12 United States Patent

US009270816B2

(10) Patent No.: US 9,270,816 B2

Cohen et al. 45) Date of Patent: Feb. 23, 2016
(54) REDIRECTING TELEPHONE CALL TO (56) References Cited
PACKET-SWITCHED DATA CALL VIA
VOICEMAIL U.S. PATENT DOCUMENTS
4,987,587 A 1/1991 Jolissaint
(71) Applicant: Tel-Tech Systems, Inc., South Amboy, 5,504,810 A 4/1996 ﬁ;ﬁﬁrn
NJ (US) 5,796,810 A 8/1998 Lim et al.
5,889,774 A 3/1999 Mirashrafi et al.
(72) Inventors: Meir Cohen, South Amboy, NI (US); Eli g’ggj’ﬁgg’ él 13%88(1) %ﬁ:&ﬁ;ﬂ%
Finkelman,, South 1%.'[111)0}/,J NJ (US),, 6:453:023 B1 0/2002 McKee
Bryan Moyles, South Amboy, NJ (US) 6,519,252 B2  2/2003 Sallberg
6,680,955 Bl 1/2004 Kung et al.
(73) Assignee: Tel-Tech Systems, Inc., South Amboy, 6,808,080 Bl : 3/2005 Umansky etal. ........... 370/354
NJ (US) 6,870,827 Bl 3/2005 Voiutetal. .........o.ooonil 370/352
6,996,217 B2 2/2006 Goldman
7,016,359 B2 3/2006 Naim et al.
(*) Notice: Subject to any disclaimer, the term of this 7,136,472 B2 11/2006 Hill et al.
patent is extended or adjusted under 35 7,158,619 B2 1/2007 Simpson
U.S.C. 154(b) by 225 days. (Continued)
(21) Appl. No.: 14/046,034 FOREIGN PATENT DOCUMENTS
(22) Filed: Oct. 4, 2013 WO 20006127255 11/2006
Primary Examiner — Lonnie Sweet
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Michael J. Feigin, Esq.;
US 2015/0098464 A1 Apr. 9, 2015 reigin & Associates, LLL
(37) ABSTRACT
(51) Int. Cl. H In embodiments of the disclosed technology, devices and
HO4L 12/66 (2006-O:~) methods for redirecting a telephone call from a public-
HO4M 3/42 (2006.01) switched telephone to a packet-switched data network. The
HO4L 12/707 (2013.01) phone call 1s mitially recerved via the public-switched tele-
HO4W 48/18 (2009.01) phone network having a dialed number associated with a
HO4W 45/06 (2009.01) hand-held wireless device of a called party. Upon initializa-
HO4W 76/02 (2009.01) tion of the phone call, a route 1s determined from the telecom-
munications switch to the hand-neld wireless device ol the
(52) U.S. CL 1cati itch to the hand-held wireless devs { th
CPC .......... HO4M 3/42289 (2013.01); HO4L 45/22  calledparty via a packet-switched network. The bandwidth of
(2013.01); HO4W 48/06 (2013.01); HO4W 48/18 the packet-switched network 1s then detected to determine the
(201301) HO4AW 76/028 (201301) Elblllty of the network to handle the call. If the packe‘[-
(58) Field of Classification Se a;' ch switched network 1s determined to be capable of handling the

CPC .. HO4M 3/42289; HO4L 45/22; HO4W 48/06;
HO4W 48/18; HO4W 76/028

See application file for complete search history.

Party Receives

r Incoming Call
410

Packet Switch

call, the call 1s forwarded over the packet-switched data,
thereby reducing or eliminating charges for wireless minutes.

23 Claims, 11 Drawing Sheets

[-440

Forward to

P

Which Network?

420

PSTN

.
Continue Via

Telecom Switch

Bandwidth 450

DTMF
Sequence
Entered?

Public Switched [
r__ Telephone Network
430 re-determine

Sufficient?

434

yes

4
Continue Via / 460

> Call Connected [«

e’

470

Packet Switch
Network




US 9,270,816 B2

Page 2
(56) References Cited 8,081,740 B2 12/2011 Reynolds et al.
2005/0058067 A] 3/2005 Chmaytell: et al.
U.S. PATENT DOCUMENTS 2005/0213520 A] 9/2005 Bae et al.

