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Abstract Video event detection is an important research
area nowadays. Modeling the video event is a key problem
in video event detection. In this paper, we combine
dynamic description logic with linear time temporal logic
to build a logic system for video event detection. The
proposed logic system is named as LTDALCO which can
represent and inference the static, dynamic and temporal
knowledge in one uniform logic system. Based on the
LTDALCO, a framework for video event detection is
proposed. The video event detection framework can
automatically obtain the logic description of video content
with the help of ontology-based computer vision tech-
niques and detect the specified video event based on
satisfiability checking on LTDALCO formulas.

Keywords video event, semantics, dynamic description
logics, reasoning, ontology

1 Introduction

With the flourishing digital video resources, efficient
methods are required to manage the enormous video
resources. Automatically managing video resources
according to their content is regarded as one promising
way for video resource management [1]. The main
problem in content-based video resource management is

how to automatically understand the content of the video.
There is a direct way to automatically understand the
content of the video which is by detecting the events that
occur in the video and representing the video content
according to the detected events. Here the events refer to
the high level semantic concepts that humans perceive
when observing videos. Generally, the events can be
categorized into classes which are static event and dynamic
event. Static event is the occurrence of static concepts in
video, like a flower or a mountain, while dynamic event is
related to actions, like take off, walking, fighting.
Video event detection is a difficult problem and there are

some challenges. These challenges can be summarized as
follows.
1) How to translate the low level visual information into

high level semantic descriptions.
2) How to detect video events based on the semantic

description of video content and background knowledge.
Many efforts in video event detection have been done to

overcome these challenges [1–10]. According to the
proposed methods, a typical video event detection system
can be divided into two components which are information
abstraction component and event modeling component.
The information abstraction component extracts informa-
tion units from the digital video while the event modeling
component models the video events according to the event
definitions. By incorporating the two components, a video
event detection system can effectively discover events
from the video sequences.
In video event detection system, the event modeling

component is very important. As event modeling compo-
nent bridges the gap between the event description and the
information extracted from video sequences. Typically, the
event modeling component can be classified into three
categories. The first category is pattern recognition based
event modeling, such as support vector machine (SVM)
based event modeling [2,3]. The second category is state
model based event modeling, such as Bayesian network
based event modeling, conditional random fields based
event modeling [4,5]. The third category is semantic model
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based event modeling, such as Petri net based event
modeling in video of traffic monitoring [6,7], Markov logic
networks based event modeling [8] and constraint
satisfaction based event modeling [9].
In this paper, a dynamic description logic (DDL) [11–

13] based event modeling approach for dynamic event
detection is proposed. Different from previous event
modeling approaches, the DDL based event modeling
approach models video event definition and video content
description with DDL logic formulas. Moreover, it allows
a video event detection system to discover the complex
event by performing logic inference based on background
knowledge represented by ontology and DDL logic
formulas extracted from video sequences.

2 Linear time temporal dynamic description
logic

Traditional description logics can only represent and
reason about static knowledge [14]. They lack the ability
in dealing with dynamic knowledge. To overcome this
shortcoming, a new description logic system named DDL
is proposed [11]. DDL introduces dynamic dimension into
the description logic, which allows the representation and
inference of dynamic knowledge. Moreover, with DDL,
the inference that is incorporated with static and dynamic
knowledge can be performed in one uniform logic system.
The logic system LTDALCO is an extension of dynamic
description logic system D-ALCO [12]. Comparing with
D-ALCO, LTDALCO supports the temporal knowledge
representation and reasoning. The details about D-ALCO
can be found in Ref. [12]. In this paper, we only focus on
LTDALCO.

2.1 Syntax of LTDALCO

In LTDALCO, action is the basic element for dynamic
knowledge representation. Action includes atomic
action and complex action. Atomic action can be
represented as

αðv1,v2,:::,vnÞ � ðPα,EαÞ,
where α is the name of action, (v1,v2,…,vn) are names of
individuals that occur in Pα and Eα , Pα is a set of logic
formulas that specify precondition of execution of α, Eα is
a set of logic formulas that specify the effect of α after
execution. Based on atomic action, the complex action can
be defined according to the following rule:

π,π# ::¼ αðv1,v2,:::,vnÞjπ;π#: (1)

