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Location Technologies in 
Smartphones 

•  Cell ID 
•  WLAN 
•  GPS 
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Differences between  
Positioning Methods 

• WLAN method has potential for indoor positioning 
• outdoors it lags behind compared to GPS based localization 

(Zangenbergen 2009) 

Differences between GPS, WLAN, and Cell ID 
based positioning 

• assisted by accelerometer and digital compass, GPS 
positioning accuracy could be improved (Mok, Retscher and 
Wen 2012) 

Combining different sensors with GPS 
positioning to increase accuracy level 
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GPS Positioning Accuracy  
with Smartphones 

• acceptable alternative to other tracking devices in vehicles 
• accurate within 10 meters about 95% of the time  

(Menard, Miller, Nowak, & Norris 2011) 

3 different smartphones:  
Samsung Galaxy S, Motorola Droid X, and iPhone 4 

•  significant differences in accuracy  
(von Watzdorf & Michahelles 2010) 

3 different Apple devices:  
iPhone, iPod Touch, and iPad 

• measurement accuracy heavily depends on the respective device 
(Hess, Farahani, Tschirschnitz & von Reischach 2012) 

5 different devices and operating systems:  
Android 2.3.3, Android 2.3.6, iOS 4.2.1, iOS 4.3.5, and 
Windows Phone 7 
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GPS Positioning Accuracy  
with Smartphones 
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limitations: 
different GPS chipsets, 
different operating systems 

limitation: 
different methods  
(WLAN vs combination of 
WLAN, GPS, and Cell ID) 

limitations: 
 different GPS chipsets, 
different operating systems 



Research Design 



Objective 

§  Compare similar applications with respect to the 
accuracy of localization measurements 
§  on a single device ( ‘HTC Desire Bravo’) 
§  same OS (Android) 
§  same location 
§  same method (GPS based localization) 
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Running with Smartphone 
Applications 
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Sample 

§  9 currently popular running applications that use GPS 
based localization in real time while moving (running) 
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that, assisted by an accelerometer and digital compass, GPS 
positioning accuracy could be improved.  

To the best of our knowledge, though, different tracking 
applications run on a single device (and having the same setup for 
each application) has not yet been researched. 

3. RESEARCH DESIGN 
In this work, we analyze nine currently popular running 
applications that use GPS based localization in real time while 
moving (running). The objective is to compare them with respect 
to the accuracy of localization measurements. 

3.1 Sample 
We chose Android for our study for being the platform with the 
highest market share (approximately 80 percent in 2013 [23]). In 
order to reflect the highest quality and most popular applications 
available at the time of our study, we considered those 
applications with the highest download rates and user ratings in 
the Google Play Store. 

As the Google Play Store does not offer a specific running or 
sports category, we had to manually search for applicable 
applications in the ‘health and fitness’ category and compare their 
download rates and ratings. 

We chose the top nine free applications (minimum of one million 
downloads by 31-May-2013) as a representative sample for this 
evaluation (Table 1). The user rating of all applications in the 
sample was high (on average 4.3 stars and above). We had to 
exclude the application ‘Nike+ Running’, which was among the 
top ten, because it was not compatible with our available testing 
device (HTC Desire Bravo). 

Finally, we made sure from their descriptions that the applications 
relied solely on GPS for tracking the user (i.e., they do not 
combine it with further localization technology). 

Table 1. Sample description 

Application Downloads 
in millions 

User rating Last 
actualization 

Endomondo 5-10  4.5 (109081) 21-May-2013 

Runtastic 5-10  4.6 (76234) 26-Apr-2013 

Noom Cardio Trainer 5-10  4.4 (53699)  11-Jan-2012 

MyTracks  5-10  4.4 (75482)  17-Apr-2013 

Runkeeper  1-5  4.5 (57992)  23-May-2013 

Sports Tracker 1-5 4.6 (48275)  16-May-2013 
MapMyRun GPS 
Running 1-5 4.5 (33468)  10-May-2013 

Adidas miCoach 1-5 4.4 (16583)  10-May-2013 

Orux Maps  1-5 4.6 (9808)  21-Apr-2013 
 

3.2 Testing for Accuracy 
All applications were tested with the smartphone model ‘HTC 
Desire Bravo’, following the same procedure for each application. 
For applications that allowed using other means for localization 
(e.g., Sports Tracker), the respective technology was disabled to 
ensure that only GPS data is considered. 
First, a distance of exactly 500 meters was measured in a highly 
populated (city) location, so that running back and forth along this 
track in a straight line would result in a total distance of exactly 

one kilometer. As the starting and ending points were the same, 
the altitude difference between them was ensured to be zero. 