2008/0310399 Al* 12/2008 Narayananetal. ........... 370/352
7,162,019 Bl 1/2007 Mullis et al. 2011/0044321 Al1* 2/2011 Rosenbergetal. ........... 370/352
7,187,759 B2 3/2007 Patel et al. 2012/0264410 A1  10/2012 Yach et al.
7,289,618 B2  10/2007 Lim et al. 2013/0189968 Al* 7/2013 Kuetal. .......ccocoevvinnnin, 455/418
7,804,821 B2 9/2010 Wilhoite et al.
7,912,036 B2 3/2011 Moore * cited by examiner



MIOM]IN auoyda|al paylnims

US 9,270,816 B2

H10MIBN YOUMS
19)j9€d J3AQ |[eD urelurey

ou 091

¢ slaoed paddo.ag

al|qqnd JI3AQ [[eD 31N23X] 08T 0.T —
—
D SaA
I~
-
y—
2 ou ou
&
i
7).
£ 321N YHMm :
UON2BULOD Bled 2ok SIUBISIYNS YIpimpueg >
&
—
—
« 0cl orl
o
g |
bl 7
&
=

HIOMIBN YONMS
}93j9ed J3AO |[eD PUas

321NA3Q SS3|9JIM PIPH-PUeH
0} Y92}IMS SUOIIeo1uUNnwwod3|a] Wol) 91noy aulwidlag

0CT

H

Alred pajed
0] P3)23JIg UI1IMS suonesiunwwod’d|al 1e [[eD 3AI323Y

01T

U.S. Patent



US 9,270,816 B2

Sheet 2 of 11

Feb. 23, 2016

U.S. Patent

092 ba 1IN

Gac |IeO0 plemiod

0G2Z S19¥oed paddoiq 19919Q

»

S 11eO Piemio

Orc lled 21N0Jay

GEC PIde(d |IeD

n

0€< PIJE[d [I®D

1Z¢ 11OMJaN
auoyda|al

PIYINMS 2ljqnd

222 Y40MIaN
UOHMS }a¥oed

022 YINIMS W0I3I[I]

TTZ %10OM]aN
auoydajal

PaYONMS d1jgnd

212 Yomjan
UOHMS }a¥oed

0TZ Aued pajed

00¢
Avred buijred




0GE ba |1

US 9,270,816 B2

OFE slayoed paddo.iq 19919

¢ 3lnbi4

Sve 118D premio

Sheet 3 0f 11

1Ct 118D °21N0.19Y

Feb. 23, 2016

1<¢ J10OM)SN
auoydajal

PIYINMS 3ljqhd

¢Cc MHOMSN

YoUMS 19¥oed

0¢¢ YIHUMS WOII|3]

U.S. Patent

e plemio

0Z¢ IIeD uin9y

'.

Geg 118D premiod

JOTe PIJ¢¥d 1199

GI€ PId¥|(d lIeD

11Z A10M])ON
ZT¢ YlomiaN
¢0€ O T0E UQO auoydajal
HOENS 193dtd PoyIlIMS Jl|(Nnd
00€ wsiueyaa Buljjig 0Tz Aved pajed

002 Ared

builjed




US 9,270,816 B2

Sheet 4 of 11

Feb. 23, 2016

U.S. Patent

097

0SY

N10M]oN

YO)MS }a)0ed
eIA 3NURUO)

A

SaA |

SAUIDINGS
Hipimpued

Y2}IMS WO023|3]
0} pJemio

Oou

+-——

-

UDILMS 19)oRd

v— P9103UuUO0) ||eD

A

j}41omiaN auoydajlal
PaYHMS 2ljqnd
BIA 9NUIUOD

N1Sd

SI0MIBN YO1YmM

[e) bulwoasu|
SaAI923Y Alred

Ocv

01V



US 9,270,816 B2

Sheet Sof 11

Feb. 23, 2016

U.S. Patent

G 9.nbiI4

e ..n.p;l..;..!._..-....1

3
G9G 9Jelaju|
| A UINMS vos Ol
x.ta.,....t
-
£ e9¢G abelo)g 796 Alowa

Des Aed pajed

_ 196G 10SS9201d

09S dnH

o o f;._,fmx;a... ...,.,.,e-..;.,..r;,,,/
02S A
YJOM]SN auoydajal flIL
payaums a1jqnd N
—




