
  

 

Abstract— The principal idea behind this project was to have 
a robotic manipulator reach a target while avoiding obstacles in 
the configuration space of the manipulator using visual servoing 
techniques. This project deals with one of the fundamental 
problems of visibility planning, i.e. the robot needs to find a spot 
for its hand camera which will give it a very good view of the 
target object and in turn will help in the localization of the 
target object. After the object has been localized, a regular 
planner can be used to plan for a trajectory to the target object. 
The problem of visibility planning has been tackled in this 
project using various AI optimization approaches. 

I. INTRODUCTION 

The robot that has been used in this project is the Baxter1 
robot in the ARC2 lab. The Baxter robot is a comparatively 
inexpensive robot with two 7 DOF arms and a head capable 
of being tilted vertically and horizontally. It also comes 
equipped with two hand cameras and one head mounted 
camera. The main idea behind this project is to find a pose for 
the hand camera which will ensure that the target object is 
visible, i.e. the important feature points on the target object 
are visible. Initially, it is assumed that a part of the object is 
visible, i.e. not all the feature points are visible but a few. 
Using these few feature points and given the geometric model 
of the object, the object is reconstructed in the world space 
using a PnP solver. Now that the object has been localized to 
some extent, the problem of visibility planning gets simplified 
a bit, i.e. the camera needs to see the reconstructed object. 
This problem is tackled using one of the optimization 
methods known as Simulated Annealing. A globally optimal 
solution is not desired as an optimal solution which gives the 
location of the feature points of the target object will be 
sufficient. Simulated Annealing does a very good job of 
arriving at optimal solutions. A suitable cost function/energy 
function was chosen which incorporated the visibility of the 
object (using a ray tracing metric), the manipulability of the 
arm and the distance of the pose in question from the object. 
A suitable temperature schedule based on an exponentially 
decreasing function is chosen and a probability function is 
chosen. The neighbourhood sampling is done in the task 
space of the robot and every sample is IK verified before 
proceeding further. After the algorithm outputs a good 
solution, the hand is moved to that location. If the object’s 
feature points are in the field of view of the camera, then it is 
desired to use the PnP solver again to localize the object 
accurately and move to it. Other methods like random 

 
1The Baxter robot was at my disposal all the time. I have also been 

developing software APIs for the Baxter for the past couple of months. 
 
2All work was done at the ARC lab under the guidance of Prof. Dmitry 

Berenson. 

sampling and random neighbourhood sampling have also 
been used to compare results with the performance of 
Simulated Annealing. 

II. RELATED WORK 

Work in the field of visibility planning has been done 
before at various universities. Kuffner and Vahrenkamp have 
tackled this problem in their paper where they distributed the 
task of motion planning into two parts – motion planning to 
get to a position near the target object which makes sure that 
the target object is in the field of view of the camera and from 
then on, use visual servoing to grasp the object. Tsai and 
Allen have done significant work in a model based and task 
driven vision system that automatically plans vision sensor 
parameters so that task requirements are satisfied. In one of 
their earlier works, they figured out the important features in 
an object that should be attainable like if the object is in 
focus, magnification and other parameters.  

Cheng and Tsai have worked on this problem by defining 
various parameters and simulating the entire model in a 
graphics engine. They designed the models in their world and 
in place of a camera, used a light source and figured out 
which parts of the target object was illuminated. This gave an 
idea about the visible parts of an object. Work has also been 
done in motion planning taking into account occlusion of the 
object, i.e. the goal was to move the manipulator towards the 
object while making sure that the object had a significant part 
inside the field of view of the camera. Without visual sensors, 
work has been done by Landa, Galkowski and others from 
UCLA worked in the area of path planning and mapping with 
limited sensor data which is very similar to this project. 

III. PROBLEM STATEMENT 

The essential problem that is being tackled in this project 
is visibility planning of a robot manipulator. To understand it 
better, the system setup is described. Initially the exact 
location of the target/goal object is unknown. However, a 
small portion of the object is visible through the hand camera 
of the arm. From this visible portion, an approximate 
estimation of the location and orientation of the object is 
done. Then using Simulated Annealing, the task space of the 
hand camera is sampled and using a suitable energy function 
and temperature schedule, the least energy position is chosen 
which promises a better view of the target object. Then the 
hand camera is moved to the new “suitable” location. This 
goes on iteratively until the entire object is within the frame 
of the camera. Once the object is entirely visible, the location 
of the object can be better estimated. Then the arm is moved 
to the object. 
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