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Knowledge graph (KG) can model and manage the massive metadata, have received 

a lot of attention in recent years. Information in the real world is not always static, aim to 

model and manage the dynamic information (e.g., time interval, location), some research 

works for spatiotemporal KG have been proposed. Due to the spatiotemporal knowledge 

is constantly changing, data operations will be more frequent in the process of spatiotem-

poral KG construction and management, therefore, inconsistency may exist in spatiotem-

poral KG. The current work on handling the inconsistencies in spatiotemporal KG mainly 

focuses on providing consistency constraints and fixing rules when operating the spatio-

temporal KG, and no work on actively detects the existing inconsistency in spatiotemporal 

KG. In this paper, we discuss and summarize the inconsistency in spatiotemporal KG 

firstly. Then we design algorithms to extract inconsistency semantic feature in spatiotem-

poral KG, and finally we propose a spatiotemporal KG inconsistency detection model. The 

experimental results show that our method is scientific and effective.     

 

Keywords: spatiotemporal knowledge graph, entity semantics, inconsistency detection, 
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1. INTRODUCTION 
 

With the development of big data intelligence, to modeling and management the 

massive metadata, knowledge graph (KG) has been proposed and received a lot of attention 

from researchers. KG describes knowledge in the form of triple (s, p, o), where s and o 

denote subject and object, p represents predicate and linked subject to object. However, 

knowledge in the real world is not always static, the modeling and management of dynamic 

knowledge (e.g., time interval and spatial location) is still a challenge. Spatiotemporal 

knowledge describes the temporal evolution of spatial objects over time [1], such as an 

aircraft in a certain spatial position at a certain time point. Spatiotemporal KG contains 

massive information of time interval and location, modeling and management spatiotem-

poral knowledge with static KG data model will leads to a large number of fragmented 

temporal and spatial knowledge in KG [2]. Therefore, spatiotemporal KG has been re-

garded by researchers as a special kind of KG different from the static KG, and some work 

related to spatiotemporal KG has been proposed (including spatiotemporal KG represen-

tation [2-5], spatiotemporal KG storage and querying [6-8], spatiotemporal KG datasets 

and tools [9-12]). 
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Fig. 1. Handle inconsistencies in KG. 

 

For the popularization and application of large-scale KG in the industry, there have 

been a lot of work for the KG construction. Early KG construction was mostly based on 

manual annotation and expert system [13], this method cannot handle the massive metadata. 

We are in an era of information explosion, due to the multi-source heterogeneity of data 

sources when construct the KG, inconsistency is inevitable in KG. Inconsistencies in KG 

will damage the downstream tasks based on KG. The current work of handling inconsist-

encies in KG mainly focuses on two parts: (ⅰ) reduce the possible inconsistency in data 

operation or construction of KG; (ii) actively eliminate the existing inconsistencies in KG, 

and as shown in Fig. 1. 

There has been some relevant work on dealing with inconsistencies in static KG [14-

16], including minimizing the generation of inconsistencies and actively eliminating in-

consistencies in KG. To deal with inconsistencies in spatiotemporal KG, several efforts 

work on detection and repair of inconsistent constraint during data operations [19, 24, 25]. 

To the best of our knowledge, there is no research work on detecting the inconsistencies 

that exist in the constructed spatiotemporal KG, rather than the inconsistencies occurred in 

data processing. This paper tries to fill this gap. We first discuss the inconsistencies of 

spatiotemporal KG and summarize them into three categories. We then propose an entity 

semantic density calculation method and two feature extraction algorithms to mine incon-

sistent semantic features. We finally design a multi-classifier to identify inconsistencies in 

spatiotemporal KG. We conducted experiments on datasets containing spatiotemporal in-

formation, and the experimental results prove the effectiveness of the proposed method. 

The organization of this paper is as follows. Section 2 introduces the related work on 

inconsistency detection and spatiotemporal KG. Section 3 introduces the spatiotemporal 

KG model and discusses its inconsistency. Section 4 introduces the spatiotemporal KG 

inconsistency detection method. Section 5 provides details of the experimental and ana-

lyzes the experimental results. Section 6 concludes the paper. 