US 9,270,816 B2

Sheet 6 of 11

Feb. 23, 2016

U.S. Patent

9 91nbi4

009

N

019
32elIalu| Yo1IMS

059 10SS320.d

0r9 Ol

0£9 Alowa

0729 9breliolS




1 VA o

}JOMISN
U21IMS 19¥9ed - - palo3uuod |jed

US 9,270,816 B2

097 CIA 9NUNUOD

—
> 114 7
n._ll; A.LCG_O_"_”—:w AIOM]oN QCO—\_QQ_P_. &
S yIpIMpueg : - - payouUMS dljgnd
e -
7 0St ou RIA 2hunuo
\&
= N1Sd
|
8 1Zr ~ O\ 0zv
~ lapeaH
M Y2}lIMS WO0923|3L voisBAd
-
O] piemio U21IMS 19)0ed

Ot 01V

lreD buiwioou|
SOAI9D9Y Aled

U.S. Patent



US 9,270,816 B2

Sheet 8 of 11

Feb. 23, 2016

U.S. Patent

0

G

097

| 4

Q 31nbi4

IOM]3N
YI1MS 13)Oed P3ald3auuo) ||ed
PIA °9NUNRUOY 22IN3P SSajaliM pjay-puey
Vs 0} puas pue uonesUIPI A
H AN INY 2uIwial}aq

sal

] BN 74 \| 42qunu auoydajal S1YM
plemul-uou 0} pJemio

HIOM]ON 9UOYOI|9L
- - »  PaY2UMS dljgnd
PIA 9NUNUOD

SIUBIOIYNS
yipimpueg

N1Sd

Uo1IMS WOoI3|3L
0} pJem.io4 ¢H1OMISN YIIYM

U21Ims 19)9ed
ove

[1reD bulwoosu|
SaAI393Y Alred

Ay

0Ey

0cv



US 9,270,816 B2

6 91nbi4

VA Y

P3)123UuU0) [[ed

}IOM]SN
UYIlIMS 19)Jed
091 BIA SNURUoH
A
| SOA
-
I~
&
&N
@ ALETRIITI TS
s 0St yipimpueg
\&
y—
—
g |
ery
-
2
= Uo1IMS WO0923|3]

0} pJiemio

|

Ou

¢paJsayuzg
22uanbag

1A 1C

-

U.S. Patent

PaUIWLIS]AP-3C OtV
yiomiaN auoydalal
PIYI1IMS Jlj(qnd
eIA 2hunuo)
N1Sd
VYA
UOHMS 1) 0ed
01V

[eD buiwoosu

SAAI929Y Aled



0T 2inbi4

¥IOMI3SN

US 9,270,816 B2

Y2UMS 13 oed paloauuoy |[ed
eI/ 9NUIIU0D

A

09t Oou ou

SaA

S JomiaN 1axoed
0] [[eD 91noJ-2Y

SaA

¢ 931IAa
mC_H—MC_E._w._. wo.l

y—
“ O] SUOIONIIS U] Om._u
-
s ¢V Tl
5 JAUBIOYINS T HOMIN 2uouddlaL |
h o m m
7 0SY HlpiImpueg I/ 9NUIIUO)
\&
y—
& NLSd
e 0cv
g
M UO21IMS W03
O] PJeMI04 UI1IMS 19)oed
01747 Oty

IeD buiwoou|
SaAIB23Y Alled

U.S. Patent



IT 3inbi4

US 9,270,816 B2

0LV
MIOMIIN \\L
Y21IMS 19)9ed pPaloauuo [[ed
oov |

BIA 2NUIUOD

— ou

= 013 7
\

m Jled a|pueH ue) v:_w%“_gwu_q_aww_‘_w_r__m_ww._. \L
o adA] yiomiaN eleC . |

= sal

z TSV BIA @hunuod

m N1Sd

|

o ey ~ } VYA 7
e~ lapesaH

M YO1IMS WO0923|91 volsPald

0) pJemio LOIMS 19¥9Bd SAA0OMISN YITYAMN

)74 4 Oty

[reD buiwoosu
SINI9923Y Aled

U.S. Patent



US 9,270,816 B2

1

REDIRECTING TELEPHONE CALL TO
PACKET-SWITCHED DATA CALL VIA
VOICEMAIL

FIELD OF THE DISCLOSED TECHNOLOGY

The disclosed technology relates generally to telephone
switches and, more specifically, to customized call routing.

