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(57) ABSTRACT 

A system and method for determining the quality of service in 
wireless data network by a plurality of mobile devices is 
provided. In one embodiment, the method includes present- 
ing to a user a plurality of reference content items, for each 
content item, receiving a reference content item rating indica- 
tive of a quality rating provided by the user, wirelessly trans- 
mitting a test content item to the mobile device, presenting the 
transmitted test content item to the user; receiving a test 
content item rating provided by the user, wherein at least 
some of the plurality of reference content items comprise 
content items of known and differing quality, normalizing the 
test content item rating based on the reference content rating 
received to provide a normalized test content item rating; and 
outputting a quality of service performance metric based on 
the normalized test content item rating. 

20 Claims, 2 Drawing Sheets 
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SYSTEM AND METHOD FOR DETERMINING 
QUALITY OF SERVICE OF A MOBILE 

DEVICE 

FIELD OF THE INVENTION 

The present invention generally relates to systems and 
methods for evaluating communication devices, and more 
particularly to systems and methods for evaluating and com- 
paring the quality of service of mobile communication 
devices in live networks. 

BACKGROUND OF THE INVENTION 

Mobile communication devices have become ubiquitous in 
our society. Unlike conventional stationary devices, which 
typically operate in a home or office and receive data and 
information delivered via a wire and enjoy a highly consistent 
transmission medium, mobile devices are subjected to use 
under varying environments which result in a highly varying 
quality of service for various content to the end user. One 20 

challenge to those designing mobile devices is to design the 
devices to provide the desired quality of service even when 
the user is using the device in challenging and changing radio 
environments. Further, wireless network operators also want 
the users of their network to use mobile devices that provide 
adequate quality of service in all radio environments to ensure 
that the user has a satisfactory experience using their wireless 
network. Thus, there are numerous parties who desire to test 
the quality of service provided by mobile devices. 

There are, however, a wide variety of mobile devices used 
for communicating over wireless data networks. With the 
proliferation of mobile devices, many designs have evolved. 
The different designs of mobile devices result in different 
performance characteristics for each device. Various design 
characteristics may impact the quality of services provided by 
a device and its ability to provide communications in varying 
radio environments. For example, the radio front-end of a 
mobile device, which drives, in part, the radiated performance 
(a devices ability to receive and transmit radio signals) of the 
device may positively or negatively impact the quality of 
service in various radio environments. Another factor may be 
the device's capability to cancel interfering radio signals from 
wanted radio signals in order to increase the signal-to-noise 
ratio and thereby improve the quality of service. Other design 
factors include (a) the performance of the device's digital 
signal processor, (b) the design of the device's operating 
system, (c) the content to be viewed by the user and associated 
applications including the handling of TCP/IP communica- 
tion. As a result, the many different mobile devices have 
varying performance characteristics due to their design. Thus, 
different devices operating in the same radio environment 
provide different qualities of services. 

In addition, another challenge to testing mobile devices is 
how to comparatively evaluate different model devices across 
different locations, at different times, in some instances using 
different people, and under the differing radio conditions 
present in live mobile networks. Thus, there is a need to 
objectively determine the quality of service provided by dif- 
ferent mobile devices in receiving and presenting (outputting) 
different content types wherein the testing may be performed 
by different people in varying environments and at different 
times. These and other needs may be provided by one or more 
embodiments of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further described in the detailed descrip- 
tion that follows, by reference to the noted drawings by way 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
of non-limiting illustrative embodiments of the invention, in 
which like reference numerals represent similar parts 
throughout the drawings. As should be understood, however, 
the invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 

FIG. 1 is a block diagram of an example system for deter- 
mining the voice quality of service provided by one or more 
mobile devices according to an example embodiment of the 
present invention; and 

FIG. 2 illustrates an example method for determining qual- 
ity of service according to an example embodiment of the 
present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

In the following description, for purposes of explanation 
and not limitation, specific details are set forth, such as par- 
ticular networks, communication systems, computers, termi- 
nals, devices, components, techniques, telephone devices, 
mobile devices, accessory devices, simulators, ear pieces, 
headsets, telephone handsets, data and network protocols, 
software products and systems, operating systems, develop- 
ment interfaces, hardware, etc. in order to provide a thorough 
understanding of the present invention. 

However, it will be apparent to one skilled in the art that the 
present invention may be practiced in other embodiments that 
depart from these specific details. Detailed descriptions of 
well-known networks, networks, communication systems, 
computers, telephone devices, mobile telephones, accessory 
devices, simulators, ear pieces, headsets, telephone handsets, 
terminals, devices, components, techniques, data and net- 
work protocols, software products and systems, development 
interfaces, operating systems, and hardware are omitted so as 
not to obscure the description of the present invention. 

