
Event Driven Time Synchronization of 
Mobile Devices

Abstract 
Mobile devices are increasingly used for context 
recognition. Recognition accuracies partly depend on 
the time synchronicity between the mobile devices used 
for data recording and labeling. Mobile device 
synchronization can be done via the Internet or GPS, 
but both are not available in all areas. This paper 
presents our novel approach "Event Driven Time 
Synchronization of Mobile Devices" that works anytime, 
anywhere. The idea is to trigger sensor events on each 
device as much as possible at the same time. The time 
difference of the sensor event occurrences is 
interpreted as the time difference between the devices,
called time offset between the devices. Our prototype
utilizes proximity events to enable this. Our evaluation 
shows that 99% of the time offsets vary not more than 
60 ms. Compared to this, only 17% are within this 
variance when using Network Time Protocol via a 
mobile High Speed Downlink Packet Access Internet 
connection. 
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Introduction
Mobile devices are increasingly used for context 
recognition. A variety of context recognition methods 
work with supervised learning that requires both, data
recording and also labeling. Usually, separate mobile 
devices are used to record data and to create labels.
We call the process of recording data and creating 
labels “measuring”, and the mobile devices used for 
measuring “measuring devices”. As addressed in [1],
the time synchronicity of measuring devices impacts 
context recognition accuracies and thus, also context 
prediction accuracies. For example, the recognition 
accuracy of left and right steps of a walking person 
suffers, if measuring devices are about 500 ms 
asynchronous. Since steps take about 500 ms [2],
labels which indicate right steps would belong to the 
data of left steps, and vice versa.

Time synchronization methods can be used to 
synchronize times before measuring by detecting and 
adapting the time difference between digital clocks,
e.g. those installed on mobile devices. A commonly 
used time synchronization method is the Network Time 
Protocol (NTP), which has been investigated for more 
than twenty-five years up to now [3]. NTP accuracy 
suffers from inconstant network delays, which are usual 
for mobile Internet connections such as the High Speed 
Downlink Packet Access connection (HSDPA), as we will 
show in the Section Experiments and Results. NTP also 
requires an Internet connection, which is not available 
in all areas, e.g. due to a low coverage of mobile phone 
masts. Another option is the use of the Global 
Positioning System (GPS), since GPS information also 
contains times from highly accurate atomic clocks 
installed on GPS satellites [4]. Nevertheless, GPS is not 

available in all areas, either. This is e.g. the case when 
being indoors.

If Internet connection and GPS are unavailable in the 
area where measuring takes place, measuring devices
have to be previously synchronized. In this case
however, there is an issue with drifts of digital clocks.
The more time passes between the synchronization and 
the measuring, the more impact the clock drift might 
have. In [1], an experiment with nine different
smartphones shows that their digital clocks drift up to 
1,377 ms per hour, depending on the smartphone 
model. It is possible to minimize the impact of digital 
clock drifts by synchronizing devices accurately before 
measuring takes place – if possible.

In this paper we present our novel approach "Event 
Driven Time Synchronization of Mobile Devices" 
(EDTS), which can be used to synchronize measuring 
devices closely before measuring - anytime, anywhere.
The idea is to trigger sensor events on each measuring 
device as much as possible at the same time. The time 
difference of the sensor event occurrences is 
interpreted as the time difference between the
measuring devices, called their time offset. A variety of 
sensors can be used to enable EDTS. For our prototype, 
we utilize proximity sensors commonly installed on
smartphones. As we will show, it is easy to trigger 
proximity events at several smartphones as much as 
possible at the same time. Our evaluation shows that 
99% of the offsets vary not more than 60 ms.
Compared to this, only 17% are within this variance 
when using NTP via a mobile HSDPA Internet 
connection.
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The remainder of this paper is structured as follows: 
We start with the Section State of the art. In Section
Event Driven Time Synchronization of Mobile Devices,
we present our novel approach EDTS and our prototype 
of EDTS. In Section Experiments and Results, the 
experimental evaluation of our prototype of EDTS is
discussed. Last, the Conclusion is given.

State of the art
GPS satellites are equipped with multiple highly 
accurate atomic clocks. GPS receivers of smartphones 
can detect the time information of the GPS signals. This 
information can be used to derive the time offsets 
between the time information of GPS signals and the 
times of the measuring devices [4]. However, GPS is 
not available in all areas. Our approach EDTS works 
independently of the area where measuring takes 
place.

