM

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.



Clever Page Final Report 44
In our recognizer we employed a new Pseudo 2D-HMM technique, in which every HMM state in

the first level HMM model contains another HMM model as a second level HMM model (see
Figure 5).

Super State 5 Super Stale 4\ /“Super State 3\ /"Super State Super State 1

D o

N JNC NG N N J

Figure 5 - Pseudo-2D-HMM model of the Arabic character

This approach enabled us to work on the feature of a single segment in the frame rather than use
the whole frame in the 1D-HMM model which was suffering from the following problems,

e The variations of the feature vector representing a segment in a frame is independent of
the variations of the feature vectors representing the other segments in the same
frame, tying the feature vectors of the segments inside the frame together in one
feature vector requires more training data to model unneeded combined variations.

e Any noisy segment dramatically affects the structure of the feature vector representing
the frame.
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3- The Methodology of the new algorithms in the extension period:

According to the proposing current status, and based on our experiments and expectations, we intend to
focus mainly on the following research points:

1) To use another HMM engine for the stability of the system.

2) To make adaptation to specific HMM models for different fonts, sizes and noise
background (hopefully automatic).

3) More advanced language model.

4) Web service edition

5) Test and debug the whole package again

Each research point is expected to enhance the accuracy of the system. Here are the details of
each point.

1 | Stable HHM engine Notes
This might not increase the accuracy as such, but would
enhance the system stability and we also expect some
gain in the processing time.

2 | Adapted HMMs

1. We will create as many models (the exact
number of models is to be tested), using the
training data. Our expectation is to gain

2. An automatic technique should be developed to | not less than 5%
switch to the best selected HMM model to
increase the accuracy.

3 | Using Advanced language modeling

1. We have utilized 4-gram character language
model. We expect much higher performance if
we utilized n-gram language model for words
(most probably 3-gram word model will work
quite fine and much better than.

2. We need to collect very large size of data. This
data is better to be classified to different
domains. To improve the accuracy we need to
know the domain of the classified document. In
such a case the user should provide the system
with some knowledge otherwise the general
domain language model should be used.

The Target: improve the
robustness and speed.

We expect to increase the
accuracy with ~ 5% and for
specific domains the
accuracy could even
increase to higher than that.

That will increase the
4 | Developing the application as a web service application chance of
distribution
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5 | Final test and debug for the whole package again

This important for the
stability of the product

So we target all in all to increase the total accuracy: From ~70% = ~ 80 %

This will be the best possible Arabic OCR system to date. It is important to indicate that

this indicated accuracies are averaged over books, magazines, clean documents and first

copy ones.

4- The Deliverables

A new version of the OCR System:

1- Core engine that meets the expected much better accuracy.

2- Core engine that is more robust and stable.
3- The OCR as a web service

The core engine is the main goal of the extension. However the following will be updated if any

of it needs some modifications:

4- End User application on CD with Setup.
a. User Manual Document.

5- OCR as a web service.

6- SDK
a. APl Documentation
b. Sample Application
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5- Budget and Team Structure

The following table shows the details of the budget, team members and structure.

and the copying machine+ papers and DVDs
Total

Total Name 1st 2nd 3rd 4th Total
Pl+Consultants
Pl Prof.Mohssen Rashwan 7000 7000 7000 7000 28000
Consultant HMM Dr. Sherif Mahdy Abdo 6000 6000 6000 6000 24000
Arabic Font Consultant 3000 1500 4500
Researcher /developers/senior engs or linguists
HMM Senior Tarek Ahmed 7000 7000 7000 7000 28000
HMM Junior Ahmed 3500 3500 3500 3500 14000
NLP Islam 4000 4000 4000 4000 16000
engine developer Ahmed Ibrahim 7000 7000 7000 7000 28000
engine developer Esraa Khedr 4500 4500 4500 4500 18000
Data Management
Developer Alaa Badr Al Sayed 6000 6000 6000 6000 24000
Linguist Youssef Tohamy 4000 4000 4000 4000 16000
Tester/QA
Tester Yasser 5000 5000 5000 15000
Q/A Asmaa 2,500 2500 2500 2500 10000
Admin

Ahmed AbouElmagd El-
Accountant Dakroury 2,800 2800 2800 2800 11200
Total Salaries 57,300 ( 60,800 ( 59,300 ( 59,300 ( 236700
office supplies and spare parts
including a lot of tuner for both the printers 1,000 1,000 1,000 1,000 4,000

240,700

47
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Finally; we would like to emphasize that the current status of the project is very promising, but given the
research points described above, along with the expected accuracy performance, we expect the “Clever page”
product to have a strong competitive edge in the market, making a real success story not only for ITDIA, Cairo
University and RDI but also for Egypt!



