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Address-block Extraction Method by Multiple Hypotheses Approach
for Mail Sorting Machine

Tatsuhiko KAGEHIRO＊ Masashi KOGA＊＊ Hiroshi SAKO＊＊ and Hiromichi FUJISAWA＊＊
A method for extracting a destination address-block from a mail image has been developed. This method is used for the mail sorting machine. The method is composed of two steps: nomination of address-block candidates by multiple hypotheses approach and evaluation of these candidates by using the Bayesian rule according to each of address-block type. Accordingly, the proposed method can cope with various types of address-blocks. We measured the cumulative extraction rate of each address-block type from the top to the 5th candidate in order to confirm the effectiveness of the method by comparing to the old heuristic method. In the case of the P-LH (Printed, Landscape, Horizontal writing) type, the top-one correct rate was improved by 16 points up to 79%. The top-three, top-four, and top-five correct rates became equivalent, that is, 95%. In the case of the H-PV (Handwritten, Portrait, Vertical writing) type, the top-one correct rate was improved 11 points up to 90%. The top-five correct rate larger, that is, 91%, than for the old method. A general experiment with all types of mail confirms that the proposed method can extract the top-five candidates, including the correct address-block, in 94% of printed mail cases and in 89% of handwritten mail cases.
Keywords: mail, address-block, character recognition, Bayes, multiple hypotheses, layout analysis
1.
INTRODUCTION

The technique of mail destination address recognition is important for automation of the mail-sorting task. But it is difficult for a machine to understand the destination address if it dose not know the layout of the address characters in advance [1][2]. The layout of the address characters has several variations and much ambiguity, so the design of the address reading system is much difficult and complex. In order to recognize the destination address, it is necessary to extract the area of the destination address characters. This area is called the address-block. If many mail samples are observed, you can see that there are variations in the address-block position, direction, and printed or handwritten characters, along with the return address area and possible advertisements. 
The address-block extraction module needs to adjust some parameters in order to extract the correct area. But some parameters cannot be fixed uniformly, because of the variations and ambiguities. Many papers have been published about analyzing the layout of mail pieces [3][4][5][6][7][8]. For example, in the case of handwritten mail, there is a technique for estimating the address-block by analyzing the positional relationship between character lines and ruled lines. When the address-block has ruled lines, this method is very useful, but it essentially has no power to extract an address-block without ruled lines. In the case of large-sized mail, another technique extracts an area having a uniform grey value as an address-block [7]. This technique is effective for extracting an address-block on an attached address label. However, it is not enough to use techniques that can only be applied to specific types of address-blocks.

The proposed method, which will be described later, can be adapted to various address-block types. The conventional methods may get the correct address-block area from the limited mail pieces, but this proposed method can extract the correct area from all types. This proposed method extracts several candidates for the address-block by using multiple hypotheses on types and sorts them according to a confidence value. To calculate the confidence value of a candidate, an evaluation based on a Bayesian rule is executed by using a type-hypothesis. The Bayesian rule can combine several different confidence values, and calculate the total confidence value. If the likelihood ratio can be observed from many learning samples, the Bayesian rule can be implemented to solve real problems [9][10]. Sorted address-block candidates are read by an address lines reading module one by one until one candidate is accepted as an address; the result is then regarded as the destination address of the mail. This recognition procedure can effectively read the destination address of mail [11]. 

2.
Variations of Address-block Types in Japanese Mail
There are various types of address-block in Japanese mail. We have classified address-blocks into several types by human observation. That is, the type of mail envelope is either portrait or landscape, the direction of the written address is either vertical or horizontal, and the address is either printed or handwritten. Note that a landscape mail envelope with vertical writing is very uncommon. The total number of types is therefore six, abbreviated as follows: 
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P-PV: Printed, Portrait, Vertical writing

P-PH: Printed, Portrait, Horizontal writing

P-LH: Printed, Landscape, Horizontal writing

H-PV: Handwritten, Portrait, Vertical writing

H-PH: Handwritten, Portrait, Horizontal writing

H-LH: Handwritten, Landscape, Horizontal writing
The six types of address-blocks are shown in Fig. 1. We assume that the mail image is scanned in portrait orientation so that the stamp is always located in the upper left. The resolution of the image is 200 dpi. 
The rectangles in Fig. 1 show the address-blocks. It is difficult for a simple method to extract the address-block, because its position and area are different in each type (as shown in Fig. 1). Since the type of address-block cannot be known in advance, it is not possible to adjust the extraction process for each type. Moreover, return addresses and pre-printed advertisements on the mail sometimes make address extraction even more difficult. 