NTP is commonly used for synchronization via network 
connections. Measuring devices can request the time 
offsets between their times and the times of NTP 
servers [3], as shown for devices A and B in Figure 1.
As described in [5], the time offsets can be calculated 
as follows, here shown for time offset A: time offset A 
= ½ * ((tsS1 – tsA1) + (tsS2 – tsA2)). When connected 
via e.g. Ethernet, NTP determines time offsets within a
variance of 10 ms. The accuracy suffers when the delay 
of the used network connection varies, which is 
common for mobile Internet connections such as
HSDPA. Our approach EDTS works independently of 
network delays and also works in areas, where no 
Internet connection is available at all.

Several methods synchronize times of measuring 
devices relative to a central point such as an NTP 

NTP ServerDevice A

request

response

calculate offset A

tsA1

tsA2

tsS1

tsS2

Device B

request

response

calculate offset B

tsB1

tsB2

tsS3

tsS4

Figure 1. NTP time synchronization of two devices.

server. Figure 1 illustrates time synchronization using 
NTP. Assume device A records data and device B is
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used to create labels. Both calculate their time offset
and add it to their times. When merging data and 
labels, the time offset errors accumulate. Assume the 
error of time offset A is -250 ms and the error of time 
offset B is 250 ms, which is realistic as will be shown in
Section Experiments and Results. These time offset
errors would accumulate to 500 ms, which disables e.g.
recognition of left and right steps. EDTS does not 
accumulate errors, since devices synchronize their 
times relative to a single event.

Another time synchronization method is the Precise 
Time Protocol (PTP) [6]. It synchronizes several
distributed clocks with an accuracy of nanoseconds, but 
it was designed for local area networks and evaluated
using Ethernet, which is not available in all areas and 
especially not for mobile devices like smartphones. In 
order to work accurately, PTP also requires constant 
network delays, which is an issue for mobile Internet 
connections.

Event Driven Time Synchronization of Mobile 
Devices
In this Section, we present our novel approach "Event 
Driven Time Synchronization of Mobile Devices"
(EDTS). With EDTS, several measuring devices can be 
synchronized independently of the area where 
measuring takes place closely before measuring starts.
EDTS only requires an event triggered at several 
measuring devices as much as possible at the same 
time. The principle idea how EDTS works is presented 
in Figure 2. It shows two measuring devices A and B. 
Both have an application installed, which listens for 
incoming events and stores event occurrence times. If 
an event is triggered at the time tsE, the devices detect 

Event TriggerDevice A Device B

tsA tsB

event event

tsE

Figure 2. EDTS time synchronization of two devices.

it at the times tsA and tsB. The difference of the times 
tsA and tsB is the time offset between A and B.

The devices might detect the event with different 
delays what can cause inaccuracies. However, in
Section Experiments and Results we evaluate EDTS.

Since EDTS is designed to work independently of any 
network connection, event occurrence times are not 
transferred between the devices. Time offsets cannot 
be determined immediately. Instead, time offsets are 
determined after measuring, e.g. at the moment where 
data and labels are merged. At this moment the data, 
the labels and the event occurrence times are available 
so that time offsets can be calculated.

With EDTS, it is also possible to synchronize data and 
labels without any time offset. To do so, the times tsA

and tsB can be treated as “moments zero”. From these 
moments on, times from smartphones A or B are given 
as the time passed since tsA or tsB. These times are 
then synchronous relative to each other, but the 
information about the real time gets lost. However, our
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prototype implements the first option and calculates 
time offsets after measuring, since the results will be 
the same for both types of implementations.

A variety of sensors can be utilized to detect events for 
EDTS. Events can e.g. be distinctive turns detected if 
using gyroscope sensors, or distinctive accelerations if 
using acceleration sensors. However, pre-processing is 
required to detect those motions and this can be 
avoided when implementing the EDTS approach. For 
our prototype we utilize proximity sensors, which are 
commonly installed on smartphones. Proximity sensors 
send proximity events either if something approaches
to the proximity sensors or if something moves away
from it. Compared to the detection of motions, no extra 
pre-processing is needed to detect proximity events.
The exact way proximity sensors work is described in 
[7].

