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Today:

ÅDec. 4 Class: Brett Lopez & ñflight control stackò

ÅTonight: Brief review of 

Åestimation, 

Åodometry, 

Åinertial navigation, 

ÅSLAM, pose graph



State Estimation & Mapping

Some Important questions for robot operation and SubT

ÅWhere am I?  How am I oriented?

ÅHow fast am I moving?

ÅWhere can I move: obstacles, or unobstructed directions of motion?

ÅWhat is the local geometry of my environment?

ÅWhat is the global geometry of my environment?

ÅHow do I store information about the environment that Iôm working in?

ÅHave I been here before?

ÅHow do I best localize the ñtargetsò?

State Estimation & Mapping subsystems address these questions, but not 

always perfectly.



Estimation & Optimal (Kalman) Filtering

Observer

ÁGiven               ὼ Ὢὼȟό ώ Ὤὼ

ÁCalculate, infer, deduce the state x from measurements y

ÁE.g. the LuenbergerObserver ὼ ὃὼ ὄό ὒώ ὅὼ

Estimator

ÁGiven          ὼ Ὢὼȟό ‚

Áxrepresents process noise/uncertainty (e.g., gust or unmodeledeffects)

Áwrepresents measurement noise/uncertainty

ÁEstimate (in an optimal) way the state x based on 

Ámeasurements y 

Ádynamic and measurement models

Ánoise model(s).
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Process Dynamics Measurement Equation



Why Estimation ?

ÁMANY important problems can be posed as estimation problems.  E.g.:

Á Inertial Navigation 

ÁLocalization, Mapping, SLAM

ÁSensor Processing and Fusion 

ÁTracking and Prediction

ÁParameter Estimation 

Noise & Uncertainty Models for Estimation

ὼ Ὢὼȟό ‚

ÁSet-based :  

ÁStochastic : x and w are random processes governed by p(x) and p(w)

Estimation Overview (continued)
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Specialized estimation 
techniques & literatures
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Landmarkςbased Localization & Mapping

Localization: A robot explores an static environment 
where there are known landmarks.  

Áradio beacons (Lojack)
ÁUWB ranging
Ábar-code decals

Goal: Estimate ǘƘŜ ǊƻōƻǘΩǎ position given range/bearing 
measurements

f 
(bearing)

(range)

Mapping: A robot explores an  unknown static 
environment where there are identifiable landmarks.  

Ádoors, windows, light fixtures
Álinoleum floor patterns

Build a map (estimate all landmark positions), 
assuming robot has GPS-like localization



Given:

ÁRobot motion model:  ὼ Ὢὼȟό ‚

Á¢ƘŜ ǊƻōƻǘΩǎ ŎƻƴǘǊƻƭǎΣ u

ÁMeasurements (e.g., range, bearing ) of 
nearby features:  y=h(x)+w

Estimate:

ÁMap of landmarks (xL)

ÁwƻōƻǘΩǎ ŎǳǊǊŜƴǘ pose, xR, & its path

ÁUncertainties in estimated quantities

SLAM: Simultaneous Localization & 
Mapping 
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Specialized estimation 
techniques & literatures



Gmapping
Occupancy Grid: άƳŀǇέ ƛǎ ŀ ƎǊƛŘ ƻŦ άŎŜƭƭǎέΥ  ὼȟ

Å ὼȟ πif cell (i,j) is empty; ὼȟ ρif cell (i,j) is occupied

Å ὴὼ ȟØȟ ØȡȟØȟ ȟÙȡ (estimate cell occupancy probability)

Gmapping:

Å Uses a Rao-Blackwellizedparticle filter for estimator

Å !ÃÔÕÁÌÌÙÃÏÍÐÕÔÅÓὴὼȡȟὼȟ ØȡȟØȟÙȡ



Line-Based SLAM: LADAR

Range Scan Points





Kalman Filter 

Based SLAM 

Algorithm



Odometry & ñWheel Odometryò

Definition: Use of on-board sensors to estimate the change in a moving 

vehicleôs position/orientation over time.

ÅWheel Odometry: use motion of the robot wheels to estimate robot 

displacement.  Need a ñkinematic modelò

ÅInertial Odometry: use sensors that measure inertial data (acceleration 

and rates of rotation) to estimate robot displacement.

ÅVisual odometry: use vision information to estimate robot displacement

ÅMonocular & stereo cameras

ÅLidar

ÅRGB-D

ÅVisual/Inertial Odometry (VIO): ñFuseò data from a vision sensor and the 

inertial sensors to get better estimates of displacement



Example: differential drive robot

We can derive (see notes on syllabus)
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Which is equivalent to:
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ñIntegrateò the kinematic equations w.r.t. time:


