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(57) Abstract: A wireless communications system may include different wireless communications networks, an application server,
and an intermediate server configured to communicate with the application server. The wireless communications system may also in-
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wireless communications networks to determine a selected wireless communications network. The mobile wireless communications
device may also be configured to communicate with the application server via the intermediate server over the selected wireless com-
munications network.
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WIRELESS COMMUNICATIONS SYSTEM HAVING SELECTIVE WIRELESS
COMMUNICATIONS NETWORK AND RELATED METHODS

Field of the Invention

The present invention relates to the field of wireless communications, and, more

particularly, to wireless communications systems and related methods.

Background of the Invention

Mobile communication systems continue to grow in popularity and have become an
integral part of both personal and business communications. A mobile communication system
may allow internet access via a cellular network, a wireless local area network (WLAN), and/or
other type of private or public network, for example. Thus, data service may become available
to a mobile wireless communication device, for sending and receiving emails, browsing different
websites, placing an internet phone call, streaming video from internet, etc.

When multiple wireless networks are available for communication with the mobile
wireless communications device, it may be desirable to select the wireless network having
increased performance with respect to the other available wireless networks. For example, based
upon a location of the mobile wireless communications device and other conditions, a wireless
network may be chosen that may be known to have reduced network congestion and coverage
gaps.

Current approaches for selecting a wireless network from among multiple available
wireless networks typically use passively measured criteria. For example, a mobile wireless
communications device may use criteria such as signal strength, location, and historical data
along with statically defined weighing criteria to rate performance of a wireless network. For a
currently active connection, that is, the wireless network currently being used by the mobile
wireless communications device for communications, other measurements, such as, for example,
packet loss and jitter may be used. Passive measurements, especially for wireless networks that
are not active, may not provide an accurate picture of the performance of the available wireless
networks to the mobile wireless communications device.

U.S. Patent No. 7,610,057 to Bahl et al. discloses a system for selecting a wireless

network on a device capable of communicating with multiple wireless networks. More
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particularly, a virtual coexistence driver (VCD) obtains operational information regarding active
network interfaces. The VCD determines a congestion/interference (C/I) metric for each channel
and selects a channel for the same wireless network based upon the C/I metric. If another
channel for the same wireless technology is unavailable, an alternative network is selected.

U.S. Patent No. 6,035,196 to Hengeveld et al. is directed to automatic cell transfer based
upon reverse channel characteristics. More particularly, one or more of the reverse channel
parameters of a reverse channel between a mobile device and a base station are measured and
assessed against one or more thresholds. The mobile device searches for a second base station
based upon the one or more measured transmission parameters as compared to one or more of

the thresholds.

Summary of the Invention
In view of the foregoing background, it is therefore an object of the present invention to

provide a communications system that includes a mobile wireless communications device
communicating with an application server over a selected wireless communications network.

This and other objects, features, and advantages in accordance with the present invention
are provided by a wireless communications system that includes a plurality of different wireless
communications networks, an application server, and an intermediate server configured to
communicate with the application server. The wireless communications system also includes a
mobile wireless communications device configured to communicate with the intermediate server
over each of the plurality of different wireless communications networks to determine a selected
wireless communications network. The mobile wireless communications device is also
configured to communicate with the application server via the intermediate server over the
selected wireless communications network.

The wireless communications system may more accurately determine which one of
available wireless communications networks to a mobile wireless communications device
provides increased performance and switches communications to that wireless communications
network through an active approach. For example, in one embodiment, the mobile wireless
communications device may be configured to pass test data through the intermediate server and

analyze the test data, for example. The mobile wireless communications device may also be
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configured to generate scoring data based upon the analyzed test data to determine the selected
wireless communications network. The analyzed test data may relate to at least one of a round
trip ping time, a packet burst rate, and a signalquality, for example.

In another embodiment, the intermediate server may be configured to pass test data
through the mobile wireless device and analyze the test data. The intermediate server may also
be configured to generate scoring data based upon the analyzed test data and send the scoring
data back to the mobile wireless device to determine the selected wireless communications
network.

The mobile wireless communications device may be further configured to determine the
selected wireless communications network based upon at least one of geographic location, a time
of day, and a defined wireless communications network priority, for example. The mobile
wireless communications device may include a controller and a plurality of different wireless
network interfaces coupled thereto. The mobile wireless communications device and the
application server may communicate via the intermediate server as a virtual private network
(VPN), for example.

A method aspect is directed to communicating between a mobile wireless
communications device and an application server. The method includes communicating, using
the mobile wireless communications device, with an intermediate server over each of a plurality
of different wireless communications networks to determine a selected wireless communications
network. The method also includes communicating, using the mobile wireless communications
device, with the application server via the intermediate server over the selected wireless

communications network.

