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F A S T  D IG IT A L  PATHS A P P R O A C H  S P A T IO -T E M P O R A L  F IL T E R

S um m ary. A  new e ffic ien t spatio-temporal filte ring  technique fo r o ff- lin e  video 
enhancement was presented in  this paper. The new approach is based on d ig ita l 
paths concepts [16, 17] in  three dimensional space. The d ig ita l paths can ex­
plore image structures in  spatial as w e ll as temporal coordinates from  subsequent 
frames.
Presented technique copes w ith  d ifferent video artifacts such as Gaussian, im p u l­
sive and grain noise and s til l preserves and even enhances edges.

C Z A S O W O -P R Z E S T R Z E N N Y  F IL T R  FD PA

Streszczenie. A rty k u ł przedstawia nową, e fektywną metodę filtra c ji bar­
wnych sekwencji w ideo. Zaproponowany a lgorytm  w ykorzystu je ideę ścieżek 
cyfrow ych  w  tró jw ym ia row e j przestrzeni. Ścieżki cyfrow e eksplorują struktury 
obrazu zarówno w  czasie, ja k  i  w  przestrzeni, co zapewnia doskonałe zachowanie 
detali obrazu oraz zapobiega powstawaniu artefaktów związanych z uśrednia­
niem ruchom ych obiektów  pom iędzy ko le jnym i k la tkam i. Zaprezentowana tech­
n ika skutecznie usuwa szum gaussowski, im pulsow y oraz artefakty kompresji, 
zachowując, a nawet poprawiając krawędzie w  obrazie.

1. In tro d u c tio n

From  several years we can observe increasing interest in  video processing. V ideo 
noise reduction w ithou t structure degradation is perhaps the most challenging video en­
hancements task.

There are several sources o f video noise such us:

•  sensor noise - especially v is ib le  in  cheap cameras and in  low  lig h t v is ion tasks,

•  d ig ita l compression artifacts - b locking, ring ing

•  transmission artifacts

•  f ilm  artifact - dust, scratches, fingerprints and grain noise - those artifacts are really 
im portant in o ld movies restoration.

Several techniques have been proposed over the years. Am ong them are standard 
noise reduction techniques, the so-called spatial filters, applied to subsequent frames o f 
the video stream.



208 M. Szczepański

Fig. 1. Paths in the test image LENA

However, standard image processing techniques cannot u tilize  a ll available in fo r­
mation i.e. s im ilarities in neighboring frames.

M odern video denoising algorithm s can be d ivided in to  three basic groups:

•  spatial - standard noise reduction techniques, a ll frames are processed separately

•  temporal - on ly  temporal in form ation  is used,

•  spatio-temporal - com bination o f  spatial and temporal denoising.

In  this paper we propose a d iffe ren t approach. We propose to exp lo it possible 
connections between successive image p ixe ls using the concept o f  d ig ita l paths in  spatial 
domain w hich can be extended to temporal domain and understood as trajectories or 
object displacements in subsequent frames.

A fte r analyzing some natural images one could find that p ixels fo rm  some k ind  
o f "paths", especially in  textures and on the fine image details. Examples o f  such "paths" 
in  famous test image LENA are presented in F ig. 1.

Accord ing  to the proposed here m ethodology, image p ixels are grouped together 
fo rm ing  paths that reveal the underly ing structural dynamics o f  the image.

The path displacements evaluated over a ll possible d ig ita l paths, are used to de­
rive fuzzy membership functions that quantify  s im ila r ity  between vectoria l inputs. The 
proposed filte ring  structure is then using the function outputs to appropriate ly w eight 
input contributions in  order to determ ine the filtered result.

The proposed filte ring  technique can successfully e lim inate Gaussian and im p u l­
sive noise as w e ll as d ig ita l compression artifacts. However, thanks to the in troduction 
o f  the d ig ita l paths in  its supporting element, the new filters not on ly  preserve the edges 
and the other fine details in  the image, but it is possible to enhance them acting as an 
image sharpening operators.

Some temporal filters can introduce strong ghosting artifacts from  m oving objects 
[2 ], however tracking capabilities o f  d ig ita l paths reduce to m in im um .

