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Abstract

T —
Time stamp superimposed on the video frames-ean—

be used as indices for video indexing an

systems. Some applications use it for speed de
of objects. In this paper, we propose

detection approach based on edge detectio
Furthermore, we apply temporal proper,
frames so that time stamp can be loc
also propose our digit recognition modul
performance. Experimental results s
approach can detect time stamp location
The proposed approach can discriminate
and time, and it can extract time with
precision. The recognition rate is also high
be used practically.

W

significa

tamp and the background are not

proposed an automatic time
tem for home videos by using
sion (STS) in order to darken
ake time stamp remarkable.
tation, time stamp template is
ion. They have applied a shot
he system, and the time
as indices at the boundary frames.
one-a;nute error is acceptable
se enough for further video

e about text detection and
images and video frames. The
xt in video can be basically
categories. The first one is

1. Tifrodoetion /454 conneoted-component-based method [2], which is
——effici the background is mainly composed of

Time stamp does not only show a recording time"
the videos, it is also used benefigjally 'in many
applications. Shot clustering, for exan stores time
stamps as indices for video indexing’ a rieva
systems. Moreover, in speed detection: pplications,
time stamp can be utilized to time a ‘ﬁxing object.
Therefore, time stamp detection and regognition is an
important step before developing these algiations.

i

For digital video camcorders, we can ac
time stamp directly because tion is'save
digital format. . Although nowad tal{ video,

camcorders are used popularly%cause they are not so
expensive, however, most of the media to store the

video are still video-eas , ifwe wan i digit, from the t rou i
the time stamp, WQWCO !@ﬂsi ‘E | Ic rac segmentation. recog
on the video frames. s€ our simple diit recogniti

Extracting the time stamp from a video image is a
difficult task. Video images are usually low quality,
contain noises and have low resolution. It is mainly
because recording the videos in video cassettes is an
analog system. In addition, some frames might contain
complex backgrounds or, sometimes the colors

second category is texture-
3-5], which uses texture
cen text and non-text.
sed method is time-
: 'to'find text positions. The
sed mefhod [6-8]. Since text regions
pically rich of eg)s, projection profiles are
applied to analyze the edge density.
In thi§ paper, we apply text detection method to
ction. Besides, we

color. The

ames so that time
stamp can be located rapidly and accurately. Moreover,
gWe propose an a orithm for segmenting, time stamp

' eful in
r&p’ we
d y using

decision tree and similarity index [10] to compare the
similarity between the ground truth and the unknown
digit.

The remainder of this paper is organized as follows.
Time stamp detection is explained in Section 2. In
Section 3, we propose an algorithm for segmenting
time stamp from the background whereas the time




stamp recognition is described in Section 4.
Experimental results and conclusion are reported in
Sections 5 and 6 respectively.

2. Time stamp detection

Background of a video changes frequently while the
time stamp is always at the same position; therefore,
the temporal frames are very helpful for detecting time
stamp. In addition, we choose edge detection method
to find time stamp positions because the time stamp
region is rich of edges.

The time stamp detection is composed of 2"main
steps which are coarse detection and fine détection.
The coarse detection is to roughly detect the time

stamp while the fine detection is to locate euh’drg'l-{ f
the time stamp. The detail procedure fow

described as follows.

2.1 Coarse detection

The time stamp coarse detection proce
in figure 1. First, we capture initial fr

structure element since time stamp lo

shift around by one or two pixels in the frame

same way as the initial one. These two images ar
operated by logical AND to eliminate non-time stamp

edges. We repeat this step until the ANDed result is _—

12

detecting edges. In this paper, we want to find only
vertical edges because digits are mostly composed of
vertical strokes that are sufficient to detect the time
stamp position. Besides, finding horizontal edges does
not only increase processing time, but it also adds
edges in the background that is hard to remove.
Vertical mask of Sobel operator is used in this work
and the edge map is thinned by non-maxima
suppression method. Pixels that have value less than its
nelgh?or pixels in gradient direction are removed.

Examp u{ ts from edge detection method are
shown/i

good enough to coarsely locate the tlme Stamp, e,
| A
Frame (i) F ‘Efeme (i+1)
v =i v
1 Edge Detection Ediejbetection
time 3

Dilation
/it ‘lmaﬁ/LP

A

Dilation

No

l Coarse Location

Figure 1. Time stamp coarse detection procedure

2.1.1 Edge detection. The captured video frame is
converted from color to gray-scale image before

Mean Tewp- vottom Max

(a) ANDed image

(b) Horizontal projection
profile of (a)