BACKGROUND OF THE DISCLOSED
TECHNOLOGY

Mobile phone technology has improved drastically to give
Internet access to a greater number of users. Many users are
alforded unlimited data usage by way of their mobile provid-
ers. However, those same users may be restricted as to the
number of minutes they are allocated in a given month. In
many instances, unlimited data carries a tlat monthly rate,
while voice calling 1s tolled on a minute-by-minute basis.

Further, users traveling internationally may incur signifi-
cant roaming charges for voice calling. However, these users
may have access via Wi-F1 to the Internet. Presently, online
services exist through which a user may communicate using
voice calling. However, none of these services allow a user to
use his or her original number. Moreover, none of these ser-
vices allow a regular incoming call to be transferred from the
public-switched telephone network over to a packet-switch
data network, and vice versa.

SUMMARY OF THE DISCLOSED
TECHNOLOGY

In one embodiment of the disclosed technology, a telecom-
munications switch 1s disclosed. Such a telecommunications
switch or switch 1s defined as a device which, at least, receives
and routes telephone calls. The telecommunications switch,
in embodiments, has a connection, such as direct or wireless-
based electrical connection to a packet-switched network and
a connection to the public switched telephone network. The
public switch telephone network (herein “PSTN™) 1s a pub-
licly accessible circuit-switched telephone network which
allows telephones in the world to communicate with other
telephones. A phone call 1s recerved via the PSTN at a hand-
held wireless device of a called party. A processor or other
non-transitory medium (herein, used interchangeably) 1s
instructed to determine a route from the telecommunications
switch to the hand-held wireless device of the called party via
the packet-switched network. When the route 1s found, the
bandwidth of said packet-switched network 1s determined. A
processor 1s mstructed to select to send the call to the hand-
held wireless device associated with the called party via one
of the networks. The call 1s sent via the packet-switched
network when the determined bandwidth 1s sufficient to
handle the phone call. The call 1s sent via the public-switched
telephone network when the determined bandwidth 1s 1nsui-
ficient to handle the phone call.

The dialed number may be determined based on a diversion
header associated with the phone call. A diversion header
carries information about the redirection of a call. The phone
call may be initially recerved by the hand-held wireless device
associated with the called party and forwarded to the telecom-
munications switch, such as through existing protocols
known, including call forwarding and/or forwarding to voice-
mail, with the voicemail number being associated with the
communications switch. In further embodiments, the proces-
sor carries out instructions to forward the phone call to a
non-inward WATS (wide area telephone service) telephone
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2

number before the step of sending. Then, ANI (automated
number 1dentification) information associated with said
phone call 1s determined and provided to the hand-held wire-
less device.

In further embodiments, the phone call 1s sent via the
packet-switched network and the phone call 1s rerouted to the
PSTN upon a pre-determined threshold number of packets
being dropped. After the telecommunications switch reroutes
the call to the PSTN, the telecommunications switch per-
forms another re-routing back to the packet-switched net-
work upon detection of a pre-determined DTMF key
sequence being entered. The phone ringing may be sup-
pressed and/or the software on the phone may instruct a
processor to automatically answer the PSTN call and discon-
nect the VOIP connection. Similarly, this may happen in
reverse when transierring a call from PSTN to VOIP. The In
another embodiment, during a call on the PSTN, the telecom-
munications switch may reroute the call via the packet-
switched network. The processor of the telecommunications
switch determines that the instruction to transier the phone
call to the packet-switched network originated from the hand-
held wireless device where the call 1s currently terminating.

In a st1ll further embodiment, the step of determining band-
width 1s based on a data network type reported via the packet-
switched network from the hand-held wireless device. Fur-
ther, the step of sending the call to the public-switched
telephone network 1s carried out 1n all cases when the data
network type 1s known to be unable to support the call on the
packet switch network.

