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Abstract. This paper proposes a graph based strategy to retrieve frames con-
taining the queried speakers in talk show videos. Based on who is speaking and
when information from the audio transcript, an initial audio-based step, that re-
stricts the queried person to frames corresponding to when he/she is speaking,
with a second step that analyzes visual features of shots is combined. Specifi-
cally, based on the production property of talk show video, (1) Shot based graph
is constructed first. Then the densest sub-graph is returned as the final result.
But instead of direct search (DS) of the densest part, (2) We model the intra
node connection and inter node connection by a frame layer degree map to take
into account the duration information within each shot node; (3)A graph parti-
tion strategy without restriction on the shape and the number of sub-graphs is
proposed, in which shots containing the same person are more similar to each
other. Experiments on one episode of the French talk show “Le Grand Echi-
quier” show more than 10% improvement to audio only method and more than
7.5% improvement to DS method on average.
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1 Introduction

Person retrieval is essential to understand and retrieve real content from vid-
eos/images which are strongly related to human subjects [6, 7]. Recently, how to
explore other available information, such as transcripts [1, 3] and captions [4,5,6,7,10]
to facilitate the search work has been actively studied.
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For talk show videos an essential clue for finding a speaker is when he/she is
speaking. Hence, in this paper we first limit the search according to his/her speaking
time recorded in the audio transcript. Then we propose a graph based strategy to ana-
lyze the visual features to refine the initial result set. Based on the following assump-
tions: (i) a speaker appears more frequently when he/she is speaking than other one
else does; (ii) each speaker is presented by a set of relatively fixed scenes in our talk
show video [8]; (iii) the shots presenting the same speaker tend to be visually more
similar than the shots of different speakers. Hence a video shot serves as a basic struc-
tural unit to construct a graph. To emphasize the more frequently criteria in shot layer
graph, we model the intra node connection and inter node connection by a frame layer
degree map that improves retrieval results from direct search (DS) by taking into
account the duration information within each node. To emphasize the more similar
criteria in shot layer graph, we propose a graph partition strategy without restriction
on the shape and the number of sub-graphs. In each separated sub-graph, shots con-
taining the queried person are more similar.

The rest of this paper is organized as follows: First, the baseline algorithm, namely
direct search of the densest part on shot layer graph is presented in Section 2. In
Section 3 the proposed node duration and sub-graph partition strategy for shot layer
graph is introduced. And experimental results and some conclusions are presented in
Section 4 and Section 5 respectively.

2 Direct Search of the Densest Part on Shot Layer Graph

In this paper, RGB color histograms are used to represent the shots, and Chi statistic
and histogram intersection (IS) are adopted to measure the shot similarity. Then a

graph G=(V,E) can be defined, where nodes in V represent shots and edges
in E represent similarity between shots. To refine the initial results based on audio

transcript (audio), we search for the densest sub-graph.
The density of subset § of a graph G is defined as [12].

E(S):{(i,j)e E:ieS,je S}, namely the set of edges induced by subset S . The

subset S that maximizes f(S) is defined as the densest component. 2f (S) is
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simply the average degree of the sub-graph S, which is a discrete function, and its
maximum solution is not unique. In [12] a greedy algorithm was proposed to find the
densest sub-graph. The greedy search starts with the entire graph as subset (S =V ).
At each iteration, f(S) is computed and the node with the minimum degree
within § is removed. Finally, the subset with the highest encountered density is re-
turned as the densest component of the graph.
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3 Node Duration and Sub-graph Partition for Shot Layer Graph

The method above is subject to two severe problems: (i) the duration information
within each shot is lost; (ii) each speaker is always presented by more than one type
of shots which have no visual similarity.

3.1 Frame Layer Degree Map

To emphasize the impact of shot duration, we introduce a frame layer degree map.
Given a shot layer graph G=(V,E) , a |V|><|V| adjacency matrix A:[aiyj],
i=1, 2,...,|V|;j =1, 2,...,|V| is used to store the structure, that is if there is an edge
from vertex V, to vertex v i the element a; ; is 1, otherwise it is 0. Note each shot node

itself is a complete graph constructed by the frames involved, which we call it intra
node connection; and an edge between shot node we call it inter node connection. We

define a frame layer degree map FD = [fdl.‘]],i =1, 2,...,|V|;j =1, 2,...,|V| to describe

these frame layer connections. According to the definition of degree for v, complete
graph, frame layer degree map is defined as:

£(f-1)/2 ifi=j
fi,,-={ (f,-1)/

(F+£)(£+F-1)/2  if otherwise @

where f, and f; are the number of frames within node v, and v, respectively. Then the

adjacency matrix A is modified as:
A=[a,xfd, ] (3)

Finally, the greedy algorithm [12] is carried out on the adjacent matrix A in order to
find the densest sub-graph in frame layer.

