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8.2 D
erivin

g
 V

id
eo

 S
em

an
tics

8.2.1
C

u
t D

etectio
n

A
 very sim

ple and very basic schem
e for the 

investigation of video sem
antics is cu

t d
etectio

n
. A

 cu
t

denotes the border betw
een tw

o sh
o

ts
in a m

ovie. 
D

uring a shot the cam
era film

s continuously.

O
ne distinguishes h

ard
 cu

ts and so
ft cu

ts
(fade out, 

fade in, resolve,....).

T
he m

ost im
portant use of cut detection is to 

decom
pose a video into sm

aller units w
hich can then be 

analyzed. A
 sam

ple application is the use of shots as 
the  “atom

ic” units for storage and retrieval in a video 
archive.
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C
u

t D
etectio

n
 w

ith
 C

o
lo

r H
isto

g
ram

s

T
he sim

plest approach to cut detection is by m
eans of 

color histogram
s: If the color histogram

s of tw
o 

successive video fram
es i and i+

1 differ at least by a 
threshold value T

, a hard cut is detected.

Let H
(r,g,b,i) be the value of the histogram

 for a color 
triple (r,g,b) in a fram

e i, i.e., the num
ber of pixels in 

fram
e i that have color (r,g,b). A

 cut is detected if and 
only if:

T
i

b
g

r
H

i
b

g
r

H
b

g
r

≥
+

−
∑

,
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2
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E
xam

p
le: C

u
t D

etectio
n

 w
ith

 G
ray-

scale H
isto

g
ram

 D
ifferen

ces

  
fra

m
e

 #

cu
t

cu
t

cu
t

d
is

so
lv

e

intensity histogramm difference

A
 G

raduate C
ourse on 

M
ultim

edia T
echnology

8. A
utom

atic C
ontent A

nalysis
8.2-4

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

T
yp

ical D
etectio

n
 E

rro
rs

If w
e use color histogram

 differences, the rate of 
successful detection of hard cuts is 90%

 to 98%
 for a 

typical video. 

T
his m

ethod, how
ever, fails w

hen the colors change 
significantly betw

een tw
o adjacent fram

es even if no cut 
is present. F

alse h
its are  m

u
ch

 m
o

re co
m

m
o

n
 th

an
 

m
isses.

E
xam

p
les

•
T

he light is sw
itched on in a room

,
•

an explosion occurs,

•
the cam

era pans very quickly.
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C
u

t D
etectio

n
 w

ith
 th

e 
E

d
g

e C
h

an
g

e R
atio

G
enerally, the edges in the first fram

e after a cut differ 
largely from

 the edges in the last fram
e before the cut. 

T
hus the E

C
R

 can be used to detect hard cuts.

Let E
C

R
i be the edge change ration betw

een fram
e i

and fram
e i+1. A

 cut is detected if and only if

T
E

C
R

i ≥

A
 draw

back of this approach is that it requires the 
com

putation of m
otion com

pensation for a video: fast 
cam

era panning or zoom
ing or fast object m

ovem
ents 

lead to a high E
C

R
 for successive fram

es even if there 
is no cut. 

O
bject m

otion or cam
era operations can be 

distinguished from
 a hard cut since they alw

ays last for 
several fram

es.

w
here T

is a threshold.
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E
xam

p
le: C

u
t D

etectio
n

 w
ith

 E
C

R
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D
etectin

g
 S

o
ft C

u
ts

A
 fade betw

een successive scenes is m
uch harder to 

detect than a hard cut. O
ne possibility is to try to detect 

a characteristic behaviour of the ed
g

e ch
an

g
e ratio

(E
C

R
) in the area of fade outs, fade ins and resolves.

E
xam

p
le:

D
uring a reso

lve, the edges of the old shot disappear 
w

ith a constant ratio. A
t the sam

e tim
e, the edges of the 

new
 shot gradually appear. W

e observe a characteristic 
pattern of the E

C
R

:

dissolve

sequence of fram
e

K
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F
ad

e-in
s an

d
 F

ad
e-o

u
ts (1)

In a sim
ilar fashion, fade-ins and fade-outs in a video 

can be determ
ined: W

hen fading out, the num
ber of 

pixels located on an edge w
ill be zero in the last fram

e 
of the fade. W

hen fading in, the num
ber of pixels 

located on an edge is zero in the first fram
e.

E
xam

p
le:

E
C

R
 during a fade-in and and a fade-out.

fade-in
fade-out

sequence of fram
es
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C
o

u
ld

 W
e D

etect S
o

ft C
u

ts W
ith

 C
o

lo
r 

H
isto

g
ram

s?