According to an embodiment of the present invention, the 
quality of service performance of a mobile communication 
device (referred to herein as a mobile device), such as, but not 
limited to, a mobile telephone, game console, portable com- 
puter, tablet computer, and/or PDA (personal digital assis- 
tant), is evaluated in a wireless data network. As used herein, 
"mobile device" means a device configured to provide com- 
munication and/or data transfer services over a wireless data 
network which may include a mobile telephone network. 
Mobile devices may include accessories (e.g., a wired or 
wireless) such as an earpiece, headset, speaker phone (e.g., 
that includes a microphone and which maybe, for example, in 
an automobile, or other device), or other such device that may 
be used with a mobile device. Many mobile devices support 
services such as SMS for text messaging, email, FTP, UDP, 
packet switching for access to the Internet, and MMS (Mul- 
timedia Messaging Service) for sending and receiving photos 
and video. In addition, a mobile device may provide the 
standard voice communications function of a telephone. A 
mobile device may provide such services by communicating 
via a wireless data network comprising a cellular network of 
base stations (cell sites), which is connected to the public 
switched telephone network (PSTN) and/or the internet. In 
combination, or in the alternative, mobile devices may com- 
municate wirelessly to a router permitting public or private 
access to a wireless data network and/or the internet. 

Embodiments of the present invention may be used to 
evaluate the quality of service provided by mobile devices for 
various content, locations, times of day, mobile communica- 
tion standards and/or network protocols. The mobile device 
under test displays (and/or audibly produces) reference con- 
tent items to the user of the device. The reference content 
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items may include video content, audio content, gaming con- 
tent, web content (e.g., HTML, Flash, etc.), and/or other 
content. Some of the reference content items may be similar 
to the original content (not degraded) and other reference 
content items may comprise content items purposely 
degraded in a predetermined manner. The user of the mobile 
device under test provides a rating of the quality of each 
reference content item. The mobile device under test also 
displays (and/or audibly produces) a test content transmitted 
to the mobile device from a content server over the wireless 
data network as a real time service. The test content typically 
will be of the same type of content as the reference content 
items. A quality rating of the test content is provided by the 
user. The ratings of the reference and test content items may 
be transmitted to the content server which may normalize the 
rating of test content item based on the ratings of the reference 
content items associated with the user and/or the mobile 
device. The normalized test content item ratings of a plurality 
mobile devices, including different models of mobile devices, 
may be compared, sorted, and output. 

Thus, the use of reference content items of differing quality 
may enhance the rating process by providing a means to 
normalize the quality of service rating provided by different 
users and by the same user(s) over extended time periods. In 25 

addition the differing quality of the reference content items 
may provide a means of validating the rating data as will be 
discussed below. 

Tests may be performed for a plurality of different mobile 
devices at different times, at different locations, with different 
networks, operated by different users and/or different types of 
content. Various statistical parameters of the plurality of qual- 
ity of service ratings may be calculated and stored for the 
reference content items, test content items and the devices 
tested, including the average normalized quality of service 
rating (of the test content) of each model of a mobile device, 
the standard deviation of the normalized quality of service 
rating (of the test content) of the plurality of models of mobile 
device, and/or the percentage of normalized quality of service 
ratings above or below a selected performance threshold 
score. 

As discussed, the quality of service ratings for the test 
content items associated with each device under test may be 
normalized based on the quality of service ratings of the 
reference content items of the same device (and user) to 
thereby provide objective comparisons of different mobile 
devices even when the devices present different content to 
different users at different locations and under different envi- 
ronmental and network conditions. As a result, the quality of 
service of multiple mobile devices to receive and output dif- 
ferent content types may be meaningfully compared and 
meaningful performance metrics compiled. 

In some embodiments, network data information may also 
be captured along with the quality of service ratings. Exem- 
plary network information may include one or more of the 
following: signal to noise ratio, bit error rate, frame error rate, 
channel codec, received-signal level, downlink channel, 
channel type, handover statistics, and network name or iden- 
tification. In some embodiments the network information 
may be from the device under test. In other embodiments, a 
separate measuring device may be used. The collected net- 
work information may be stored and used to further ensure a 
meaningful comparison by, for example, comparing only the 
normalized test content item ratings of different model 
mobile devices whose test content items were received under 
network conditions (e.g., signal-to-noise ratio, received-sig- 
nal level) that satisfy a predetermined similarity threshold. 
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4 
In some embodiments, location and time information also 

may be captured along with the quality of service ratings. 
Location information may include, for example, latitude and 
longitude of the mobile device during output of the test con- 
tent item. Time information may include the time of day and 
date when mobile device displayed the test content item. The 
time and location information may be stored for each collec- 
tion of quality of service ratings and periodically for each 
portion of network information. The time information may be 
used to select or derive network information for specific qual- 
ity of service ratings. The collected time and/or information 
may be stored and used to further ensure a meaningful com- 
parison by, for example, comparing only the normalized test 

5 
content item ratings of different model mobile devices whose 
test content items were received at locations and/or times that 
satisfy a predetermined similarity threshold. 

In addition, the quality of service test content ratings for all 
or a specific type of content may be associated (and/or sorted) 

0 with one or more network, time and/or location parameters 
based on the network information for the time period and/or 
area which the test content items were received and/or output. 

