
O b s t a c l e  D e t e c t i o n  b y  E v a l u a t i o n  o f  O p t i c a l  F l o w  F i e l d s  

f r o m  I m a g e  S e q u e n c e s  

Wilfried Enkelmann 

Fraunhofer-Insti tut  fiir Informations- und Datenverarbeitung (IITB) 

FraunhoferstraI~e 1, D-7500 Karlsruhe 1 

INTRODUCTION 

Image sequences contain information about the dynamic aspects of the recorded scene. 
Optical flow fields describe the temporal shift of observable gray value structures in image 
sequences. Various approaches have been suggested to estimate optical flow fields from 
image sequences - see, for example, Nagel 87. In most cases, this optical flow field is a good 
approximation to the temporal displacement of the image of a depicted surface element. 
Optical flow fields contain not only information about the relative displacement of image 
points but also about the spatial structure of the recorded scene. Several investigations in 
the li terature show how these 2D-fields can be interpreted to infer information about the 
3D-environment (Aggarwal & Nandhakumar  88). 

To detect obstacles, some authors try to segment single images (Olin et al. 87), evaluate 
range data (Daily et al. 87) or use divergence fields (Koenderink & van Doorn 77, Nelson 
88). Storjohann et al. 88 evaluate spatial disparities to detect obstacles whereas Dickmanns 
& Christians 89 extract only a few edges and decide wether the extracted edges are 
projections of an obstacle or not by tracking them, In this contribution, we investigate an 
approach for the detection of obstacles by evaluation of optical flow fields. 

OBSTACLE DETECTION 

The basic procedure we used to detect stationary as well as non-stationary obstacles in front 
of a moving vehicle consists of three steps (Enkelmann 89): 

a) Calculate optical flow vectors u(x,t) =(u(x), v(x)) w which link the pixel at image location 
x = (x,y) w in one frame to the corresponding pixel Position in a consecutive frame from 
the recorded image sequence. 

b) Estimate model vec to r s  UM(X,t) that  describe the expected optical flow field without any 
obstacle in the scene. The current implementation assumes that  the camera is 
translating on a planar surface. 

c) Evaluate the differences u D between calculated optical flow vectors u and estimated 
model vectors u M. 

Optical Flow Calculation 

To test the obstacle algorithm we used the first five frames of an image sequence to calculate 
optical flow vectors. During this time interval the vehicle carrying the camera passed a 
distance of about 2.5 meters. The optical flow vectors calculated from the monotonicity 
operator (Kories & Zimmermann 86), correspondences of countour elements (Rehfeld 88), 
and with an analytical approach (Enkelmann 88) are shown in Figs. 1-3, respectively. 
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Estimation of a model vector field 

The two-dimensional model vector field uM(x,t) assigns to each image location x = (x,y) T the 
maximal possible shift in the image plane that  will be acceptable if  the projected 3D-point 
does not belong to an obstacle. If  we assume only a translational camera motion parallel to 
the road plane, the components of the model vector u M = (u,v) T are given by: 

u=x'--x= ' +Px --x v=y'--y= +py -- y ( 1 )  

Z c Z' C 

Variables in lower case denote image plane coordinates. Quoted variables correspond to the 
end of the time interval used to calculate the optical flow vectors. In general, the direction of 
sensor motion is not  parallel to the optical axis, so that  the focus of expansion (FOE) is 
different from the projection point (Px, Py) of the optical axis onto the image plane. Subscripts 
C correspond to the camera coordinate system. 

Insertion of the coordinate transformation of 3D-scene points on the road plane and the 
camera translation into Eq. (1) results in the following equations (where Z' c = Zc-vczht): 

(x-.px) -fVcx/Vcz (x-px) - ( F O E - p )  (y-py) -fVcy/Vcz (y-py) -(YOEy-py) 
u = - v = = ( 2 )  

z c / (Vcz~t) - 1 z c / ~ V c ~ O  - 1 z c / (Vcz~t) - 1 z c / (Ucz~t) - 1 

Equations (2) relate the components of the model vector UM(X) = (U,V) w to the image location 
x ---- ( x , y ) W , .  the FOE, the distance Z c of the depicted 3D-scene point from the camera, and the 
component Vczht of the sensor translation vector. The FOE was determined from the 
calculated optical flow field using the approach ofBruss & Horn 83. 

The distance Z c of a 3D-scene point on the road plane can be calculated from the intersection 
of a 3D-line of sight with the road plane if we know the transformation matrix between 
camera and vehicle coordinate system from a calibration procedure. At those image 
locations where the line of sight has crossed the horizon, the Z c component of an intersection 
point with a vir tual  plane parallel to the road plane is used instead. This virtual plane is 
given a priori by the height of the moving vehicle. 

