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Nov. 26, 2019

Today:
ADec. 4 Class: Brett Lopez & if
ATonight: Brief review of
A estimation,
A odometry,
A inertial navigation,
A SLAM, pose graph



State Estimation & Mapping

Some Important questions for robot operation and SubT

A Where am I? How am | oriented?

A How fast am | moving?

A Where can | move: obstacles, or unobstructed directions of motion?

A What is the local geometry of my environment?

A What is the global geometry of my environment?

AHow do | store information about the
A Have | been here before?

AHow do | best |l ocalize the fAtargetso?

State Estimation & Mapping subsystems address these questions, but not
always perfectly.



Estimation & Optimalalmar) Filtering

Process Dynamics Measurement Equation
Observer i i

AGiven ®» QW w Tdw
ACalculate, infer, deduce the statdrom measurementy

AE.g. theLuenbergeDbserver @ O W 00 D W O W

Estimator
AGiven ® "Gofv) y =h(Xx)+w
Axrepresentsprocess noise/uncertainty.g., gust ounmodeledeffects)
Awrepresentsmeasurement noise/uncertainty

AEstimate(in anoptimal) way the statex based on
Ameasurementy
Adynamic and measurement models
Anoise model(s)



Estimation Overviewtontinued)

Noise & Uncertainty Models for Estimation

® "dao) y =h(X) +mt)
A Setbased : xI X m W

A Stochastid :x and ware random processes governed fiy) andp(i)

Why Estimation ?

A MANYimportant problems can be posed as estimation problei&gy.:

A Inertial Navigation )

A Localization, Mapping, SLAM
A Sensor Processing and Fusion 2~
A Trackingand Prediction

A ParameterEstimation P

Specialized estimation
techniques & literatures




Landmarkbased Localization & Mapping

LocalizationA robot explores an static environment
where there are knowtandmarks

Aradio beaconsL(ojach
AUWB ranging =
Abar-code decals s W
Goal:Estimatell K S  NsitianigiQen range/bearlng“
measurements
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Features and Landmarks f il
22757 | Vehicle-Feature Relative

Observation

(range)
Mobile Vehicle

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

Adoors, windows, light fixtures
Alinoleum floorpatterns

Global Reference Frame

Build amap (estimate all landmark positiols
assuming robot has GHe localization



SLAM Simultaneous Localization &

Mapping
Given: S .
A Robot motion model: & "@odn) . '
AtKS NBo2(wa O2ydNBf &S §

A Measurements (e.g., range, bearing ) of 1"
nearby features:y=h(x)+w

Estimate: .
A Map of landmarksx) R
- _ z v = ) a2 N ?XR g Robot state
Aw2 0 2 U Qaposd xigINSpth é)(gg e, U
A Uncertainties in estimated quantities X= é(f( g=g 5 3 Landmark
e é ‘ u [ positions
et



Three Major Map Models

Grid-Based: Feature-Based: Topological:
Collection of discretized Collection of landmark Collection of nodes and
obstacle/free-space pixels locations and correlated their interconnections
uncertainty
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Elfes, Moravec, Smith/Self/Cheeseman, Kuipers/Byun,
Thrun, Burgar d{FOX» Durrant-Whyte, Leonard, Chong/Kleeman,
Simmons, Koenig, Nebot, Christensen, etc. Dudek, Choset,

Konolige, etc. Howard, Mataric, etc.



Three Major Map Models

Grid-Based

Feature-Based

Topological

Resolution vs. Scale

Discrete localization

Arbitrary localization

Localize to nodes

Computational

Grid size and resolution

Landmark covariance (N2)

Minimal complexity

Complexity
Exploration Frontier-based No inherent exploration Graph exploration
Strategies exploration
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Gmapping
Occupancy Griddy' I LJ¢ A a | FINAR 2F aOStftasy
A oy mifcell () is empty; pif cell {j) is occupied

A r‘](cb h @5, |®CL hd, Ry ) (estimate cell occupancy probability)
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Gmapping
A Uses &RaoBlackwellizegarticle filter for estimator
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LineBased SLAM: LADAR
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Lab Data :

53 Poses
32.8 meters -

Raw Points
Kalman Filter

Based SLAM
Algorithm
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Merged Line Map :
76 lines total




Odometry & i WhOelamletryo

Definition: Use of on-board sensors to estimate the change in a moving
vehicleds position/orientation over t

AWnheel Odometry: use motion of the robot wheels to estimate robot
di spl acement . Need a fAkinematic mo

Alnertial Odometry: use sensors that measure inertial data (acceleration
and rates of rotation) to estimate robot displacement.

AVisual odometry: use vision information to estimate robot displacement
A Monocular & stereo cameras
A Lidar
A RGB-D

AVisual/lnertial Odometry (VIO):iFuseo data from a Vi
inertial sensors to get better estimates of displacement



Example: differential drive robot

We can derive (see notes on syllabus)
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Wheel Hub #1 Which is equivalent to:
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Al ntegrateo e kinematic equations




