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Localization and Navigation
• What is meant by “navigation”? What is the difference between

“position” and “location”?
• Navigation: Determination of the position and velocity of a moving body

with respect to a known reference point.
• Localization: Planning and maintenance of a course from one location to

another, avoiding obstacles and collisions.
• Both are based on the Global navigation satellite systems (GNSS), such

as the Global Positioning System (GPS), or on Inertial navigation system
(INS) and integration of them
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More on Navigation and Localization
• The terms position and location are interchangeable, but used for different

concepts.
• Position is expressed quantitatively as a set of numerical coordinates.
• Location is expressed qualitatively (city, street, building, or room).
• A navigation system calculates a position.
• A person, signpost, or address will describe a location.
• A map or geographic information system (GIS) matches locations to positions,

so it is a useful tool for converting between the two.
• The term localization is often used instead of positioning.
• Localization is also used to describe techniques that constrain the position

solution to a particular area, such as a street or room.
• All techniques are based on position fixing and dead reckoning
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Position fixing
• Position fixing uses identifiable external information to determine

position directly.
• This may be signals or environmental features.
• Signals are usually transmitted by radio (e.g., GNSS), but may also be

acoustic, ultrasound, optical, or infrared.
• Environmental features include buildings or parts thereof, signs, roads,

rivers, terrain height, sounds, smells, and even variations in the
magnetic and gravitational fields.

• Position may be inferred directly by matching the signals receivable
and/or features observable at a given location with a database.

• A landmark specifically installed for navigation is known as an aid to
navigation (AtoN).

4



Dead Reckoning
• Dead reckoning measures the distance and direction traveled.
• A dead reckoning system, such as an INS, may be self-contained

aboard the navigating vehicle, requiring no external
infrastructure.

• Pedestrian Dead-Reckoning (PDR) refers to pedestrian
navigation through the use of wearable sensors

• Environmental features may also be used for dead reckoning by
comparing measurements of the same landmark at different
times.
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UWB anchor based approach
• Position-fixing localization system: the position of an object 

determined by knowing the distance between it and a sufficient 
number of reference points. 

• In a remote positioning configuration, the navigation object (blinker) 
transmits a ranging signal to the reference points, which determine the 
distance from the object by calculating the flight time of the signal. 
• A blinker is a mobile device which transmit the UWB signals to the anchors
• The Anchors are the static devices representing the infrastructure of the 

positioning system
• The Master anchor is the communication center of the positioning 

infrastructure: 
• it transmits UWB synchronization signals to the slave anchors and coordinates a WiFi

network to share data between a tablet/smartphone and all anchors 
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Localization and Navigation Applications 
• Applications: 

Robotics 
Autonomous Driving
Smart cities

Localization of tourists 
Cultural heritage
Marketing and recommendations

Assistive technology (visually impair people and elderly people)
Industry monitoring

Tracking and Security
Risk operations such as firefighters interventions 
Soccer games
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Sensor fusion: PDR and UWB
• We present now a localization system for human being based on a sensor 

fusion approach, by merging data from the IMU and the UWB systems.
• Fusion of two indoor localization algorithms, to improve both accuracy and

efficiency:
• We adopt a hybrid localization perspective that foresees the use of different (wearable)

sensors to improve localization accuracy
• Ultra Wide Band (UWB) anchor based localization technique is used both to calibrate

and/or fuse the localization based on the Pedestrian Dead Reckoning (PDR) technique.
• We exploit the data to simultaneously build maps in unknown and uncertain

environments.
• We use:

• wearable devices carried by the users
• low-cost anchors that are deployed in the considered environment.
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PDR: Activity recognition

• Requirements
• Standing still
• Walking

• Step detection
• Number of steps
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PDR: Position

• Position of the 
handheld device

• The heading is a 
parameter

• The human model 
is considered
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PDR: Heading – Quaternions

• EKF to compute 
• Attitude of the smartphone
• Accuracy of the estimation

𝑞 | 𝑒 ∆ 𝑞 |

prediction

𝑃 Φ Γ Φ 𝑄

correction
𝑆 𝐻 Γ 𝐻 𝑉
𝐾 𝑃 𝐻 𝑆

𝑞 | 𝑞 | 𝐾 𝑎 , 𝑅𝐾 𝑞 | 𝑔
Γ 𝐼 𝐾 𝐻 𝑃

𝜔 /𝑚

𝑎

F. De Cillis, et al., Hybrid Indoor Positioning 
System for First Responders, in IEEE Trans. on 
Systems, Man, and Cybernetics: Systems. 

11



UWB anchor based approach

• Once the distance has been defined, and the position on the space of each 
reference point is known, a positioning algorithm will be able to determine 
the position of the navigation object 
• the fixed anchors determine the ranging results that are transmitted to a master node 

which is able to determine the position of the blinker. 
• The Time Difference of Arrival (TDOA) method requires that the anchors 

must be temporally synchronized between them, while a synchronization 
between the anchor and the blinker is not necessary.

• Both the reference points (anchors) and the navigation object (blinker)  
implement the 802.15.4 UWB-2011 communication standard.

• We use the UWB system for calibration of the position, i.e., to suppress the 
localization error after the use of the dead reckoning procedure.
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Sensor Fusion
• PDR Algorithm: 

• 1) Activity Recognition 
• 2) Heading Estimation
• 3) Position Estimation

• UWB anchor based algorithm
• Fusion: Kalman filtering approach is adopted to merge the 

information provided by PDR and the UWB anchor system in 2 
scenarios:
• only a calibration of the position is considered since the measurement from 

UWB anchors are not always available. 
• the measurements are supposed to be continuously available and a 

correction on the heading is performed.
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Kalman Filtering: position calibration

• State:  position
• State transition: PDR
• Observations:  

• UWB measurements (position of the blinker wrt anchors) 
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Kalman Filtering: position + heading
• State:  position
• State transition: PDR
• Observations:  

• UWB measurements (position of the blinker wrt anchors) 

00

PREDICTION CORRECTION



PDR+UWB setup
• The wearable devices consist of a sensory system:

• an inertial platform integrating a tri-axial accelerometer,
• a tri-axial gyroscope,
• a tri-axial magnetometer,
• an UWB blinker

• The anchors are 4 static UWB receivers that represent the
components of the positioning and communication infrastructure,
connected to a processing unit.

• During the walking, the person is tracked by algorithms running on
the processing unit.
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PDR+UWB setup
• With respect to the foot mounted Inertial Measurement Unit (IMU) the waist

mounted IMU reduces the possibility of damages.
• But it downgrades the PDR performance, since the zero-velocity update to

determine the step event and reset the bias, cannot be used.
• The anchors that are deployed in the environment will provide significant

information to facilitate the operations of the persons inside the scenario.
• In contrast with literature, where localization is mainly based on BLEs

(Bluetooth Low Energy devices),
• Here, the landmarks will be deployed to support IMU-based localization

algorithm.
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Results
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Conclusion  
• A localization system for human being based on a sensor fusion

approach, by merging data from the IMU and the UWB systems.
• Two different algorithms:

• Only positioning measurements are considered, thus a simple recalibration of the
estimate is performed.

• Exploiting both PDR and UWB data, allows to correct the heading, so improving
the overall system performance.

• Future development:
• Extend the sensor fusion to develop a tight coupling between IMU and UWB
• Data collected by the UWB used for estimating the PDR parameters (e.g. length of

the step, β, gyros and accelerometers bias, and the magnetometer distortion).
• Different human activities recognition.

19



Many thanks for 
sharing your thoughts
Laura.giarre@unimore.it

20


