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GNSS mainly providing globally referenced positioning for 
autonomous driving. According to a review paper[1] , NLOS is the 
main challenge for GNSS urban positioning.

[1]J. Breßler, P. Reisdorf, M. Obst, and G. Wanielik, "GNSS positioning in non-line-of-sight contextðA survey," in Intelligent Transportation Systems 

(ITSC), 2016 IEEE 19th International Conference on, 2016, pp. 1147-1154: IEEE.

Background



Related Work - Satellite Visibility Prediction
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Receiver Position
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ÅExcluding satellite measurement of the LOS path blocked by 
buildings from GNSS positioning.

ÅG14, R20, E8 and C18are detected as NLOS based on 3D 
building model.
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Å NLOS detection  using Omnidirectional Infrared Camera/Fish-

eye Camera. 
(J.Meguro, et al., IEEE trans. on ITS, 2009 and T. Suzuki and N.Kubo,. ION GNSS+2014.)

ÅExcessive NLOS exclusion leads to HDOP distortion and 

Large Positioning Error!

Related Work ïSky-Pointing Camera Aided 
GNSS 

Source: T. Suzuki and N.Kubo 2014

Fisheyecamera
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Receiver Position

Ground Truth
Leastsquare after excluding NLOS (HDOP 3.15)

Leastsquare (HDOP 0.9)

169.0m

92.4m

Related Work ïSky-Pointing Camera Aided 
GNSS 
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Our idea: To implement sky-pointing camera and 

LiDAR to help the GNSS SPP for autonomous 

driving!

Brief Summary
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Flowchart of the proposed method

Input: 

É GNSS data

É Sky View Image

É Heading

É Point Cloud
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To detect the NLOS signal: 

Å1) Sky View Segmentation and 

Å2) Satellite Projection and LOS/NLOS Classification.

NLOS Detection using Monocular camera



The meanmaskelevationangleof buildings can go up to 50

degreesin denseurban,thereforewe usemonocularcamerato

capturetheskyview image.
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camera

How to segment the 

sky area and non-sky 

area?

Sky View Segmentation 