Test System Environment 

FIG. 1 depicts an example embodiment of a test system 
environment 100 for testing the quality of service of one or 
more mobile devices 101, which may include a mobile phone 
101a, a PDA 101b, a portable computer 101c, a game console 

30 101d and/or any other mobile device configured to provide 
communications over a wireless data network. The mobile 
devices 101 under test may include a test application that 
facilitates the testing and communicate with content server 
102 through the wireless data network. The system also 

35 includes a reference content storage device 107 that stores the 
reference content items 106 and a ratings database storage 
device 111 that stores ratings data 112. 

The content server 102 may include a voice server, a video 
content server, an image server, a web server, a database, 

40 and/or various other functional components and be config- 
ured to communicate (e.g., transmit reference and/or test 
content items) with a plurality of mobile devices 101 concur- 
rently (e.g., and may have a plurality of telephone numbers 
and/or telephone ports associated with the server 102). 

45 The wireless data network in this embodiment includes a 
mobile telephone communication network 104. The mobile 
telephone network 104 may comprise a radio network that 
includes a number of radio cells (sometimes referred to as 
"cells") each served by a fixed transmitter, known as a base 

so station. Each cell covers a different area in order to provide 
radio coverage over a wider area than the area of any one cell. 
An exemplary mobile telephone network 104 may be based 
on any of various telecommunication standards, such as 
AMPS, D-AMPS, CDMA2000, GSM, CPRS, EV-DO, 

55 UMTS, EDGE, HSCSD, HSPA, FOMA, CDMA, WiMAX, 
Gl, G1.5, G2, G3, and/or G4. Thus, the wireless data network 
may comprise a packet switched network, a circuit switched 
network or other network. 

In other embodiments the communications network also 
60 may include wired or wireless networks in additional to (or in 

lieu of) mobile telephone network 104, such as an interne 
protocol (IP) network, a cable television network, a VoIP 
network, and/or other network. Thus, the devices under test 
101 may communicate with the content server 102 along a 

65 communication path which includes the mobile telephone 
network 104 alone or in combination with one or more other 
networks. 
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In this example, the content server 102 is coupled to the 
mobile telephone network 104 via the public switched tele- 
phone network (PSTN) 105. The devices under test 101 each 
communicate with the content server 102 through the mobile 
telephone network 104. In other embodiments the content 
server 102 may be coupled directly to the mobile telephone 
network 104. 

This example embodiment also includes a plurality of ref- 
erence content items 106 to be presented by mobile devices 
101 to a user that are stored in a storage device 107 that is 
accessible by content server 102. This configuration permits 
a plurality of different selections of reference content items 
106 to be transmitted from the content server 102 to the 
mobile devices 101. In some embodiments, a plurality of 
selections of reference content items 106 may be stored on the 
mobile devices 101 and/or in a portable computer that may be 
co-located with (and communicatively coupled to) the mobile 
devices 101. 

In the embodiment depicted in FIG. 1, the reference con- 
tent items may comprise a plurality of different content types 
such as image content (e.g., photos), audio content 106a (e.g., 
voice and/or music), game content 106b, video content 106c 
and web content 106d. As discussed above, the reference 
content items 106 may include content items of differing 
quality. 

The embodiment of FIG. 1 also includes test content items 
108 stored on the content server 102 (or elsewhere such as on 
storage device 107). The test content items 108 may be stored 
at any suitable location that is accessible (such a through the 
internet) by the content server 102. As with the reference 
content items 106, the test content items 108 may include a 
plurality of types of content such as image content (e.g., 
photos), audio content 108a (e.g., voice and/or music), game 
content 108b, video content 108c and web content 108d. The 
test content items 108 may be exactly same as some of the 
(non-degraded) reference content items 107 except that the 
test content items are not degraded and represent ideal trans- 
mission quality content or may be similar to the reference 
content items. The test content items 108 in this embodiment 
are transmittable by content server 102 as a real time service 
and/or live streaming to mobile devices 101 through wireless 
data network 103 (as opposed to "downloading" of the con- 
tent, which may be used for providing the reference content 
items to the mobile devices 101). 

The embodiment depicted in FIG. 1 also includes a storage 
device 111 accessible by content server 102 such as via the 
Internet for storing the quality ratings 112 provided by users 
including ratings of both the reference content items and the 
test content items as well as normalized test content items, 
network conditions, time information, location information, 
and various statistical parameters of such data. 

As discussed, the quality of some of the reference content 
items have a predetermined degradation (e.g., degraded to a 
known degree). Such degradation may include as, but is not 
limited to, pixilation, poor resolution, loss of sound, artifacts, 
sudden skipping and/or other qualities diminished to a known 
degree and thereby designed to provide a degraded content. 
One embodiment of a web browsing reference content item, 
for example, may include a series of simulated web pages 
with links to various content. The links may be configured to 
vary the speed at which the linked page is displayed when the 
linked is clicked by the user. In combination, or the alterna- 
tive, the pages may be set to vary the speed at which content 
to be displayed on the page is loaded and/or the quality of 
presentation. The content, for example, may fail or appear to 
fail to load in some instances. 

