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Question 4 Search

A planar robot with two degrees of freedom consists of two links that can rotate around

the two rotational joints. The planar robot is placed at the origin as shown in the image

below (initial state). The first link has length 2, while the second link has length 1 so that

the end effector (i.e., the end of the robotic arm that is used to manipulate objects) is

placed at coordinates (3, 0) in the initial state.

The goal of the robot is to collect an object placed at coordinates (3
√
2/2, 3

√
2/2)

and move this object to the position identified by coordinates (0, 3), as shown in the

Collect Object and Goal State figure above, respectively. This problem can be formulated

as a search problem as follows:

Question 1 continued over the page
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• Initial and goal states as shown in the figure above.

• Actions: you can rotate one of the links by 45◦ or −45◦, and you can collect the
object only if the end effector is placed above it.

• Nodes are identified by the coordinates of the end effector and by the information
if the robot is holding the object. To calculate the coordinates, use the following

equations (forward kinematics):

x = 2cos(θ1) + cos(θ1 + θ2), y = 2 sin(θ1) + sin(θ1 + θ2),

where θ1 and θ2 are the angles of rotation of the first and second joint, respectively,

and cos and sin are the cosine and sine functions.

• The cost of each action is equal to 1. Always avoid loopy paths.

To calculate the cosine and sine of a given angle, please refer to the table below.

angle cosine sine

0 1 0

45◦
√
2/2

√
2/2

90◦ 0 1

(a) Consider the state space of the above problem. In a real-life context, the robotic arm

can rotate its links by any specified value, even non-integer values, e.g., rotate by

22.5◦ or 1.6666◦. What impact would this have on the execution of a breadth first
search on this problem and, more generally, how would this relate to the formulation

of a search problem? Justify your answer. [10 marks]

(b) Generate the breadth first tree until the goal node is found. [10 marks]

When choosing which node to expand in the frontier and all nodes are at the same

depth, always expand the node corresponding to the action in the following order:

collect object (only if above the object), rotate link 1 by 45◦, rotate link 1 by −45◦,
rotate link 2 by 45◦ and rotate link 2 by −45◦. Important: we only consider rota-
tions if both coordinates of the position of the end effector are positive.

Write down the following:

• Search tree produced by breadth first search, indicating which nodes are in the
frontier when the algorithm terminates.

• The solution retrieved by breadth first search and its cost.

• The order in which the nodes are visited by breadth first search.
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BFS isn't complete if we're given an infinite search space - we're not guaranteed to find
a solution.

(completeness = the ability for an algorithm to find a solution provided a solution exists)