The paper is organized as fo llow s. In Section 2 2. the general concept o f  the 
d ig ita l paths applied to the spatial filters is introduced. Section 3 3. introduces concept 
o f  our spatio-temporal filte r, w h ile  Section 4 presents s im ulation results. F ina lly, Section 
5 summarizes our paper.
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2. Spatial Fast Digital Paths Approach Filter (FDPA)

2.1. General filter framework

In  this w ork  general fuzzy filte ring  structure proposed in  [7, 8, 10] w ill  be used. 
The general fo rm  o f the fuzzy adaptive filters proposed in this w ork  is defined as 
weighted average o f input vectors inside the processing w indow  W.

k-1
fc-i e  m  

FQ =  Y J^ i Fi =  ~  , (1)
i=0 £  IM

i=0

where F j and Fq denotes filte r inputs and output respectively.
The relationship between the p ixe l under consideration (w indow  center) and each 

p ixe l in  the w indow  should be reflected in  the decision how to define the filte r weights. 
In  our case weights w il l  be calculated using s im ila rity  functions calculated over d ig ita l 
paths included in  the processing w indow  W.

In  order to s im p lify  im plem entation o f  a lgorithms and make them faster the path 
length w il l  be fixed to the certain value n. In  such case algorithms w ill  consider only 
paths o f  length n.

Using the connection cost function  concept it  is possible to define d ifferent 
classes o f  s im ila r ity  functions. Choosing a specific fo rm  o f s im ila rity  function  yields 
d ifferent f ilte r  classes, w ith  d iffe ren t properties w hich can be applied fo r various low  
level v ision tasks.

2.2. Connection Cost Defined over Digital Paths

In order to perform  operations based on the distances we first need to define the 
notion o f  a topologica l distance.

Le t Q be any nonempty set. We can measure distances between points in  Q, w hich 
amounts to defin ing a real valued function  on the Cartesian product Q x  Q o f  Q w ith  itself. 

Le t the function  p : Q x  Q —> R be called a distance i f  i t  is positive definite,

p(Fi, F j) >  0, w ith  p(Fi, F j) =  0 when Fi =  F j, (2)

and symmetric

p(Fit F j) =  p(F j, Fi), fo r a ll Ft, F j e Q. (3)

A  distance is called a m etric i f  add itiona lly  i t  satisfies the triangle inequality [5]

p(Fi, Fk) <  p (F , F j) +  p{F j, Fk), fo r a ll F j, Fj, Fk 6 Q. (4)

In  d ig ita l image processing three basic distance functions are usually applied.
I f  Fi =  (F / ,  F f)  and F j =  (F j,F ~ ) denote two image points (F j, F j e Z 2) then we define 
the

•  c ity -b lock  distance

p4(F j, F j) =  |F /  — F j\  +  |F? — F j \ , (5)
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Fig. 2. a) Continuous path I I  leading from the Fi to Fj, and b) increasing polygonal line on the 
path II

> -n (6 ) - n  (b)

•  chessboard distance

p8(Fi, F j)  =  max { \F> -  F} | , |F f -  F] \ }  , (6)

•  Euclidean distance

pE{Fu F j) =  [(F l -  F j) 2 +  (F 2 -  F 2)2] * , (7)

Using the c ity -b lock  and chessboard distances we are able to define the two basic 
types o f  neighborhoods, 4-neighborhood A/4 and 8-neighborhood A/s

A r, (Fi) =  {F j, P4 (Fi, F j) =  1} , A/’s (F i) =  {F j,p 8 (Fh F j)  =  1} . (8)

Le t tj  e  {4 ,8}. Two points Fi, F j 6 Z 2 are said to be in  w-neighborhood re lation 
or to be A/^-adjacent i f  Ft e A fu (F j)  o r equiva lently Fj e Jfu (Fi). This A/^-adjacency 
relation defines a graph structure on the image dom ain, called w-adjacency graph. On 
the graph, a fin ite  A/L,-path can be defined as a sequence o f  points (po,Pi, ■ ■ • >Pn) such 
that fo r i  € { 1 ,2 , . . .  ,n }  the po in t p i- \  is Afw adjacent to pi. A  path is called sim ple i f  
i  f  j  im plies that pi f  p j. This is a very im portant property o f  a path, as it  means that a 
path does not intersect itse lf [6].