2. RELATED WORK 

This paper’s work is related to spatiotemporal KG and inconsistency detection. Spa-

tiotemporal knowledge represents the temporal and spatial changes of spatiotemporal en-

tities. Temporal knowledge can be discrete or continuous, and spatial knowledge can be a 
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place or a route. For spatiotemporal knowledge representation, [2] proposed a spatiotem-

poral data modeling method called STT. STT designs an ontology knowledge framework 

of spatial, which can associate temporal tuple (s, p, o):[t] and spatial information with on-

tology syntax, where t can be time point or time interval. [3] further integrates spatiotem-

poral information into static triple, and proposed spatiotemporal quadruple (s, p, o, ) 

named stRDF. stRDF represents spatiotemporal objects as quantifier-free formulas in first-

order logic of linear constraints. In this method, the temporal constraint ꞇof spatiotemporal 

quadruple represents the time point, and uses a conjunction of linear constraints to repre-

sent the location. [4] proposes the spatiotemporal data model gst-Store and the tuple formal 

is (s, p, o, l, t), where l and t represent location and time interval respectively. [5] proposed 

to fix spatiotemporal information to predicate, and proposed a spatiotemporal tuple (s, p: 

<t, l>, o) named stRDFS. stRDFS additionally provides the syntax of spatiotemporal RDF 

and spatiotemporal algebraic operations. Based on the research of spatiotemporal KG data 

model, other research work related to spatiotemporal KG has been proposed: spatiotem-

poral KG storage and querying [6-8], spatiotemporal KG datasets and tools [9-12], etc. 

For static KG inconsistency detection, some work is based on rich schema informa-

tion [21, 22] and others are based on entity relationship paths [14-16, 23]. Furthermore, 

inconsistency detection based on representation learning has gradually gained some atten-

tion. TransE [26] is a representative model based on translation, which designs the objec-

tive function of s + p = o. CKRL [20] introduces confidence in the triple learning process, 

and learns confidence to enhance the model’s ability to learn KG structural information. 

For spatiotemporal KG inconsistency detection, the current work focuses on reducing the 

generation of inconsistencies by providing consistency constraints and immediately repair-

ing inconsistencies. [25] proposed spatiotemporal semantic dependency constraints de-

scribed by formal language, and designs an inconsistency checking algorithm. In order to 

model spatiotemporal knowledge more accurately and flexibly, [24] proposed to model 

spatiotemporal information based on RDF and formally proposed spatiotemporal RDF data 

model, and then presented corresponding consistency constraints and repair methods. [19] 

proposed a new spatiotemporal KG data model and designs corresponding consistency 

constraints for data operations on spatiotemporal KG. 

At present, the handling inconsistency of spatiotemporal KG is still focused on the 

consistency constraint and repair, and there is no work to actively detect inconsistencies in 

spatiotemporal KG. This paper attempts to solve this problem. In this paper, we first dis-

cuss the inconsistency of spatiotemporal KG, and propose a method to detect the incon-

sistency in spatiotemporal KG. 

3. INCONSISTENCY OF SPATIOTEMPORAL KNOWLEDGE GRAPH 

In this section, we first give the details of spatiotemporal data model, then we discuss 

the inconsistencies of spatiotemporal KG. 

3.1 Spatiotemporal Information in Knowledge Graph 

Spatiotemporal knowledge is dynamic and related to temporal and spatial changes. 

Considering that the expression ability of time interval is stronger than that of time point, 

we decide to describe temporal knowledge in the form of time interval. For spatial know-
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ledge, previous research work [3-5] uses (longitude, latitude) or MBR to represent location, 

where MBR denotes a rectangular area. This form ignores altitude information. In this pa-

per, we use spatiotemporal tuple (s, p [t: <ts, te>, l: <llon, llat, lalt>], o) to describe spatiotem-

poral instance and give the definition as follows: 

 

Definition 1 (Spatiotemporal data model): Spatiotemporal data is represented in the formal 

of STKG = (s, p [t: <ts, te>, l: <llon, llat, lalt>], o). Here, 

 

1) s and o represent subject and object. 

2) p represents predicate with spatiotemporal information. 

3) t: <ts, te> represents the time interval, ts denotes the time start and te denotes the time 

end. If ts  te, the ts must be less than te and if ts = te, the t can be seen as a time point. 

4) l: [<llon, llat, lalt>] represents the spatial information of spatiotemporal tuple, and llon 

denotes the longitude, llat denotes the latitude, lalt denotes the altitude. 