3.
Mail Destination Address Reading System
To read a mail destination address, two operations must be performed: extraction of the address-block and reading of the address lines in the address-block as shown in Fig. 2. 
The address-block extraction should be a bottom-up approach, because it is performed without the knowledge of the address-block type. The address-block extraction consists of the following four steps: 
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4. Address-block Candidate Evaluation
The details of these steps are described in the next section. In the address-block extraction module, several candidates for the address-block are generated. A confidence value of each candidate is calculated, and the candidates are sorted in order of their maximum confidence values.
In the address-lines reading module, the sorted candidates are analyzed one by one, using character recognition. When the recognition result is an address, it can be regarded as the destination address of the mail. The address lines reading consists of the following three steps: 

1. Character Segmentation

2. Character Recognition

3. Result Verification
The character segmentation step cuts to each pattern as the correct character by the multiple hypotheses approach. Next, in the character recognition step, each pattern is recognised and the character category of each pattern is gotten. In the result verification, the result character strings are checked by the address dictionary. After this step, the result character strings are regarded as the destination address of the mail piece. 
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4.
Address-block Extraction Module
4.1
Step 1 : Pre-Processing
Fig. 3 shows the flow of steps in the address-block extraction module. In the pre-processing step, noise and ruled lines are removed from the input binary image by simple image processing. Next, connected components are derived from the image. All processing after this step is performed using connected components. 
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4.2
Step 2 : Object Extraction
In the object extraction step, the objects (a stamp, a postal code, character lines, etc.) that may commonly exist in the mail image are extracted. The extraction uses common knowledge of all address-block types such as knowledge of the position and the size of each object. 
In this step, the character lines are extracted by the multiple hypotheses approach. Some character lines are extracted by merging some closely connected components of the patterns. These merge rules have different threshold values in response to the layout of the destination address. We call the segmentation setting for printed character the ``small'' character setting, and the segmentation setting for handwritten characters the ``large'' character setting. Fig. 4 shows the character-line extraction results for each setting. In Fig. 4, the printed character lines (Input Image A) are extracted correctly by the small character setting, but incorrectly by the large character setting. The handwritten character lines (Input Image B) are extracted correctly by the large character setting, but incorrectly by the small character setting. The character lines segmentation for all mail pieces cannot be processed correctly by one-half of these settings. 
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The layout of the mail address lines is not known in advance. It is difficult to judge the layout of the destination address, because there also are advertisement and return address areas. Since the layout of the destination address cannot be decided, the segmentation settings cannot be changed in response to the layout. Character lines segmentation is therefore executed twice by both settings, as shown in Fig. 3. Character lines segmentation results that are extracted by both settings are input to the next step, the address-block candidate creation step. 

4.3
Step 3 : Address-block Candidate Creation
In the address-block candidate creation step, several character lines extracted in the object extraction step are combined to create the address-block candidates. This step combines some character lines which are extracted by the same hypothesis and creates several proper candidates for each mail type, because the position and the area of the correct address-block are different for each type. These created address-block candidates are input to the next step. 

4.4
Step 4 : Address-block Candidate Evaluation
In the address-block candidate evaluation step, a confidence value expressing the likelihood that a candidate is the correct address-block is calculated according to a Bayesian rule. The confidence value is calculated by using features detected in the candidate. One candidate will have several confidence values corresponding to all address-block types. The number of confidence values for one candidate is therefore the same as the number of types. The details of the evaluation step are explained in the section 5. Next, the candidates are sorted in order of their maximum confidence values. After this step, the sorted address-block candidates are input to the address lines reading module. 