In still a further embodiment, a bill mechamism may be
istructed to levy a fee on an account associated with the
called party. The billing mechanism may be any way of toll-
ing a wireless subscriber for usage. The fee 1s determined
based on units of time during which the phone call 1s carried
on the PSTN. “Units of time,” for purposes of this specifica-
tion, are defined as any measurable interval of time during
which a call 1s carried on a particular route or over a particular
network. For example, the fee may be levied in 6-second
intervals, whereby a one minute-duration of a call carried
over the PSTN would be measured and billed as 10 units of
time. The fee per unit time 1s higher when the phone call 1s
carried onthe PSTN. The called party may be charged for part
of the duration of the phone call—the part of the duration
corresponding to an amount of time said call was active over
the PSTN.

In another embodiment of the disclosed technology, a
method 1s provided for switching telecommunications net-
works. The method proceeds, not necessarily 1n any particular
order, by: a) receiving a phone call via the public-switched
telephone network, the phone call having a dialed number
associated with a hand-held wireless device of a called party;
b) determining 11, 1n addition to a network path via the public-
switched telephone network, the hand-held wireless device of
said called party has an active and authenticated data connec-
tion via a packet-switched network with a telecommunica-
tions switch; ¢) determining that suflicient bandwidth exists
over the packet-switched network for the phone call; d) send-
ing the phone call to the hand-held wireless device associated
with the called party via the authenticated data connection;
and/or €) where an insuificient bandwidth condition arises
over the packet-switched network, connecting the phone call
via the public-switched telephone network.

In further embodiments of the disclosed method, the call 1s
first sent to the handheld wireless device via the PSTN; then
alter receiving a command from the wireless device to recon-
nect the call, the call 1s sent via the packet-switch network.
Still further, the call may be received at the telecommunica-
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tions switch after having been 1nitially recetved via the pub-
lic-switched telephone network. In another embodiment, the
phone call 1s recerved at the telecommunications switch after
being initially received from the wireless device and auto-
matically forwarded to the telecommunications switch. The
call may also be sent to the hand-held wireless device via the
packet-switched network.

In still a further embodiment of the disclosed method, an
additional step may be provided of receiving an indication
from the hand-held wireless device to reconnect the call via
the public-switch telephone network. The call may be trans-
terable to the packet-switch network by a prompt on the
hand-held wireless device. The call may be itially for-
warded to the telecommunications switch over the PSTN or
the packet switched data network.

In further embodiments of the disclosed method, a fee may
be charged for even only a portion of minutes of the phone
call. The portion may consist of, for example, minutes during
which the phone call continues over the public-switched tele-
phone network. Additional steps may be provided of: a) deter-
mimng network conditions of the packet switched network
betfore the step of attempting to send the phone call via the
packet switched network; b) at a first connecting of the call to
the called party, connecting the call via the public switched
telephone network based on msuificient network conditions
for the call; and/or ¢) transterring the phone call, to the packet
switched network upon detection of a pre-determined dual-
tone multi-frequency (“DTME”) key sequence being entered.
Alternatively, the call may be sent via the packet switch
network, and during the call, the call may be transierred to the
public switched telephone network upon a pre-determined
threshold number of packets being dropped. Still turther, the
phone call may be forwarded to a non-inward WATS tele-
phone number before the step of sending, and ANI informa-
tion may be sent to the hand-held wireless device in the form
ol caller identification information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of steps taken when a call 1s
received by a called party of embodiments of the disclosed
technology.

FIG. 2 shows a diagram of a method of routing a call over
multiple switches in embodiments of the disclosed technol-
0gy.

FIG. 3 shows a diagram of a method of routing a call
similar to that of FI1G. 2, while incorporating a fee 1n embodi-
ments of the disclosed technology.

FI1G. 4 shows a diagram of steps taken from the perspective
of a called party of embodiments of the disclosed technology.

FIG. 5 shows a high level drawing of an exemplary system
arrangement according to an embodiment of the disclosed
technology.

FIG. 6 shows a high-level block diagram of a device that
may be used to carry out the disclosed technology.

