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Abstract. We present a method to find the correspondences between salient 
points of images in which an oracle can interact and influence on the final 
correspondences between points. The oracle looks up the current point 
correspondences and imposes new mappings or modifies some of them. This 
interaction influences on two aspects. On one hand, a new homography is 
computed such that the Least Square Error is minimized on the imposed 
correspondences. On the other hand, the Similarity Matrix between the set of 
points is modified and so, the interaction influences on the output of the 
Correspondence Algorithm. The method is independent of the algorithm to 
compute the homography and the correspondences. Practical evaluation shows 
that in few interactions of the oracle, the optimal correspondence is achieved. 

Keywords: Homography Estimation, Iterative Closest Point, Interactive 
Correspondence, Hungarian Algorithm. 

1 Introduction 

In recent years, interaction between robots and humans has increased rapidly. 
Applications of this field are very diverse, ranging from developing automatic 
exploration sites [1] to using robot formations to transport and evacuate people in 
emergency situations [2]. Within the area of social and cooperative robots, the nature 
of interactions between a group of people and a set of accompanying robots has 
become a primary point of interest [3]. 

One of the low level tasks that these systems have to face is the automatic 
recognition of scenes and objects the robot visualises. Usually, the interpretation of 
scenes is performed trough two steps. Firstly, detecting salient points of the image and 
secondly, searching for the correspondences of these points and the salient points in 
the previously learned images [4]. Salient points (that play the role of parts of the 
image to be matched) are image locations that can be robustly detected among 
different instances of the same scene with varying imaging conditions. These points 
can be corners (intersection of two edges) [5], maximum curvature points [6] or 
isolated points of maximum or minimum local intensity [7]. There is an evaluation of 
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Fig. 2. Basic scheme of our Interactive Correspondence Method (ICM) 

current correspondence ଵ݂,ଶ between them. Then, the user imposes some point 
mappings ଵ݂,ଶכ  and the output of the module is a correspondence in which the oracle 
has influenced. This process is repeated until the user considers the correspondence is 
good enough. 

The rest of the paper is organized as follows. The next section summarizes the 
method to estimate a homography given some correspondence points. Section 3 
schematically explains the main steps to find the correspondences of salient points of 
two images. Section 4 presents our interactive method to estimate the correspondences 
and section 5 shows the practical evaluation. Section 6 concludes the paper. 

2 Homography Estimation Given a Correspondence 

Given two images ܫଵ,  ଶ and a set of pairs corresponding points on these imagesܫ
,ଵݔ)}} ଵᇱݔ) ,(ଵݕ , ଵᇱݕ ,௡ݔ)}} ,...,{( ௡ᇱݔ) ,(௡ݕ , ௡ᇱݕ )}} it is possible to obtain a transformation 
matrix F that projects each of the points in ܫଵ into the points in ܫଶ with a minimal 
error. Then ሾݔ௜ᇱ, ,௜ᇱݕ 1ሿ்  = F · [ݔ௜, ,௜ᇱݔ௜,1ሿ், where ሺݕ ௜ᇱሻݕ א ,௜ݔଶ and ሺܫ  ௜ሻݕ א  . ଵܫ 

If we suppose that the mean error has a normal distribution, then the least-square 
estimation is optimal [14]. Moreover, if we assume an affine transformation, then the 
transformation matrix is defined as ܨ ൌ  ൥ܽ െܾ ܾܿ ܽ ݀0 0 1൩ 

Where a = S · cos(α), b = S · sin(α), S = scale, c = translation in x and d =  
translation in y. 

In this case the error function is usually estimated as follows: ܧሺܽ, ܾ, ܿ, ݀ሻ ൌ  ෍ሾሾܽݔ௜ െ ௜ݕܾ ൅ ܿ െ ௜ᇱሿଶݔ ൅  ሾܾݔ௜ ൅ ௜ݕܽ ൅ ݀ െ ௜ᇱሿଶሿ௡ݕ
௜ୀଵ  

We find the minimum through deriving the function;  
ఋாఋ௔ ൌ 0,   

ఋாఋ௕ ൌ 0, 
ఋாఋ௖ ൌ 0 and  ఋாఋௗ ൌ 0. We arrive to the following linear problem, A ሺa, b, c, dሻ ் + B = 0. Where 

A = ێێێۏ
∑ ۍ ሺݔ௜ଶ௜ ൅ ௜ଶሻݕ 0 ∑ ௜௜ݔ ∑ ௜௜0ݕ ∑ ሺݔ௜ଶ ൅ ௜ଶሻ௜ݕ ∑ െݕ௜௜ ∑ ∑௜௜ݔ ∑௜௜ݔ ௜௜ݕ ∑ െݕ௜௜∑ ௜௜ݔ 0݊ 0݊ ۑۑۑے

ې
 , and B = ێێۏ

∑ۍ ሺݔ௜ݔ௜ᇱ െ ௜ᇱ௜ݕ௜ݕ  ሻ∑ ሺݔ௜ᇱݕ௜ െ ௜ᇱሻ௜ݕ௜ݔ ∑ െݔ௜ᇱ௜∑ െݕ௜ᇱ௜ ۑۑے
ې
 

We solve this linear system using LU factorization [15]. 
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3 Automatic Correspondence Estimation 

This section provides the explanation of an automatic correspondence selection based 
on homography estimation between two set of points. 