Le t us now introduce the concept o f  a geodesic distance.
Le t us assume, that K 2 is the Euclidean space, S is a subset o f  R 2 and x, y are 

points belonging to set S. A  path from  x  to y is a continuous m apping IT: [a, 6] —► S, 
such that n (a ) =  x  and 11(6) =  y (F ig. 2a). The po in t x  is considered as starting po in t 
w h ile  y is the ending po in t on the path I I  [3].

A n  increasing polygonal line  P  on the path n  is any polygonal line  such that 
P — { I I(A t ) } ”=0, a =  A0 <  . . .  <  An =  6. The length o f  the polygonal line  P  is considered 
to be the total sum o f  its constitu tive line  segments L (P ) =  £)"=1 p (I l(A t_ i) , II(A j))  where 
p(x, y) is the distance between the points x  and y, when a specific m etric is adopted. A  
path I I  from  x  to y is called rectifiable, i f  and on ly i f  L(P ), where P  is an increasing 
polygonal line, is bounded. Its upper bound is called the length o f  the path I I  (F ig. 2b).

The geodesic distance ps (x ,y ) between points x  and y is the low er bound o f  the 
length o f  a ll paths leading from  x to y w h ich  are to ta lly  included in  S. I f  such paths do 
not exist, then the value o f  the geodesic distance is set to 00. In  general ps (x, y) >  p(x, y).
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However, i f  the set S is convex, meaning that there are no points on the line  between x  
and y that are not members o f  S, the geodesic distance satisfies ps {x, y) =  p(x, y).

The notion o f  the path can be applied to a lattice, w hich is a set o f  discrete points 
in  the plane, in  our case the spatial locations o f  the image pixels. Let a d ig ita l lattice 
H  =  (F, Af) be defined by F , w hich is the set o f  a ll points o f  the plane (pixels o f  a co lo r 
image) and a neighborhood relation Af between the la ttice  points [13]. In the case o f 
the ranked-type non-linear filters the processing w indow  W  form s a lattice where A f  is 
defined through the w indow  size.

A  d ig ita l path P =  {p ;}"=0 defined on the lattice H  is a sequence o f neigh­
boring points G Af. The length L (P ) o f  the d ig ita l path P { p i} " =0 is s im ply
]C£=i Pn (Pi-i>Pi)» where pn  denotes the distance between tw o neighboring points o f  the 
lattice H

Constrain ing the paths to be to ta lly  included in  a predefined set W  e F  yields the 
d ig ita l geodesic distance pw .

A n  .^ -n e ig h b o rh o o d  system (w =  4 or oj — 8) is considered in  this w ork  w ith  a 
topo log ica l distance o f 1 assigned between tw o neighboring points (Fig. 3).

Le t us adopt the fo llo w in g  notation, w hich w il l  help us define the distance func­
tions defined over d ig ita l paths.

The starting po in t o f  a path w il l  be denoted as po =  (xo> po). Its neighbors w il l  be 
denoted as p\ =  {xUl,yVl), w hich means that the neighbors are the second points o f  all 
d ig ita l paths o rig ina ting  at po- Then the th ird  po in t o f  a d ig ita l path starting at po w il l  be 
P2 =  ( x „2, yV2) and so on, t i l l  the path reaches in  n steps the ending point pn — (xUn,yVn).

The set o f  a ll possible d ig ita l paths contained in  W  jo in in g  tw o points x, y e W  
w ill  be denoted as $ lv (x ,p ).

Two p ixe ls x  and y w i l l  be called connected (hereafter denoted as x  <-> y), i f  there 
exists a d ig ita l path P w (x , y) contained in  the set W  starting from  x  and ending at y.

I f  tw o  p ixels po and pn are connected by a geodesic path P w'n {po, p i , . . .  ,p „ }  o f 
length n  then let A lt/’n {po ,p i, . . .  ,p „ }  be a function  w hich measures the connection cost 
defined over the d ig ita l path lin k in g  the starting po in t po and ending po in t pn.