FIG. 7 shows a diversion header with the steps taken from
the perspective of a called party of embodiments of the dis-
closed technology.

FIG. 8 shows steps of forwarding to an non-inward WATS
telephone number with the steps taken from the perspective of
a called party of embodiments of the disclosed technology.

FIG. 9 shows a DTMF sequence to move a call from a
PSTN to packet-switched network from the perspective of a
called party of embodiments of the disclosed technology.

FIG. 10 shows checking 1f instructions to re-route a call
over a packet switched network are recerved from the termi-
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4

nating handheld wireless device from the perspective of a
called party of embodiments of the disclosed technology.

FIG. 11 shows an embodiment of FIG. 4 where the data

network type, instead of bandwidth determination 1s used to
determine which network to send the call from the perspec-
tive of a called party of embodiments of the disclosed tech-
nology.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE DISCLOSED TECHNOLOGY

The disclosed technology described herein provides
devices and methods for redirecting a telephone call from a
public-switched telephone to a packet-switched data net-
work. The phone call initially being recerved via the public-
switched telephone network having a dialed number associ-
ated with a hand-held wireless device of a called party. Upon
initialization of the phone call, a route 1s determined from the
telecommunications switch to the hand-held wireless device
of the called party via a packet-switched network. The band-
width of the packet switched network i1s then detected to
determine the ability of the network to handle the call. If the
packet-switched network 1s determined to be capable of hand-
ing the call, the call 1s forwarded over the packet-switched
data, thereby reducing or eliminating charges for wireless
minutes. If the bandwidth of the data-switched network 1s
insufficient to handle the current call, the call 1s moved to the
public-switched network for continuation.

Embodiments of the disclosed technology are described
below, with reference to the figures provided.

FIG. 1 shows a diagram of steps taken when a call 1s
received by a called party of embodiments of the disclosed
technology—the method being 1n step 110 when a telephone
call 1s recerved at a telecommunications switch, and the call
being directed to a called party. The call 1s recerved from a
calling party. A “calling party” defined as a person or device
that initiates a phone call over a telephone network, such as,
for example, a ordinary telephone service network, voice over
internet protocol network, combination thereof, or other. A
switch 1s defined as a device which, at least, receives and
routes telephone calls. A switch may also create and discon-
nect electrical connections between two devices on a phone
network, may record a phone call, may receive/send and
interpret DTMEF tones or voice prompts, and so forth. Further,
when used 1n this disclosure, a “switch” may include one or
more separate devices which are electrically connected, or
with exchange data with each other over a network to carry
out steps disclosed 1n the claims of this patent application.
The telecommunications switch may be operated by a third
party and may be separate and distinct from the wireless
providers of the calling party and/or the called party.

Such a switch, as defined above, recetves an incoming call
in step 310. This call 1s designated for a target-called party,
such as based on a phone number of the called party (a SIP 1D
or other equivalents should be understood as being within the
concept of “called party,” where a SIP 1D 1s a session interface
protocol.) Next, 1n step 120, a route 1s determined by which
the call will be delivered to the hand-held wireless device
(herein “wireless device” or “mobile device™) of the called
party. This step may be carried out before or after the phone
call has been 1mnitially delivered to the wireless device.

In step 130, 1t 1s determined whether the wireless device 1s
connected to a packet-switch data network. Packet-switch
data network, for purposes of this specification, 1s defined as
any network through which data packets may be sent wire-
lessly and recetved via the internet. Such networks may be,

for example, 3G, 3.5G, 4G, HSPA, HSPA+, Edge, LTE, etc.
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Furthermore, a mobile device connected via wireless local
area network (e.g., Wi-Fi) to the internet may also be consid-
ered to be connected to a wireless network. Such networks are
distinguishable from a core-switched network and/or the pub-
lic-switched telephone network, both of which are limited to
transmitting voice calls and text. If a data connection 1s
detected, the method proceeds to step 140. If no data connec-
tion 1s detected, in step 180, the call 1s executed over the
public-switched telephone network. The public switch tele-
phone network (herein “PSTN”) 1s the publicly accessible
circuit-switched telephone network which allows any tele-
phone in the world to communicate with any other telephone.