6 
Likewise, an embodiment of a game reference content item 

may include a game to be played by the user of the mobile 
device containing all or a portion of the diminished qualities 
of the discussed embodiment web page reference content 

5 item, such as varied delays in processing user commands, 
skipping, lag, diminished quality of graphics and/or sound 
and/or unsynchronized audio and video content. An embodi- 
ment of audio and/or video reference content items may also 
contain skipping, lags and/or unsynchronized audio and 

10 video degradation. 

Quality of Service Test Methods 

FIG. 2 illustrates a process 200 for testing quality of service 
15 in a wireless data network according to an example embodi- 

ment employed with the test system environment 100 
depicted in FIG. 1. The test system environment 100 may be 
used with embodiments other than process 200. Likewise, 
process 200 may be used with embodiments other than test 

20 environment 100. Process 200 is discussed with reference to 
environment 100 simply to add understanding. 

At 201 content server 102 selects a set of (a plurality of) 
reference content items 106 stored in storage repository 107. 
The selected reference contents may be content items of the 

25 same (or differing) types (e.g., all video content items) and 
have differing quality in that some of the reference content 
items of the set will be of higher quality than other reference 
contents items of the set. For example, the reference content 
items may comprise multiple video clips (e.g., displaying the 

30 same content or scenes) with one being a video clip not 
having any (known) imperfections (and substantially match 
the original) and the other video clips at least some of which 
(or all) having varying (and predetermined) amounts and/or 
severity of embedded artifacts (and/or other degradation). 

35 Information indicating the degree (and type) of degradation 
may be stored in memory of the server 102 or repository 107 
in association with each reference content item. The reference 
content items selected at 201 may vary for each device 101 
and/or test. In some embodiments, the same reference content 

40 items of a given type (e.g., video, audio, image, etc.) may be 
selected and used for testing multiple devices 101 by different 
users. 

At 202, content server 102 transmits the set of selected 
reference content items to one or more mobile devices 101. 

45 The reference content items may be stored in the mobile 
devices 101 at 203. In some embodiments, the reference 
content items 203 may be presented to the user as they are 
received (real-time presentation) or stored for subsequent 
output to the user. At 204 the reference content items are 

so presented (output) to the user by the mobile device 101, which 
may include initiating one or more other application pro- 
grams on the mobile device 101 such as a video player in this 
example. 

It is also possible that one or more sets of reference content 
55 items 106 may be downloaded to or otherwise stored on 

mobile devices 101 prior to the initiation of quality of service 
test. In such case, the content server 102 may transmit instruc- 
tions to the mobile devices 101 with information to identify 
the reference content items to present to the user at 204. 

60 Alternately, the test application resident on the mobile device 
101 may select the reference content items to present to the 
user based on the test selected by the user. 

After viewing each reference content item 106, the test 
application on the mobile device 101 causes the display to 

65 display a request to the user to provide a quality of service 
rating for the presented reference content item at 205. The 
ratings provided may be numerical, such as, but not limited to, 
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a score on a scale of a defined numerical range (e.g. one to ten 
or one to five). Thus, the ratings may be binary, continuous, or 
discrete (e.g., a mean opinion score) including semantic (e.g. 
"excellent", "acceptable", "fair", "poor", etc.), any of which 
may be converted to a numerical score (if necessary). 

The quality ratings 112 are transmitted from the mobile 
device 101 over wireless data network 103 at 206 and 
received by the content server 102 at 207. In some embodi- 
ments, the quality of server ratings of the reference content 
items may be stored on the mobile device 101 and transmitted 
along with the quality of service rating provided by the user 
for the test content item. 

The received ratings may be validated by the content server 
at 208. The validation process may comprise determining 
whether the user-supplied ratings of the reference content 
items satisfy a similarity threshold with the quality of the 
reference content items, which are known to the server 102. In 
one example embodiment, validation comprises comparing 
the rank of the user supplied quality of service ratings (of one 
or more of the reference content items) to the rank of the 
known quality of the reference content item(s) to ensure that 
the quality of service ratings provided by the user match (or 
approximate) the known quality of the reference content 
items. If, for example, the poorest quality reference content 
items receives a higher quality of service rating than a higher 
or the highest quality reference content item, the validation 
process fails which may indicate that the user did not view (or 
listen) to the reference content items or did not care enough to 
provide a genuine rating (meaning that the ratings 112 pro- 
vided by the user are inaccurate and/or otherwise invalid). If 
the quality ratings 112 received from a mobile device 101 for 
the reference content items 106 are invalid, the quality of 
service rating for the test content item 108 may be discarded 
and the process terminated. If the reference content quality 
ratings 112 for the reference content items 106 are validated 
as determined by process 208, the ratings 112 may be stored 
by storage device 111 at 209. 