Figure 3 shows the main steps of the automatic correspondence estimation. Any 
interest point extraction algorithm like, Harris [16], DoG [17] or LoG [18][19] (or 
manual detection) can be used to obtain the salient points ଵܲ and ଶܲ, given images ܫଵ 
and ܫଶ. While theses salient points are obtained, we proceed to obtain the homography ܪଵ,ଶ between them, for instance using the Iterative Closest Point Algorithm [20]. 
Then, we project ଵܲ, and obtain ଵܲᇱ where ଵܲᇱ ൌ ଵ,ଶܪ  ൉ ଵܲ, to get the most similar 
possible correlative position of corresponding points from ଵܲᇱ to ଶܲ. Finally, we 
compute the similarity matrix ܯଵ,ଶ between ଵܲᇱ to ଶܲ, given the Euclidean Distance 
between the points (the similarity is computed as the inverse of the distance). The last 
step is to solve the assignation problem (for instance, the Hungarian algorithm [21]), 
to get the correspondences ଵ݂,ଶ from ଵܲ to  ଶܲ. Note that the correspondences function 
between ଵܲᇱ and  ଵܲ is the identity by construction. 

 
 

 

Fig. 3. Scheme of an Automatic Correspondence Estimation model 

4 Interactive Correspondence Estimation 

Figure 4 presents the main scheme of interactive correspondence estimation. It is 
based on the correspondence estimation model shown in section 3 but the oracle 
interaction is considered in two steps (interactive correspondence estimation and 
interactive similarity restrictions). Dashed lines in the scheme show the interactive 
part of the model. 

Both images ܫଵ and  ܫଶ and their sets of points ଵܲ and ଶܲ are presented to the oracle, 
together with the current correspondences  ଵ݂,ଶ and the oracle decides and imposes 
some correspondences between points  ଵ݂,ଶכ .  Note that ଵ݂,ଶכ  can represent a partial 
labelling between points. So, the oracle is asked to impose only some 
correspondences. In our experiment section, we suppose the oracle only imposes one 
correspondence each interaction. The iterative algorithm appends the new points 
mapping to the ones imposed in the previous iterations and stops when the oracle 
decides the current correspondences are good enough.  The oracles feedback is used 
to estimate a homography between ଵܲ and ଶܲ and also to modify the similarity matrix. 

Interest extraction
points Algorithm

I 1

I 2
Interest extraction
points Algorithm

Homography
estimation
Algorithm

H 1,2

Projection

P1

P2

P1
'

Similarity
Matrix

Correspondence
estimation
Algorithm

M 1,2
f 1,2



 Improving the Correspondence Establishment 461 

 

Fig. 4. Scheme of Interactive Correspondence Estimation model 

In the first case (figure 5), the scheme of the interactive homography estimation is 
composed of two steps. In the first one, a homography ܪଵ,ଶכ  is deducted (section 2) 
and in the second step, the set of points ଵܲ are projected obtaining the new set of 
points ଵܲכ ൌ כଵ,ଶܪ ൉ ଵܲ. 

 

 
Fig. 5. Scheme of Interactive Homography Estimation 

In the second case, the oracle intervenes over the similarity matrix before solving 
the assignation problem. The above algorithm we use is inspired in the algorithm 
presented in [22] although in that case, the interactive algorithm modified a cost 
matrix instead of a similarity matrix. The main idea is that if the oracle considers a 
pair of points has to be labelled, then, independently of their original similarity, the 
method imposes their similarity to be the maximum. Moreover, to force the 
correspondence to be a bijection, the model imposes a zero similarity to the other 
combinations of correspondences that the pair of points are involved. 

 
Algorithm Interactive Similarity Restrictions 

 Input: Similarity Matrix  ܯଵ,ଶ, Oracle’s correspondences  ଵ݂,ଶכ  
 Output: Similarity Matrix with Restrictions ܯଵ,ଶכ  
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 Forall ௝ܿ௜ ϵ   ଵ݂,ଶכ ; ௝ܿ௜ is an oracle’s correspondence from i to j 
 ;∞ = ଵ,ଶ(i, j)ܯ  
് ܾ ׊ ;ଵ,ଶ(i, b) = 0ܯ   ݆ 
് ݆ ׊ ;ଵ,ଶ(a, j) = 0ܯ   ݆ 
 End forall 

 
We force a rigid transformation between images but non-rigid transformations appear 
in a real application. For this reason, if the interactive actions only influences on the 
homography estimation, the model may not achieve the correspondences imposed by 
the oracle. That is, although the oracle has imposed the matching between all points, it 
may happen that  ଵ݂,ଶ ് ଵ݂,ଶכ . We show this effect in the practical evaluation. 