 

Such a spatiotemporal data model can be seen as a labeled and directed graph. The 

subject and object exist as vertices in KG, and the directed edge predicate points from the 

subject to the object. Each subject→predicate→object describes a spatiotemporal KG tri-

ple. The spatiotemporal information is assigned to the predicate. Now we give two exam-

ples of spatiotemporal KG (Meteorological monitoring and Air traffic) in Figs. 2 and 3, to 

intuitively display the details of spatiotemporal KG. 

 

Cloud1Fort Wayne

Toledo

Detroit

Sarnia

Cloud2

 
Fig. 2. Example of spatiotemporal KG (Meteorological monitoring). 

 

ETH610

FAOR

VABB

EGLL

DAL3321

KJFK

 
Fig. 3. Example of spatiotemporal KG (Air traffic). 
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Example 1: Meteorological information is naturally suitable for modeling with spatiotem-

poral KG. One of the main observation targets of meteorological monitoring is cloud 

movement. In Fig. 1, there are two clouds in the picture: cloud1 and cloud2. Cloud1 is first 

monitored in Fort Wayne City, and the monitoring time is 2022-09-26 14:00, coordinate 

is [40.97366, −85.1905], cloud height is 3173.687km. Following the motion tracks of mo-

tion1 and motion2, cloud1 successively passes through Toledo City and Detroit City. Fur-

thermore, the monitoring information of cloud2 is also shown in this figure. 
 

Example 2: Air traffic is a representative spatiotemporal data intensive field. In Fig. 3, we 

take flight information as an example. For ETH610 takes off instance, representing flight 

ETH610 take off from the airport FAOR at 2021-04-25 13:15, and the longitude of FAOR 

is 19.08869934082031, latitude is 72.86814553397042, altitude is 30.48. ETH610 stay 

instance represents flight ETH610 stay at the airport EGLL from 2021-04-24 08:15 to 

2021-04-24 21:15. On this basis, we further discuss the inconsistency of this spatiotem-

poral KG based on the air traffic field with more intensive spatiotemporal information. 

3.2 Inconsistency of Spatiotemporal Knowledge Graph 

Spatiotemporal KG includes massive dynamic knowledge. Spatiotemporal KG con-

sists of two parts: entity and spatiotemporal edge. Discuss their inconsistencies separately, 

for an entity, when the entity label is wrong, there may be multiple vertices that look dif-

ferent but refer to the same entity actually. For the spatiotemporal edge, inconsistency is 

mainly caused by time interval conflict and spatiotemporal conflict. An entity cannot ap-

pear in different places at a certain time, there may occur time interval inconsistency be-

tween the same subject. Correspondingly, two entities cannot exist in the same location at 

the same time, there may be spatiotemporal inconsistency between the two spatiotemporal 

instances.  

 

Aircraft1

Type1 Registration1

Aircraft type Registration

[t1, t2]   [t3, t4] ϕ  

(a) 

(b)  

(c) 

Aircraft2

Type1 Registration1

Aircraft type Registration

Aircraft1 Airport1
Take off

[t1, t2]

Aircraft1 Airport2
Take off

[t3, t4]

Aircraft1 Location1

 Position Record

[t1, t2]

[lon1, lat1, alt1]

Aircraft2 Location2

 Position Record

[t3, t4]

[lon2, lat2, alt2]

[t1, t2] = [t3, t4] and [lon1, lat1, alt1] = [lon2, lat2, alt2]

 
Fig. 4. Three types inconsistencies in spatiotemporal KG. 



XIAO-WEN ZHANG, JING SHAN, WEN-YI TANG, LI YAN, ZONGMIN MA  

 

 

 

1426 

 

Based on the above considerations, we divide the inconsistencies of spatiotemporal KG 

into three types: (ⅰ) entity inconsistency; (ⅱ) time interval inconsistency; and (ⅲ) spatiotem-

poral inconsistency. The graphical illustration of three kinds of inconsistency is as follows. 

Fig. 4 (a) illustrates the entity inconsistency. Two different aircrafts in spatiotemporal 

KG have the same aircraft type and registration, where the registration is the aircraft tail 

number and shall be unique, so these two different aircrafts in spatiotemporal KG actually 

refer to the same aircraft in the real world. Fig. 4 (b) describes two take off instances of an 

aircraft, but [t1, t2] ∩ [t3, t4]  ϕ. Actually, it is impossible for an aircraft to take off at two 

different airports at the same time, so there has time interval inconsistency. Fig. 4 (c) shows 

two instances of position recording during the flight, the temporal information and spatial 

information of two aircrafts are equal. This situation is obviously incorrect, so we believe 

that there has spatiotemporal inconsistency for two position record instances. 

