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ISSUE 1:  The circle intersection may
be degenerate if the range errors are 
significant or in the vicinity of the line
[x2-x1, y2-y1]T
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ISSUE 2:  Position error will be a
function of the relative position of 
the dog with respect to the landmark
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Error Propagation from 
Fusing Range Measurements (cont’d)
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Error Propagation from 
Fusing Range Measurements (cont’d)
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Error Propagation from 
Fusing Range Measurements (cont’d)
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Error Propagation from 
Fusing Range Measurements (cont’d)
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• The blue robot is the true poistion.
• The red robot shows the position 
estimated using range measurements
corrupted with random Gaussian noise
having a standard deviation equal to 
5% of the true range

The take-home message here 
is to be careful using range 
estimates when the vergence
angle to the landmarks is small

Error Propagation from 
Fusing Range Measurements (cont’d)

Good Bad

q
q

q

Bad

QUESTION:  Why aren’t 
the uncertainty regions 
parallelograms?
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Inferring Orientation
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NOTE:  Estimating 
�

this way 
compounds the position error 
and the bearing error.  If you 
have redundant measurements, 
use them.

Bearings-based Position Estimation
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Bearings-based Position Estimation
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NOTE:  There are many other 
techniques/constraints you can 
use to improve the direct 
position estimate.  These are 
left to the reader as an 
exercise.

$�����������
���
����+�
���
����$�>���
��

� 0����8�
��
��>�����������������������������������
 �������������
 ���
������3���
����������

� (��
��������������������'�����
�>��������
�����>�� ������������
����������
�����������>��
��������
����*����
����- 5 ������������6�
��
�
�����������

� ��
=�������� ����������
���'���
������������3���
�� ����
���
��
���
�>�������������/���
��
�3���
������
���
��%��(���
� ���8����A

r1 
r2  

meas
t

t

meas
t

t

meas
t

t

est
t

t

r

r

r

r

r

r

r

r
�
�

�
�
�

�
+�

�

�
�
�

�
+�

�

�
�
�

�
=�

�

�
�
�

�
-

-

-

-

3/

3/

3/

3/

3/

3/
2

2

2
1

1
2

1
1

2

1

2

1



12


���
����+�
���
����
��������������
#����
�����/�������
��>������+�
���
���

• The blue robot is the true poistion.
• The red robot shows the position 
estimated using range measurements
corrupted with random Gaussian noise
having a standard deviation equal to 
5% of the true range

Direct Estimate Mean Filter 
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Direct Position Estimate
Errors (unfiltered) 

Position Estimates Errors
from 3 element Mean Filter 
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Issues with Mean Filtering
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  e.g.

QUESTION:  What is the state 
that we are trying to estimate in 
the localization problem?
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In the Kalman filter, the probability 
density function for process and 
measurement noise MUST be 
Gaussian for optimality to hold! 
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What this means for us is 
that we can always extract 
a nice 2D ellipse to reflect 
our positional uncertainty 
on the plane.
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