5.
Address-block Evaluation by Bayesian Rule
5.1
Calculation of Confidence Value
In the address-block candidate evaluation step, the confidence value is calculated from the following features that can be observed from the candidate. 

· Averages of height and width of character lines

· Variances of height and width of character lines

· Area of address-block candidate

· Position of the candidate
Since the standard values of the features change according to the address-block type, a single set of parameters for the candidate cannot be determined. To cope with this problem, several address-block dictionaries are prepared according to each type, as shown in Fig. 5. The optimal confidence values of all candidates in each type can thus be calculated. However, because the address-block type is unknown in advance, a dictionary corresponding to a certain type cannot be selected. Accordingly, an address-block candidate for each type is assumed, and a confidence value for each type is calculated independently as each dictionary is selected and referenced. Several confidence values per candidate are thus computed and are compared with each other to select the maximum value among them. This maximum value is regarded as a representative confidence value for the candidate, because the confidence value computed from the dictionary of the corresponding type should be the highest and all confidence values for an incorrect candidate should be low. 

5.2
Address-block Dictionary and Bayesian Rule
A Bayesian rule is applied to calculate the confidence value for the address-block candidate. The confidence value is calculated using the candidate features according to the Bayesian rule given in the following formula (1): 
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where c is the address-block type, HC is the hypothesis of the correct candidate for type c, 
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 is the hypothesis of the incorrect candidate for typec, e1, e2, e3, ... en are the observed features of a candidate, P(ek|HC) is a prior probability of ek supposing hypothesis HC, and L(ek|HC) is the likelihood ratio for ek supposing hypothesis HC as shown in equation 2. We define P(HC|e1, e2, e3, ... en) as a confidence for a candidate, where e1, e2, e3, ... en are observed features. 
To obtain P(HC|e1, e2, e3, ... en), likelihood ratio L(ek|HC) is required in advance. The likelihood ratio is estimated from learning data, and is stored as shown in Fig. 5. It is referenced while the confidence values are calculated. The likelihood ratio should also be calculated independently according to each type. The learning data for each type of address-blocks is therefore collected from real mail images in advance.
To estimate the likelihood ratio L(ek|HC), P(ek|HC) and P(ek|
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) must be known. P(ek|HC) is a prior probability of ek supposing hypothesis HC. We consider that a prior probability can generally be estimated from the occurrence frequency of ek in the case of HC. Thus, to estimate P(ek|HC) and P(ek|
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), in the address-block candidate creation step, many address-block candidates are created from a learning set of mail images. Next, all candidates are judged to be correct or incorrect by human observation. Features of candidates are extracted from the address-block candidates, and the frequencies of features in correct and incorrect candidates are calculated. These frequencies are used to calculate probabilities, P(ek|HC) and P(ek|
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, and they can be obtained by calculating the ratios of the number of correct and incorrect candidates to the total number of candidates. 

6.
Experimental results
6.1
Evaluation of Address-block Extraction
To evaluate the proposed address-block extraction method, we measured its accuracy rate. Two datasets were prepared: a set of 500 pieces of printed mail and a set of 500 pieces of handwritten mail. The learning samples numbered 1341 and included both types of mail. This dataset is different from the evaluation dataset mentioned above. We decided the correct and incorrect by the observation of the each candidate. Correct candiate consists of the only address lines and desitnation name, and incorrect canditdate involves the other character lines, for example advertisement and sender address. 

The two methods were compared in terms of their accuracy in the extraction of the address-block: 

 (A) Conventional heuristic method

 (B) Proposed method

[image: image17.emf]

In method (A), the procecesses before the address-block creation are same as the proposed method. The parameter set of the candidate evaluation was adjusted heuristically based on the learning data. In the evaluation of both methods, the type of test mail was not known in advance. We compared the cumulative extraction rate for the address-block in mails of the P-LH and H-PV types. P-LH and H-PV is similar format by the layout of the character lines. But the correct address-block position is different each other, so these two types are the useful samples for the measurement of the efficancy. 