4. INCONSISTENCY DETECTION OF SPATIOTEMPORAL 
KNOWLEDGE GRAPH 

In this section, we introduce the method of inconsistency detection of spatiotemporal 

KG and give technical details. 

4.1 Multiple Classifiers of Inconsistency Detection 

The goal of inconsistency detection is to identify inconsistent instances from spatio-

temporal KG and recognize the type of inconsistency. The entities and spatiotemporal re-

lations in spatiotemporal KG contain rich semantic information, which can help us judge 

the correctness of spatiotemporal tuples. Based on the above considerations, we treat in-

consistency detection of spatiotemporal KG as a multi classification problem and design a 

multiple classifiers of inconsistency detection. The structure of the multiple classifiers is 

shown as follows. 

Fig. 5 illustrates the details of multiple classifiers. We use different strategies to mine 

the entity feature and spatiotemporal relation feature in spatiotemporal KG: entity semantic 

density calculation method to obtain the semantic density of entities; time interval feature 

extraction algorithm and spatiotemporal feature extraction algorithm to obtain the spatio- 
 

Entity Semantic 

Density Calculation

Spatiotemporal 

Knowledge graph
Time Interval Feature 

Extraction Algorithm

Spatiotemporal 

Feature Extraction 

Algorithm Feature matrix of spatiotemporal knowledge graph
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Entity
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Time Interval
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Fig. 5. Multiple classifiers of inconsistency detection. 
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temporal feature of spatiotemporal relations. Then we get the feature matrix of entities and 

spatiotemporal relations. We use classification strategies as the classifier model, and out-

put the classification results of inconsistency including: (ⅰ) consistency knowledge; (ⅱ) 

entity inconsistency; (ⅲ) time interval inconsistency; (ⅳ) spatiotemporal inconsistency. 

For entity feature, based on the graph structure of spatiotemporal KG, the entities 

association strength is related to the resource flow between different vertices. This can be 

the basis for judging whether the entity is correct. For time interval feature and spatiotem-

poral feature catch, must define time interval and spatiotemporal conflict rules firstly, and 

then design the corresponding feature extraction algorithms to vectorize the spatiotemporal 

relations. 

4.2 Entity Semantic Density Calculation 

In spatiotemporal KG, entity (subject and object) exists as a vertex, predict exists as 

a directed edge, and the spatiotemporal KG can be seen as a directed graph. In such a 

directed graph, the number of relations that enters or leaves vertex is countable, the process 

of relations leaving the subject and entering the object is called resource value flow. Re-

source value indicates the number of paths between two vertices, so the resource value of 

subject or object is fixed. Entity semantic information is obtained by the resource value 

flowing from subject to object. In spatiotemporal tuple (s, p [t: <ts, te>, l: <llon, llat, lalt>], o), 

vertex s can diverge to vertex o through multiple relation paths, and named the resource 

value of s is semantic density of entity pair (s, o). Then we give the formal definition of 

semantic density. 

Definition 2 (Semantic Density): Given two non-adjacent entities in spatiotemporal KG: 

subject s to object o, the multiple paths from s to o are expressed as (pa1, pa2, …, pal), each 

path pai is expressed as 

11 2

1 1

n kp pp p

ns E E o
−

−→ → → → , where Ei represents the entity set at the ith step, 

k is the number of relations on the path pai. For each entity e (including subject s to object 

o) on the path pai, the semantic density S(e) can be described as follows: 

1

'

' ( , )
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( ) (1 ) .

| ( ', ) |
i

e e

e E e i

S e W
S e

E e
 

− 
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In Definition 2, Ei-1(, e) represents the forward vertex of edge pi entering vertex e, 

Ei(e, ) represents the backward vertex of edge pi leaving vertex e, Wee represents the 

weight of e to e and depends on the number of relations between e and e. To avoid the 

infinite path iterations caused by paths closed loops, we set the probability parameter  to 

control the resource flow from e to e. At the beginning of calculation, all vertices are given 

the same resource value, and after n-step iteration, the semantic density S(o) is considered 

as the semantic information implied in the entity pair (s, o). Fig. 6 shows the semantic 

density calculation process of entity pair. There are multiple paths from A to E, so the 

semantic density of entity pair (A, E) is high. In contrast, no path can be observed from F 

to G, so the semantic density of entity pair (F, G) is almost 0. Specifically, the semantic 

density calculation of entity pair (s, o) utilizes path constraint resource allocation (PCRA) 

method. PCRA is inspired by resource allocation and considered that the number of re-

source value of vertex s is certain, and can be allocated to o through multiple paths con-

nected to o. The resource value flowing from the subject to the object is semantic density 

of entity pair (subject, object). 
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Fig. 6. Semantic density calculation process of entity pair. 