Brief Description of the Drawings

FIG. 1 is a schematic view of a wireless communications system in accordance with the
present invention.

FIG. 2 is a more detailed schematic block diagram of the wireless communications
system of FIG. 1.

FIG. 3 is a flowchart of a method of communicating using the wireless communications

device of FIG 2.
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FIG. 4 is a detailed schematic block diagram of the wireless communications system in
accordance with another embodiment of the present invention.

FIG. § is a flowchart of a method of communicating using the intermediate server and the
mobile wireless communications device of FIG. 4.

FIG. 6 is a detailed schematic block diagram of the wireless communications system in
accordance with yet another embodiment of the present invention.

FIG. 7 is a flowchart of a method of communicating using the intermediate server and the

mobile wireless communications device of FIG. 6.

Detailed Description
The present invention will now be described more fully hereinafter with reference to the

accompanying drawings, in which preferred embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements throughout, and prime and multiple
prime notation is used to indicate similar elements in alternative embodiments.

Referring initially to FIGS. 1 and 2, and beginning at Block 82 of the flowchart 80 in
FIG. 3, a wireless communications system 20 and a corresponding method of communicating are
described. The wireless communications system 20 includes different wireless communications
networks 21a-21d. The different wireless communications networks 21a-21d may include one
or more of a cellular network and a Wi-Fi network, for example. The different wireless
communications networks may also include both public and private communications networks.
Of course, while four wireless communications networks are illustrated, the wireless
communications system 20 may include any number of wireless communications networks.

The wireless communications system also includes an application server 30 and an
intermediate server 40 configured to communicate with the application server. The application
server 30 communicates with the intermediate server 40 over a network 22, for example, the

Internet.
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The application server 30 includes a processor 31 and memory 32 coupled thereto. One
or more applications may be stored in the memory 32, for example, a web application. Of
course, other types of applications can be run on the application server 30.

The intermediate server 40 is coupled to each of the different wireless networks 21a-21d.
The intermediate server 40 also includes a processor 41 and a memory 42 coupled thereto. In
other words, the intermediate server 40 functions as a gateway to the application server 30, and
may perform additional functions, as will be described in further detail below.

The wireless communications system 20 also includes a mobile wireless communications device
60. The mobile wireless communications device 60 illustratively includes a housing 61, a
display 62, and an input device 63, for example, input keys, each carried by the housing. The
mobile wireless communications device 60 also includes a controller 64, and different wireless
network interfaces 66a-66d coupled to the controller. The different wireless network interfaces
66a-66d may define wireless transceiver circuitry, for example, and may cooperate with the
controller 64 to communicate data, for example, for an application, via a respective wireless
network 21. Of course, a given wireless network interface 66a-66d may correspond to more
than one wireless network. For example, each network interface 66a-66d may be able to access
different networks which are in the same technology category, but provided by different service
providers. A memory 67 is also coupled to the controller 64.

More particularly, the mobile wireless communications device 60, via the controller 64,
establishes communication with the intermediate server S0 over an initial one 21b of the
different wireless networks 21a-21d to the application server 30 (Block 84). The connection 23
between the mobile wireless communications device 60 and the application server 30 may be
considered a virtual connection or communicate as a virtual private network (VPN), for example,
a mobile VPN.

The mobile wireless communications device 60 may select the initial wireless network
21b based upon any of a time of day, a geographic location, and a defined wireless
communications network priority. The communications network priority may be based upon the
type of communications network, for example. By way of example, one or more of the wireless

networks 21a, 21¢-21d may be known to have decreased performance during peak usage hours,
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and thus, the mobile wireless communications device 60 may select the initial wireless network
21b.

The mobile wireless communications device 60, for example, after the initial wireless
communications network has been selected, communicates with each of the different wireless
communications networks 21a-21d (Block 86). More particularly, in this embodiment, the
mobile wireless communications device 60 passes test data through the intermediate server 40
over each of the different wireless communications networks 21a-21d. For example, the mobile
wireless communications device 60 may ping the intermediate server 40. The test data is passed
from the intermediate server 40 back to the mobile wireless communications device 60. The
mobile wireless communications device 60 analyzes the received test data (Block 88). For
example, the received test data may be analyzed to determine a quality of each of the different
wireless communications networks. The analyzed test data may relate to one or more a round
trip ping time (i.e., delay), a packet burst rate, and a signal quality. Signal quality may include,
for example, signal strength, jitter, and bit error rate. Of course, the analyzed test data may relate
to other or additional measurement metrics.