In the rule for actions definition, “;” is named as
sequential connection symbol. π;π′ is named as sequential
action that represents the sequential execution of π and π′.
Example 1 There are two atomic actions. One is

orderBookðu,vÞ �
fPorder ¼ ðcustomerðuÞ,bookðvÞ,:orderðu,vÞÞ,
Eorder ¼ ðorderðu,vÞÞg,

and the other one is

payBookðu,vÞ �
fPpay ¼ ðcustomerðuÞ, bookðvÞ, orderðu,vÞ,:payedðu,vÞÞ,
Epay ¼ ðpayedðu,vÞÞg:
Based on orderBook(u,v) and payBook(u,v), a complex
action orderBook(u,v);payBook(u,v) can be defined. order-
Book(u,v);payBook(u,v) represents sequential action,
which is ordering the book and then paying for the ordered
book sequentially.
There are two kinds of formulas in LTDALCO. One is

basic formula and the other is complex formula. The
complex formula is formed by connecting basic formulas
with formula connection symbols Ù, Ú, ®.
Definition 1 The basic formula of LTDALCO includes

individual assertion formula, temporal formula and action
formula. They can be constructed according to the
following rules.
1) The individual assertion formula in LTDALCO is

constructed according to the following rule:

φind,ψind ::¼ CðuÞjRðu,vÞj:φindjφind _ ψind, (2)

where u, v represent individuals, C is a concept, R is a role.
Moreover, the formula that is in form of φindÙψind can also
be introduced. The formula φindÙψind is equivalent to
¬φindÚ¬ψind.
2) The temporal formula in LTDALCO is constructed

according to following rule:

φt,ψt ::¼ φindU
πψindj:φt, (3)

where φind, ψind are the individual assertion formulas, π is a
sequential action, U is equivalent to the “until” operator in
linear time temporal logic, φindU

πψind represents linear
time temporal logic formula φindUψind is hold on the
execution trajectory of π. Moreover, the temporal formula
in the form of àφ, □ψ can also be introduced. They are
equivalent to trueUπφ and ¬à¬ψ, respectively.
3) The action formula in LTDALCO is constructed

according to the following rule:

φa :¼ hπiφindjhπiφajhπiφtj:φa, (4)

where φind is the individual assertion formula. The formula
that is in the form of [π]φ can also be introduced. It is
equivalent to ¬〈π〉¬φ.
Definition 2 The complex formula in LTDALCO is

constructed according to the following rule:

φ,ψ ::¼ φindjφtjφajφ _ ψ: (5)
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In addition, the formulas that are in forms of φÙψ,
φ®ψ, true and false can also be introduced into LTDALCO.
They are equivalent to Ø(ØφÚ¬ψ), ØφÚψ, φÚ¬φ, and
φÙ ¬φ respectively. The formulas that are in the forms
of R(u,v), ØR(u,v), C(u), ØC(u) are called simple formulas.
A set containing limited individual assertion formulas is
called an ABox of LTDALCO.

2.2 Semantics of LTDALCO

According to the definition of action, the state of ABox
will be changed after execution of action. In order to
embody the change of state of ABox, a space containing
multiple possible worlds is employed to represent the
semantic model of LTDALCO. In the semantic model of
LTDALCO, each possible world corresponds to a state of
ABox and is associated with a unique interpretation
function. The interpretation function maps the role name,
concept name and individual name into binary relation, set,
and individual of the domain respectively. Every action is
interpreted as binary relation on possible worlds which
embodies the state change of ABox after action execution.
Definition 3 LTDALCO model is a triple M = (Σ,Δ,I),

where
1) Σ is a framework that is in the form of Σ ¼

ðW ,Tα0 ,Tα1 ,:::Þ. W is the set of possible worlds and each
atomic action α is mapped to a binary relation TαÍW ´W;
2) Δ is the domain of discourse;
3) I is the interpretation function. For each possible

world w, I(w) = (Δ,$I(w)) maps each concept name C to a
set CI(W)ÍΔ, each role name R to a binary relation RI(W)Í
Δ ´Δ and each individual name to an individual of Δ.
Because the temporal formula of LTDALCO is based on

execution trajectory of action, the execution trajectory
needs to be defined before the definition of the semantics
on LTDALCO model.
Definition 4 For a LTDALCO model M = (Σ,Δ,I), an

