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ABSTRACT: In order to solve the problem of semantic query based on civil aviation emergency domain ontology (CAEDO),
a method of semantic query expansion is proposed considering the taxonomic and non-taxonomic relationships in the
domain ontology comprehensively. In this method, the calculation of semantic similarity is improved based on the distance
and semantic sharing degree for the taxonomic relationships, and the calculation of semantic relevancy on the basis of
object properties is proposed for the non-taxonomic relationships. Furthermore, the feasibility of the method is verified by
some experiments. The experimental results show that compared with the traditional method, the precision and recall are
improved. Moreover, a methodological support is provided for semantic retrieval and generation of rescue plan based on
CAEDO.
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1. Introduction

Domain ontology is used to describe and express the rel ationships among conceptsin aspecific field. Semantic query expan-
sion based on domain ontol ogy, which adds more rel evant conceptsto original query set, isused to clearly expressuser’squery
intention. Currently, the research of ontology-based semantic query expansion method mainly focus on the calculation of
semantic similarity based on the distance[1]-[4], the concept depth [5]-[ 7], the path weights [8]-[9] and the semantic sharing
degree[10]-[12]. These methods areimplemented on the taxonomi ¢ rel ationshi psin the ontology. Research of semantic query
on the non-taxonomic relationshipsisfew. Therefore, amethod of semantic query expansion is proposed to comprehensively
consider the taxonomic and non-taxonomic relationshipsin the CAEDO.

2.Analysisof Semantic Query Based on CAEDO

Inthefield of civil aviation emergency management, we' ve done some research and have made some achievements before. By
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improving ahierarchical clustering algorithm, we have obtained the taxonomic rel ationships among domain concepts. Mean-
while, by presenting amethod of relation extraction based on NNV association rules[13], we have extracted the non-taxonomic
relationships among concepts and successfully constructed the CAEDO. We have implemented the semantic query for rescue
resources on the taxonomic rel ationships. However, this method ignores the impact of hon-taxonomic relationships on query
performance. Therefore, by comprehensively considering the relationships between concepts, a method of semantic query
expansion is proposed based on CAEDO.

For the keyword set entered by a user, based on the relation tree of CAEDO, judge the relationships between keyword (a
concept inthe CAEDO) and any other ontology concept. If thereisonly taxonomic rel ationship between keyword and concept,
calculate the semantic similarity on distance and semantic sharing degree. If keyword has taxonomic and non-taxonomic
relationships with concept, calculate the semantic relevancy on non-taxonomic relationship and the semantic similarity on
taxonomic relationship. When detecting, choose the concept whose similarity valueis higher than the threshold to add into the
extended set. This set can be used in semantic retrieval to assist the generation of rescue plan. The model of semantic query
expansionisshowninfigurel.

Asthefigure 1 shows, the model includes four modules:
CAEDQO: Thecivil aviation emergency domain ontology we have constructed.
Definition Layer: Define semantic similarity, semantic distance, semantic sharing degree and rel ationship weights.

Similarity Calculation L ayer: Calculatethe semantic similarity on taxonomic rel ationships and the semantic rel evancy on non-
taxonomic relationships based on the CAEDO.

Application Layer: Achievethe application of extended set that use to semantic retrieval and generate rescue plan.
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Figure 1. Themodel of semantic query expansion based on CAEDO
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3. Method of Semantic Query Expansion Based on CAEDO

3.1 TheDefinition of Semantic Similarity

Semantic similarity refersto the coincidence degree of meaning between two concepts[6]. Suppose S m(ci,cj) isthe semantic
similarity between concepts ¢, and C. It must meet the following conditions:

(1) Thevalueof semantic similarity isareal number intheinterval [0,1]. ThatisSm(c, cj) c[0.1].

(2) If two concepts are completely similar, their semantic similarity is1. ThatisSm(c, cj) =lifandonlyifc= c.

(3) If two concepts have no same property, their semantic similarity is0.ThatisSm(c, cj) =0.

(4) Semantic similarity between conceptsissymmetric. ThatisS m(ci,cj) =9 m(cj .C)-

3.2TheMethod of Semantic Query Expansion

When calculating the semantic similarity between keyword (a concept in the ontology) and any other ontology concept inthe
semantic query expansion, if merely considering the taxonomic relationship, it is very difficult to access the concepts whose
similarity with keyword is very small but relevancy is large. In order to avoid this situation, a method of semantic query
expansion is proposed considering the taxonomic and non-taxonomic relati onships between concepts.

In the constructed domain ontology, if thereis only taxonomic rel ationship between concepts, cal culate the semantic similarity
on the distance and semantic sharing degree. If there aretaxonomic and non-taxonomic rel ationships between them, they are
regarded as directly connected by an edge, calculate their semantic relevancy on object properties and semantic similarity on

semantic sharing degree.

