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A B S T R A C T  

In this paper a new approach on 
scene change detection 1s provided In 
order t o  lrnprove t h e  e f f i c i e n c y  f o r  
d i g i t a l  image transrnlssion even ~f the 
camera i s  moving. Thls app l i ca t ion  shows 
the r e s u l t s  obtained w l t h  an unchanging 
scene seen from a mechanically unstable  
( d u e  t o  atmospheric condi t ions  and o t h e r  
d l  s turbances) camera, 

The  work is app l i ed  t o  t h e  
transrnlsslon of moving objects on a 
rai lway crossnng, so t h e  rarlway d r ~ v e r  
can sce w h a t  1 s  happening a t  the  cross ing 
a long trme before a r r l v i n g  there. 

The v i s i o n  system presented i s  ab le  
t o  recognize some scene features, whlch 
can prov ide  the necessary ~nforrnat ion 
about object movement i n  s p l t e  of t h e  
poss ib le  camera rnovcment. 

Kwwords: Motlon, Color, Llnn conespondences. 

I N T R O D U C T I O N  

The paper i s  organized a s  follows: 
Firstly, t h e  general problem i s  
introduced and an overview of motion 
d e t e c t ~ o n  is presented. Secondly, how to 
es t lma te  motion from v e r t i c a l  s t r a i g h t  
l l n e s  (VSL) are described, inc luding the 
detection by hue and luminance 
components. Thirdly ,  the real-time Vision 
System Architecture used on the 
applrcat ion i s  described and finally t h e  
a l g o r l t h r n  for line correspondences and 
t h e  r e s u l t s  obtalned a r e  l i s t e d .  

The motion estimation problem has 
been s tudied from several years ago by a 
l a r g e  number of s c i e n t i s t s .  Solving the 
motion a n a l y s i s  problem usual ly  requires 
three  different steps: f e a t u r e  detection, 
correspondence of p r imi t ives  and motion 
parameters estimat~on. 

To do the feature ex trac t ion  
i n v o l v e s  t h e  d e t e c t i o n  far the movlng 
ob]ects of a l a r g e  number o f  
characterist ics  such a s  p o i n t s ,  line 
segments, vertices, corners, straight 

l i n e s ,  etc.. . To t ake  scene f e a t u r e s  a s  
reference i s  a l s o  a very common top ic  for 
lrnage sub t rac t ion  and rnotlon de tec t ion .  

In add i t ion ,  the problems of a 
moving camera and an unstable  background 
have been studied. h.V.Brandt and K-P 
Karmann [ 1 , 2  1 present a  motion estimation 
based  on a model of camera dynamics and 
a algori thm based on a Kalmann f l l t e r  
using adaptat~ve reference images. 

Algorithms and a r c h i t e c t u r e s  f o r  
edge detection have been a n  e s s e n t i a l  
part for many computer vision systems. I n  
131 K.Korles and G.Zlmmermann present a 
summary o n  feature d e t e c t o r s  for  motion 
detec t l an .  Also, several methods have 
been proposed to compute the  motion 
parameters using o p t i c a l  flow. Because 
t h i s  i s  an unconstrained problem, a l l  
motion es tirnatlon algori thms involve 
add i t iona l  assurnptlons about the 
s t r u c t u r e  and stereo rmaqes.  In these 
cases,  vmdeo-rate opera t i en  I S  not 
possrble and the polynomial solutions 
require i n i t i a l  guesses, h i g h  computing 
cost, and usua l ly  more t h a n  two frames. 
C-Jerian and R.Jaln I41 make use on 
polynomial methods for s o l v i n g  t h e  
structure from motion problem. 

We focus on the line correspondences 
problem w h i c h  i s  a very common top lc  o n  
motion de tec t ion .  I n  t h i s  way the works 
made by Y.Liu and T.S.Huang [ 5 , 6 ]  have a 
spec ia l  relevance.  

M o s t  of the r e a l  cases It is 
possible t o  g e t  many s t r a i g h t  Psnes from 
horizontal grad ien t s ,  w h i c h  are 
assoc ia ted  t o  co lo r  and lunlnance 
changes. 

The r e s u l t s  of R. Nevat ia  ( 7 )  
indicate t h a t  luminance and chromatic 
edges tend t o  be highly correlated. 

On t h e  other hand, scenes with l o w  
i l luminat ion l e v e l s  have chromat~cs edges 
much more contrasted t h a n  t h e  Image 
luminance component. This c a r a c t e r l s t l c  
gives robustness t o  the vision system 
under i l lumina t ion  changes and l o w  
~ l l u r n i n a t i o n  levels. Then, t h e  color  can 
be used t o  s i g n i f i c a n t l y  improve the 
c a p a b i l i t i e s  o f  a  v l s ion  system. 



The choice of color c o o r d i n a t e s  for The v e r t i c a l i t y  i s  therefore a 
edge extraction was initially p r e s e n t e d  feature that has no dependence from x, y 
by G.S.Robinson [ a ] .  movement and also from small r o t a t i o n s .  

I n  this paper, we make use of Y.S.L. Our application is intended to 
associated to horizontal gradients color detect movlng objects on a sallway 
components, in addition to luminance crossing and to send this ~ n f o r r n a t l o n  to 
g r a d i e n t s .  the r a i l w a y  d r i v e r  (fig.2). There are a 

lot o f  possibles causes that can modify 
the camera's p o l n t  of v iew.  As we would 

P R 0 B L E W D E S C R I P T I 0 N be expected, the simple differencing 
technique i s  n o t  at all appropriate for 

The target of this work is provide s o l v i n g  this particularity. 
useful information about motion detected 
in an outdoor scene. 