In some embodiments, the mobile wireless communications device 60 may not
communicate with all of the different wireless networks, but instead, a subset of them. For
example, if a given wireless communications network is known to have decreased performance
in a geographical area of the mobile wireless communications device 60, the mobile device will
not attempt to communicate with that wireless network. This reduces network traffic and also
reduces power consumption of the mobile wireless communications device 60.

The mobile wireless communications device 60 generates scoring data based upon the
analyzed test data (Block 90). More particularly, the mobile wireless communications device 60
generates a network score for each of the different wireless communications networks 21a-21d,
including the wireless communications network currently being used to communicate with the
application server 30.

The mobile wireless communications device 60 may generate the scoring data also based
upon scoring factors, for example, a time of day, a geographical location of the mobile wireless

communications device 60, a proximity to a known wireless communications dead spot, user
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preferences (i.e., Wi-Fi over cellular), and/or other historical data. Of course, other factors may
be used to generate the scoring data or network score, for example, user preferences or rules.

Additionally, the mobile wireless communications device 60 may weight the generated
scoring data (Block 92). More particularly, the mobile wireless communications device 60 may
associate a weight with each of the above-noted scoring factors. For example, each type of
wireless network connection (Wi-Fi, cellular) may have a weight for each of the scoring factors.
By way of example, round trip time may be a relatively poor indicator of long term evolution
(LTE) degradation, and thus may be given a lower weight. The mobile wireless communications
device 60 ranks the different wireless networks based upon the weighted scoring data to
determine a selected wireless communications network (Block 94).

The mobile wireless communications device 60 determines a selected wireless
communications network based upon the ranking. More particularly, the mobile wireless
communications device 60 may switch from the initial wireless communications network 21b to
the selected wireless communication network to communicate with the application server 40.
For example, the wireless communications device 60 may switch to the first ranked, i.c., highest
score, wireless communications network if it is not the initial wireless communications network
21b. Switching to another wireless communications network (Block 98) may occur if the
corresponding wireless communications network score, i.e., scoring data, falls below a
predetermined threshold, for example (Block 96). If the network score is not below the
threshold, then scores may be recalculated by again passing test data to the intermediate server
40 (Block 86).

The mobile wireless communications device 60 may pass test data to the intermediate
server 40 at regular intervals over each of the different wireless communications networks 21a-
21d, for example, every minute. Of course, other intervals or periods may be used, or the
passing of the test data may be random. Alternatively, or additionally, the passing of the test
data may be based upon other criteria, for example, geographic location, time of day, or other
criteria. Advantageously, by continually passing the test data to the intermediate server 40, the
mobile wireless communications device 60 may determine, and switch to, a most suitable
wireless communications network for communicating with the application server 30 via the

intermediate server 40 based upon changing network conditions, for example. Moreover, while
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the initial wireless communications network 21b has been selected as described above, it will be
appreciated that the passing and analysis of test data and the generation of scoring data may also
be applicable for selecting the initial wireless communications network.

In some embodiments, the controller 64 of the mobile wireless communications device
60 may inform the user of the change to the selected mobile wireless communications network,
for example, via the display 62. Of course, the user may be notified by another output device, or
may not be notified at all.

Referring now to FIG. 4 and beginning at Block 82’ in the flowchart 80° of FIG. 5, in
another embodiment, the mobile wireless communications device 60> does not pass test data
through the intermediate server 40°. Instead, it is the intermediate server 40 that passes test data
through the mobile wireless communications device 60’ (Block 85”) in a similar fashion to that
in the above-described embodiment. More particularly, the intermediate server 40 analyzes the
test data (Block 87°) and generates scoring data (Block 89°) much in the same way as the mobile
wireless communications device 60 described above. However, the intermediate server 40°
sends the scoring data back to the mobile wireless communications device 60° (Block 91°) which
weights the scoring data (Block 92) and ranks the different wireless communications networks
21a’-21d’ (Block 94°). The scoring data may be weighted by the intermediate server 40°. If the
weighted network score is below the threshold, the mobile wireless communications device 60’
(Block 96°), switches to the wireless communications network (Block 98°) having the highest
rank, i.e., based upon the scoring data, or ranking, for communicating with the application server
40°. Test data is sent again to obtain an updated status of the wireless communications networks
21a’-21d°.

Referring now to FIG. 6 and beginning at Block 82 in the flowchart 80° of FIG. 7, in
yet another embodiment, the mobile wireless communications device 60°° and the intermediate
server 40 cooperate for selecting the wireless communications network 21°°. In other words,
the functionality of the mobile wireless communications device 60 described above with
reference to FIGS. 1-3 and the functionality of the intermediate server 40” described above with
respect to FIGS. 4 and 5 are combined.