Suppose keyword ¢, is a concept in the domain ontology and c isany other concept in the domain ontology. Their semantic
similarity iscalculated asfollows:If ¢, and c only havetaxonomic relationship, Sm(c, cj) is:

Sim(c,,¢,) = 9,SiMy(c,,c,) + 8,Simg,,(c,.c,) @
If c and c have taxonomic and non-taxonomic relationships, S m(civcj) is:

Sim(c,.c,) = ¢,Sim,(c,,¢,) + ¢,Sim.,,(c,.c,) 2
8, ¢,(i =1,2) are variable parameters, which reflect the proportion of variousfactors, 9,+9, =1 and ¢, +¢, =1.
Choose the concept whose similarity value is higher than the threshold which we set to add into the extended set.
3.3 Calculation of Semantic Similarity on Taxonomic Relationships
3.3.1Calculation of Similarity Based on Semantic Distance

Semantic distanceisthelength of shortest path connecting two conceptsin the ontology relation tree [6]. Supposec, ¢ aretwo
conceptsin thetree of CAEDO, thetraditional similarity calculation based on semantic distance® is:

= (74
Sim(c,,c;) = 701.3“0“ c)ra 3

Dist(ci,cj) is the length of shortest path which connects ¢, and c in the ontology relation tree. o isavariable parameter.
Thiscalculation only considerstheinverserelation between semantic distance and similarity ignoring the effect of relationship
types on similarity in the ontology. Therefore, the calculation of similarity on semantic distance isimproved by considering
relationship weights.

Relationship weight is used to measure the influence degree of relationship type on similarity. Inthe CAEDO, taxonomic
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relationships have Kind-of relationship and | nstance-of rel ationship. Since the refinement degree of instanceisgreater than all
of its ancestor nodes, relationship weight of Instance-of is larger than Kind-of. Combining with the experience of expertsto
constantly test the value of relationship weight, the final value is shown as follows:

. [0.74,rype(c,..cj) is Instance - of relationship;
weight(c..c;) = o ) )
! 10.7, type(c,,c,) is Kind - of relationship;

type(c, cj) means the rel ationship type between concepts ¢, and C. weight(c, cj) isthe relationship weight of concepts ¢, and C.

Suppose ¢, ¢, are any two concepts in the relation tree of CAEDO, their semantic distance based on relationship weightsis:

Dist(c,,¢,) = ——1—— 7

[weight(k) @

n meansthetotal number of edgesin the shortest path from ¢, to c. weight(k) isthe relationship weight of two conceptsthat are
directly connected by the k-edge. n is a adjustable parameter and usually set to 1.

The calculation of similarity based on semantic distance between concepts ¢, and c is:

. 1
S!mDJSF(CJ’Cf) - W (5)

o isavariable parameter, which reflectsthe rel ationship between semantic distance and semantic similarity.

(2) Calculation of Similarity based on Semantic Sharing Degree

Semantic sharing degree refers to the number of same upper concepts which any two concepts share in the relation tree of
ontology [2]. Semantic sharing degree expresses the same degree of two concepts. If there are two concept pairs having the
same semantic distance, the concept pair that shares more same upper nodes should be more similar. Therefore, the calculation
of similarity based on semantic sharing degreeisintroduced.

Supposec, ¢, aretwo concepts inthe CAEDO. Combining with the structure of domain ontology relation tree, their similarity
based on semantic sharing degree[10] is:

_  count{Up(c,)~Up(c, )]
Sl'mcor?(cfrc}-) = COUHE[UP(C,-)U UD(CI- )] (6)

Up(c) isthe set of nodes(upwards) reachablefromec, Up(cj) isthe set of nodes (upwards) reachablefrom o Up(c) mUp(cj) are
the reachable nodes sharing by ¢, and c. Up(ci)UUp(cj) are all the nodes(upwards) reachable from ¢ and ¢, count refersto the
number of nodes.

3.4 Calculation of Semantic Relevancy on Non-taxonomic Relationships

Semantic relevancy refers to the degree of correlation between concepts. Some concepts may not be similar, but they can be
associated by some other relationships. Therefore, the calculation of semantic relativity is proposed based on object property
non-taxonomic relationships.

Inthe CAEDO, object property non-taxonomic rel ationships mainly include Synonymy-of relationship, Own relationship, Lo-
cated-in relationship, Adjacent-to relationship, Associated-with relationship and Invoke relationship. Synonymy-of relation-
ship represents that the semantic between concepts is exactly same, so in al relations, it has the largest weight. In the
refinement degree, instance hasthe greatest refinement degree, soitsweight islarger than other abject property non-taxonomic
relationships. Combining with the relevant degree between concepts and the experience of expertsto constantly test the value
of relationship weight, thefinal valueis shown asfollows:
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1if r is Synonymy - of relationship;
weight(r) = ‘0.72,if ris Own/ Located - in relationship;

0.68,if r is Adjacent - to | Associated - with relationship;
lU.GB, if r is Invoke relationship;

weight(r) meansthe weight of therelationship r inthe CAEDO.