3.2 Shot Graph Partition

To resolve the visual similarity problem, a graph partition method is proposed to
separate varied shot appearances of the same person into different sub-graphs. Recall-

ing the idea of mode seeking in [11]: given a set{x,}  ofn points in thed dimen-

i=L..

sional space R® , the multivariate kernel density estimate with kernel

profile k (")c”2 ) and window radius (bandwidth) / , computed in the point x is given by

f(x)=$gk( ] 4)

where C is a normalization constant to insure f (x)is a probability density function.

X=X,

h

The modes of the density function are located at the zeroes of the gradient func-
tiondf (x)/dx =0. Denoting g (x) =—k’(x), the gradient of (4) is:
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f (%) _Li(xi_x)g£ 2]. (5)

x  nh't5
Given a graph A :[a,-, j} , regarding its nodes as points, its edges as distances, and

X—X.

i

h

when adopting the Epanechnikov profile, g(x)is simplified as a constant [12]. Hence

the gradient equation (5) for node ¢ can be written as:

o (c) 2 Z": »

dc  nh'" o

(6)

The mode that satisfies of (x) / dx =0can be approximated by the node that has the

minimum sum of distances to all the other nodes, namely:

¢ =arg min(ZacyiJ. (7)
i=1
Given a graph G =(V,E), and bandwidth /2, the specific partition process is de-
scribed in the following steps:
1. Initialization: Randomly select a node fromV , for all nodes within bandwidth
h find ¢, according to (7).
2. Mode search: Denote the above sub-graph as SG, . For the remaining nodes in
V , continue step 1, until no node is left.
3. Grouping: Delineate in the joint domain the sub—graph{SG}p:]Mm by grouping

together all ¢, which are closer than 2/2 .

Then we get sub-graphs without restriction on the shape or prior knowledge of the
number of sub-graphs as shown in Fig. 2. The dense value for each sub-graph SG,,

namely f (SG,) =|E (SG, )| /|SGi|, is calculated and those lower than a predefined

threshold 7, which are usually occasionally appeared false shots, are eliminated.
Within each sub-graph, the shots of the same person are more similar than arbitrary
shots. Finally, the greedy densest search algorithm is conducted for each sub-graph.

4 Experiments

The proposed method was applied to one episode of a French TV show “Le Grand
Echiquier”, which contains 1 hour and 43 minutes talking part between the anchor
person (Jacques), the main guest (Gerard) and other related speakers.

The performance is evaluated by standard precision and recall criteria. Two base-
line methods are compared to the proposed method: (i) audio transcript based method
(denoted as Audio), and (ii) direct search on shot graph (denoted as DS) method.
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Fig. 1. Precision-recall curves, where DS means direct search on the shot graph, IS means
taking histogram intersection as similarity measure, Chi means taking Chi statistics as similar-
ity measure, D means introducing duration information by our proposed frame layer degree

map, P means performing our proposed graph partition strategy before searching, and Audio
means audio based initial search.
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Fig. 2. Comparison of precision at the same recall rate, using the audio only method (Audio),
direct search on the shot graph (DS), and our modification to direct search (DS+OM).

For the anchor person and other three speakers, we test two similarity measures,
namely Chistatistics and histogram intersection (IS), as shown in Fig. 1.

The retrieval precision for the five speakers by using Audio, DS method and our
modification (denoted as DS+ OM) is compared in Fig. 2. Our method performs more
than 10% improvement on average to Audio only method and more than 5% im-
provement on average to DS method. That is up to 17.54% improvement to Audio
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only method and up to 12.20% improvement to DS method for the anchor person;
and up to 11.24% improvement to Audio only method and up to 7.84% improvement
to DS method for the main guest.

5 Conclusions

In this paper, we propose a novel graph based method to remove false alarms from
audio based initial search space for talk show videos. Experimental results on one
episode of the French TV show "Le Grand Echiquier” show more than 10% precision
improvement to audio only method and more than 7.5% precision improvement to
direct densest sub-graph search method for five main speakers. However, the recall
rate is limited by the audio based initial search, that means frames without corre-
sponding speech will never be retrieved. Our future work will focus on setting up
appropriate association model between audio and video to improve recall rate.
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