Figure 3. Non-time stamp edge.élimination

2.1.2 Non-time stamp edge elimination. To remove
the non-time stamp edges from the edge map, temporal
frames are utilized. Because the background of the
video always changes while the time stamp is at the
same position, so we eliminate the non-time stamp
edges by operating a logical AND between the initial



edge map and the next frame’s edge map. However,
both edge maps have to be dilated before ANDing
them because time stamp positions might shift around
by one or two pixels, as mentioned earlier. We thus
apply a 3x3 square structure element to dilate the edge
maps. The result of the non-time stamp edge
elimination is shown in figure 3(a). When non-time
stamp edges are removed in each turn of the frame
capturing, we examine whether the ANDed image is
good enough for time stamp location. It is good
enough when there are outstanding peaks in a
horizontal projection profile of the ANDed image, as
shown in figure 3(b), where the maximum value is
higher than the mean valuek times. Then we can stop

the AND operation. -
f’ i

2.1.3 Coarse location. We create bW ,
surrounding the whole time stamp scansline bysscans /

line because we cannot directly locate each gifhe s
digit due to the complex backgroun

the time stamp are calculated first by
horizontal projection profile of the
while the left and right boundaries are iniii
the left and right sides of the whole imag
An adaptive threshold, 7;,, ;,y,, as shown j

3(b), is computed from Equation (1) as p in

[4]. This threshold determines which lines of profil e 4bd"have fi

are time stamp positions.

T —bottom — k x Max

top profile
where k isa proper constant derived from expenments

and Max profile 1S the maximum value 'd_tllthe profile.
i,
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We expand each bounding box at top and bottom by
10% of the located box’s height to ensure that it covers
the whole time stamp region. Next, we find the vertical
projection profile of the bounding box to locate the left
and the right boundaries of the box. Similar to finding
the top and the bottom boundaries, a threshold is
defined. However, unlike the previous process, the
proper constant in Equation (1) is set tok; in place of
k, . The profile is scanned from left to nght If we find
alpo of the profile that has a value more than the
threslr )él position will be set to the left boundary.
The ' émary can be calculated in the same
manner; yd"'the profile is scanned from right to
lef_tjs showneifi figure 4. Afterwards, we enlarge the
left and the right boundaries by 50% of the box’s
height to ensure that'the whole digit is inside the
boundary. The coarse location result is illustrated in

Jfigute 5, "

I " 22 Eine detection

L)

— With our proposed methed, digit color is required in
qrder to ﬁnely locate time stamp. In general, time
stam have only two colors, white or black, but it is

“still “difficult to identify the color of time stamp
rés 42 ‘automzﬂqallg. Although Lienhart and Wernicke [4]
5 ppropoggdi text-and-background color estimation, we

hat it can work well only in the text that is
supenmpg iﬁn different background colors. For the

(1)__txme stamp:nv&lald on the same background color, this

method‘tgnds to fail. Therefore, in this paper, we
=" require . users 10 @emfy the digit color. For simplicity,
we now assume in this pap that the time stamp digits
aic while

9 #0003 . LW

Threshold

Figure 4. Time stamp bounding box and vertical
projection profile

Figure 5. Coarse location result

For this step, we utlliZe.{bJ temporal frames again.
In addition, all processes are done within the time
stamp location boundary derived from the previous
step. Desiring white digits on the dark background, we
apply aptime-based minimum pixel value search
method 9] that can reducesthe affect of background
complexity. Since we capture the video frame by frame
for processing, stopping criterion has to be defined by
examining a histogram of an output from the time-
based minimum pixel value search methed, see figure
6. Most bounding box regions consiss, of background

ythaw|is| preferred‘being| dark; so if |a \median of

histogram is less than a fixed threshold, the time-based
minimum pixel value search will be ended.

The result from the time-based minimum pixel
value search method is still a gray scale image, thus we
binarize it by Otsu’s method [11]. Then the actual
height of time stamp digit is calculated by examining a
horizontal projection profile of the image. Calculating



the top and bottom boundaries of the bounding box in
this step must be very accurate because most
background portions are eliminated.

(a) time-base minimum pixel value search result

Frequency

I -
Median  Threshold

(b) Histogram of (a) shows media
threshold value

Figure 6. Stopping criterion of the ti
minimum pixel value searc

Since the second and sub-second digits of the
based minimum pixel value search output imag

e-

utilizing the colon signs. Furthermore, with the

Al
"

1ght-
disappear or become imperfect, we locate them By
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When colon signs are located, the hour, minute,
second, and sub-second positions will be at the front or
the back of the colon signs. Another region detected to
be time stamp will be assigned to the date region. Each
digit position can now be easily extracted by analyzing
the vertical projection profile. A width of each digit is
normalized based on the maximum width of all digits.
Therefore time stamp template can be generated as
shown in figure 8.

3. Tir stamp segmentation

ad

The e &amp template from previous step will be

. ‘used fo,g. ﬂe next other frames. Before proceeding to
thc e step, each digit has to be segmented
~~from the: __' ound. In this paper, we propose an

—algorithm that uses connected component labeling and

assistance of colon signs, we can distinguish between _.* " yun- lengﬂ}’mé_god Procedures are described in details

date and time. Colon signs appear only in the time
region while the date region has _nene. From the

~ as follows.
——— o

vertical projection profile, the colon S are
likely at the positions where the hlsmgams have low
values and narrow bars; see figure 7( ). Since a
characteristic of a colon sign is that thcy must have
two small connected components that are equally
distant from a center of the box, we also exaniine the
connection component in the boundarie§’as shown.in
figure 7(b).

