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Background





The Business Register (BR) of Statistics Finland has worked hard to renew its operational system. The redesign project was carried out between 1995 and 1998 and the new operational system has been put into practice since the beginning of 1996. A major reform was the change of the platform, from a central mainframe to a Sybase UNIX (IBM RS6000) relational database platform and to a PowerBuilder made graphical user interface. The new operational database contains information on over half a million legal units and their local units and local kind-of-activity units.





The updating of the database is carried out with annual surveys and administrative sources. The technique of data collection with questionnaires has been totally revised. The old system has been replaced by the optical character recognition (OCR) process. Every year the BR sends almost 70,000 business survey questionnaires (about 100,000 pages of questions) to various legal or local kind-of-activity units. 94 percent of the answers are returned by post and 6 percent by fax. Earlier, all returned questionnaires involved the same manual procedure when input to the system. Due to the new OCR process, now only the questionnaires returned by fax and those not valid for optical reading have to be input manually. With the new system it is estimated that the processing of survey data will take about 5.5 person-years, whereas the old manual processing took about 8.5 person-years.





The basic requirements for the OCR process are a scanner, OCR software and an image archive. The BR had several alternatives to choose from when starting to plan the OCR process: 1) The BR will only provide image archive software and buy other services from outside Statistics Finland, 2) The BR will provide an image archive and OCR software, while the receipt of the forms, scanning and making of the images are purchased from outside Statistics Finland, or 3) The BR will provide an image archive and OCR software and do all the work itself. The estimated costs with different alternatives are presented in Table 1.





As we can see in Table 1, the lowest expenses would be reached with purchasing both OCR and image archive software. This alternative means that that equipment should be purchased for the use of the whole Statistics Finland, not only for the BR. However, at the end of 1996, Statistics Finland decided not to invest in its own OCR software. The second cheapest alternative was selected, to purchase postal handling, scanning and OCR services from the National Post Ltd (NP) and buy only image archive software (which was developed by Statistics Finland itself). The decision can be justified with the big expenses of purchasing own OCR software and with fast development of software markets which can produce better OCR applications in a very short period of time.





Table 1: Estimated costs with different alternatives of the OCR process compared to the old system in Finnish marks (USD 1 about FIM 5.5). Investment costs are not included in this calculation.


�
Old manual system�
OCR  and image archive�
only OCR�
only image archive�
�
Postal handling�
150,000�
10,000�
10,000�
10,000�
�
Scanning�
-�
15,000�
50 000�
15,000�
�
Saving�
100,000�
55,000�
55 000�
116,000�
�
Checking�
1,125,000�
840,000�
1,125,000�
1,050,000�
�
Total costs�
1,375,000�
920,000�
1,240,000�
1,191,000�
�






The process





The process of survey data collection with OCR starts with designing standardised forms for each survey. These empty forms are then stored in the electronic format and the signatures for the questionnaires are stored as images. Both of the files are sent to the NP via FTP. This activity is needed only once for each survey as long as the form of the survey remains the same. The repeating part of the OCR process goes on as follows and its BR part is illustrated in Appendix 1.





The BR sends a file to the NP. The file contains identification information on the businesses and some pre-fill information for the questionnaires.





The NP prints a desired number of standardised forms and merges into them information from the sent file. Printed questionnaire forms are then put in envelopes and mailed by the NP. This can be done mechanically if the questionnaire is less than 40 pages long, which is the usual case.





The questionnaires are returned to the NP, except for fax answers which are delivered directly to the BR. The NP will then open the envelopes and do scanning and optical interpretation as well as manual verification for ambiguous cases. The OCR software (Eyes & Hands) will produce a data file (*.txt, below 1 kb times the number of the forms) which contains interpreted data and the image file for each questionnaire form (*.tif, about 50 kb each) which is an electronic image of the form. The NP delivers files into a fetch-directory of their server.





The BR fetches the files from the server of the NP. The image archive is updated with a PowerBuilder application on the basis of data and image files. The database has a table which co-ordinates image file information containing the identification numbers of the units and direct addresses of the image files in the image server.





The data file is first processed with a SAS made batch program, which makes certain verifications (deletes doubles, empties erroneous fields, etc.) and produces a list of possible error cases. Information on which units have responded is then updated to the database with a SAS program. After this updating it is possible to send a new file to the NP for re-questioning those who did not respond to the first questionnaire.





