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Research on a Method of Semantic Query Expansion Based on Civil Aviation Emer-
gency Domain Ontology

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 relationships among concepts in a specific field. Semantic query expan-
sion based on domain ontology, which adds more relevant concepts to original query set, is used to clearly express user’s query
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 are implemented on the taxonomic relationships in the ontology. Research of semantic query
on the non-taxonomic relationships is few. Therefore, a method of semantic query expansion is proposed to comprehensively
consider the taxonomic and non-taxonomic relationships in the CAEDO.

2. Analysis of Semantic Query Based on CAEDO

In the field of civil aviation emergency management, we’ve done some research and have made some achievements before. By
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improving a hierarchical clustering algorithm, we have obtained the taxonomic relationships among domain concepts. Mean-
while, by presenting a method 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 relationships. However, this method ignores the impact of non-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 in the CAEDO) and any other ontology concept. If there is only taxonomic relationship 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 value is 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
expansion is shown in figure1.

As the figure 1 shows, the model includes four modules:

CAEDO: The civil aviation emergency domain ontology we have constructed.

Definition Layer: Define semantic similarity, semantic distance, semantic sharing degree and relationship weights.

Similarity Calculation Layer: Calculate the semantic similarity on taxonomic relationships and the semantic relevancy on non-
taxonomic relationships based on the CAEDO.

Application Layer: Achieve the application of extended set that use to semantic retrieval and generate rescue plan.

Figure 1. The model of semantic query expansion based on CAEDO
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3. Method of Semantic Query Expansion Based on CAEDO

3.1 The Definition of Semantic Similarity
Semantic similarity refers to the coincidence degree of meaning between two concepts [6]. Suppose Sim(ci,cj) is the semantic
similarity between concepts ci and cj. It must meet the following conditions:

(1)  The value of semantic similarity is a real number in the interval [0,1]. That is Sim(ci, cj) ⊆ [0.1].

(2)  If two concepts are completely similar, their semantic similarity is 1. That is Sim(ci, cj) = 1 if and only if ci = cj .

(3)  If two concepts have no same property, their semantic similarity is 0.That is Sim (ci, cj) = 0.

(4)  Semantic similarity between concepts is symmetric. That is Sim(ci,cj) = Sim(cj,ci).

3.2 The Method of Semantic Query Expansion
When calculating the semantic similarity between keyword (a concept in the ontology) and any other ontology concept in the
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 relationships between concepts.

In the constructed domain ontology, if there is only taxonomic relationship between concepts, calculate the semantic similarity
on the distance and semantic sharing degree. If there are taxonomic and non-taxonomic relationships 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 ci is a concept in the domain ontology and cj is any other concept in the domain ontology. Their semantic
similarity is calculated as follows:If ci and cj only have taxonomic relationship, Sim(ci, cj) is:

(1)

If ci and cj have taxonomic and non-taxonomic relationships, Sim(ci,cj) is:

 (2)

 are variable parameters, which reflect the proportion of various factors,   and .

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
3.3.1 Calculation of  Similarity Based on Semantic Distance
Semantic distance is the length of shortest path connecting two concepts in the ontology relation tree [6]. Suppose ci, cj are two
concepts in the tree of CAEDO, the traditional similarity calculation based on semantic distance[1] is:

              (3)

Dist(ci,cj) is the length of shortest path which connects ci and cj in the ontology relation tree. α is a variable parameter.

This calculation only considers the inverse relation between semantic distance and similarity ignoring the effect of relationship
types on similarity in the ontology. Therefore, the calculation of similarity on semantic distance is improved by considering
relationship weights.

Relationship weight is used to measure the influence degree of relationship type on similarity. In the CAEDO, taxonomic
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relationships have Kind-of relationship and Instance-of relationship. Since the refinement degree of instance is greater than all
of its ancestor nodes, relationship weight of Instance-of is larger than Kind-of. Combining with the experience of experts to
constantly test the value of relationship weight, the final value is shown as follows:

type(ci, cj) means the relationship type between concepts ci and cj. weight(ci, cj) is the relationship weight of concepts ci  and cj.

