
Stanford PNT, November 2015 1 

THE WORLD’S FIRST GPS MOOC  
& WORLDWIDE LAB USING SMARTPHONES 

Frank van Diggelen, Per Enge 
Stanford PNT 

11-13 November 2015 



Stanford PNT, November 2015 2 

What’s a MOOC? “Massive open online course” 
Free online course, Video-lectures, interactive quizzes, Pioneered at Stanford (Sebastian Thrun) 

 
  Udacity, EdX, Coursera 

us 
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GPS MOOC Registration: 31,000 people from 192 countries. 
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PARTICIPATION, OVER TIME 

31,000 registrants (ongoing) 

19,000 visited the course 

17,000 watched at least one lecture 

           6,000 participated actively 

3,000 watched all 62 videos 

1,700 participated in the labs 

in 100 countries 
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12 Oct 21Nov 
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1. Lift off! 
Course intro 

2. Position 

4. Receiver design 5. A-GPS High Sensitivity 

6. Future 

    Course outline, by week 

High Accuracy 

3. Orbits 
     Signals 
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Labs, carried out worldwide, using smartphones 
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Lab A, Accuracy 
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Lab A, Results 
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Law of Urban Multipath? 

(1) Mean Accuracy (m)  = Building height (floors) + 5   

(2) Accuracy = f(height of buildings , distance between buildings) 

(3) Accuracy = h*height + d*distance + e 

NEXT STEP:  
 Go out and discover if there is an h, d, and e that matches the experimental data 
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Lab B, Predict and track a satellite 
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App = AndroiTS GPS Test 



Stanford PNT, November 2015 16 



Stanford PNT, November 2015 17 



Stanford PNT, November 2015 18 

14 Teff  296.4 K Friis's formula

15 No -203.9 dBW/Hz =10*LOG10(k*Teff)

16 Signal Strength at antenna -128.5 dBm Minimum signal strength in IS-GPS 200, see Module 4-3

-158.5 dBW =dBm - 30

17   C/No 45 dB-Hz SS (dBW)-No(dBW/Hz)

Lab C, Signal strength & RF losses 
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Lab C 14 Teff  296.4 K Friis's formula

15 No -203.9 dBW/Hz =10*LOG10(k*Teff)

16 Signal Strength at antenna -128.5 dBm Minimum signal strength in IS-GPS 200, see Module 4-3

-158.5 dBW =dBm - 30

17   C/No 45 dB-Hz SS (dBW)-No(dBW/Hz)

Ideal – Measured  = RF loss of phone 

  = 45 dB.Hz – 38 dB.Hz 

  = 7 dB App = AndroiTS GPS Test 
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Lab C, Results 
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GNSS RF loss in smartphone: 8.5 dB  5 dB, (median  1) 
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Lab C, part 2: now that you know x, measure y 
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Histograms: 
 RF losses through different types of buildings 

Wood frame 
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Online Quizzes & Final Exam 
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What we (as teachers) learned 

• Use Google Forms 

• The World  Silicon Valley 

• We get valuable info. from simple questions & many participants 

• The Labs are more than pedagogical,  

 they produce real and valuable research results – even without trying! 
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What’s next (at Stanford) 

• AA272C, Stanford graduate class: Introduction to  GPS 
• “Flip” the MOOC  

• videos are pre-class assignments 
• use class time in a more tutorial manner 

Example 1)  instead of “Here are Kepler’s 3 laws”, a question:  
A satellite gets closer to the Earth in an elliptical orbit; does 
it speed up or slow down? 

Example 2) One Venus year = 225 Earth days 
What is the highest above the horizon that you could ever possibly see Venus? 

faster or slower? 
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What’s next (online) 

• The MOOC is still there on Coursera  –  
• register, login, and watch the videos (current activity 150 people/wk) 

 
• On-demand MOOC  (available 2016) 

• More ambitious labs 
 e.g. Received C/No vs Foliage type 
  
 other ideas? 
 email us:  frankvan@stanford.edu   
   penge@stanford.edu 