At 210 the content server 102 transmits (or streams) the test 
content items 108 as a real time and/or live networked source 
streaming content, which are received by the mobile device 
101 at 211. Process 210 may be initiated by the test applica- 
tion on the mobile device 101 which may place a call (or 
otherwise open a data connection) with the content server 
102. The test content items 108 may be the same type as the 
selected reference content items 107 and, in one example, 
may be the exact same content item (e.g., depict the same 
scene) of one or all the selected reference clips 107. The 
mobile device outputs the test content items 108 to the user at 
212, which may include initiating one or more other applica- 
tion programs on the mobile device such as a video player in 
this example. In some embodiments, the mobile device 102 
may format or re-format content items for presentation by an 
intended application of the mobile device 101. 

At 213, the test application on the mobile device 101 out- 
puts a request (by displaying and/or audibly producing the 
request) to the user to input a quality rating 112 for the test 
content item 108. The test application on the mobile device 
101 receives the user input of the rating 112 for the test 
content items 108 and stores the information in memory. The 
mobile device 101 then transmits the user-supplied quality 
rating 112 to the content server 102 at 214. The quality ratings 
are received by the content server 102 at 215 and may be 
stored on storage device 111 at 216. 

In addition to the quality ratings 112, network information 
at the time the test content item 108 is received (at 211) also 
may be collected by the mobile device 101 and transmitted at 
214. Example network information may include one or more 

8 
of the following: signal strength, cell ID, signal-to-noise 
ratio, bit error rate, frame error rate, channel codec, received- 
signal level, downlink channel, channel type, handover sta- 
tistics, and network name or identification. In addition, loca- 

5 tion and time information at the time the test content item 108 
is received (at 211) may be collected by the mobile device 101 
and transmitted at 214. Example location information may 
include latitude and longitude of the mobile device 101 at 
which the test content item is received. Example time infor- 

10 mation may include the time of day and date at which the user 
test content item is received. The network, time and location 
information (corresponding to time of receipt of the test con- 
tent item) may be stored in the storage device 111 in associa- 
tion with each test content item rating 112 supplied by the 

15 user. In addition, information identifying the user also may be 
collected (or known) by the mobile device 101, transmitted to 
and stored (in the storage device 111) by the server 101 in 
association with the rest content item ratings. 

In the explanation of this example embodiment the ratings 
20 of the reference content items are described as being trans- 

mitted from the mobile device 101 separately from the ratings 
of the test content items 108. In some scenarios and/or 
embodiments, the ratings of the reference content items may 
be stored on the mobile device 101 until the user has rated at 

25 least one (but perhaps two or more) test content items and then 
transmitted along with the ratings of the one or more test 
content items. 

At 217 the quality rating associated with each test content 
item (stored in storage device 111) from each mobile device 

30 101 is normalized based on the ratings of the reference con- 
tent items received from that mobile device 101 and supplied 
by the same user (as the user who supplied the rating for the 
test content item). As is known to those skilled in the art, 
different users may rate the same content differently. Like- 

35 wise, a given user may (unintentionally) rate content of a 
given quality differently at different times. In addition, the 
environment and/or the network conditions at a given location 
may inhibit a mobile device's ability to receive and/or output 
content. In order to reduce the "variations" in rating provided 

40 by different users, over time, and at different locations, in this 
embodiment the quality rating of each test content item may 
be normalized based on the quality ratings of the reference 
content items provided by the same user (and mobile device 
101). Normalization based on the reference content item rat- 

45 ings seeks to negate or reduce user subjectivity's effect on the 
rating data, thus allowing underlying characteristics of the 
ratings data sets to be compared, which allows data on differ- 
ent "user rating scales" to be compared by bringing them to a 
common scale. 

so Various normalization processes may be used. In one 
example embodiment, the normalization may include by 
dividing the rating accorded to the test content item by the 
sum (or average) of the reference content item ratings pro- 
vided by a user from the same mobile device 101. For 

55 example, if four reference content items are rated (with four 
different levels of quality), the user's four ratings of the four 
reference content items may be summed (or averaged) and 
then divided into the test content item rating to provide the 
normalized test content item rating. The normalized test con- 

60 tent item rating associated with each of a plurality mobile 
devices may then be sorted and/or compared to provide a 
more meaningful comparison (than would be provided with- 
out normalization). In another example embodiment, normal- 
ization may include subtracting the average (or mean) of the 

65 user's ratings of the four reference items from (or by) the 
user's rating of the test contest item. In still another example, 
normalization may include subtracting the average (or mean) 
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of the user's ratings of the four reference items from (or by) 
the user's rating of the test contest item and then dividing this 
value by the mean (or average) of the user's ratings of the four 
reference items. 