4.3 Time Interval Feature Extraction Algorithm 

For spatiotemporal tuple (s, p [t: <ts, te>, l: <llon, llat, lalt>], o), the obvious difference 

from static triple (s, p, o) is the spatiotemporal tuple has timeliness. The lifetime of spati-

otemporal tuple is < ts, te >. The time interval of different spatiotemporal tuples lacks direct 

correlation, so the catch of time interval feature must consider the semantic correlation 

between entities. Then, we design the logical rule of time interval conflict as follows: 

 

Definition 3 (Logical rule of time interval conflict): Given two spatiotemporal tuples (s1, 

p1 [t: <ts1, te1>, l: <llon1, llat1, lalt1>], o1) and (s2, p1 [t: <ts2, te2>, l: <llon1, llat1, lalt1>], o1), equals 

(s1, s2) ╞ ([ts1, te1] ∩ [ts2, te2] = ϕ). 

 

Definition 3 represents that for given two spatiotemporal tuples, when their subject is 

equal, their time interval should not cross. This rule is for linear recording in the general-

ized time interval, and limits the disorganization of spatiotemporal instances in time inter-

val granularity. Then we give the time interval feature extraction algorithm in Algorithm 1. 

The input of Algorithm 1 is spatiotemporal knowledge graph KG and spatiotemporal 

tuple tup. At the beginning, KG is initialized and loaded all tuples in KG into memory. 

Then, circularly count the mutually exclusive information between each spatiotemporal 

tuple and tup, and add it to the set time. Finally, according to the set time, determined 

whether there has spatiotemporal tuple mutually exclusive with tup in KG, and the result v 

is returned in the form of vector. Analyze the time and space complexity of Algorithm 1, 

if the spatiotemporal KG contains n spatiotemporal triples, m edges with spatiotemporal 

information and k time interval inconsistent spatiotemporal triples. Then the time com-

plexity of Algorithm 1 is n + 2m + k, the space complexity of algorithm 1 is n + m + k. 

For example, to get the time interval feature of spatiotemporal tuple TIIT, lines [1-2] 

first construct spatiotemporal tuple set T, then extract time interval information ts, te, and 

finally construct time interval triplet En with subject. Lines [3-8], according to Definition 

3, check whether there are any time interval conflicts in En. Finally, the time interval fea-

ture of TIIT is returned by lines [9-10]. 

 

Algorithm 1: Extract the time interval feature of spatiotemporal knowledge graph 

Input: spatiotemporal knowledge graph KG, spatiotemporal tuple tup 

Output: time interval feature of tup v 

1: TReadAllTriples(KG)//Load the spatiotemporal KG as the triple set. 

2: En(s, ts, te)ExtractTime(T)//Extract the time start, time end and form a triple with s. 
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3: ***Calculate the time interval mutual exclusion information of each subject*** 

4: for tupEn(e) do 

5:   valGetRules(tup) // Statistics of mutually exclusive information 

6:   for rval do 

7:     time.append(r) 

8:   end for 

9: vector vConvert(time) // Returns the time interval feature of tup. 

10: return v 
 

4.4 Spatiotemporal Feature Extraction Algorithm 

The location of different spatiotemporal tuples has no direct connection. Considering 

that location conflicts always occur in the intersected time intervals, we think that the spa-

tial conflict detection should be based on time interval. Moreover, for two spatiotemporal 

tuples with spatiotemporal conflict, the locations are not necessarily identical. For example, 

when the distance is less than the threshold during the flight of two aircrafts, it is called 

dangerous flight, and the position record instances of two aircrafts will have spatiotemporal 

conflict. Based on the above considerations, we propose a spatiotemporal conflict logic 

rule with spatiotemporal threshold as follows: 

 

Definition 4 (Logical rule of spatiotemporal conflict): Given two spatiotemporal tuples (s1, 

p1 [t: <ts1, te1>, l: <llon1, llat1, lalt1>], o1) and (s2, p2 [t: <ts2, te2>, l: <llon2, llat2, lalt2>], o2), (abs 

(ts2 − ts1) < s || abs (te2 − te1) < e || abs (llon2 − llon1) >  || abs (llat2 − llat1) <  || abs (lalt2 − lalt1) 

< ) ╞ consistent (s1, s2). 