where /  is a nonnegative scalar function  o f  n vector variables.
The connection cost over the d ig ita l path Aw'n w il l  be defined as a measure o f 

d iss im ila rity  between co lo r image p ixels p o ,  p i , . . . ,  p n  fo rm ing  a specific path lin k in g  p o  

and pn [4, 18].
I f  a path jo in in g  tw o d istinct points x, y, such that F (x)  =  F(y) consists o f  lattice 

points o f  the same values, then the connection cost should be zero, otherw ise Aw’n >  0.
L e t us define a generalized connection cost function, based on the Distance Trans­

fo rm  on the Curved Space [12, 18] introduced by Toivanen fo r the gray scale images.
For tw o given points p* =  {xUi,yVl) and p i- \  =  ( v , , ^ . , ) ,  i  =  1 ,2 , . . .  ,n , w hich 

are in  neighborhood relation, le t the generalized distance between the two points w ill  be 
called connection cost

Aw'n {po ,p i,P2 , . . . , P n }  =  f  {F  (p o ) , F  ( p i ) , F  (p2) , . . . ,  F  (pn) }  =  
/  {F  (x0, yo ) , F  {xUl ,yVl) , F  (xU2,yVl) , . . . , F  {xUn,yVn)} (9)

A ll,1 { p i- i ,P i}  =  ||F(pi) -  F{pi-i)\\ + p w (piipi-i) (10)

The connection o f  a whole d ig ita l path p0, p i , . . . ,  p „  w ill  be
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Fig. 3. Geodesic paths o f length: a) length o f 2; b) length o f 3, connecting two neighboring 
points within a predefined window W  o f size 3 x 3 ,  when the 8-neighborhood system is 
applied

n

{POiPli • ■ • )Pn} =  [ llF (Pl) _  F f e - l ) l l  + P W(P i,P i-l) (11)A 1» ____________
=i

S im ila rly  to the gray-scale case, we w ill  ca ll the m in im a l connection cost 
r " /,n(2;! ?/) o f  a path o f  length n  lin k ing  two points x ,y  S W, the rc-geodesic between 
x and if.

Tw'n (x, y) =  m in { A (7 ) ,  7 6 $ vl/’n }  ( 12)

In  this way the n-geodesic is defined as the path o f  length n, w h ich  gives the 
m in im a l connection cost between tw o points linked by a d ig ita l path. I f  we take the 
m in im um  o f the connection cost generated by a ll possible paths jo in in g  two points x 
and y € W, then we get the generalized m ultichannel geodesic distance between these 
points

r l l '(x ,? /) =  m in { r H' n ( x ,y ) }  =  m in | a  {p ) ,p €  P W'n ( x ,y ) ,n €  w j  . (13)

r ”  (a;, y) defines the m ultid im ensional distance transform, w hich  is a generaliza­
tion  o f the Distance Transform  on Curved Space introduced by Toivanen fo r the gray­
scale images.

In  general, tw o d istinct p ixe l’s locations on the image lattice could be connected 
by many paths. M oreover the number o f  possible geodesic paths o f  certain length n 
connecting tw o d is tinct points depends on the ir locations, length o f  the path and the 
neighborhood system used (Figs. 3 and 4).

2.3. S im ila r ity  fu n c tio n

Let us now define a s im ila r ity  function, analogous to a membership function  used 
in  fuzzy systems, between the starting po in t x =  po and po in t y — p i crossed by the 
d ig ita l path connecting p ixe l p0, its neighbor p\ w ith  a ll possible points pn w hich can be 
reached in  n steps from  po-
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Fig. 4. There are six paths o f length 4 connecting point x and y when the 4-neigliborhood system
is used (W  o f size 3 x 3 )

The aim  o f taking into account the points p2, . . - ,p n when calculating the s im ila r­
ity  between po and p\ is to explore not on ly the d irect neighborhood o f pq but also to use 
the in form ation  on the local image structure.

This can be done by acquiring the in form ation  on the local image features investi­
gating the connection costs o f  d ig ita l paths orig inating at po, passing p\ and then v is iting  
successive points, t i l l  the path reaches length n. In  this case the s im ila rity  function takes 
the form :

p w'n {x ,y ) =  p w'n (po.Pi) =  9 {Po,Pi.P2> • • • >P n}) ( I 4 )
P { P O , P l , P 2< - P 'n }

where P{po,P i,P2> ■ ■ ■ >Pn] denotes the set o f  a ll paths orig inating  at x — po crossing 
y =  p i and ending in  pn w hich are to ta lly  included in  W, Aw'n {■} is a d iss im ila rity  value 
along a specific path and <?(•) is a smooth function o f  A u' n .