Various statistical parameters for each device 101 also may 
be provided. For example, the content server 102 may deter- 
mine (1) an average normalized quality (of service) rating for 
each mobile device and across multiple devices; (2) a stan- 
dard deviation of the quality of service ratings for each device 
and across multiple devices; (3) a mean of the quality service 
ratings samples for each device and across multiple devices; 
(4) a percentage of quality of service ratings above a threshold 
for each device and across multiple devices; (5) a percentage 
of quality of service ratings below a threshold for each device 
and across multiple devices; and (6) any of the preceding for 
a each (or any) particular content type. The results of this 
processing may be stored in storage device 111 and/or else- 
where accessible by content server 102 and output. 

At 218 the normalized results may be processed (e.g., 
compiled, sorted, etc.) and output to provide normalized qual- 
ity of service performance metrics for different mobile 
devices 101, networks, times of test, and/or content types of 
the test items. Even though the test scenarios may not be the 
same for each of the tested devices 101, the ratings are nor- 
malized to thereby reduce the impact of differing users, net- 
work environments and/or conditions. Accordingly, mean- 
ingful performance metrics for quality of service may be 
provided. The performance metrics may include the mean 
and standard deviation of the normalized quality of service 
rating for particular models of mobile devices and/or net- 
works. 

The mobile device 101 under test may include a display, a 
user interface, and a test application stored on non-transitory 
tangible medium that comprises program code executable by 
a controller of the device 101 to perform the testing including, 
but not limited to, (1) outputting (e.g., displaying or audibly 
producing) a request to the user to input a rating of the pre- 
viously outputted content item; (2) receiving (and storing) 
inputs from the user of ratings of reference and test content 
items; (3) transmitting user supplied ratings to the content 
server 102; (4) collecting network information; (5) collecting 
time and location information; and (6) performing various 
other functions to facilitate the testing. Alternately, the test 
application may reside on a portable computing device co- 
located with the mobile device and user. The content server 
102 may include a server test application stored on non- 
transitory tangible medium that comprises program code 
executable by a controller of the server 102 to perform the 
testing including, but not limited to, (1) selecting the content 
items; (2) transmitting content items; (3) receiving and stor- 
ing ratings; (4) normalizing test content ratings based on 
reference content items ratings; (5) receiving and storing 
network information; (6) receiving and storing location and 
time information; (7) communicating with and controlling 
the test application on the mobile devices 101 (in some 
embodiments); and (8) performing various other functions to 
facilitate the testing. 

It is worth noting that the content server 102 may stream 
content. Streaming media (i.e., audio-video content) is con- 
tent sent in compressed form and displayed (and the audio 
output) by the receiving mobile device in real time. In other 
words, the media is sent in a continuous stream of data and is 
output as it arrives. The receiving user mobile device typically 
will include an end user application (e.g., a video player) that 
uncompresses and sends video data to the display and audio 

10 
data to an audio output device (e.g., a speaker or headphones). 
A video player can be either an integral part of a browser or a 
stand alone application. 

In contrast to streaming media, progressive downloading 
5 of media is a type of media transmission more commonly 

used over the Internet. For example, almost all of the video 
content offered by YouTube® comprises video content avail- 
able for progressive download as of this writing. With pro- 
gressive downloading, the media content file (e.g., video or 

10 audio file) is transmitted, typically stored locally on the 
device (e.g., buffered), and presented (e.g., video displayed 
and audio played). 

A streaming content server may require a specific or fixed 
allocation of bandwidth for each stream and can often support 

15 only a fixed number of users. Since progressive download is 
similar to a web page or file being delivered from a web 
server, there is no specific bandwidth allocated to a particular 
user. With most streaming servers, content is not downloaded, 
or cached, on the hard drive as it is with progressive down- 

2o load. Some embodiments of the present invention are con- 
cerned with testing the capabilities of mobile devices to 
receive and play streaming test content items. 

The users herein may comprise the general public, a large 
group of participants, or a panel of users. While the above 

25 described embodiment streams video content from the con- 
tent server 102, in other embodiments speech may be pro- 
duced by the content server 102 (which includes a voice 
server) as the test content item. Each mobile device (and/or 
each model of each mobile device) may be tested by multiple 

30 users, at different and multiple locations, times, and net- 
works, and with multiple content types, with different (or the 
same) reference and test content items. 

Thus, in one embodiment, a method of determining a qual- 
ity of service provided by a plurality of mobile devices that 

35 communicate over a wireless data network, comprises (a) 
presenting to a user a plurality of reference content items with 
the mobile device; (b) for each content item presented to the 
user, receiving a reference content item rating indicative of a 
quality rating provided by the user; (c) receiving a test content 

40 item via the wireless data network at the mobile device; (d) 
presenting the transmitted test content item to the user with 
the mobile device; (e) receiving a test content item rating 
indicative of a quality rating for the transmitted test content 
item provided by the user; wherein at least some of the plu- 

45 rality of reference content items comprise content items of 
known (which may be stored in memory) and differing qual- 
ity; performing (a)-(e) for each of the plurality of mobile 
devices; for each of the plurality of mobile devices, normal- 
izing the test content item rating received from each mobile 

so device based on the reference content rating received by the 
mobile device to provide a normalized test content item rat- 
ing; and outputting a quality of service performance metric 
for the plurality of mobile devices that is based on the nor- 
malized test content item rating of the plurality of mobile 