execution trajectory t in M is a limited sequence (w1,
w2,…,wn), and t corresponds to a sequential action (α1,
α2,…,αn – 1), where for each sub sequence ðwi,wiþ1Þ
(1£i< n) of t, ðwi,wiþ1Þ 2 Tαi .
Two trajectories can be connected to form a new

trajectory. The Definition of trajectory connection is
described as follows.
Definition 5 For a LTDALCO model M = (Σ,Δ,I), t1

and t2 are two execution trajectories. |τ1|, |τ2| are the length
of t1 and t2, respectively. If τ1[|τ1|] = τ2[1], the trajectory
connection of t1 and t2 is τ1$τ2 : = (τ1[1],τ1[2],
…,τ1[|τ1|],τ2[2],…,τ2[|τ2|]); If τ1[|τ1|] ¹ τ2[1], the result of
trajectory connection of t1 and t2 is null.
In Definition 5, the length of an execution trajectory is

the number of possible worlds in the trajectory.
Definition 6 Let M ¼ ðΣ ¼ ðW ,Tα0 ,Tα1 ,:::Þ,Δ, IÞ be a

model of LTDALCO,
1) For each possible world wiÎW, I(wi) maps each

concept name C to a set CIðwiÞ Í Δ, each role name R to a
binary relation RIðwiÞ Í Δ ´Δ and each individual name p to
an individual of pIÎΔ.
2) For each formula in M,
(M,wi)~ C(u) iff uI ÎCIðwiÞ;
(M,wi)~ R(u,v) iff ðuI ,vIÞÎRIðwiÞ;
(M,wi)~Øφ iff (M,wi) ⊭ φ;
(M,wi)~ φÚψ iff (M,wi)~ φ or (M,wi)~ψ;
(M,wi)~ 〈π〉φ iff there exists a possible world w′ÎW

which satisfies (w,w′)ÎTπ and (M,w′)~φ;
(M,wi)~φUπψ iff τ is the execution trajectory of action

π, where τ[1] = wi and $ j(j≥1) Ù"k(1£k< j) that
(M,τ[k])~φÙ (M,τ[k])~Øψ Ù (M,τ[j])~ØφÙ (M,τ[j])~
ψ is hold.
3) Each action π is mapped to a binary relation TπÍ

W ´W. The sequential action is defined by connection of
execution trajectory of sub action

Tπ;π# :¼ fτ$τ#jτ 2 Tπ ^ τ# 2 Tπ#g:

3 LTDALCO based event detection system

In order to detect the video event, the LTDALCO event
detection system uses ontology-based video analysis
techniques to parse the video and produce LTDALCO

logic formula sequence to describe the content of the
video. Then, by utilizing LTDALCO logic reasoning
techniques, the event detection system can detect the
event from logic formula sequence.
Figure 1 demonstrates the process of video event

detection in an LTDALCO based event detection system.
For a video clip v, n key frames are extracted from v. For
each extracted key frame ki, image segmentation tech-
niques are applied to ki in order to separate ki into different
parts. For each part, the object recognition techniques are
applied to recognize the objects in that part [10,15]. Then,
a set of logic formulas to describe the content of ki is
produced according to the result of object recognition.
Meanwhile, the object tracking techniques are employed to
recognize the same object in different key frames. Finally,
a logic set sequence is obtained. Then, logic set sequence is
put into an LTDALCO based reasoning engine to detect the
specified video events from logic set sequence.
As shown in Fig. 1, by video analysis techniques, a logic

formula set sequence Seqv={s1,s2,…,sn} is produced to
describe the content of video clip v. Each logic formula set
siÎSeqv corresponds to a logic description of the content of
a key frame in v.
The reasoning engine demonstrated in Fig. 2 includes:
1) A TBox that contains definitions of concepts;
2) An ABox that contains logic formula sequences

produced by video analysis process;
3) An ActBox that contains the definitions of atomic

actions and complex actions;
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4) An ActRuleBox that contains a set of rules that
specify the characters of the execution trajectories of
actions;
5) An EventBox that contains the rules about video

events.
The rule inActRuleBox is in the form of φUψ® 〈π〉true,

which means that if a possible word sequence Seq satisfies
temporal formula φUψ, then Seq contains an execution
trajectory of p. The event rule in EventBox is in the form
of 〈α1〉trueÙ 〈α2〉trueÙ $$$Ù 〈αn〉true® e, which means if
the actions α1,α2,…,αn occur, then the event e can be
detected in the video.
To detect dynamic event, the actions that compose

dynamic event should be detected from the video first.
Thus, we present an algorithm to detect the actions that
occur in the video based on logic set sequence.
Algorithm 1 Let ActionSet be the set of actions that

are the consequents of rules in ActRuleBox. Seqv={s1,
s2,…, sn} is the logic formula set sequence obtained from
video clip v. AR is the ActRuleBox.