5 Practical Evaluation 

To experimentally validate our method, we have used four image databases. 
APARTMENTS database [23]: It consists of ten images of an apartments 

building taken from different perspectives. Twelve salient points have been manually 
extracted from each image (figure 1). Each point represents the same part of the scene 
through the whole images, presenting a combination of rigid and non-rigid relations 
between them. The first 11 points represent parts of the building and the 12th point is 
the highest part of a lamppost. 

HOTEL [24], HOUSE [24] and FACES [25]: They are composed of a set of 
reference points associated with different frames. Each test has T elements 
{ܲ௧, ܲᇱ௧, ܱ௧ሽ, 1 ൑ ൑ ݐ   ܶ. Each element has a pair of sets of points ܲ௧ and ܲԢ௧ and an 
oracle matching ܱ௧. Each set of points  ܲ௧  are the original points in the database. T is 
the number of sets of points of these datasets. Sets of points  ܲᇱ௧ have been randomly 
generated through distorting  ܲ௧  to make the automatic correspondence establishment 
more difficult for the automatic method (similar to [26]). First, we added a global 
artificial transformation for all points (rotation noise with a uniform probability 
distribution around 360º and translation noise with a normal distribution respect to 
initial position). And second, we added an individual noise for each point following a 
normal distribution. This noise simulates different viewpoints highly separated 
between them and makes the oracles interaction useful to find a good solution since 
the transformation between the original frame and the artificial one is non-rigid. Both 
sets of points ܲ௧ and  ܲᇱ௧  have the same number of points. The oracle 
correspondences ܱ௧ has been computed together with the generation of the distorted 
sets of points ܲᇱ௧ . Nevertheless, by construction, we do not guarantee this 
correspondence to obtain the minimum cost. 

The aim of this method is to minimize the distance between the automatically 
extracted correspondence and an ideal one.  We suppose the ideal correspondence is 
the one that the oracle would impose when he had interacted on all the points. In these 
databases, these correspondences relate the same parts of the building in different 
scenes or the same parts of different faces. The metric used to evaluate the goodness 
of the method is the hamming distance between the ideal and the current 
correspondence at each iteration. 

In the APARTMENTS dataset, each value of the results below is the average of the 
hamming distance obtained while executing the method for all combinations of pairs 
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of the 10 images. In the HOTEL, HOUSE and FACES datasets, each result value is 
the average of the hamming distance while executing the method for each image and 
its corresponding set of points created artificially. 

Figures 6 and 7 show the average hamming distance respect the number of 
iterations in the four different databases. In interaction 0, the correspondences are 
automatically computed (figure 3). In the interaction 1, the Interaction Homography 
Estimation module is not used due to two matchings are needed to deduct a unique 
affine homography. Nevertheless, the imposition on the similarity matrix is performed 
with the first oracles feedback. The interaction 2 is the first one that the whole model 
is applied. We show three different curves that represent: 1) the case in which the 
whole method is used ; 2) the case in which the interactive similarity restrictions 
are not imposed ; 3) the case in which the interactive correspondence estimation 
is not imposed  (see figure 4). 
 

 

Fig. 6. Hamming distance respect iterations. a) APARTMENTS b) HOUSE 

 

Fig. 7. Hamming distance respect iterations. a) HOTEL b) FACES 

While using ( ), the model establishes an initial homography at second 
interaction, for this reason the hamming distance presents a steep descent. Throughout 
the other iterations, the model slightly updates the homography and imposes the 
restrictions and so the hamming distance decreases until arriving to zero. When 
restrictions are not imposed ( ), the hamming distance does not arrive to zero. 
This is because, in a real application, a rigid homography does not exist, which would 
allow to deduct the ideal correspondence applying only this transformation. Finally, in 
the case that only the restrictions are imposed but a homography is not estimated 
using the oracles information ( ), the hamming distances arrives to zero but more 
slowly than using the whole method. Through these experiments we show the need of 
using the whole method since one of the most important qualities that an interactive 
method needs to have is the ability to react in few oracles interaction. 
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6 Conclusions and Future Work 

When a team of robots needs to have consistent shared information of its environment 
based on its computer vision systems, usually the completely automatic methods fail 
to find a good enough correspondence between the different parts of the scene. In 
these cases, an interactive method can improve the correspondence establishment and 
so increase the consistency of the shared information. 

We have presented an interactive method that, given two images taken from 
different robots, the oracle imposes some correspondences between their local parts to 
estimate a homography and to restrict the point correspondences. 

Results show that in the firsts iterations, there is an important increase on the 
quality of the correspondences. This result is important since it means it is not 
necessary a long-term dependence on the oracle but the initial knowledge of the 
oracle is crucial. 

Nowadays, we are modelling the interaction on several sets of points 
simultaneously with the aim of obtaining a coherent set of homographies between 
different scenes. Moreover, we are also studding models for non-rigid homographies. 
Finally, we want to apply active query strategies at it was done in [26] and [27] to 
suggest the points to be imposed by the oracle. 

Finally, this method is going to be expanded with a tracking method based on 
probabilities [28] and an automatic method to recognise written symbols, such as, 
“exit” or “elevator”, which is going to be based on a matching graph technique [29]. 
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