55 devices. The method may further comprise determining 
whether the reference content item ratings received by each of 
the plurality of mobile devices are valid; and discarding the 
test content item rating from the mobile device if the refer- 
ence content item ratings are not valid. At least some of the 

60 plurality of reference content items may comprise items hav- 
ing a predetermined quality degradation and, for example, 
may include artifacts. The test content item and the plurality 
of reference content items may comprise video content, audio 
content, gaming content, and/or web content. The method 

65 may further comprise with each of the plurality of mobile 
devices, transmitting data representing the user input indica- 
tive of the quality rating of the test content item and of the 
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plurality of reference content items to a remote device; and 
wherein the normalizing is performed by said remote device. 
The test content item may be received as streaming content. 
The normalizing may comprise dividing data of the test con- 
tent item rating by data of the plurality of reference content 
item ratings. The method may further comprise with each 
mobile device, transmitting network information determined 
for the network during the reception of the test content item 
and with each of the plurality of mobile devices, transmitting 
location information of the mobile device during reception of 
the test content item. 

In yet another embodiment, a computer program product 
stored in one or more non-transitory tangible computer read- 
able having executable instructions to determine a quality of 
service provided by a mobile device that communicates over 
a wireless data network, may comprise a code segment to 
transmit a test content item to each of a plurality of mobile 
devices via a communication path that includes the wireless 
data network; a code segment to receive a plurality of refer- 
ence content ratings from each of the plurality of mobile 
devices; wherein each of the plurality of reference content 
ratings corresponds to a different reference content item; 
wherein at least some of the plurality of reference content 
items comprise content items of differing (and known or 
predetermined) quality; a code segment to receive a test con- 
tent rating from each of the plurality of mobile devices; a code 
segment to normalize the test content rating based on the 
plurality of reference content ratings for each of the plurality 
of mobile devices; and a code segment to output one or more 
performance metrics based on the normalized test content 
rating of each of the plurality of mobile devices. The com- 
puter program product may further comprise a code segment 
executable to determine whether the reference content ratings 
received from each of the plurality of mobile devices is valid. 
The computer program product may further comprise a code 
segment executable to receive and store in a memory, for each 
mobile device, network information collected by each of the 
plurality of mobile devices during receipt of the test content 
item. The computer program product may further comprise a 
code segment executable to store in a memory, for each 
mobile device, latitude, longitude and time during the trans- 
mission of test content item. The code segment to normalize 
the test content rating may be configured to divide data of the 
test content item rating by data of the plurality of reference 
content item ratings. 

In yet another embodiment, a method of determining the 
quality of service provided by a plurality of mobile devices 
communicating over a wireless data network, may comprise 
receiving a plurality of reference content ratings from a plu- 
rality of mobile devices; wherein each of the plurality of 
reference content ratings corresponds to a different reference 
content item; wherein at least some of the plurality of refer- 
ence content items comprise content items of differing and 
predetermined quality; transmitting a test content item to 
each of the plurality of mobile devices via the wireless data 
network; receiving a test content rating from each of the 
plurality of mobile devices; normalizing the test content rat- 
ing based on the plurality of reference content ratings for each 
of the plurality of mobile devices; and outputting one or more 
performance metrics based on the normalized test content 
rating of each of the plurality of mobile devices. The method 
may further comprise determining whether the reference con- 
tent ratings received from each of the plurality of mobile 
devices are valid; and discarding the test content rating 
received from the device if reference content ratings received 
from the mobile device are not valid. 

12 
It is to be understood that the foregoing illustrative embodi- 

ments have been provided merely for the purpose of expla- 
nation and are in no way to be construed as limiting of the 
invention. Words used herein are words of description and 

5 illustration, rather than words of limitation. In addition, the 
advantages and objectives described herein may not be real- 
ized by each and every embodiment practicing the present 
invention. Further, although the invention has been described 
herein with reference to particular structure, steps and/or 

10 embodiments, the invention is not intended to be limited to 
the particulars disclosed herein. Rather, the invention extends 
to all functionally equivalent structures, methods and uses, 
such as are within the scope of the appended claims. Those 
skilled in the art, having the benefit of the teachings of this 

15 specification, may affect numerous modifications thereto and 
changes may be made without departing from the scope and 
spirit of the invention. 

What is claimed is: 
20 1. A method of determining a performance metric provided 

by a plurality of mobile devices that communicate over a 
wireless data network, comprising: 

(a) transmitting from a content server a plurality of refer- 
ence content items of differing content quality to be 

25 viewed and rated; 
(b) for the plurality of reference content items transmitted, 

receiving by the content server a reference content item 
rating indicative of a quality rating provided by a mobile 
device user; 

30 (c) validating the received reference content item rating 
against a range of ratings considered valid for the refer- 
ence content item; 

(d) transmitting a test content item via the wireless data 
network to be viewed and rated at the mobile device after 

35 validating the reference content item ratings; 
(e) receiving by the content server a test content item rating 

indicative of a quality rating for the test content item 
provided by the user; 
performing (a)-(e) for plurality of additional mobile 

40 devices; 
normalizing the test content item ratings received from 

the mobile devices based on the reference content 
ratings received from the respective mobile devices; 
and 

45 outputting normalized performance metrics for the plu- 
rality of mobile devices. 