The smooth function g : (0; 00] —> R should satisfy fo llo w in g  conditions:

1. g is a decreasing in (0; 00],

2. g is convex in  (0; 00],

3. 5 (0 ) =  1,

4. g (A) =  0 , when A —> 00 .

Several functions satisfying the above conditions have been proposed in  the lite r­
ature [9, 11, 14, 15J:

g i(x ) = e - * * ,  A 6 ( 0 ; o o ) ,  (15)

92(2) =  y  1 02 £ (0;oo), (16)

ga(x) =  (1 , 03 6 (0; 00), (17)
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Fig. 5. Digital paths o f length n — 2 connecting points x  and y, where d\, d\, d\ and d\ are 
connection costs: d} =  ||Fq — F 2|j, df — ||F2 — F 31|, d\ =  ||Fo — F 4|| and d\ —
l|F4 -  F 3||

<74 (x) — I  arctan(/?4x) , 04 G (0; 00),

95(x) =  - 0 5  € (0; 00),
+  e ^ x

9e(x ) =  7 - ; - 3  , f t e ( 0 ; i ) ,

97 07 e (0;oo).

(18)

(19)

(20) 

(21)

1 +  X&6 
— 0 7 X  i f  X  <  1 / 0 7 ,

0 i f  X  >  1 / 0 7 ,  ’

In  this w o rk  the exponential function  o f  (15) is assumed so our s im ila rity  function  
takes the form :

0 - A w'n {po,P i,P *2,---yn}  (22)pw'n (x, y ) =  p w’n {p o ,P i)=  Y 2  exP
P {P O ,P l, P i , - , P n }

where 0  is the filte r design parameter.
For n  =  1 and a square (3 x  3) w indow  W  the s im ila rity  function  p  is defined as

p w'x (x ,y ) =  exp {-/3 ||F (a :) -  F (y ) | |}  , (23)

and then i f  F(x) — F (y), Aw'n(x ,y ) — 0, p {x ,y )  =  1, and fo r ||F (2,-) -  F(y)\\ —> 00 then
p -»  0 [8 ].

Figure 5 illustrates the ca lcu lation o f  the s im ila rity  function  between tw o points 
connected by tw o paths o f  length 11 — 2. In  this case

A l' '2{x , y) =  d i +  d\, '2(x, y) =  d \+ d \ ,  (24)

w ith  d\, d\ distances between neighboring points on the path P\ defined according to 
(11), w h ile  d\, do are s im ila rly  defined on P2. The total s im ila r ity  value can be expressed 
as fo llow s:

pw'2 = exp 0  • A j1,2j  +  exp ( - 0  ■ A2 'W,2\ (25)

A  nonnalized form  o f the s im ila rity  function  can be defined as fo llow s:

¿2 exp [ - 0 - A w ’n (po, P i, P2, •■•,£«}]
/ W ,  71 I  \  1 W . T l  (  \  ^ { P 2 iP 3 ) " , )P n }

V '  =  r ' ( p o , p i )  =  -
X] exp [ - 0  • A iy’n {po,p*v p*2, . . .  ,p * }]

P{PO ,Pi 1P21-"  iPn }

(26)
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where P{po,P i, ■ ■ ■ ,pn) denotes paths jo in in g  x =  p0 and pn crossing y — p lt  whereas 
{ po,p I,P ï , ■ ■ ■ ,Pn} do not necessarily cross y =  p\ when jo in in g  po and pn.

Assum ing that the p ixe l x =  po is the p ixe l under consideration, w ith  F(y) repre­
senting the p ixe l y =  p\ the filte r output F(x)  is given as fo llow s:

F ( x ) =  £  ÿ W-n (x >y ) . F ( y ) = 5 3 ^ wr'**(POlp 1) . F ( p 1),
y ~ A /s (x )  P i

and com bin ing w ith  (26):

(27)

¿2 exp [ - ß  ■ AW'n {po,Pl,P2, ■ ■ • ,pn}]
p  / N _  P{P 0 ,P l ,P 2 -- - ,P n }_________________________________________________

Po ^  e x p [-ß -  Aw'n {pa,p\,p*2,...,p *n}}
F (p  i )  (28)

pi
P { P O , P l , P l , - , P ' n }

3. Spatio-Temporal Fast Digital Paths Approach Filter (FDPA-3D )

O ur Spatio-temporal approach extends idea o f  d ig ita l paths in  the image lattice 
in to  three dim ensional space. Paths in tim e can be interpreted as object trajectories 
through subsequent frames.

