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Contribution



What is on-line handwriting ? • Data produced with PDAs, digital pens, etc. • Series of 2D points as a function of time • Digital ink y(t)



Our contribution motivates the use of ranking fusion methods in the context of on-line handwriting information retrieval (IR). Since existing approaches to handwriting IR are different in so many ways (document and query representations, matching methods, etc.), we hypothesize that fusion methods applied to the handwritten-domain can improve retrieval performances. Results show that our proposition is relevant in this context and that retrieval results can be improved.



• Data available in this form is increasing • Handwritten blogs on the web ! [1] Efficient media-specific archival & retrieval strategies are needed



x(t)



Hypothesis



How can handwritten documents be retrieved ? Word spotting • Which documents contain query words ? • Match queries against digital ink queries



deficit



ink words



Recognize & search



• Match queries against noisy documents • Impact of recognition errors ?



= =



Ranking Fusion



• Perform handwriting recognition • Apply standard IR methods on recognized documents



Two different families of approaches to handwritten document retrieval exist



Ranking fusion methods CombSUM : sum of normalized scores CombMNZ : sum × # of non-zero scores CombHMEAN : harmonic mean CombODDS : average log odds



Two ordinal rank-based methods are also used : RankCombSUM and RankCombMNZ. Rank or score-based fusion operators



Baseline systems



Improve search results ?



Data Collection



In the present work we choose to use simple methods that require no training data [2, 3]. • • • •



IR from noisy docs



Word spotting



There is no available corpora for on-line handwriting ad-hoc IR • Existing collection for text categorization • Over 2,000 on-line handwritten documents • Data collected from 1,500 writers • No queries, no relevance judgements • Query generation based on category labels • Via relevance feedback



Results



• IR methods: tf × idf and BM25 R • Word spotting: InkSearch (IS) [4]



Baseline runs



Fused runs



0.7



IS and text documents



Recognition



0.6



Rec. type text free



MAP



Character (free) and word-level (text) WER 22.19% 52.47%



CombSUM CombMNZ CombODDS CombHMEAN RankCombSUM RankCombMNZ



0.5 0.4 0.3



original tf × idf



References [1] http://www.livescribe.com/cgi-bin/WebObjects/ LDApp.woa/wa/CommunityOverviewPage. [2] J. A. Shaw and E. A. Fox, “Combination of Multiple Searches,” in TREC-2, pp. 243–252, 1994.



• • • •



text BM25



tf × idf 0.6826* 0.6857* 0.6871* 0.6852* 0.6775 0.6808



(+2.79%) (+3.10%) (+3.24%) (+3.05%) (+2.28%) (+2.61%)



BM25 0.6933* 0.6933* 0.6935* 0.6940* 0.6785 0.6795



(+3.86%) (+3.86%) (+3.88%) (+3.93%) (+2.38%) (+2.48%)



free IS



Impact of recognition errors MAP loss ≈ 5% with text MAP loss ≈ 15% with free IS is stable, does not rely on recognition



IS and free documents CombSUM CombMNZ CombODDS CombHMEAN RankCombSUM RankCombMNZ



tf × idf 0.6782 0.6760 0.6737 0.6710 0.6734 0.6691



(+2.35%) (+2.13%) (+1.90%) (+1.63%) (+1.87%) (+1.44%)



BM25 0.6741 0.6721 0.6719 0.6729 0.6692 0.6644



(+1.94%) (+1.74%) (+1.72%) (+1.82%) (+1.45%) (+0.97%)



[3] J. H. Lee, “Analysis of Multiple Evidence Combination,” in SIGIR ‘97, pp. 267–276, 1997. [4] http://www.visionobjects.com/products/ software-development-kits/myscript-builder/ myscript-inksearch/.
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Discussion • • • • • •



Impact of recognition errors on retrieval performances of standard IR methods MAP losses ranging from 5 to 20% depending on the word error rate Ranking fusion can improve retrieval performances Significant improvements in MAP are observed with the text documents Proposed operators, CombODDS and CombHMEAN, perform as well as standard ones Rank-based methods are outperformed by their score-based counterparts



Data fusion is relevant to handwriting IR, it improves results despite recognition errors
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