 

In Definition 4, s and e are the time interval thresholds for start time and end time, 

 is the longitude threshold,  is the latitude threshold,  is the altitude threshold. If the rule 

equation about several thresholds is satisfied, there is no spatiotemporal conflict between 

spatiotemporal tuples. Moreover, various thresholds can be flexibly adjusted or even 0 as 

required. Then we give the spatiotemporal feature extraction algorithm as follows: 

 

Algorithm 2: Extract the spatiotemporal feature of spatiotemporal knowledge graph 

Input: spatiotemporal knowledge graph KG, spatiotemporal tuple tup, time interval threshold αs 
and e, longitude threshold δ, latitude threshold , altitude threshold  

Output: spatiotemporal feature of tup v 

1: TReadAllTriples(KG) // Load the spatiotemporal KG as the triple set. 

2: En(s, ts, te, llon, llat, lalt)ExtractSpatiotemporal(T) // Extract the time start, time end, lon-
gitude, latitude and altitude form a tuple with s. 

3: ***Calculate the spatiotemporal mutual exclusion information of each subject*** 

4: For tupEn(e) do 

5:   valGetRules(tup) // Statistics of mutually exclusive information 

6:   if abs(e-val) < (s, e, , , ) do 

7:     spatiotemporal.append(r)  

8:   end for 

9: vector vCovert(spatiotemporal) // Returns the spatiotemporal conflict tuples. 

10: return v 
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The input of Algorithm 2 includes spatiotemporal knowledge graph KG, spatiotem-

poral tuple tup, longitude threshold , latitude threshold , altitude threshold , time inter-

val threshold s and e. At the beginning, KG is initialized and loaded all tuples in KG into 

memory. Next, circularly count the mutually exclusive information between each spatio-

temporal tuple and tup, and add it to the set spatiotemporal. Finally, determined whether 

there has spatiotemporal tuple mutually exclusive with tup in KG, and the result v is re-

turned in the form of vector. Analyze the time and space complexity of Algorithm 2, if the 

spatiotemporal KG contains n spatiotemporal triples, m edges with spatiotemporal infor-

mation and k spatiotemporal inconsistent spatiotemporal triples. Then the time complexity 

of algorithm 1 is n + m (m + 1 − k), the space complexity of algorithm 1 is n + m + k. 

For example, to get the spatiotemporal feature of spatiotemporal tuple STIT, line [1-

2] first construct spatiotemporal tuple set T and spatiotemporal triplet En. Lines [4-8] check 

whether there are any spatiotemporal inconsistencies in En. Finally, lines [9-10] return 

spatiotemporal feature of TIIT. 

5. EXPERIMENT 

In this section, we design experiments to verify the method proposed in this paper and 

analyze the experimental results.  

5.1 Datasets 

The datasets used in the experiments are OpenSky and YAGO2S. OpenSky is a global 

flight information dataset, which contains a large number of flight data (e.g., flight number, 

takeoff time, longitude). We randomly choose 20,000 of entity to construct the OpenSky-

20K. Because OpenSky dataset has no inconsistent information, we mark some incon-

sistent data to supplement it. The final version of the dataset OpenSky-20K is named Open-

Sky-20K-STI. In addition, YAGO2S includes the data extracted from Wikipedia, which 

are combined with the taxonomy of WordNet and attached relevant facts and entities in 

spatiotemporal dimensions. YAGO2S with 244799610 facts is a spatiotemporal dataset 

expanded from the static dataset YAGO1. Note that, however, YAGO2S does not contain 

inconsistent information. Following the inconsistent dimensioning protocol in [21], we la-

bel 1000 inconsistent tuples for each of the three types of inconsistencies. 

We use two datasets OPENSKY-20K-STI and YAGO2S-8K-STI and the statistics 

are shown in Table 1. 