In  general spatio-temporal a lgorithm  extension introduces on ly  one difference 
shape o f  the processing w indow  W. F igure 6 shows 3D masks used fo r  video processing 
using 4 and 8-neighborhood. In  this w ork simple mask o f 3 x  3 x  3 w ith  8-neighborhood 
w ill  be used.

a) b)

Fig. 6. Examples o f spatio-temporal masks W  fo r  a)4-neighborhood and b) 8-neighborhood 
systems

4. Simulation Results

O ur new filte r effic iency was tested on numerous video sequences. Subjective 
results were obtained from  o rig ina l noisy v ideo sequences, however some synthetic tests 
w ith  a rtific ia l noise were also performed.

Objective qua lity  measures such as the Root Mean Squared E rro r (R M SE), the 
Signal to Noise Ratio (SNR), the Peak Signal to Noise Ratio (PSNR), the Normalized 
Mean Square E rro r (N M SE ) and the Normalized Color Difference (N C D ) [11] were
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used fo r the analysis. A l l  those objective qua lity measures were calculated fo r  the se­
quence o f the filtered images. The fo llo w in g  form ulas define each measure fo r  each 
video frame separately:

where M , N  are the image dimensions, and F l ( i , j ) and F l ( i , j )  denote the 1th com po­
nent o f  the o rig ina l image vector and its estimation at p ixe l ( i . j ) , respectively.

The N C D  perceptual measure is evaluated over the un ifo rm  L*u*v* co lo r space. 
The difference measure is given as fo llow s:

p ixe l vector in  the L*u*v* space.
The performance o f  the fo llo w in g  filters was evaluated:

•  Temporal A rithm e tic  Mean F ilte r - TAMF  (w ith  tim e w indow  o f size 3),

•  Spatial Vector M edian F ilte r [1 ] (w ith  w indow  3 x 3  and L \ norm),

•  Spatial Fast D ig ita l Paths Approach FDPA (w ith  paths o f  size 2 and p  =  15),

•  Spatio-temporal Vector M edian F ilte r - VMF3D  (w ith  w indow  3 x 3 x 3  and L \ 
norm),

•  Spatio-temporal Fast D ig ita l Paths Approach FDPA3D  (w ith  paths o f  size 2 and
0 = 1 5 )

Figure 7 and 8 show filte ring  results o f  single frame from  noisy video sequences 
The Car and The Jongleur. Bo th  sequences contain the sm all m oving  objects and rela­
tive ly  b ig  static areas. Temporal filters are capable o f  perfect sm oothing o f  static areas, 
however they produce ghosting artifacts. On the other hand spatial filters are ’ to weak’ 
to remove a ll artifacts. The proposed a lgorithm  smooths static areas, preserves edges 
and reduces ghosting artifacts to neg lig ib le  level (unnoticeable in  m oving  sequence).

1 2
R M S E  =

\  N M L
(29)

¿=0 j —0 1=1

N M S E  = (30)N - l M - l  L

i= 0 j=0 1=1
N - l M - l  L
E  E  E

S N R  =  10 log
t=0 j =0 (=1

(31)

(32)

(33)

where A El uv =  [ (A L * )2 +  (A n *)2 +  (A n *)2] 2 is the perceptual co lo r error and E*Luv =  

[(L *)2 +  (a *)2 +  (u*)2] 2 is the norm  o r magnitude o f  the uncorrupted o rig ina l image
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e) f )

Fig. 7. Comparison o f the efficiency o f the tested filters applied to the noisy sequence The Car 
(Frame no. 96): a) crop from the original noisy frame, b) spatial VMF, c) spatial FDPA 
filter, d) Temporal mean filte r (TAMF), e)spatio-temporal vector median (VMF3D) and 
f )  spatio-temporal FDPA (FDPA3D)