Second, a test person ran the measured track back and forth in a 
straight line, with each of the applications in the sample. Before 
the start of every run, the GPS signal was ensured to be good 
enough for adequate measurement (which is a feature of most 
running applications). After a run with an application, the 
application itself and the Web interface that extended the 
application (if available) were checked for the total distance of the 
run (the result of which should have been one kilometer) and any 
altitude differences (which should have amounted to zero). 
Additionally, we analyzed the visualization of the tracked routes 
in the application, as these gave good indications about the 
accuracy of the tracking measurements. 

4. RESULTS 
4.1 Distance 
Table 2 shows the measurement data of all applications for 
distance in alphabetical order. Figure 2 visualizes the distance 
inaccuracies, sorted according to deviation. 

Table 2. Accuracy measurements for distance 

Application Distance in 
meters 

Deviation 
in meters 

Rank 

Adidas miCoach 1000 0 1 

Endomondo 940 60 8 

MapMyRun GPS Running 1030  30 6 

MyTracks  1030  30 6 

Noom Cardio Trainer 1010  10  2 

Orux Maps  1010  10  2 

Runkeeper  980  20 5 

Runtastic 940 60 8 

Sports Tracker 990 10 2 
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Figure 2. Distance inaccuracies. 

 

Only one application (Adidas miCoach) measured a total distance 
of one kilometer. Noom Cardio Trainer, Orux Maps, and Sports 
Tracker showed deviations of 10 meters each. Runkeeper was 20 
meters off. MyTracks and MapMyRun GPS Running were off by 
30 meters. In comparison, Endomondo and Runtastic showed a 
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Procedure 

§  Distance of exactly 500 meters was measured in a highly 
populated (city) location 
§  running back and forth along this track in a straight line: 

§  total distance of exactly 1 kilometer 
§  starting and ending points were the same: 

§  altitude gain = 0 

§  Test person ran the measured track back and forth in a 
straight line, with each of the applications in the sample. 

§  Before the start of every run, the GPS signal was ensured 
to be good enough for adequate measurement (which is a 
feature of most running applications). 

§  Application and/or Web interface that extended the 
application were checked for data on distance and altitude 
differences. 
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Results 



Visualized Data 

 
29 Comparison of the TOP-10 jogging-applications with GPS-tracking on Android 

¾ Accuracy-Test 

Sports Tracker took 13 seconds to get a signal, but at least it informs you visually if it has 

found a signal already or not. The accuracy yielded mixed results. Total distance of the run 

was at 0.99 km, sharing rank 2 with Noom Cardio Trainer & Orux Maps. Unfortunately, total 

ascent was 31m, while total descent amounted to 32m. The track on the map would have 

been accurate in general, had the start not been off by about 10 meters. 

 

 

Figure 13 Sports Tracker Web-Interface & map 

+ - 
Fancy design with a lot of data Fancy design that is very hardware-demanding 

Distance accurate Elevation inaccurate 

 Limited features 
Table 7 Sports Tracker Pro/Contra-Summary 

  

Running Track (left) - Altitude Differences (right) 
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Visualized Data 
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22 Comparison of jogging-applications with GPS-tracking on Android 

¾ Accuracy-Test 

The testing experience of Endomondo yielded mixed results. Once the application was 

ƐƚĂƌƚĞĚ͕�ŝƚ�ƚŽŽŬ�ϵ�ƐĞĐŽŶĚƐ�ƚŽ�ŐĞƚ�Ă�͞'W^�ĞǆĐĞůůĞŶƚ͟�ƐŝŐŶ͘�/Ŷ�ƚŚŽƐĞ�ϵ�ƐĞĐŽŶĚƐ͕�ƚŚĞ�ĂƉƉůŝĐĂƚŝŽŶ�

did not give any feedback on how the signal-search was progressing. Once the signal was 

found, the start-button was hit and the running began. The tracked route showed a starting-

point that differentiated 13 meters from the true starting point, although it took about 60 

meters until the app actually showed any data on-screen, which would explain why the total 

distance measured did come out at 940 meters. The elevation-measurements were very 

inaccurate though. According to Endomondo, total ascent amounted to 10 meters, while 

total descent amounted to 23 meters, with a minimum altitude of 196m and a maximum 

altitude of 219 meters. Needless to say, these measurements are far from even being 

realistic, with the starting point being on the same spot as the end point of the run and a 

difference in ascent and descent of 13 meters. The highly inaccurate measurement stats are 

shown in Table 2, along with other positive and negative standout-factors. Another nasty 

byproduct was the fact that the track of the run was not very accurate on the map, as Figure 

7 illustrates. The track showed a zigzag-course and that the street was crossed multiple 

times, when in fact it was run right beside the street the whole time. 