 

Table 1. Statistics of datasets. 

Dataset #Ent 
#Rel 

(type) 
Consistency 

Entity Incon-
sistency 

Time Interval 
Inconsistency 

Spatiotemporal 
Inconsistency 

OPENSKY-20K-STI 20,000 16 80,000 10,000 20,000 20,000 

YAGO2S-8K-STI 7870 13 6000 1000 1000 1000 

 

5.2 Experimental Settings 

The prototype runs on Windows 10 professional system. In addition, the configura-

tion of CPU and RAM are i7-9700 3.0GHz and 32G. All algorithms designed in this paper 
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are implemented in Python 3.6. 

We choose TransE [26], TransR [27] and CKRL [20] as the baselines. CKRL has 

achieved great performance and TransE has always been a classical baseline for error de-

tection task, TransR optimizes the defect that TransE cannot efficiently model complex 

relations. We choose classification strategies SoftMax, Random Forest (RF) and Gradient 

Boosting Decision Tree (GBDT) to carry out follow-up experiments on the best classifi-

cation strategy. For SoftMax, the option is multinomial and the optimization solver is new-

ton-cg. The tolerance for stopping criteria is set among {1e-4, 1e-5, 1e-6}. For RF, the 

estimator number of train process is {50, 100, 150} and max_features = 5. For GBDT, the 

max depth of tree is 8, the max feature is sqrt, the estimator is 80, and the learning rate is 

0.001. In the process of entity semantic training, we set θ to express the probability that 

the resource randomly flows to the successor of a node. We set θ = 0.15 according to the 

ResourceRank algorithm. 

For experimental task, we first evaluate the performance of multiple classifier based 

on different classification strategies, and the sub classifiers including: (ⅰ) for consistency; 

(ⅱ) for entity inconsistency; (ⅲ) for time interval inconsistency; and (ⅳ) for spatiotemporal 

inconsistency. We select the commonly used evaluation indicators in the classification task: 

Precision, Recall and F1-Score as the evaluation indicators. To more intuitively observe 

the performance of the classifier in each class of inconsistency detection, we generate and 

analyze the confusion matrix of the classifier. We use Receiver Operating Characteristic 

Curve (ROC) to measure the generalization ability of the model. 

5.3 Experimental Results 

We expect to find a classification strategy that best fits our method, and can effec-

tively implement the inconsistency detection task of spatiotemporal KG. For this purpose, 

we designed four-classifier for inconsistency classification, and carried out comparative 

experiments with different classification strategies. 

 

Table 2. Evaluation results with several classification strategies. 
Datasets OpenSky-20K-STI YAGO2S-8K-STI 

Metric Precision Recall F1Score Precision Recall Score 

TransE 
TransR 
CKRL 

0.804 0.776 0.790 0.758 0.749 0.753 

0.816 0.795 0.805 0.763 0.752 0.757 

0.846 0.814 0.830 0.769 0.745 0.757 

RF 0.936 0.914 0.924 0.899 0.854 0.876 
SoftMax 0.954 0.915 0.932 0.917 0.852 0.883 
GBDT 0.955 0.917 0.934 0.924 0.870 0.896 

 

Experimental results are shown in Table 2. It is shown that the four-classifiers based 

on GBDT have achieved the best performance, which is 1-3 percentage points higher than 

each indicator of RDF and SoftMax. The Precision of the four-classifier based on GBDT 

in dataset OpenSky-20K-STI has reached 95.5% and the Recall has reached 91.7%, it di-

rectly proves the ability of entity semantic and spatiotemporal feature in the inconsistency 

detection of spatiotemporal KG. It should be noted that the indicators of all models in 

OpenSky-20K-STI are lower than those in YAGO2S-8K-STI. This is because OpenSky-
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20K-STI has more abundant spatiotemporal semantic information. On the other hand, the 

inconsistent tuple size also affects the final indicators. Thus, the next experiments are 

mainly based on OpenSky-20K-STI to ensure the persuasiveness of the experimental re-

sults. Considering that GBDT is more adaptable to entity semantic and spatiotemporal fea-

tures, we use GBDT as a classification strategy to further test the recognition ability of the 

four-classifier for each inconsistency. 

 

Table 3. Evaluation results of sub classifier with classification strategy GBDT. 