It is obvious that soft transitions betw
een co

lo
r 

h
isto

g
ram

s
are frequent in a video, and can have 

m
any reasons. T

hus, it practically im
possible to detect 

soft cuts w
ith color histogram

 differences. 
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8.2.2 A
ctio

n
 In

ten
sity

T
he intensity of action in a video shot is an interesting 

param
eter. F

or exam
ple, it can be used to distinguish 

betw
een different genres of T

V
 broadcasts, such as 

new
scasts vs. m

usic clips.

A
ction intensity can easily be estim

ated by m
eans of 

m
o

tio
n

 vecto
rs:

one com
putes the average absolute 

value of all vectors in each fram
e of the shot; this 

includes both the m
otion of objects w

ithin the scene 
and cam

era operations. If the video w
as com

pressed 
using m

otion vectors, this physical param
eter can be 

com
puted w

ith m
inim

um
 cost.  

T
he ed

g
e ch

an
g

e ratio
 E

C
R

 can also be used as an 
indicator for action: long and relatively static shots have 
a low

 E
C

R
 w

hile shots w
ith a lot of m

otion have a high 
E

C
R

.
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8.2.3
D

etectio
n

 o
f C

am
era O

p
eratio

n
s

T
he notion of a cam

era operation encom
passes 

panning, zoom
ing, etc. It is characteristic for cam

era 
operations that they affect all pixels of a fram

e in a 
sim

ilar, determ
inistic m

anner. 

E
xam

p
le 1

W
hen the cam

era pans, all pixels m
ove into the sam

e 
direction, by the sam

e am
ount, betw

een tw
o fram

es.

E
xam

p
le 2

W
hen the cam

era zoom
s in, all pixels (except the one 

in the center of the fram
e) m

ove from
 the center to the 

boundaries.
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A
lg

o
rith

m
 fo

r th
e D

etectio
n

 o
f C

am
era 

O
p

eratio
n

s

A
lg

o
rith

m
D

etect-C
am

era-O
p

eratio
n

s
•

U
se the m

otion vectors of the underlying 
com

pression algorithm
 (e.g., M

P
E

G
-2), or com

pute 
the optical flow

 for a sequence of fram
es.

•
D

eterm
ine if the direction and the length of the 

m
otion vectors fit to the schem

e of a pre-defined 
cam

era operation.

T
he detection of cam

era operations w
orks w

ell w
hen 

the shot under consideration contains no or little object 
m

otion. W
hen cam

era operation and object m
otion 

appear sim
ultaneously (w

hich is quite com
m

on in 
practice), autom

atic detection becom
es very difficult.
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D
erivin

g
 a P

an
o

ram
ic Im

ag
e fro

m
 

C
am

era M
o

tio
n

W
hen cam

era m
otion can be detected autom

atically,  it 
is also possible to com

pute a panoram
ic im

age from
 a 

panning operation.

E
xam

p
le

C
om

putation of panoram
ic im

ages from
 a video that 

w
as recorded by a cam

era placed on a person‘s head 
(S

teve M
ann, M

IT
 M

edia Lab, 1996)
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P
an

o
ram

ic Im
ag

e G
en

eratio
n

W
e w

ant to generate a panoram
ic im

age of our
environm

ent from
 a fixed position.

P
arallax effect:

If the cam
era m

oves objects at
different distances appear shifted against each other.
->

 the cam
era m

ust not change position.

cam
era m

oves

T
he easy approach: a cylin

d
rical p

an
o

ram
a. T

he 
cam

era only rotates around its vertical axis. Im
ages are 

m
apped onto a virtual cylinder around the cam

era 
position.
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x

y

z
1

input im
age

panoram
a

C
ylin

d
rical P

an
o

ram
as (1)

M
ap the

im
age to cylindrical coordinates.

2
2

/

)
/

arctan(

z
x

y
v

z
x

�

+
= =

�
v

N
ote that the focal-length z has to be know

n for the

coordinate transform
.
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C
ylin

d
rical P

an
o

ram
as (2)

x

y

�

v

Im
age exam

ple
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C
ylin

d
rical P

an
o

ram
as (3)

T
ransform

ed im
ages have to be aligned by m

atching 
the im

age content in the overlapping areas.

∑
+

+
−

=
y

x
y

x
y

x
t

y
t

x
g

y
x

f
t

t
E

rr
,

2|)
,

(
)

,
(

|
)

,
(

)
(

)
(

4
2

2
N

O
M

N
O

≈

W
e conclude that w

e need faster algorithm
s.