Fig. 6 shows the cumulative extraction rates for the two methods. Cumulative extraction rate is calculated from the frequency of candidate rankings, including correct ones. Hereinafter, the cumulative extraction rate from the top to the 5th candidate is called the ``top-five correct rate''. 
In the case of the P-LH type, the top-one correct rate for method (B) was improved by 16 points up to 79% in comparison with method (A). The top-three, top-four, and top-five correct rates for methods (A) and (B) became equivalent, that is, 95%. 

In the case of type H-PV, the top-one correct rate for method (B) was improved 11 points up to 90% in comparison with method (A). The top-five correct rate for (B) is still larger, that is, 91%, than for method (A). 

A general experiment with all types of mail confirms that the proposed method can extract the top-five candidates, including the correct address-block, in 94% of printed mail cases and in 89% of handwritten mail cases. 

Fig. 7 and 8 show the input images of the P-LH and H-PV formats, and the address-block extraction results obtained by this proposed method. The small rectangles in these images are the extraction results of the character lines, postal code, and stamp. In Fig. 7, the first candidate is the correct answer. The others consist of some small character lines, not the destination address. These incorrect candidates are located at a valid position in the H-PV format, but the confidence value is not large because none of the other information, apart from position, is valid for H-PV format. In Fig. 8, the first candidate is the correct answer, and the second candidate is the part of the return address area. It is possible to put the correct candidate in a superior position to all other candidates, if the confidence value is calculated from features of each candidate. 

6.2
Evaluation of Address Reading
We measured the reading accuracy of a destination address using the proposed method. The number of test mail samples was 13778 for printed mail and 7265 for handwritten mail. In the destination address reading system mentioned in Section 3, the reading accuracy of two systems using methods (A) and (B) respectively were compared. 

In the case of the printed mail, the reading accuracy for methods (A) and (B) were equivalent, 84.5%. In the case of the handwritten mail, the reading accuracy for method (B) was improved by 0.61pt to 67.5% in comparison with method (A). 

As shown by this evaluation, the reading accuracy improvement using method (B) for handwritten mail is larger than that for printed mail. This is because the parameter set for method (A) was heuristically adjusted for printed mail but not for the handwritten mail. If we had used a parameter set adjusted for handwritten mail, the improvement for handwritten mail would have been larger than that for printed mail. Therefore if it were possible to judge in advance whether the mail is printed or handwritten, an optimal parameter set for method (A) could be selected according to the judgment. However, it is difficult to predict the mail type in advance. Method (B), on the other hand, can cope with both printed and handwritten cases without prior knowledge of types. 

7. Conclusions
A method for extracting the address-block from a mail image in various formats was developed and tested. This proposed method can extract the correct address-block area from all formats. This method is composed of two steps, one is the nomination of address-block candidates by the multiple hypothesis approach, the other is evaluation of these candidates by using the Bayesian rule according to each of address-block type. The evaluation of the address-block candidates uses the format parameter dictionaries which are created from the learning date set not heuristically. We confirmed the effectiveness of this method by comparing to the old heuristic method. In terms of the address-block extraction accuracy of this method, the top-five correct rate was 94% for printed mail and 89% for handwritten mail. In the case of an address reading system using this method, the reading accuracy for printed mail was 84.5% and that for handwritten mail was 67.5%. It is thus concluded the developed method can be applied to future areas such as signboard extraction and document analysis, if sufficient learning data is collected in advance.
In future work, it is necessarily to research about the optimal selection method of all candidates. In order to need the high accuracy, the number of the candidate is increased and the correct answer must be selected among much more candidates. In this paper, the address lines reading module selects one correct answer at the last step, but the processing cost of this module is big. We will research about the other simple selection method that can select the promising candidates before reading the address lines. It is difficult to adjust the balance between the processing cost and the accuracy, but this research is needed to improve the address recognition accuracy. 
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Fig. 7: Address-block Extraction Reslut (Printed)
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Fig. 8: Address-block Extraction Result (Handwritten)
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Fig. 1: Address-block type Variation
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Fig. 3: Address-block Extraction Module
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Fig. 2: Mail Destination Address Reading System
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Fig. 4: Character Lines Segmentation Results
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Fig. 5: Address-block Evaluation
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Fig. 6: Address-block Extraction Accracy
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