Begin
a: ForEach αiÎActionSet do
{

For i = 1 to n – 1 do
{
Let fαi: = Conj(si)® 〈αi〉true;
if (Øfαi is unsatisfiable) then
{
ForEach φUψ® αiÎAR do
{

Let pi be an action and its execution
trajectory is {si,siþ 1,…,sn};
if (Ø(φUpiψ) is unsatisfiable) then
{
add αi to resultSet;
goto a;
}

}
}

}
}

Return resultSet;
End

For each key frame description si and an action α,
Algorithm 1 checks whether si can satisfy the precondition
of action α. If it satisfies the precondition of α, then the
algorithm checks whether the sub sequence Seqsub ={si,
si+1,…,sn} implies the temporal logic formula φUψ, where
φUψ® αiÎAR. If Seqsub~φUψ, then α occurs in v.
The unsatisfiability of Ø(Conj(si)® 〈αi〉true) ensures

that si satisfies the precondition of α. The unsatisfiability of
Ø(φUpiψ) ensures that Seqv implies φUψ. Furthermore, if
Seqv implies φUψ, then it can be inferred that α occurs in
video clip v. The unsatisfiability of Ø(Conj(si)® 〈αi〉true)

Fig. 2 Reasoning engine for event detection

Fig. 1 Process of event detection
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and Ø(φUpiψ) can be determined by tableau algorithm of
LTDALCO. Moreover, it can be proved that if Ø(φUpiψ) is
unsatisfied, then Seqv~φUpiψ.

4 Case study

By Algorithm 1, the action occurring in the video clip can
be detected. Based on the detected actions, event detection
system can discover dynamic event from the video. In
order to demonstrate the process of Algorithm 1, an
example of event detection with LTDALCO based event
detection system is given.
Because region connection calculus 8 (RCC8) [16] is

used to describe the spacial relation between different
objects in a key frame, a brief introduction to RCC8 is
given first. The spatial relations that RCC8 can represent
are shown in Fig. 3 where DC(A,B) represents A is
disconnected with B; EC(A,B) represents A is externally
connected with B; PO(A,B) represents A is partially
overlapping with B; TPP(A,B) represents A is a tangential
proper part of B; TPP–(A,B) is the inverse of TPP(A,B);
NTPP(A,B) represents A is non-tangential proper part of B;
NTPP–(A,B) is the inverse of NTPP(A,B); EQ(A,B)
represents A is equal to B.

Suppose we want to detect the take-off of an airplane in
video, thus knowledge related to take-off event are put into
the reasoning engine. In ActBox, an action named
αtake-off is defined. The rule plane(a)Ù ground(b)Ù sky(c)
Ù (PO(a,b)UPO(a,c))® 〈αtake-off〉true is added to ActBox.
In EventBox, take-off event is defined as 〈αtake-off〉true®
Eventtake-off which means if action αtake-off occurs in a
video, then take-off event occurs in the video.
Let v′ be a video clip and seqv′={s1,s2,…,sm} be the

logic formula set sequence of v′. According to theAlgorithm
1, plane(a)Ù ground(b)Ù sky(c)ÙØ(PO(a,b)UPO(a,c)) is
unsatisfiable, thus take-off event is detected in video v′.

5 Conclusions

In this paper, we propose a dynamic description logic
system LTDALCO that can support linear time temporal
logic reasoning. Moreover, an LTDALCO based video event
detection system is presented for video event detection.
The LTDALCO based video event detection system detects
the executed action by logic reasoning and discover the
event that is related to the detected action. Compared with
previous works, our work is a knowledge based method for
video event detection, which is similar to the way by which
humans perceive the video event. Thus, our work is
promising and can detect more high level semantic related
video events.
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