Suppose R={r,r,,r,...r }isarelaionshipsetandr,(i=1,2,3...... m) isadefined object property non-taxonomic relationship
inthe CAEDO.

Suppose c,,c, are two concepts in the domain ontology, their relevance value on the relationship r, is shown as follows:

If ¢, and ¢ havetherelationshipr, their relevance value on therelationship risV, (¢, ¢) = weight(r,);

If c and C don’'t have therelationshipr,, their relevance value on the relationshipr, is V. (c, C,~) =0;

Due to there may be various object property non-taxonomic relationships between concepts, so the relationship weight of ¢
andc is:
]

S, (c.c)
w(c,c;)=*— @)

n

m means the number of elementsin the set R, nisthe number of non-duplicate object property non-taxonomic relationships
between concepts ¢ and C.

Two semantically relevant concepts based on object properties are regarded as directly connected by an edge. The calculation
of semantic relevancy between ¢ and c is:

Sim(¢,,¢;) = —————
( —eVl+o ®

¢, o areadjustment factors and usually set to 1.
4. Processand I mplementation Effect of Semantic Query Expansion

4.1 TheProcessof Semantic Query Expansion

Thebasic ideaof proposed method isto get and store the quantitative val ues of similarity between concepts based on CAEDO.
Thereisathreshold set to limit the number of extended concepts. When detecting, choose the concept whose similarity value
with keyword is higher than the threshold to add into the extended set. The process of semantic query expansion is described
figure2.

4.2 mplementation Effect of Semantic Query Expansion

According to the characteristics of civil aviation emergency field, we have constructed domain ontology. CAEDO isakind of
normalized description of concepts and their relationshipsinvolved in emergency management of civil aviation field. Part of the
CAEDO isshowninthefigure3.

Asshowninfigure 3, oval representsadomain concept. Solid lineand empty arrow represent the Kind-of relationship. Solid line
and solid arrow represent the Instance-of relationship. Dotted line and solid arrow represent an object property non-taxonomic
relationship.

According to the proposed model and the semantic query expansion method, we design a contrastive experiment. In general,
the effect of semantic distance and object property on similarity islarger, so g, values0.9, g,values0.1, ¢,values0.85, ¢, values
0.15, o values 1 and » values 0.65. We take 5 group queriesfor test; thefollowing table 1 isthree of the queries.
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Figure 2. The process of semantic query expansion based on CAEDO
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User'squery

Extended sat(theproposed method)

Extended set(the traditional
method)

YichunLindu
Airport,crash

{YichunLinduAirport, Chinacivil airport, Yichun Chinese
Medicine Hospital, Yichun Fourth People's Hospital, medi-
cal rescue equi pments, medical rescue vehicles, medical res-
cuesupplies, Yichun Fire Brigade, firefighting equipments,
fire engines, Yichun Lindu Airport special emergency
plan}{ crash, aircraft incident class, 11.21 Baotou air disas-
ter case, 4.15 Busan air disaster case, 6.22 Wuhan air disas-
ter case}

{Yichun LinduAirport, Chinacivil
airport}{crash, aircraft incident
class, 11.21 Baotou air disaster case,
4.15 Busan air disaster case, 6.22
Wuhan air disaster case}

Pingyang
district, disinte-
grate

{ Pingyang district, Ruian city, Pingyang People's Hospital,
Tengjiao Central Hospital, Pingyang Maternal and Child
Health Hospital, Pingyang Chinese Medicine Hospital,
Xiaojiang Hospital, medical rescue equipments, medicd res-
cuevehicles,medical rescue supplies, Pingyang Fire Squad-
ron, Agjiang Fire Squadron, Shuitou Fire Squadron, firefight-
ing equipments, fire engines} { disintegrate, aircraft incident
class, 5.8 Shenzhen air disaster case, 6.6 Xi'an air disaster
case, 7.31 Nanjing air disaster case}

{ Pingyang district, Ruian city, Ping-
yang People's Hospital, Tengjiao
Central Hospital, Pingyang Mater-
nal and Child Health Hospital,
Pingyang Chinese Medicine Hospi-
tal, Xiaojiang Hospital, Pingyang
Fire Squadron, Agjiang Fire Squad-
ron, Shuitou Fire Squadron} { disin-
tegrate, aircraft incident class, 5.8
Shenzhen air disaster case, 6.6 Xi'an
air disaster case, 7.31 Nanjing air
disaster case}

Tianjin special
emergency plan

{Tianjin special emergency plan, regional emergency
plan,Tianjin Binhai Airport specia emergency plan, Tianjin
Tanggu Airport special emergency plan, Chinacivil avia-
tion overall emergency plan, national disposal of civil air-
craft accident emergency plan}

{Tianjin special emergency
plan,regional emergency plan}

Table 1. The extended results

Userecall and precision to measure the effect of two methods. The cal culation formulas are shown asfollows:

Recall = all the related concepts which are detected / total domain ontol ogy concepts.