A more thorough run to investigate data integrity is also made with SAS. All information in the data file is investigated with individual field restrictions and then classified into separate database tables, either into a correct update event table or into an incorrect update event table. There are certain questionnaire data (e.g. activity description and new local kind-of-activity units) which, if they exist, are always treated as incorrect updating events, because that information always has to be processed manually.





Correct updating events go through the checking and updating process, which is a PowerBuilder made application that makes verifications against the database, and if those verifications pass through, then correct updating events are updated to the database. The failed ones are sent to the table of incorrect update events. The checking and updating application consists of several stored procedures which each are called depending of the data element to be updated.





Incorrect updating events are verified and corrected (sometimes also updated) manually with a PowerBuilder made online-application. The image of the questionnaire in question is retrieved from the image archive automatically. The images are handled with an application which is made using an additional PowerBuilder block called PowerImage. Some of the information is updated directly to the database and the other information goes through the correct updating event table and the checking and updating process.





 OCR software





All OCR software in the market has the same basic features. The program for the reading process of a specific form is made with a previously scanned empty form. It is possible to define some verification checks for the fields of the form. There can be, for example, some ratio checks, time series verification or logical verification. All these can be done after the form has been scanned into the system as an image. If there is some error or unclear character, it can then be corrected manually. It is not even necessary to redesign the form when starting to use the OCR software. However, the error percentages in the OCR process are smallest when the form is designed so that there is a specific area for each character or tick and there are also very clear instructions on how to fill in the form. In the case of Statistics Finland, the optical form fits in all BR paper questionnaires.





There are several software alternatives for the OCR process. Statistics Finland's BR considered the following software: Eyes & Hands by ReadSoft, Form File by Pro Scan and Read Iris OCR by FidoNet. The Swedish Eyes & Hands (beta version 7 for Windows 3.1) was the only tested software and was selected to the test on good references from Statistics Sweden and the NP which both are currently using the program. The Eyes & Hands software is composed of different modules with which the user can perform different activities. Before the test began, a form was designed especially for optical interpretation and that form was scanned and adjusted with five different adjustment points. Table 2 shows the average times of different activities in the test.





Table 2: Average times of different activities of the OCR process with Eyes & Hands software


Activity�
Seconds / form�
Forms / minute�
Forms / Hour�
�
Scan (Fujitsu M309EX)�
5.0�
12�
720�
�
Interpret�
3.6�
17�
1,020�
�
Verify�
36�
1.7�
102�
�
Transfer to the host system�
0.1�
500�
30,000�
�



As can be seen in Table 2, verification is the most time-consuming activity when using OCR software and that is because so much human work is involved. In addition, when testing the software, verification was done very carefully. But just the verification part of the OCR process of all survey questionnaires of one year is estimated to take around 150 days of work for one person, when in the old system just updating the information whether units have responded took 200 days. The level of verification can also be changed and that has an effect on the used time. The fastest is instant verification, where the software gives images of all illegible fields to the user and the user has to give the correct letters or numbers to the software. In standard verification, the user gets the whole context of the illegible field the whole word, for example, in which case it is usually much easier to recognise the correct answer. In thorough verification, the user checks all fields without classification by the results of the interpretation. The verification module also sorts the forms by their erroneous level, giving the most difficult cases to the user first. It is probably best to start with thorough verification and then continue with standard verification.





Before verification comes the interpretation part, the results of which are classified into one of three categories: successful interpretation, doubtful interpretation or not identified. There can also be some validation rules for the fields connected to the interpretation part. The proportions of the different interpretation categories, calculated from the character level, were: successful 92.6 per cent, doubtful 1.2 per cent and not identified 6.2 per cent. More interesting results can be obtained when we calculate the percentages of the correct ones after the verification part. The results of this calculation are presented in Table 3. The former percentage for the letters gives the proportion of the correct ones where doubtful or unidentified letters are verified without context and the latter case where the verification is done with the context information.





Table 3: OCR test results with 200 questionnaire forms, after verification.