More particularly, the mobile wireless communications device 60°” passes first test data

to the intermediate server 40°> (Block 86°”), analyzes the first test data (Block 88°”) returned
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from the intermediate server, and generates first scoring data based upon the analyzed first test
data (Block 90°°). The intermediate server 40°° passes second test data to the mobile wireless
communications device 60°* (Block 85°”), analyzes the second test data returned from the mobile
wireless communications device 60° (Block 87°”), and generates second scoring data based
upon the analyzed second test data (Block 89°°). The intermediate server 40°° sends the second
scoring data back to the mobile wireless communications device 60°° (Block 91°*). The mobile
wireless communications device 60° determines the selected wireless communications network
21’ based upon the first and second scoring data. For example, the mobile wireless
communications device 60’ may average the first and second scoring data to select the wireless
communications network 21°°. The mobile wireless communications device 60°’ may weight the
combined scoring data, or independently weight the scoring data (Block 92°°). Alternatively or
additionally, the mobile wireless communications device 60’ may perform other operations
thereon, for example, execute a selection algorithm, to select the wireless communications
network. If the score for the current wireless communication network 21b”’ is below the
threshold (Block 96°°), the mobile wireless communications device 60°” switches to the network
having the highest score or rank (Block 98°”). Of course, the process or sending test data
(Blocks 85 and 86°°) is repeated both after a wireless communications network switch is made
and if the score for the current wireless network 21b”” is above the threshold.

A method aspect is directed to communicating between a mobile wireless
communications device 60 and an application server 30. The method includes using the mobile
wireless communications device 60 to communicate with an intermediate server 40 over each of
a plurality of different wireless communications networks 21a-21d to determine a selected
wireless communications network. The method also includes using the mobile wireless
communications device 60 to communicate with the application server 30 via the intermediate
server 40 over the selected wireless communications network.

Many modifications and other embodiments of the invention will come to the mind of
one skilled in the art having the benefit of the teachings presented in the foregoing descriptions
and the associated drawings. Therefore, it is understood that the invention is not to be limited to
the specific embodiments disclosed, and that modifications and embodiments are intended to be

included within the scope of the appended claims.
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THE CLAIME DEFINING THE INVENTION ARE AS FOLLOWS:

1. Awireless sommunications system comprising: a plurality of different
wirelass communications natworks; an application servar; an intermadiate
server configured to sommunicate with said spplication server and a mobile
wireless communications device configured fo pass first test data through said
intermediate server over each of sajd plurality of different wireless
sommunications networks, analyze the first fest data, and generate first scoring
data bazed upon the analyzed first test data; said intermediate server
configurad to pass sscond tast data through said mobile wireless device,
analyze the second test data, generate sevond scoring dale based upon the
analyred second test data, and send the second gcoring dala back to said
mobile wireless device; said mobile wireless communications devios Turthery
confiqured to determing a selectad wirsless communications network bassd
upon the first and second scoring date, and communicate with said application
server via sald intermediate server over the selected wirslass communications

nehwark

2. The wireless communications system of claim 1, wherein the analyzed
first test dala relates W0 at least ons of & round tip ping time, & packet burst

rate, and g signal quality.

J. The wirsless communications system of daim 1, whersin the analyzed

first and second test data relates to at least one of a round trip ping Ume, &

packet burst rate, and a signal quality.

X SN fR g
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A The wireless commimications systant of claim 1, wherein said mobile
wirsless communications device s further confiqured o determine the selented
wireless communications netwark alse based upon at teast one of gecgraphic

eation, a Hme of C& . and a defined wireless communications E“?T\\’OYK *"*"3"‘3&

& The wirsless communication system of claim 1, wherain said mobile
witsless communications device comprises a contradler and a pluratity of

different wireless nehwodk interfaces coupled therets,

6. The wireless commumnication system of clgim 1, wherein said mobile
wireless communications device and said apphoation senwy communicats via

said intermediate server as a virtual private network (VRN

7. A mobils wircless commumications device for communicating with an
intermediate savver over a pluraiity of different wirsless communications:

networks, the intermediste server being configured o communicals with an

application servar, the mobile wireless communivations device comprising: a

housing: a pluraiity of different wireless network interfaces carded by said
housing, & controller coupled to said plurality of different wireless network
interfaces and configured o pass first test data through the infermediate servar

over gach of the pheality of diffsrent wirsless communications nebworks,

upon the firet scoring data and second scoring data received from the
intenmediate server, the second sooring data belng generated by the
intarmadiate server based upen analyzad second test data passed through the

mobile wirgless conununications device, and commurdeate with the applivation
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communicating using the mobile wire

sanver via the intermediate serverover the sl ipcted wirsless communications

FretoTh,

] The mohile wireless communications device of claim 7, wherein the
analyeed first tast dats relates o at lsast ane of & round tip ping time, 8 packst

burst rate, and a signat quality.

