


Simultaneous Localization and Mapping

Given a single camera feed,  
estimate the 3D position of the camera and  

the 3D positions of all landmark points in the world
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General Filtering Equations
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What is the state representation?
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What is the world (robot+environment) state?
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What is the covariance (uncertainty) of the world state?
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What are the dimensions?
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What are the observations?
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Observations are…

detected visual features of landmark points.
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What does the prediction step look like?



What is the motion model?

What is the form of the belief?
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Camera: 
constant velocity 
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Landmarks: 
constant position 
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Gaussian!  
(everything is parametrized by a mean and Gaussian)
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Constant Velocity Motion Model

rt = rt�1 + vt�1�t

vt = vt�1

!t = !t�1

qt = qt�1 ⇥ [q(!)�t]

position

rotation (quaternion)

velocity

angular velocity



Gaussian noise uncertainty (only on velocity)
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Prediction (covariance of camera state):
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Where does this motion model 
approximation come from?
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Skipping over many details…
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Prediction (covariance of camera state):
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Bit of a pain to compute this term…



We just covered the prediction step for the camera state
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Now we need to do the update step!



Prediction:

P (xt|z1:t) / P (zt|xt)

Z

xt�1

P (xt|xt�1)P (xt�1|z1:t�1)dxt�1

P (xt|z1:t�1) =

Z

xt�1

P (xt|xt�1)P (xt�1|z1:t�1)dxt�1

Update:

P (xt|z1:t) = P (zt|xt)P (xt|z1:t�1)

General Filtering Equations



P (xt|z1:t) = P (zt|xt)P (xt|z1:t�1)
Predicted State

What are the observations?

State observationBelief state

2D projections of 3D landmarks
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Recall, the state 
includes the 3D 

location of landmarks

What is the projection 
from 3D point to 2D 
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Observation Model

P (xt|z1:t) = P (zt|xt)P (xt|z1:t�1)
If you know the 3D location of a landmark, what is the 2D projection?

Camera 
matrix

3D World 
Point

2D Image 
Point

P = K [R|T] What do we know 
about P?

h ⇠ P yNon-linear 
observation model

How do we make the observation model linear?



(2n x 13)

n: number of visible points

H =
@h

@x

I will spare you the pain of deriving the partial derivative…



P (xt|z1:t) = P (zt|xt)P (xt|z1:t�1)

xt = xt +Kt(zt � h(y;xt))

Update step (mean):

Update step (covariance):

⌃t = (I�KtHt)⌃t

2D projection of 
3D point

Matched 2D 
features

Predicted 
state

Updated 
state

Covariance 
(predicted)

Covariance 
(updated) Jacobian

Kalman gain

Kalman gainIdentity