Figure 9 presents comparison o f the efficiency o f  the tested filters applied to the 
sequence Rabbit corrupted w ith  m ixed Gaussian (a — 15) and impulsive noise (5% ) 
w h ile  objective qua lity  measures are colected in Tab. 1. It is clear that presented tech­
nique outperform s compared filters especially when applied to videos corrupted w ith  
heavy and m ixed noise.
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Fig. 8. Comparison o f the efficiency o f the tested filters applied to the noisy sequence 'Jongluer 
(Frame no. 52): a) crop from the original noisy frame, h) spatial VMF, c) spatial FDPA 
filter, d) Temporal mean filte r (TAMF), e)spatio-temporal vector median (VMF3D) and 
f )  spatio-temporal FDPA (FDPA3D)

A fte r  closer inspection it  can be noticed that Spatio-Temporal FD PA filte r  also 
elim inates some compression artifacts (F ig. 10).
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e) / )

Fig. 9. Comparison o f the efficiency of the tested filters applied to the sequence Rabbit cor­
rupted with mixed Gaussian (a = 15j and impulsive noise (5%) - Frame no. 36: a) 
crop from the corrupted frame, b) spatial VMF, c) spatial FDPA filter, d) Temporal mean 
filter (TAMF), e(spatio-temporal vector median (VMF3D) and f) spatio-temporal FDPA 
(FDPA3D)

5. C onclusions

This paper has introduced a new effic ient filte r fo r co lo r video denoising. Pre­
sented technique utilizes fuzzy membership functions over vectorial inputs connected 
via  d ig ita l paths in  spatio-temporal domain.



2 2 0 M. Szczepański

Table 1
Comparison o f the new algorithm with the standard some techniques using the rabbit 
sequence corrupted w ith mixed Gaussian (a =  15) and impulsive noise (5%) (Fig. 9)

M E T H O D NM SE [10-3] RMSE SNR [dB] PSNR [dB] NCD [10-4]
N O N E 581.840 27.288 12.352 19.411 120.540

T A M F T 284.700 19.089 15.456 22.515 109.580
FDPA 114.510 12.106 19.411 26.471 66.349

FDPA3D 90.704 10.774 20.424 27.483 62.235
V M F 158.450 14.241 18.001 25.060 74.535

V M F 3D 171.770 14.827 17.651 24.710 77.650

a) b)

Fig. 10. a) Crop from the original rabbit sequence Frame no. 36, and b) after application of 
FDPA3D

The proposed filte ring  technique can successfully e lim inate Gaussian and im p u l­
sive noise as w e ll as d ig ita l compression artifacts and its outperform s compared filters.

The new approach is com putationa lly demanding, so w itho u t fu rthe r optim ization 
i t  can be used fo r o ff- lin e  processing. However im plem entation w ith  GPU can increase 
processing speed significantly.
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Recenzent: D r  hab. inż. W iesław  Kotarski

O m ów ien ie

W  niniejszej pracy przedstawiono nową, e fektywną metodę filtra c ji barwnych 
sekwencji w ideo - czasowo-przestrzenny f i l t r  FDPA (FDPA3D ). G rupy p ikse li obrazu 
fo rm u ją  ścieżki cyfrow e odzwierciedlające struktury przestrzenne występujące w 
obrazie, podczas gdy obiekty występujące w kole jnych klatkach tworzą trajektorie. 
Zaproponowany a lgorytm  w ykorzystu je  ideę ścieżek cyfrow ych  w  tró jw ym ia row ej 
przestrzeni.

Ścieżki cyfrow e eksplorują struktury obrazu zarówno w  czasie, ja k  i przestrzeni, 
co zapewnia doskonałe zachowanie detali obrazu oraz zapobiega powstawaniu artefak­
tów  zw iązanym  z uśrednianiem ruchom ych obiektów  pom iędzy ko le jnym i k latkam i.

Skuteczność prezentowanego algorytm u przetestowano zarówno z w ykorzys­
taniem naturalnie zaszumionych sekwencji w ideo, ja k  i m ateriału z zakłóceniem syn­
tetycznym. W  testowanych sekwencjach występowały sceny statyczne oraz szybko 
poruszające się obiekty.

Otrzymane rezultaty pokazują, że zaprezentowana technika skutecznie usuwa 
szum Gaussowski, im pulsowy, e fekt ziarna oraz artefakty kom presji cyfrow ej. Opra­
cowany f i l t r  FDPA3D  doskonale zachowuje, a nawet popraw ia krawędzie w  poszczegól­
nych klatkach, nie powodując równocześnie rozm ycia  ruchom ych obiektów.