T
he m

inim
um

 can be found by an exhaustive search 
over ( tx ;ty ). H

ow
ever, com

putational com
plexity for 

im
age size

N
xN

pixels and search range
M

xM
pixels is:

F
ind translation vector ( tx ;ty ) by m

inim
izing the m

atching 
error betw

een im
age f and im

age g:
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C
ylin

d
rical P

an
o

ram
as (4)

P
el-R

ecu
rsive M

o
tio

n
 E

stim
atio

n
:

F
or sim

plicity 
consider the one-dim

ensional case. Let g(x) be an 
exact copy of f(x), displaced by a constant t. 

f(x)

g(x)=
f(x+

t)

t
f(x0)-g(x0)

x

brightnessW
ith the spatialderivative       of f, w

e obtain t as:
x fd d

)
(

d d
)

(
)

(

0

0
0

x
x f

x
f

x
g

t
−

=

H
ow

ever, this only w
orks for sm

all displacem
ents t.
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C
ylin

d
rical P

an
o

ram
as (5)

H
ierarch

ical M
o

tio
n

 E
stim

atio
n

A
lg

o
rith

m
•

S
cale the original im

age dow
n by a constant factor to 

build a pyram
id of the im

age at different resolutions.
•

D
o m

otion estim
ation on the low

est resolution layer.
•

S
cale the obtained m

otion m
odel upw

ard to the next 
resolution level and refine the m

otion m
odel.

scale + refinem
ent

scale + refinem
ent
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C
ylin

d
rical P

an
o

ram
as (6)

E
xam

ple result of a cylindrical panoram
a:

optical axis
virtual im

age plane

horizontal im
age axis

D
isad

van
tag

es o
f cylin

d
rical p

an
o

ram
as

•
D

istortion of straight lines to curved lines
•

F
ocal length (zoom

) has to be know
n or estim

ated
•

R
otation axis has to be perpendicular to the optical axis 

and to the horizontal im
age axis:

•
S

tanding on a hill and looking dow
n is not possible

•
C

am
era m

ay not be rotated around horizontal axis 
(but m

athem
atical extension to spherical 

panoram
as

is possible).
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F
u

ll-P
ersp

ective P
an

o
ram

as (1)

A
ssum

e that your environm
ent is painted on a single, 

large plane (environm
ent painted on a glass plane). 

D
escribe the m

otion that the solid plane can perform
 in 

space.

  
  

+  
    

  
=  

  
y x

t t

y x

a
a

a
a

y x

22
21

12
11

' '

1
'

2
1

12
11

+
+

+
+

=
y

b
x

b

t
y

a
x

a
x

x

1
'

2
1

22
21

+
+

+
+

=
y

b
x

b

t
y

a
x

a
y

y

rotate, scale
translate

3D
:

perspective transform
ation (affine

+
 2 additional 

param
eters for perspective projection)

2D
:

affine
m

otion (translation, rotation, scaling)
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F
u

ll-P
ersp

ective P
an

o
ram

as (2)

T
hink of our cam

era taking im
ages of the glass plane

from
 different orientations. T

o align the im
ages, the 

relative transform
ation betw

een the im
ages has to be 

estim
ated.

E
xhaustive search for the param

eters is notpossible 
because the param

eter space is very large (8 
param

eters).

P
ossible approach for p

aram
eter estim

atio
n

:
•

F
ind an estim

ate w
ith a low

er-dim
ensional m

odel 
(e.g., translatorial only to coarsely com

pensate 
m

otion)
•

D
eterm

ine an initial estim
ate for the perspective 

m
odel (see next slide)

•
U

se the gradient-descent technique for fine 
alignm

ent.
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F
u

ll P
ersp

ective P
an

o
ram

as (3)

D
eterm

in
e in

itial estim
atio

n
of the perspective m

odel:

1.
S

earch for four blocks w
ith characteristic features.

2.
E

ven though w
e have com

pensated translatorial 
m

otion the features w
ill not m

atch perfectly. R
efine 

m
atching positions of the blocks in the second im

age 
by block-m

atching.In general, the m
otion vectors w

ill 
be different for the four blocks.

