
1 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 

HOW GLONASS FAILED FOR 11 HOURS 

 AND MULTI-GNSS SURVIVED 

Frank van Diggelen, 

Stanford PNT 

29 Oct 2014 
v1.4 



2 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 

THE FIRST GPS MOOC 

(5 minutes, followed by advertised talk) 

Frank van Diggelen, Per Enge 

but first ... 
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WHAT’S A MOOC? “MASSIVE OPEN ONLINE COURSE” 

 Free online course 

 Video-lectures, interactive quizzes 

 Pioneered at Stanford (Sebastian Thrun) 

 Udacity, EdX, Coursera 

US 



4 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 

French Polynesia 

(1) 

Mauritius (17) 

Bermuda (1) 

Fiji (1) 

Maldives (5) 

Guam (2) 

© Frank van Diggelen, October 2014  

5,700 

3,800 

700 

700 

475 

475 

475 
140 

475 

250 

475 700 

475 
475 

240 

120 

190 

GPS MOOC Registration: 24,000 people from 182 countries. 
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Labs, carried out worldwide, using smartphones 
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2 APRIL 2014,  

GPS/GLONASS RECEIVER: 

True Path 

Errors to 10km 

Seoul, S. Korea 
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PROBLEMS WORLDWIDE: 

Harwich, England, GLONASS receiver 

50 km 

Seoul, S. Korea, GPS/GLONASS receiver 

 

Altus Positioning: “we are 
experiencing calls from 
customers all over the world, 
experiencing GLONASS 
outages” 

“all over the world”, GPS/GLO receivers 

IGS, Worldwide: “Of 180 receivers, 60 severely affected 



10 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 

WHAT HAPPENED？ 

1. Incorrect ephemeris uploaded to all GLONASS satellites: 

𝑥𝑦𝑧  Bad 

clock  Good 

2. No unhealthy flags set 

3. Persisted for 11 hours 

xyz 
true position of satellite 

xyz 
broadcast position of satellite 
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BROADCAST EPHEMERIS (BE) VS LTO 

 LTO = Long Term Orbits 

 for GPS, GLO, QZS, BDS, GAL 

 Broadcom operates a worldwide reference network 

 live tracking of all satellites all the time 

 After the GLONASS incident, we compared the collected BE against 
the previously predicted LTO ... 
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EPHEMERIS ERROR VS TIME (SATELLITE 1) 
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Clock error of svid 1

>105 m position error  (> 100 km) 

No clock error 

BE vs LTO, orbit and clock 

Time scale 7 days 

Resolution 4 hours 
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EPHEMERIS ERROR, ALL 24 GLONASS SATELLITES,  
FROM ARCHIVED BE DATA OVER 7 DAYS 
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3-D position error of svid 3
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3-D position error of svid 5
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3-D position error of svid 6
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Clock error of svid 24

On this resolution and time scale and resolution (4 hours, 7 days) 
archived BE for  SVs 6, 7, 8, 14, 15, 23 & 24  do not show errors 
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ANALYSIS FROM IGS 

Time scale 10 hours 

Resolution ½ hour 

Courtesy: Gerhardt Beutler, Astronomical Institute, University of Bern 
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SO HOW DID THIS HAPPEN? 

“There were some mathematical mistakes, but they have been corrected,”  

Oleg Ostapenko, head of the Russian space agency Roscosmos, 24 April 2014 

 

 

From IGS analysis: 

“Erroneous GLONASS Broadcast positions show a consistent rotation of about 

0.5 degrees about inertial x-axis.” 

http://en.ria.ru/russia/20140424/189350346/Glonass-Failure-Caused-by-Faulty-Software--Roscosmos.html 

http://gpsworld.com/the-system-glonass-in-april-what-went-wrong/  (Beutler) 

http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf  

#define ROUND(x) ((int) (double)x+0.5) ) 

Speculation ... 

Maybe this species of bug? 
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http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf
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WHAT ABOUT ALERTS, HEALTH BITS, ETC? 
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From Russian Federal 
Space Agency Information-
Analytical Center website: 

Unhealthy flag was never set on any of the satellites with bad ephemeris 

“Error (URE > 75M)” are observed error estimates, not broadcast URE 

 

  HEALTH FLAGS  
 

From Broadcom Worldwide 
Reference Network, received 
ephemeris archive: 

Health bits received from all 
GLONASS satellites 
throughout this time period. 

No unhealthy flags. 

New almanac was not broadcast during this period 

Time scale 24 hours 

Resolution 15 minutes 
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Source: http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf  

http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf
http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf
http://www.gps.gov/governance/advisory/meetings/2014-06/beutler1.pdf
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BROADCAST ALMANAC, FROM THE TIME OF INCIDENT 

Broadcom database of all received broadcast almanac during this incident 
shows no almanac health bits set unhealthy at any time for any satellite. 

... continues for 72 rows and 24 hours 
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HOW MULTI-GNSS SAVED THE DAY 
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Three independent system, if one system goes bad, it is easy to identify. 
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HOW MULTI-GNSS SAVED THE DAY 

BeiDou Satellites 
used in good solution 

GLONASS Satellites 
isolated, not used 

GLONASS Satellites 
used in bad solution 
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2 BDS 

4 BDS 

6 BDS 

9 BDS 



23 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 longitude

la
ti
tu

d
e

-150 -100 -50 0 50 100 150

-40

-20

0

20

40

60

Availability of 4 or more BeiDou satellites,  

above 10 horizon mask angle 

100% 
40% 

50% 

四颗以上，水平仰角大于10度的北斗卫星
的可获性 



24 © 2014 Broadcom Corporation.  All rights reserved.  Stanford PNT Symposium, October 2014 

40% 

50% 

60% 70% 80%+ 

Availability of 4 or more BeiDou satellites,  

above 10 horizon mask angle 
17 May 2013 

40% 30% 20% 
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60% 

四颗以上，水平仰角大于10度的北斗卫星的
可获性 
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SUMMARY 

 GLONASS failure was caused by wrong Broadcast Ephemeris 

 It affected all satellite orbits (but not clocks) 

 IGS identified the error as an erroneous rotation of the orbital planes 
about the inertial x-axis 

o Error identified almost immediately by the GLONASS operators ... 

o ... but not communicated to users through broadcast health bits in 
broadcast ephemeris or broadcast almanac 

o Commercial consumer LTO system (Broadcom) and Scientific 
system (IGS) show consistent data w.r.t duration and magnitude of 
errors and broadcast health bits 

 Consumer products with GPS, GLONASS, QZSS and BeiDou 
operated seamlessly through the incident. 

 With the addition of Galileo, this kind of robustness will be possible 
worldwide. 