 

 

 

 

 

 

 

 

 

Figure 1 Endomondo-track shown on Google Maps 

Table 2 Endomondo Pro/Contra Summary 

+ - 
High range of features Elevation & distance inaccurate 

Different types of sports Many features are pro-only or require subscription 

Broad network in Europe Track on the map inaccurate 



Visualized Data 
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24 Comparison of jogging-applications with GPS-tracking on Android 

¾ Accuracy-Test 

Runtastic did show data immediately after the run was started. However, it came out at 

0.94km as well, just like Endomondo did. Although the starting point differed from the actual 

one by about 2.5 meters, the starting point and the end point were at the almost exact same 

position on the map. Another positive aspect of the tracking-experience of Runtastic was the 

elevation, as can be seen in Table 3. Elevation gained and lost were both at 0m. As visible in 

Figure 8, the track shown was not perfect but still a lot more accurate than the one of 

Endomondo. 

 

 

 

 

 

 

 

 

 

Figure 2 Runtastic-track shown on Google Maps 

Table 3 Runtastic Pro/Contra-Summary 

+ - 
High range of features Many features are pro-only or require subscription 

Different types of sports Distance inaccurate 

Elevation correct + correctable  
  



Visualized Data 
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30 Comparison of jogging-applications with GPS-tracking on Android 

¾ Accuracy-Test 

It did take 9 seconds to have a signal with Runkeeper. A graph is shown in order to indicate if 

the signal is good. If the user starts the run before the application has a signal, a warning-

message is shown. Distance covered came out at 0.98, slightly behind Adidas in terms of 

accuracy. Elevation gained was at 4m, which is wrong but still not as bad as with apps like 

Endomondo, however, Runkeeper does not divide into ascent and descent. The track shown 

on the map was somewhere in between Endomondo and Runtastic in terms of accuracy., as 

can be seen in Figure 11. 

Figure 5 Runkeeper-track shown on Google Maps 

What you find with most applications is that the current pace shown is often completely off, 

varying between 3 and 9 minutes although you are running steadily at 5minutes per km. 

Runkeeper did a solid job concerning the current pace and only varied between 4:10 and 

4:30. Figure 12 illustrates how one can analyze his performance with Runkeeper. 

 

 

 

Figure 6 Runkeeper elevation-profile 

Table 6 Runkeeper Pro/Contra-Summary 

+ - 
Ad-free Low range of sports-types 

Customizable audio-cues Some features require subscription 

Goal-oriented Elevation incorrect 



Accuracy measurements for 
distance 

Application Distance 
in meters 

Deviation 
in meters 

Rank 

Adidas miCoach 1000 0 1 
Endomondo 940 60 8 
MapMyRun GPS Running 1030  30 6 
MyTracks  1030  30 6 
Noom Cardio Trainer 1010  10  2 
Orux Maps  1010  10  2 
Runkeeper  980  20 5 
Runtastic 940 60 8 
Sports Tracker 990 10 2 
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Distance inaccuracies in meters 
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Accuracy measurements for 
altitude differences 

Application Total 
ascent in 

meters 

Total 
descent 

in meters 

Total 
deviation 
in meters 

Rank 

Adidas miCoach 5 5 10 4 
Endomondo 10 23 33 8 
Noom Cardio Trainer 0 0  0  1 
MapMyRun GPS Running 6 6 12 5 
MyTracks  7.29 7.29 14.58 6 
Orux Maps  13 14  27  7 
Runkeeper  4 4 8 3 
Runtastic 0 0 0 1 
Sports Tracker 31 32 63 9 

Estimates are given in italics. 
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Elevation inaccuracies in meters 
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Total deviation in meters 

ON THE (IN-)ACCURACY OF GPS MEASURES OF SMARTPHONES PAGE 20 13-MAY-16 

10 10 

28 
37 

42 44.58 

60 

73 

93 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Adid
as 

miC
oa

ch
 

Noo
m Card

io 
Trai

ne
r 

Run
ke

ep
er 

Orux
 M

ap
s 

Map
MyR

un
 G

PS Run
nin

g 

MyT
rac

ks 

Run
tas

tic
 

Spo
rts

 Trac
ke

r 

End
om

on
do

 

m
et

er
s 

Total deviation in meters 



Take away messages 

Positioning accuracy depends on various 
factors! 

• Study indicates a quality ranking of the analyzed 
applications 

For practice: 

• Study qualifies the findings of previous studies in the 
field 

For scientific knowledge base: 
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Limitations & Future Directions 

§  Control for crowdedness and traffic when tracking the 
locations. 

§  Control for smartphone’s internal activity (lowering read 
out frequency) as well as temporary surrounding influences, 
such as the reflection of signals disturbing GPS reception. 
§  Future work should control for this: 

§  e.g., running the track several times with each application; or 
§  runner could wear 9 phones of the same type, each running one of the 

applications 
§  Control for space weather influence (see also Kos and 

Brčic ́) 
§  1 kilometer is a rather short distance 

§  unclear how measurements develop over long distances 
§  e.g., if Endomondo would keep its deviations per km, a marathon 

(42.195 km) would result in a deviation of 2531.7 meters. For a 
runner that maintains a pace of 5 minutes per kilometer, that would 
distort the performance by more than 12 minutes. 
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