3.
T

hese four m
otion vectors (w

ith tw
o param

eters each) 
can be used to determ

ine the eigth
param

eters of the 
perspective m

otion m
odel (eight equations for eight 

unknow
ns).
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F
u

ll-P
ersp

ective P
an

o
ram

as (4)

F
in

e
alig

n
m

en
t

1.
S

tart w
ith the param

eter vector estim
ated in last step:

2

,

|)
'

,'
(

)
,

(
|

)
(

∑
−

=
y

x

y
x

g
y

x
f

p
E

rr
&

)
(

1
i

i
i

p
E

rr
p

p
&

&
&

∇
−

=
+

)
;

;
;

;
;

;
;

(
2

1
22

21
12

11
0

b
b

t
t

a
a

a
a

p
y

x
=

in
itial estim

ate

erro
r fu

n
ctio

n
 (h

ard
to

 calcu
late)

0
p &

2.
C

onsider the m
atching-error depending on the 

transform
ation param

eters:

3.
D

o a gradient descent search to find a better m
atch.
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F
u

ll-P
ersp

ective P
an

o
ram

as (5)

Im
ag

e exam
p

le
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8.2.4
T

ext D
etectio

n

G
o

al
E

xtraction of text appearing in a video. M
otivation: text 

is rich in sem
antics.

W
e distinguish betw

een artificially generated text (such 
as a m

ovie title) and text appearing in a scene.

A
lg

o
rith

m
•

D
etect regions of the fram

e containing text, 
•

cut them
 out,

•
run an O

C
R

 algorithm
 (optical character 

recognition.

C
h

aracteristics o
f g

en
erated

 text in
 a vid

eo
•

m
onochrom

e
•

rigid
•

in the foreground
•

the letters have a m
inim

um
 and m

axim
um

 size 
•

either stationary or m
oving linearly

•
high contrast to background

•
appears repeatedly in successive fram

es
•

letters appear in groups.
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T
ext S

eg
m

en
tatio

n
 (1)

T
ext is m

o
n

o
ch

ro
m

e

o
rig

in
al fram

e o
f a vid

eo
seg

m
en

tatio
n

 in
to

 reg
io

n
s
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T
ext S

eg
m

en
tatio

n
 (2)

A
pply thresholds for the size of the letters and the 

contrast.

p
revio

u
s resu

lt
after

th
resh

o
ld

in
g
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T
ext S

eg
m

en
tatio

n
 (3)

T
he text m

ust be either stationary or m
oving linearly 

(here: horizontally).

after ap
p

licatio
n

 o
f 

th
e ru

le o
f h

o
rizo

n
tal 

m
o

tio
n

p
revio

u
s resu

lt
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E
xp

erim
en

tal R
esu

lts

test vid
eo

 
n

u
m

b
er 

o
f fram

es 
n

u
m

b
er o

f 
letters 

su
ccessfu

l 
fin

d
in

g
s 

title seq
u

en
ces 

7372 
6423 

99%
 

ad
vertisem

en
ts 

6858 
1065 

99%
 

n
ew

scast  
18624 

1411 
97%

 

 (from
 the dissertation of R

ainer Lienhart, P
raktische 

Inform
atik

IV
, U

. M
annheim

)

D
etection of text regions in a video
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8.2.5
F

ace D
etectio

n

G
o

al
D

etection of areas in a video fram
e that show

 the 
frontal view

 of a hum
an face.

A
p

p
ro

ach
•

C
onstruct a neural netw

ork for the detection of 
texture

•
T

rain this netw
ork w

ith thousands of faces, w
here 

the line betw
een the eyes as w

ell as an orthogonal 
line tow

ards the tip of the nose are m
arked 

•
P

rocess an unknow
n im

age w
ith search areas in 

varying sizes:
-

pre-processing / filtering / standardization of the 
illum

ination
-

test on the hypothesis “face” w
ith the trained 

neural netw
ork.
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A
lg

o
rith

m
 ”F

ace D
etectio

n
”

P
yram

id
 o

f th
e 

in
p

u
t im

ag
e

S
earch

 area 
(20x20 p

ixels)
S

tan
d

ard
izatio

n
 

o
f lu

m
in

an
ce

S
tan

d
ard

izatio
n

 
o

f h
isto

g
ram

subsampling

P
re-p

ro
cessin

g

S
tan

d
ard

izatio
n

 
o

f h
isto

g
ram

N
eu

ro
n

al n
etw

o
rk

In
p

u
t in

to
 

th
e n

etw
o

rk

20 x 20
p

ixels

R
ecep

tive 
field

s

L
ayer o

f 
h

id
d

en
 

n
eu

ro
n

s

R
esu

lt o
f 

th
e n

etw
o

rk
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M
u

ltip
le D

etectio
n
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V
isu

alizatio
n

 o
f R

esu
lts