The last unknown term in Eq. (2) is the component Vczht of the camera translation vector. 
In the current implementation a vehicle state model is not yet available which can directly 
be used to estimate the model vector field. Therefore, we used in our experiments described 
in this contribution a 3D-translation vector which had been determined by backprojecting 
manually established point correspondences. 

Evaluation of Differences 

To detect obstacles, all differences between calculated optical flow and estimated model 
vectors have to be evaluated. Image locations where the length of model vector lUMI is larger 
than the length of the Corresponding optical flow vector lul are not considered as an image of 
an obstacle, since the distance of the projected scene point to the moving vehicle is larger 
than those points of the volume where obstacles have to be detected. If  the length of the 
model vector is less than the length of the optical flow vector, the ratio of the absolute values 
of difference vector tUDt and model vector IUMI will be compared to a threshold 0 -  0.3 for all 
experiments. I f  ratio iUDi/tUMt is larger than threshold 0, the image location will be 
considered a projection of a 3D-obstacle point. In areas around the FOE this ratio would 
become larger than 0 even if the absolute differences were small. Therefore, another test is 
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performed to make sure that  the denominator of the ratio is significantly different from zero. 
The detection results for optical flow vectors in Figs. 1-3 are shown in Figs. 4-6. 

It  can be seen clearly that  the monotonicity operator (Fig. 4) extracted only few features in 
the image of obstacles. It  seems very difficult to reliable detect  obstacles using these 
features alone. The contour element correspondence approach uses much more information. 
Contours belonging to the box in the center of the road (Fig. 5) are clearly detected to be an 
image of an obstacle as well as the points in the upper right image. However, some false 
alarms were raised due to problems with optical flow components along straight line 
contours varying in length. With the analytic approach (Fig. 6) image areas which cover the 
parking cars, trees, and the box in the center are correctly detected to be an image of an 
obstacle. However, image locations in the vicinity of the box in the center are incorrectly 
marked as obstacles because the hierarchical multigrid approach spreads some information 
across contours into a small neighborhood around the image of an obstacle. We expect to 
overcome this problem with a theoretically well-founded optical flow estimation approach 
(Schnbrr 89) which responds much more strong to discontinuities in the optical flow field. 

In Figs. 4-6 we also see that  obstacles beside the road are marked due to the fact that  the 
corresponding scene points are not in the road plane. To concentrate the detection of 
obstacles to the volume that  will be swept by the moving vehicle, additional limitations of 
the so-called 'motion tunnel'  (Zimmermann et al. 86) have to be inserted. Two additional 
virtual planes perpendicular to the road plane are introduced to reduce the volume (Fig 7). 
The 3D-coordinates of these additional virtual planes are determined by the width of the 
moving vehicle. This approach assumes that  the velocity vector of the vehicle remains 
constant. Using this bounded motion tunnel, a model vector field can be estimated with the 
procedure described above. Due to shorter distances to the camera this results in larger 
model vectors to the side of the road and, therefore, scene points outside this volume are not 
considered to be a projection of an obstacle (Fig. 8). 

CONCLUSION 

The approach discussed in this contribution is an example for the interpretation of temporal 
variations in image sequences recorded by a translating camera. The encouraging results 
show how obstacles can be detected in image sequences taken from a translating camera by 
evaluation of optical flow vectors estimated with independently developed approaches. 
Further developments are neccessary to extend the approach to more general motion and 
more complex environments. 
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Optical flow vectors calculated 
atures determined by the 

monotonicity operator (Kories & 
Zimmermann 86). 

Fig. 2: Optical flow vectors al contour 
elements which could be matched by 
the approach of Rehfeld 88. 

Fig, 4: Tracked feature points extrac- 
ted by the monotonicity Operator 
(Fig.l) which are considered to be 
projections of 3D-obstacles are marked 
with a square. Otherwise, the image 
location is marked with a little dot. 

Fig. 5: as Fig. 4, but optical flow vectors 
were calculated from contour 
correspondences in Fig. 2. 

Fig. 3: Optical flow field calculated 
using a multigrid approach 
(Enkelmann 88). The FOE is marked 
by a small cross in the upper center of 
the image. 

Fig. 7: The 'motion tunnel'. The lines 
perpendicular to the road axis have a 
distance of approximately 6m, 8m, 
10m, 15m, 20m, and 30m, respectively. 

Fig. 6: Image locations which are con- 
sidered to be projections of obstacles. 
The obstacles were detected by evalua- 
ting the optical flow field in Fig. 3. 

as Fig, 6, but only those image 
locations are marked which are con- 
sidered to be projections of 3D-objects 
located within the 'motion tunnel'. 