Type of field�
Number of fields�
Percentage of the correct ones�
�
Check mark�
400�
100.0�
�
Number�
4,027�
99.8�
�
Letter�
3,929�
94.9 (without context verification) 99.1 (with context verification)�
�
Sentence, empty or not�
1,200�
99.2�
�



The contract between the BR and the NP states that the acceptable maximum error rate after verification is 1 per cent with numbers and 2 per cent with letters. If the error rates are higher than mentioned, the NP will allow some reductions to the payments of the OCR work. The quality of the NP's work has not yet been tested.





Image archive





When planning the purchase of image archive software, the BR considered several software options (Watermark, Eyes & Hands Archive, FastImage, Canofile, Mopsi), which all offer more or less the same capabilities to file and view images. In the end, the BR decided to rely on Statistics Finland's own resources of software development. The image archive application has been developed with an additional PowerBuilder block called PowerImage. PowerImage by Visionary Solutions has special functions designed for handling tiff, jpeg and other such pictures (PowerBuilder itself supports only bitmap images). The Eyes & Hands made tiff-images are delivered to the dedicated server (MS-DOS, Novell NetWare, 200 MHz, 98 Mb, 43 Gb) with the PowerBuilder application. The images are distributed randomly into the 200 subdirectories of the image archive server. They are distributed into that many subdirectories because some search delay has occurred if there are over 1000 images per directory. The PowerImage application co-ordinates the viewing of the image files. Images can be zoomed, totally or partially, rotated or made as negative images. The image archive application can be called any time when using the BR operational software and images are loaded automatically when correcting erroneous updating events.





Updating the database





The updating of the BR operational database is mostly done through the checking and updating process batch runs. The checking and updating application is PowerBuilder made and database processing is mostly SQL-coded. In the future, all information was decided to be updated through the checking and updating process, but now part of the information, due to absence of some updating procedures, is updated directly to the database through the on-line application. The checking and updating process will get updating events from the correct update events table. If the checking part of the process will find an error, the updating event is delivered to the incorrect update events table.





The single update event row comprises three elements: identification information of a unit, a field which tells the element name of the changing data and the third one, the new value of the element to be updated. This means that one questionnaire form produces as many update event rows as elements to be updated. At the same time as the correct update event or incorrect update event row has been created, the corresponding unit in the database will receive a check code, which tells that there is some information waiting to be processed. Depending on the type of the check code, the check code will warn the user or sometimes even prevent the user from doing any on-line updatings before checking the waiting information.





The checking and updating process will update the database by one logical updating event at a time. The logical updating event consist of updating events relating on one legal unit or its local units. The checking and updating process calls the desired stored procedures to check, cascade or derive data of the logical update event. After all called stored procedures are completed successfully the checking and updating process updates the database with logical update event's data.





Before the correct updating event is updated, the application will check if the data element in question is to be added into the history table. If this is to be done, then the old value and the date of the change are transferred to the stored procedure, which does the actual row addition into the history table. The structure of the history table is similar to the structure of the update event tables, comprising elements for identification, code for the data element in question, data value and date of the change.





Conclusions





The introduction of the OCR process is definitely more advantageous compared to the old system. Productivity will rise as the processing time of the questionnaire forms shortens and the process itself becomes more compact and straightforward. The process contains now fewer stages than earlier and, for example, postal handling, which has now almost disappeared (the NP will take care of it which of course means some extra costs), earlier took 170 person-days. Now the checking of the forms can be stratified by the desired criteria, because it is easy to classify images through the table which contains image files addresses. With the OCR process, customer service preferences can be considered better, in which case forms can be checked in the order of priority. The checking of the information was earlier timed for the end of the statistical year, when now it is done as much as possible at the very early stage and by automatic procedures. The quality of the information is now higher with these changes.





The disadvantages of the OCR process are very much related to computers. Work becomes more computer aided and because of that, the production becomes more vulnerable to computer system breakdowns. It may cause more eye strain, for example, to employees because they work more with computers. Also, the fact that optically readable forms have to be designed more carefully produces some extra work.





The real costs and savings of work time when using the OCR process are not yet available and somewhat difficult to estimate, because the introduction of the new operational system has taken some extra time and made extra costs. In any case, the new operational system with the OCR process is now in production and the experiences of the system are highly positive.



































Appendix 1: OCR process in the BR


�EMBED ABCFlow���





�PAGE  �2�








The 12th meeting of the International Roundtable on Business Survey Frames


Helsinki 28.9. - 2.10.1998