2. The method according to claim 1, further comprising 
determining whether the reference content item ratings 
received by each of the plurality of mobile devices are valid; 

50 and 
discarding the test content item rating from a first mobile 

device if the reference content item ratings received by 
the first mobile device are not valid. 

3. The method according to claim 1, wherein at least some 
55 of the plurality of reference content items comprise content 

items having a predetermined quality degradation. 
4. The method according to claim 3, wherein at least some 

of the plurality of reference content items include artifacts. 
5. The method according to claim 1, wherein the test con- 

60 tent item and the plurality of reference content items com- 
prise video content. 

6. The method according to claim 1, wherein the test con- 
tent item and the plurality of reference content items com- 
prise web content. 

65 7. The method according to claim 1, wherein the test con- 
tent item and the plurality of reference content items com- 
prise game content. 
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8. The method according to claim 1, wherein the test con- 
tent item and the plurality of reference content items com- 
prise audio content. 

9. The method according to claim 1, further comprising 
with each of the plurality of mobile devices, transmitting data 
representing the user input indicative of the quality rating of 
the test content item and of the plurality of reference content 
items to a remote device; and 

wherein said normalizing is performed by said remote 
device. 

10. The method according to claim 1, wherein the test 
content item is received as streaming content. 

11. The method according to claim 1, wherein said normal- 
izing comprises dividing data of the test content item rating 
by data of the plurality of reference content item ratings. 

12. The method according to claim 1, further comprising 
with each mobile device, transmitting network information 
determined for the network during reception of the test con- 
tent item. 

13. The method according to claim 1, further comprising 
with each of the plurality of mobile devices, transmitting 
location information of the mobile device during reception of 
the test content item. 

14. A computer program product stored in one or more 
non-transitory tangible computer readable medium having 
executable instructions to determine a performance metric of 
a mobile device that communicates over a wireless data net- 
work, comprising: 

a code segment to transmit a plurality of reference content 
items of differing content quality to be viewed and rated 
to a plurality of mobile devices via a communication 
path that includes the wireless data network; 

a code segment to receive reference content ratings from 
the plurality of mobile devices; 

a code segment to validate each of the plurality of reference 
content items against a range of ratings considered valid 
for the reference content item; 

a code segment to transmit a test content item after the 
reference content item is validated; 

a code segment to receive a test content rating indicative of 
a quality rating of the test content item; 

a code segment to normalize the test content ratings 
received from the mobile devices based on the plurality 
of reference content ratings from the respective mobile 
devices; and 

a code segment to output normalized performance metrics 
for the plurality of mobile devices. 

15. The computer program product according to claim 14, 
further comprising a code segment executable to determine 

14 
whether the reference content ratings received from each of 
the plurality of mobile devices is valid. 

16. The computer program product according to claim 14, 
further comprising a code segment executable to receive and 

5 store in a memory for each mobile device, network informa- 
tion collected by each of the plurality of mobile devices 
during receipt of the test content item. 

17. The computer program product according to claim 14, 
further comprising a code segment executable to store in a 

10 memory, for each mobile device, location information and 
time information during receipt of the test content item. 

18. The computer program product according to claim 14, 
wherein said code segment to normalize the test content rat- 
ing is configured to divide data of the test content item rating 

15 by data of the plurality of reference content item ratings. 
19. A method of determining the quality of service pro- 

vided by a plurality of mobile devices communicating over a 
wireless data network, comprising: 

transmitting a plurality of reference content items to a 

20 plurality of mobile devices; 
receiving a plurality of reference content ratings from the 

plurality of mobile devices; 
wherein each of the plurality of reference content ratings 

corresponds to a different reference content item; 

25 wherein at least some of the plurality of reference content 
items comprise content items of differing and predeter- 
mined quality; 

validating the received reference content item ratings 
against a range of ratings considered valid for the refer- 

30 ence content item; 
transmitting a test content item to each of the plurality of 

mobile devices via the wireless data network after vali- 
dating the reference content item ratings; 

receiving a test content rating indicative of a quality rating 
35 for the test content item from each of the plurality of 

mobile devices; 
normalizing the test content rating based on the plurality of 

reference content ratings for each of the plurality of 
mobile devices; and 

40 outputting one or more performance metrics based on the 
normalized test content rating of each of the plurality of 
mobile devices. 

20. The method according to claim 19, further comprising 
determining whether the reference content ratings received 

45 from each of the plurality of mobile devices are valid; and 
discarding the test content rating received from the device 

if reference content ratings received from the mobile 
device are not valid. 