Precision = al the related concepts which are detected / the entire related concept.
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Experimental results show that the traditional method only can expand the concepts that have larger semantic similarity with
keyword on the taxonomic relationships. Compared with the traditional method, the proposed method also can abtain the
conceptsthat are related to keyword on the non-taxonomic relationships. It can effectively improve therecall and precisionin
the semantic query expansion.

5. Conclusions

We have proposed amethod of semantic query expansion which comprehensively considersthe taxonomic and non-taxonomic
relationships between concepts through the cal culation of semantic similarity and semantic relevancy based on the CAEDO.
The experimental results prove that this method has higher recall and precision than the traditional method and can expresses
user’s intention more clearly. In the civil aviation emergency rescue system, the semantic query expansion method that we
proposed has been used in semantic retrieval to assist the generation of rescue plan. Future work is to solve the sequencing
problem of extended results.

6. Acknowledgment

This work was supported by the National Natural Science Foundation of China under Grant No. 61079007, the Scientific
Research Foundation of Civil Aviation University of Chinaunder Grant No. 09QD04X, the Central University Foundation of
Civil Aviation University of Chinaunder Grant No. 3122014C016.

References
[1] Zhang, Fan., Zhong, Jinhong., Huang, Ling. (2010). A Improved Calculation Method of Semantic Similarity between
Domain Ontology Concepts. Computer Engineering, 36 (23) 66-68

[2] Li, Wenjie.,, Zhao, Yan. (2010). A Algorithm of Semantic Similarity Based on Ontology Structure. Computer Engineering, 36
(23)4-6

[3] Liu, Dexi ., Wu, Shihan. (2011). A Query-Oriented Summarization System for XML Elements. International Conference on
Management of e-Commer ce and e-Gover nment, (22) 222-225

[4] Li, Rong, Cao, Shunliang., Li, Yuanyuan. (2006). A Measure of Semantic Similarity between Gene Ontology TermsBased on
Semantic Pathway Covering. Processin Natural Science, 16 (7) 721-715

[5] Cui. Qiwen., Xie, Fu . (2012). A Improved Calculation Method of Semantic Similarity between Domain Ontology
Concept.Computer Applicationsand Software, 29 (2) 173-175.

Journal of E -Technology Volume 7 Number 2 May 2016 61




[6] He, Yuanxiang., Shi, Baoming., Zhang, Yong. (2013). Research onaAlgorithm of Semantic Similarity Based on Ontology.
Computer Applicationsand Software, 30 (11) 31 2-315

[7] Xu, Xianghua., Huang, Jialai., Wan, Jian. (2008). A Method for Measuring Semantic Similarity of Conceptsin the Same
Ontology. International Mut symposiums on Computer and Computational Sciences, 22 (8) 207-213

[8] Zhou, Jianfeng. (2010). Improved Semantic Similarity Cal culation Model Based on Ontology. Journal of Information, 29 (12)
144-147.

[9] Huang, Guo., Zhou, Zhurong . (2007). Research on Semantic Similarity Computation Based on Domain Ontology. Computer
Engineering and Design, 28 (10) 2460-2463.

[10]Li, Zhaolong., Du, Junping. (2012). Semantic Similarity Cal culation Model Based on Tourism Domain Ontology. Proceed-
ings of the 31% Chinese Control Conference, 27 (25) 3863-3868.

[11] Chen, Huacheng., DU, Xuehui., Chen, Xingyuan. (2012). Query Expansion Model Based on Interest Ontology. Interna-
tional Conference on Information Management, I nnovation Management and Industrial Engineering, 12 (7) 475-478.

[12] Zhang, Wei., Duan, Liguo., Chen, Liguo(2010). The Research on Concept Semantic Similarity Computing Based on
Semantic Tree. International Symposium on Intelligence Information Processing and Trusted Computing, 43 (10) 324-327.

[13] Wang, Hong, Gao, Siting, (2012). Application and Research of Non-taxonomic Relation Extraction Method Based on NNV
Association Rule. Computer Applicationsand Research, 12 (9), 3665 -3668.

62 Journal of E -Technology Volume 7 Number 2 May 2016