Our prototype is created to enable EDTS to work with 
three smartphones simultaneously. These smartphones
can be used to record data or to create labels. All we 
need to enable EDTS is a trigger for proximity events at 
the smartphones. Therefore, we created a wooden box 
with spaces to place three smartphones as shown in
Figure 3. The box has two grooves at its left and right 
inside. A plate can be inserted in the grooves. By 
sliding the plate up (“close” the box) or down (“open” 
the box), proximity events are triggered at each 
smartphone laid in the box. For each triggered event, 
the time offsets between each pair of smartphones can 
be calculated as described above.

Figure 3. EDTS prototype: a wooden box to trigger proximity 
events at three smartphones.

For the precise use of our EDTS prototype, we ensured 
that:

The smartphones are fixed in their position.

The plate slides over each proximity sensor 
simultaneously.

The proximity sensors are not triggered by the 
inside walls of the box. The box realizes distances 
between the inside walls and the proximity sensors to 
ensure this.

Experiments and Results
To evaluate EDTS, we first created our prototype 
presented in Section Event Driven Time 
Synchronization of Mobile Devices. Three Samsung 
Galaxy S2 GT-I9100 smartphones were placed in our 
prototype. Each of it is equal in terms of hardware, 
software (Android 4.1.2) and set up. We then triggered
proximity events by closing and opening the box. For 
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each triggered event, we calculated three time offsets:
the time offset between the left and middle, the left 
and right, and the middle and right smartphone. All in 
all we collected 6,150 time offsets for our evaluation.
For comparison with EDTS, we also requested time 
offsets using NTP via an HSDPA connection. With NTP, 
two time offset requests are needed in order to 
synchronize a pair of smartphones (see Figure 1). For
this reason we requested more than twice the amount 
of time offsets using NTP, than using ETDS. All in all 
12,975 NTP time offsets were requested.

Assume digital clock drift is zero for a certain time. If 
several time offset requests return different time 
offsets during this time, they cannot all be correct. This 
means, the variance of time offsets can quantify a
synchronization method, since it indicates the range of 
the inaccuracy a method currently has. Therefore, we 
analyze the variance of time offsets for our evaluation, 
which can be visualized as follows, using EDTS as an 
example. First, the mean of all EDTS time offsets is 
calculated. The subtraction of this mean from each 
EDTS time offset gives the distances of the EDTS time 
offsets to their mean. Visualizing these distances, 
grouped around the mean, gives the distribution of the 
variance of the EDTS time offsets. This is shown for 
EDTS and NTP time offsets in Figure 4. For a better 
overview, NTP time offsets more than 600 ms away 
from their mean are not presented (about 4% of all 
NTP time offsets). NTP time offsets vary between 
-2,150 ms and 2,470 ms while EDTS time offsets only 
vary between -470 ms and 70 ms. Thus, the EDTS time 
offsets vary only about 540 ms at all, while NTP time 
offsets vary about 4,620 ms at all.

Figure 4. Cutout of NTP and EDTS time offset variance 
distributions.

Figure 5 shows the percentiles of NTP and EDTS 
absolute time offset variance distributions. Percentiles 
inform about the percentage of time offsets, which are
within a specified absolute variance. Figure 5 shows 
that EDTS time offsets do not vary more than 60 ms for 
each percentile up to 99% of all EDTS time offsets.
Only five outliners occur (less than 1%). Compared to 
this, only 17% of all NTP time offsets are within this 
variance. 99% of all NTP time offsets vary up to 923
ms. The NTP time offset outliners (the remaining 1%) 
vary up to 2,470 ms.

456

UBICOMP '14 ADJUNCT, SEPTEMBER 13 - 17, 2014, SEATTLE, WA, USA



Figure 5. The percentiles of NTP and EDTS absolute time 
offset variance distributions.

Conclusion
In this paper we presented our novel approach "Event 
Driven Time Synchronization of Mobile Devices”
(EDTS), which synchronizes times of two or more 
mobile devices used for context recognition. In contrast 
to existing methods, EDTS works independently of any 
network connection and the area where it is used. We
presented our prototype, which utilizes proximity 
sensors commonly installed on smartphones. Our 
evaluation shows that more than 99% of the 6,150 
time offsets collected with our EDTS prototype vary not 
more than 60 ms. The EDTS prototype performs with 
even greater stability and accuracy than using NTP via
a mobile HSDPA Internet connection, which varies up to 
923 ms for 99% of 12,975 collected time offsets. These 

results show the feasibility of EDTS in the field of 
context recognition.
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