In (Fig. 1) two diffexents 
perspectives of the same s c e n e  are 
showed.  Our major interest f s  on t h e  
v e r t i c a l  edges assoc ia ted  ta wall 
corners ,  many-branched Lampposts, 
publicity pannels, catenaries,  etc. 

n9.2 Ranway drlver and monitor 

I n  a d d i t i o n ,  a great reduction on 
data transmission can be achieved sending 
only information about changes in t h e  
scene instead of sending again all tho 
s c e n e  information. This i s  used on 
videophone and video-conferencing 
applications together with image d a t a  
compression, 

Also there ara some matching methods 
for motion detection avaiable ,  but it 
results too cost ly  ( t i m e  and computing 
support). 

I n  order  to perform t h e  object 
motion detectlon, it is necessary to find 
the common area i n  t h e i r  two v i sua l  
f i e l d s  and then estimate the sensor 
movement. 

T h i s  problem i s  s o l v e d  by finding 
the r e l a t i v e  x and y shift and the small 
rotation between two consecut ive frames, 
extracted by means of correspondences 
between VSL of t h e  static  scenery. 

Rg.1 Perspective of the obrsrvod scenm, wlth Ax. Ay and a 
small rotation 

VSL, the m o s t  common technique used 
on structured environments,  h a s  t h e  
additional advantatge  t h a t  i s  almost 
invariant for a w i d e  range of movements 
of camera. 



A R C H I T E C T U R E  

In Ifig.3) the real time 
a r c h i  teeture used fo r  motion detection I S  
drawn, 

A standard RGB video  signal comes 
to the inputs provided by the camera. 
After its traitement by an A/D 
converter, a real tlme module converts 
thls RGB dlgital input slgnal to HLS 
digital values. This RGB/HES module i s  
controlled and programmed by t h e  
microprocessor system. T h i s  f e a t u r e  
easily allows to  change the mathematleal 
conversion. 

The (figs. 4) show the most 
outstanding components on hue (4a) and 
luminance (4b) gradients for a railway 
crosslng . 

Flp. 4a Hue component for a railway crosslng 

Fig. 4b Luminance for a railway crolsing 

A real time window operator is 
applied over the hue and the luminance. 
The window dimension is defined by ~ t s  7 
rows and 3 columns, and has been chosen 
looking far a balance between the 
l n f  ormation on the verticality feature 
and the hardware complexity. A f t e r  
applying this operator o v e r  the plcture 
each plxel is set  to  t h e  maximun 
gradient value  among the  two 
convolut loned  images.  

By using an adaptive thresholding a 
binary image is obtained whlch now 
contalns t h e  v e r t i c a l  straight lines 
detected. 

In order to save t i m e  during t h e  
searching l i n e s  process, d u r ~ n q  the 
conversion to binary images and durlng 
i t s  parametric treatment, o n l y  the 
V.S.L. coordinates are stored in a FIFO 
memory. Thls process has t h e  main 

advantatge  that classifies t h e  data In 
such a way that i t  is very easy when 
reading the FIFO to separate the 
coordinates points from differenta 
lines. 

For every two consecutives frames, 
the microprocessor takes information 
about VSL from the FIFO memories. An 
algorithm from l i n e  correspondences 
f i n d s  t h e  x and y displacement and the 
rotation detected in 2D ortographkc 
projectLon. 

The SLR DSP appl ies  shift and 
rotation over  the pixels of t-2t frame. 
The module DIP 1s able to compute 
substract ion  over t-dt and t-2dt frames. 
Motion detection can be done by 
thresholdlnq the difference image. 

The line to Line correspondence for 
a couple of frames can g i v e  deceitful 
results. 

For finding V.5.L. correspondences 
belonging to an environment w l t h  unknown 
structure a new image algorithm has been 
developped. Given two sets of prlmltives 



(V.S.L.) observed that belong to two 
consecutive frames, the target is to 
establish a correspondence between them. 
We take into account only the more 
outstanding lines. 

Besides, the problem that the 
number of V.S.L. which belongs to every 
frame is not the same, has been 
reviewed. 

The algorithm is based on the idea 
that it must apply the stiffness 
constraints to every possible triplets 
of V.S.L. segments detected. The number 
of possible V.S.L. triplets by frame i I Fig. 6 

is expressed by the equattion Ti = 

, where Ni is the number of segments. 

For each triplet the algorithm 
computes the three distances between 
center points of segments of the 
triangle associated to these three 
distances. (fig.5). 

Fig. 5 The way of grouping VSL triplets on frame t 

Every triplet of V.S.L. has 
associated a set of three numeric 
values. Therefore for every frame the 
algorithm is able to generate a matrix M, 
with a dimension Ti x 3 

In the case showed in Fig. 5 the 
matrix has a dimension 4 x 3. 

In frame t+dt (fig.6), a new line 
(labeled as L5) has appeared and the 
line labeled as L1 has disappeared. Fig- 
7 shows the matrix Mj which is associated 
to the frame t+dt, with a dimension Tjx3. 

In this exemple it is possible to 
find correspondences between 3 rows of 
these matrices, with a knowm tolerance. 
An easy algorithm to find correlations 
between rows has been implemented. 

For each correspondence we know the 
associated VSL and can take out 
information about shift and rotation. 
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