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P2SLAM: Bearing-Based WiFi SLAM 
for Indoor Robots

• Visual sensors can fail in highly structured or dense 
environments, and under poor lighong condioons.

• All indoor robots have Wi-Fi devices on them for connecovity.
• Robots can exploit Wi-Fi devices’ sensory capabilioes to make 

SLAM systems more robust.

Images: hFps://www.bostondynamics.com/press-release-spot-commercial-launch

• Wi-Fi signal bearings estimated from a commercially available Wi-Fi card.
• CSI (Channel State Information) is used to estimate the signal’s bearing (θ) using the 2D-FFT algorithm.
• We explore using these bearings for a SLAM application.
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AblaWon: (Lek) Effect of RSSI filtering on localizaoon performance.
(Right) Benefits of two-way bearing measurements.

Implementation

Localization: P2SLAM's trajectory estimates perform on par with 
RTAB-Map (2), a state-of-the-art SLAM system.
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Environment: Tested across diverse 
range of indoor environments, driving a 
total distance of over 1,225m.
Difficulty: Emulate realisoc trajectories 
as commonly taken for package delivery 
or cleaning tasks.
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Algorithm Env 1-Dataset 1 Env 1-Datset 2 Env 2-Dataset 3
Trans
[cm]

Orient
[°]

Trans
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Orient
[°]

Trans
[cm]

Orient
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Dead-reckoning 180.6
(513.9)

8.64
(18.1)

378.6
(1156)

23.34
(37)

422
(1098)

16
(30.5)

RTAB-Map [2] 36.8
(165.7)

2.97
(10.83)

38.5
(63.7)

0.74
(2.69)

61.5
(256)

2.2
(7.99)

P2SLAM 26.9
(54.7)

1.28
(3.16)

40.4
(76.9)

1.32
(3.7)

65.2
(158)

1.65
(3.95)
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Robot
• Turtlebot 2 running ROS 

Melodic
Sensors
• Quantenna AP
• Hokuyo UTM-30LX LiDAR
• Intel D415 RGB-D 

Camera
Ground Truth
• Google Cartographer [1]
Backend
• GTSAM [3]
Benchmarking
• RTAB-Map [2]
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SLAM
The goal is to combine Wi-Fi sensor measurements 
with the Odometry measurements to compute the 
most likely trajectory.

Wi-Fi + Odometry Fusion

• Visualization of the real-world sensor measurements.
• Odometry is measured at the robot, and bearings are 

measured at the robot and the APs.
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System Design
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• P2SLAM corrects for odometry drifts without training 
or a-priori knowledge of the environment.

• P2SLAM is robust to sparse deployment of APs.
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Factor Graph backend, supported by GTSAM[3]
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Robot sided bearing measurement model, can 
be similarly extended for AP-sided bearings 

RSSI-based techniques [4, 5, 6]
• Signal strength (RSSI) as a proxy for distance to access point
• Con: Performs poorly in dynamic conditions
• Con: Highly correlated with environment conditions 

CSI-based techniques
• Pro: Robust to environment, less affected by reflected paths
• Con: Do not fuse with odometry to provide robot pose [7]
• Con: Rely on dense deployment of WiFi backscatter tags [8] 
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