Classifier Precision Recall F1-Score 

Sub classifier of consistency 0.95 1.00 0.97 
Sub classifier of entity inconsistency 0.99 0.99 0.99 

Sub classifier of Time interval Inconsistency 0.99 0.78 0.87 
Sub classifier of spatiotemporal inconsistency 0.89 0.89 0.89 

Complete classifier 0.9556 0.9179 0.9342 

 

To verify the recognition ability of the semantic density calculation and two feature 

extraction algorithms for three types of inconsistencies, we have carried out an independent 

experiment of sub classifier in four-classifier. The experimental results are shown in Table 3. 

We can observe that each indicator of the sub classifier of consistency has reached 

more than 95%, which shows that the inconsistency features catcher is effective, and will 

not lead to the misjudgment of consistency knowledge as inconsistency knowledge. Each 

indicator of entity inconsistency sub classifier has reached 99%, which proves the im-

portance of entity semantic information in inconsistency detection, and verifies the effec-

tiveness. The Precision of time interval inconsistency sub classifier has reached 99%, but 

the Recall and F1-score are 78% and 87% respectively, indicating that some temporal con-

flicts have not been detected. We believe that all temporal conflicts cannot be effectively 

detected only by time interval conflict logic rule, therefore, we consider further increasing 

the types of temporal conflict logic rules in future work. The indicators of spatiotemporal 

inconsistency sub classifier are 89%, and there is room for further improvement. We be-

lieve that by adjusting the several thresholds in the spatiotemporal conflict logic rule, we 

can flexibly identify the spatiotemporal inconsistency. 

To more intuitively observe the recognition performance of the four-classifier for var-

ious inconsistencies, we generate the Roc and confusion matrix of the four-classifier based 

on GBDT. The experimental results are shown in Fig. 7.  

 

（a） （b）（a） （b）

 (a) ROC.                            (b) Confusion matrix. 

Fig. 7. ROC and confusion matrix of the four-classifier based on GBDT. 
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In Fig. 7 (a), we observe that our model achieves a higher false positive rate when 

detecting time interval inconsistency. In Fig. 7 (b), we find that some time interval conflicts 

are incorrectly identified as spatiotemporal conflicts. This is because some inconsistent 

knowledge satisfies both time interval conflict logic rule and spatiotemporal conflict logic 

rule. However, we only find a single class label when we label the dataset. In the follow-

up work, we consider using multiple labels and multiple classifiers method to detect the 

inconsistency of spatiotemporal KG. The same situation can be observed on the ROC of 

spatiotemporal inconsistency, the false positive rate of spatiotemporal inconsistency is 

only lower than that of time interval inconsistency. Combined with Fig. 7 (b), furthermore, 

some spatiotemporal inconsistency instances are incorrectly identified as time interval in-

consistency. 

6. CONCLUSIONS 

In this paper, for inconsistency detection of spatiotemporal KG, we first discuss the 

inconsistencies of spatiotemporal KG and identify them into three categories: (ⅰ) entity 

inconsistency; (ⅱ) time interval inconsistency; and (ⅲ) spatiotemporal inconsistency. Then, 

we design entity semantic density calculation to capture entity semantic information. We 

propose the time interval conflict logic rule and the spatiotemporal conflict logic rule, then 

we design the time interval feature extraction algorithm and the spatiotemporal feature 

extraction algorithm. In addition, we define the problem of inconsistency detection of spa-

tiotemporal KG as the problem of multi classification of inconsistent knowledge, and de-

sign a four-classifier for (ⅰ) consistency knowledge; (ⅱ) entity inconsistency; (ⅲ) time in-

terval inconsistency; and (ⅳ) spatiotemporal inconsistency. As far as we know, this is the 

first attempt to detect the inconsistency of spatiotemporal KG. 

The experimental results prove the effectiveness of the proposed method. Our model 

achieves 95% Precision and 91% Recall. It shows the importance of entity semantic infor-

mation, time interval features and spatiotemporal features for inconsistency detection of 

spatiotemporal KG. The experimental results of ROC and confusion matrix prove that the 

entity semantic density calculation and feature extraction algorithms can effectively cap-

ture the inconsistent information in the spatiotemporal KG, and also point out the next 

research direction for us. In future work, we will consider using an adaptive method to 

optimize the spatiotemporal conflict logic rule, and try to use multiple labels and multiple 

classifiers method to strengthen the detection ability to the inconsistency of complex spa-

tiotemporal knowledge. 
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