Suppose ci, cj are any two concepts in the relation tree of CAEDO, their semantic distance based on relationship weights is:

(4)

n means the total number of edges in the shortest path from ci to cj. weight(k) is the relationship weight of two concepts that are
directly connected by the k-edge. η is a adjustable parameter and usually set to 1.

The calculation of similarity based on semantic distance between concepts cI  and cj is:

    (5)

α is a variable parameter, which reflects the relationship 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 degree is introduced.

Suppose ci, cj are two concepts in the CAEDO. Combining with the structure of domain ontology relation tree, their similarity
based on semantic sharing degree [10] is:

 (6)

Up(ci) is the set of nodes(upwards) reachable from ci, Up(cj) is the set of nodes (upwards) reachable from cj, Up(ci) ∩Up(cj) are
the reachable nodes sharing by ci and cj. Up(ci)UUp(cj) are all the nodes(upwards) reachable from ci and cj. count refers to 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.

In the CAEDO, object property non-taxonomic relationships 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 all relations, it has the largest weight. In the
refinement degree, instance has the greatest refinement degree, so its weight is larger than other object property non-taxonomic
relationships. Combining with the relevant degree between concepts and the experience of experts to constantly test the value
of relationship weight, the final value is shown as follows:
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weight(r) means the weight of the relationship r in the CAEDO.

Suppose R = {r1, r2, r3 …rm} is a relationship set and ri (i = 1, 2, 3……m) is a defined object property non-taxonomic relationship
in the CAEDO.

Suppose ci,cj are two concepts in the domain ontology, their relevance value on the relationship ri is shown as follows:

If ci and cj have the relationship ri, their relevance value on the relationship ri is Vri (ci, cj) = weight(ri);

If ci and cj don’t have the relationship ri, their relevance value on the relationship ri is  Vri (ci, cj) = 0;

Due to there may be various object property non-taxonomic relationships between concepts, so the relationship weight of ci
and cj is:

 (7)

m means the number of elements in the set R, n is the number of non-duplicate object property non-taxonomic relationships
between concepts ci and cj.

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

(8)

 are adjustment factors and usually set to 1.

4. Process and Implementation Effect of Semantic Query Expansion

4.1 The Process of Semantic Query Expansion
The basic idea of proposed method is to get and store the quantitative values of similarity between concepts based on CAEDO.
There is a threshold 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
figure 2.

4.2 Implementation Effect of  Semantic Query Expansion
According to the characteristics of civil aviation emergency field, we have constructed domain ontology. CAEDO is a kind of
normalized description of concepts and their relationships involved in emergency management of civil aviation field. Part of the
CAEDO is shown in the figure 3.

As shown in figure 3, oval represents a domain concept. Solid line and 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 is larger, so  values 0.9, values 0.1,  values 0.85,  values
0.15, α values 1 and  values 0.65. We take 5 group queries for test; the following table 1 is three of the queries.
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Figure 2. The process of semantic query expansion based on CAEDO

Figure 3. Part of the CAEDO
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Table 1. The extended results

Use recall and precision to measure the effect of two methods. The calculation formulas are shown as follows:
Recall = all the related concepts which are detected / total domain ontology concepts.
Precision = all the related concepts which are detected / the entire related concept.

Figure 4. Comparison of recall

Extended set(the proposed method)

{Yichun Lindu Airport, China civil airport, Yichun Chinese
Medicine Hospital, Yichun Fourth People's Hospital, medi-
cal rescue equipments, medical rescue vehicles, medical res-
cue supplies, Yichun Fire Brigade, fire fighting 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}

{ 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, medical res-
cue vehicles,medical rescue supplies, Pingyang Fire Squad-
ron, Aojiang Fire Squadron, Shuitou Fire Squadron, fire fight-
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}

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

Extended set(the traditional
method)

{Yichun Lindu Airport, China civil
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, 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, Aojiang 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,regional emergency plan}

User’s query

Yichun Lindu
Airport,crash

Pingyang
district, disinte-

grate

Tianjin special
emergency plan
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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 obtain the
concepts that are related to keyword on the non-taxonomic relationships. It can effectively improve the recall and precision in
the semantic query expansion.

5. Conclusions

We have proposed a method of semantic query expansion which comprehensively considers the taxonomic and non-taxonomic
relationships between concepts through the calculation 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.
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