9. The movile wireless commumications device of olaim 7, whersin said
cartrolier is furthey configiired to determine the selected wireless
communications network also based upon al least one of geoygraphic location

atime of day, and a defined wirsissg cormmunications network priority,

10, & method of communicating betwean a moblie wiraless communications
device and an application server, the methed comprising: communicating using
the mobile wirsless communications device first test data thvough an
infermadiale senver over sach of a plurality of different wireless
communications nebwarks; analvsing using the mobile wireless
comnunications device the first test data; generating first scoring data using
the mobile wireless communications device baged upon the analyzed first tast
datg, delermine using the mobile wirelass communications device a ssletisd
wireless communications nefwork based upon the first scoting data and second
scoring data recsived from the intermadiate server, the second scoring data
being generated by the intermediate sarver basad upon analyEed second test
data passed through the mobile wireless communications device; ang

aes sortmunications device with the

application server via the intermediate server aver the ssleciod wireless

sommunications network.
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1. The method of olaim 10, whersin analyeing the first test data comprises
analyzing first test data relating to 8t laast one of & round inip ping e, a

vacket burst rate, and a signal quality.

was

2. The method of claim 10, wharein commuricating with the intermediate
sarver over sach of the pluraiity of differant wireless comimunications networks
comprises comnunicating with the intermadiste sanver over gach of the
plurality of different wireless communications networks o determing the
selecied wireless corymunications netwoerk alse based upon at least ong of
gaggraphic location, a ims of day, and a defined wirsless communications

network prionty.

130 A wirsless communications system comprising: a plurality of differsnt
wirsless communications networks; an application senver, an intermediate
server configured o communicate with said application ssvver; and a mobile
wireless communications device configured 1o communicate with said
infermediate server over pach of sald plurality of different wireless
communications febwarks {0 determine & seiecled wirgless communications
netwerk, and communicale with sald application sarver via sald intenmediale
server over the selected wireless communications network; said intermediste
server further configured 1o pass {est data through said mobile wireless
communivations davice, analvze the {fest data, generate sconing data based
upor the analyzed test data, and send the scoring data back fo said mobile

wireless communications device to determine the selecties wirslsss network,
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P
L.

14 The wiralass communications system of clalm 12, wheraln the anahzad

test data relates 1o at least ane of & round tep ping time, & packed burst rats,

78

1o a signal quality.

18, The wircless communications aystem of olalm 13, wherein said mabils
wirsless communications devige i further configured o determine the ssiscted
wireless communications netwark based upon at least one of geographic

eation, a ime of day, and a defined wirgless communications natwork priority.

18, The wireless corynunication system of alainy 13, wherein said mobile
wirsless communications device comprises a controller and a plurality of

different wirglass nstwork inferfaces couplad thersto.

17. The wirgless communication system of claim 13, wherein said mobile
wiraleas communications device and said application sarver communicate via

said intermediate server as 3 virtua! private network (VPN}L

18. A mobile wireless commurtications device for communicating with an
intermediate servarover a plurality of different wireless communications
nefworks, the intarmediate server being configurad to communicate with an
application server, the moblle wirsless communications device comprising: a
housing: a plurality of different wireless network interfaces carried by said
housing; a controller coupled to said plurality of different wireless network
irterdaoss gnd configured to pass test data through the intermadiate sarver
aver sach of the plurality of different wireless communications nebworks, pass
test data recabad from the lermediate server back © the intermediate sanver

for analysis and generation of scurdng data based upon the analyzed fost data,

R } i\\\ ’\~\
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recsive the scoring dats back o the intermadiate server mobila wiraless
device to determine & ssisciad wirgless communications netwark, angd
communicate with the application sanver via the intermediate server over tha
selectad wireless communications network,

18, The mobile wirsless commumications devics of daim 18, wherein the

(o8

analyzed tost data relates (o gl least one oF 8 round inip ping time, a packst

urst sate, and a signal quality,

20, Ths muobile wirsless communications davice of claim 18, whersin said
controder is further configurad o daterming the sslectad wirsless
communisgtions network based upon at least ane of gesygraphic focation, a

time of day, and 3 defined wireless cormunications network prionity. .

Dated this 220d day of May 2015

Harris Corporation
atent Attorneys for the Applicant
PETER MAXWELL AND ASSOCIATES
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