(a) Vertical projection profile

956140

(b) Candidate colon signs
Figure 7. Colon signs detection

3.1 Image scaﬁméjization

Due to low resolution q? typical videos, we have to
increase the resolution ofthe digit image by scaling.
Bicubic interpolation method is used to enlarge the
image. Width of a digit is normally less than or equal
to'its height, so|we scale image to one fixed height, 60
pixels. Then| scaled limage| is| binarized by Otsu’s
method. There will be connected components of both
digit and background, thus, in the next step; we have to
label the eonnected, components and determine which

component is the digit.

3.2 Digit segmentation

First, we assume that the height of a digit
component is about the height of the digit bounding
box. However, when the background color is similar to
the digit color, these criteria cannot identify the digit
component. Figure 9(a) is an example for this case.



Therefore, we present a method to find the digit
components using the following rules:

a) If there is only one connected component in the
image, that component must be a digit.

b) If there is more than one connected component,
run-length method is operated in both horizontal and
vertical direction. The run-length lines that are longer
than a stroke width threshold, T, ., are eliminated,
as well as the lines that have starting or ending points
at a border of the bounding box. The result of this step
is shown in figure 9(b). The label that contains most of
the remainders is set to the digit label. Figure 9(c)
shows the segmentation resull.

3.3 Normalization

We recognize digit by matching mew /|

normalization is required to make images co

The digit component is initially crop opd" t
background. Next, it is resized to a
nearest neighbor interpolation so that the i

height is created. The cropped digit is the
leftmost side of the defined canvas as s
9(d).

Ko

hole depending on a font style as shown in figure 11.
Using decision tree can significantly reduce matching
error because sample space for matching is decreased.
For matching technique, we choose a similarity index
[10] to measure the similarity between two images.

Hole type

>ifice each digit is composed of only one connected
er of holes in the digit can be
. First, a contour of the digit

3 T_,;,:o po Then connected-component

A b " 215 performed to the contour of digit image.

label 1 S aieThe oles of the digit is the number of label

label 2 "—iminu For example, see figurel2, the contour of

= i digit, 9@-&' two connected components, so there

(a) Labeling ~~ is one hole in igit 9. hadd' ion, the component that is

ot be the outermost

it is at the top, middle,
hole type of digit 9 shown
1-hole at the top.

: E label 1 (digit)

(c) Segmentation result aliza
Figure 9. Digit segmentation g .

crmmepnd 1) 111 wﬂ g

The segmented digit is rec 1zed by our simple (a) Digit 9. (b) Contour of digit 9

recognition mod ¢ :
conventional matc ﬁmiﬁ%ﬁrﬁ 1] % ’19 I P | ﬁ |Ca‘ El
only ten classes o irst al

and positions of holeﬂn a digit image. Decision tree is 4.2 Similarity index
generated by dividing the tree into five branches; zero-
hole, 1-hole at the top, 1-hole at the middle, 1-hole at
the bottom, and 2-hole branches. Zero-hole branch, for
example, consists of digits 1, 2, 3, 5 and 7, see figure
10. However, digit 4 might have either no hole or one

in ﬁgure 12, for example

The similarity index uses size and location to
measure the similarity between 2 images. The
similarity index between two binary
images, 4, and 4, , is defined as a ratio of twice the



common area to the sum of individual areas as shown
in Equation (2):
_ 2n{4, N 4,}
n{4,}+n{4,}
where n{A} is the number of digit pixels. The value

of S'is from 0 to 1. The more two images are similar;
the closer S value is to 1.

@

5. Experimental results

Videos that are used in evaluating the perform }* \
of our approach must have time stamp supermmh
on their frames. Tested videos are 288x352 resolution.

(PAL). We tested our approach with videos
sources, two from two different camco
other from a laboratory that uses a video ti
sub-second precision as the time stamp.

We separate the evaluation of time stam
from recognition. We tested our dete
with 90 shots of the 30-minute videos.
frames for detecting the time stamp is 31,
out of 90 are correctly detected (85.6%).
detection step works very well with a few
than 12 frames in average cases, but it i
consuming because of the time-based
value search procedure in the cases of
continuous frames.

The recognition method is evaluated with
cropped from videos, 90 cropped digits per class (O-Qi

Out of the total 900 tested digits, 895 are recogmzed

99.4%. :l
6. Conclusions

In this paper, we present a time stam&tectioﬁ_iﬁ
recognition approach. Detection is baséd on vertical
edges of the time stamp and utilizes temporal

We propose a method for ti di
background by applying ﬂtﬁ
segmented digit is recogniz cisi

and similarity index. Experinﬂjt,al results show that
our method’s accuracies are 85 6% in detection and

ames.

7. Future work

For our future work, we plan to apply some
knowledge about the time stamp for post-processing in
the recognition module. We also aim to apply our

e, id
correctly, and hence, the digit recognition rato-'js{,a.«'t
[7]1J. Xi, X.S. Hua, . eny'L. Wenyin, and H. J. Zhang,

£11o] A B Zijden B M. Dawant R A.

99.4% in recognition s imag
system is desired, or ons on Médical Ima
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proposed method to some applications such as speed
detection, shot boundary detection, etc.
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