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Problem Definition!
•  We investigate an object detection problem using a 

mobile robot equipped with a vision sensor.!

•  The robot is instructed to find a certain object T (the 
target) in its environment.!

•  At some point of the search process, the robot 
believes that it has encountered a candidate C for T, 
but it is not sure yet that C is T  (module in [1]).!

•  Taking advantage of its mobility, the robot tries to 
achieve adequate viewpoints to confirm (or infirm) 
that C is actually T .!
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Observation model!
•  The robot is equipped with a software module DT (detector), 

capable of identifying T.

•  DT returns a discrete detection score                        where                           
…………..     , measuring how well the image matches the 
appearance of T, hence the confidence of the identification.!
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Observation model!

•  The observation model of T is then created in the form of a 
probability distribution               .!
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Confirmation process!

•  The location xt of the robot will be modeled at the 
cell resolution by a probability distribution over the 
m cells of X!
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Confirmation process!
•  The target is declared as detected if the detector 

returns a confidence score greater than ô at time    t
+1 and If the robot reaches at time t a position 
where the condition                              is satisfied.!

•  This gives us a twofold goal that mixes robot 
localisation relatively to the candidate object and 
target identification using its appearance.!
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Motion model!
•  The motion model is given by the probability 

distribution                           .!

•  We have 4 motion commands .!
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Computation of motion strategy!
•  We use SDP to calculate the motion policy !
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Computation of motion 
strategy!

•  We use SDP to calculate the motion policy            . !

•  Since we want the robot to achieve a position where                         
holds, we set the gain function               to:!
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Computation of motion 
strategy!

•  If the robot reaches at time t a position where the 
condition                              is satisfied and if the 
detector returns a confidence score greater than ô 
at time t + 1, then the confirmation process ends 
with success; otherwise, a new N horizon strategy 
is again computed.!

•  This iterative process ends whenever the goal is 
achieved or when p×N ≥ Ne, in which case the 
robot considers that the object C is not the target T
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Simulation experiments!
•  Virtual environment !
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Simulation experiments!
•  We use a 24-cell decomposition. !

•  For each target T, the detector DT uses a 
deformable part model algorithm [2] trained on a 
set of images taken from a single cell cg of the 
decomposition. !

•  6 score values as observation.!
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Exp #1!
•  Target!
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Exp #1!
•  Cat´s observation model!
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Simulation results-Exp #1!
Path with N=3 and lambda=0.55!
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Evolution of the probability distribution P(Xt|It)!
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Simulation results-Exp #1!
•  Paths with lambda=0.55!
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Exp #1!
•  Statistics!
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Exp #1!
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Exp #2!
•  Target!
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Exp #2!
•  Statistics!
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Exp #2!
•  Paths!
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Simulation results-Exp #3!

•  Target!
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Simulation results-Exp #3!
•  We compare N=2 and N=3, in 200 runs, with 

lambda=0.85, Ne=30 and DT trained at cell 10!

•   N=3 manage to confirm detection in 100% of the 
runs!

•  N=2 gets trapped in a local maximum at cell 5, only 
confirming detection in 1% of the runs!

!

29!



Simulation results-Exp #3!
•  Solution – we make gF a concave function with a 

maximum in cell cg (here, c10), so that it gives an 
incentive for the robot to reach cells in the neighborhood 
of cg!
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Imperfect knowledge of the!
table’s center!

!
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Dealing with Obstacles generating 
motion and visibility constraints!

!
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Dealing with Obstacles generating 
motion and visibility constraints!

!
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Dealing with Obstacles generating motion and 
visibility constraints!

!
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Real-world experiments!
•  Environment !
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Real-world experiments!
•  We use a 24-cell decomposition and a 16-cell 

decomposition.!

•  For each target T, the detector DT uses a deformable 
part model algorithm [2] trained on a set of images 
taken from a single cell cg of the decomposition. !

•  6 score values as observation.!
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Exp #4!
•  Target!
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Exp #4!
•  Statistics!
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Exp #4!
•  Statistics!

40!



Exp #5!



Optimization Criterion!
•  This approach differs from entropy minimization 

approaches commonly used in pure localization 
problems !

•  Our approach does not minimize entropy by 
concentrating the probability mass on a particular 
object (the target) among several other objects as 
was proposed in [8]!
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Conclusions!
•  In this work, we propose an approach to confirm 

the detection of a given target with a mobile 
robot equipped with a vision sensor.!

•  We proposed a strategy mixing robot localisation 
and target confirmation using the target´s 
appearance.!

•  We test our approach in simulations verifying its 
functionality, and also showing its capability to 
include distinctive features of the target’s 
appearance to differentiate the target from 
similar objects.!
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Conclusions!

•  We presented real world experiments testing 
different targets with different appearances, 
textures and sizes.!

•  We also tested different illumination conditions, 
workspace decomposition sizes and training the 
detector from more than one training cell.!
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Future work!

•  It would be interesting to generate a plan over a larger number of 
degrees of freedom!

!
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Future work!

•  Experiments wiith a mobile manipulator robot!

!
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