In embodiments, the call may be recerved via the public-
switched telephone network, in which case step 180 would
involve the call continuing on the public-switched telephone
network. Detection of packet switch data network connectiv-
1ty may be carried out, at least in part, by a soltware applica-
tion on the mobile device. If data connectivity 1s detected, in
step 140 1s determined whether sufficient bandwidth 1s avail-
able for handling a voice call over the packet-switch data
network. Thus, for example, 11 the wireless device 1s con-
nected to an Enhanced Data Rates for GSM Evolution
(“EDGE”) network, the bandwidth may be approximately
400 kalobytes per second. Such speeds may be insuificient for
handling a voice call via packet data. As such, the call may be
directed to be executed over the public-switch telephone net-
work 1n step 180. If the wireless device 1s connected to a 4G
network or a local area network via Wi-Fi, for example, the
bandwidth may be sufficient. In carrying out this step, a
threshold minimum bandwidth may be calibrated that, 11 met,
the method proceeds to step 150.

In step 150, with certain prerequisites having been met, the
call 1s sent over the packet-switch network. As far as the
calling party 1s concerned, the call may carried out 1n similar
manner to any PSTN voice call, and the calling party may not
even be made aware that the call 1s being executed via a
packet-switch data network. The called party may or may not
be put on notice that the call 1s being executed over a packet-
switch network. Such knowledge however, may be invaluable
to the called party upon taking the call because the called
party may choose to remain on the phone call for a longer
duration 1f he or she knows they aren’t being charged for
minutes.

While the call 1s being carried out, packet loss may be
monitored. Packet loss occurs when one or more packets of
data traveling across a computer network fail to reach their
destination or are “dropped.” For a wireless device, packet
loss may occur, for example, when a user 1s moving out of the
range of a packet-switch data network Thus, 1n step 160, 11 a
threshold number of packets 1s dropped during the course of
the call, the call may be transierred back to the PSTN. The
dropped packets may be measured as a function of time or 1n
total. Such a measure prevents a possible drop call or poor call
quality. If few or no dropped packets are detected, the call 1s
maintained on the packet switch network 1n step 170.

Furthermore, when a call 1s rerouted to the public-switched
network, 1t may be re-routed back to the packet-switched
network upon detection of a pre-determined dual-toned
multi-frequency key being entered. Dual-toned multi-re-
quency (herein “DTMF) signaling 1s the telecommunication
signaling system carried out over analog telephone lines on
the public-switch telephone network. When a desired number
1s to be called, such signals are sent in an array and interpreted
for determination of the number dialed to be called.

FI1G. 2 shows a diagram of a method of routing a call over
multiple switches in embodiments of the disclosed technol-
ogy. A calling party 200, defined as a person or device that
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initiates a phone call over a telephone network (a plain old
telephone service (POTS) network, voice over internet pro-
tocol network (VOIP), combination thereof, or other) places
a call 230 directed to a called party 210. This call 1s executed
via a public switch 211, which may be operated by the tele-
com provider of the calling party and/or may comprise a
plurality of switches between the calling party 200 and called
party 210. The call 1s then placed 233, via a further leg or
turther legs (communications channels between two switches
or a switch and a party to the phone call) over the public
switched telephone network 211, 221 to a telecommunica-
tions switch 220. The telecommunications switch 220 (“tele-
com switch”) may be operated by a telecom provider or a
third-party having no association with either telecom pro-
vider of the calling party 200 and/or the called party 210.

At the telecom switch 220, the call may be moved 240 from
the PSTN 221 to a packet-switch network 222. The called
party 210 1s the desired target of the calling party 200 (or may
be a new target designated by the called party 210, such as by
way of call forwarding or the like). Thus, the call 1s then
forwarded 1n step 243 via the packet switched network 222,
from the called party 210. Before forwarding the call and
during the call, the number of dropped packets 1s detected 250
over the packet switched network 222, 212 between the tele-
com switch 220 and the called party 210. Upon detection of
dropped packets, either belore forwarding the call or during
the call, the call may be forwarded 255 back to the called party
210 on the public switched telephone network 211. In this
instance, the leg of the call on the packet switch network, 1f
existing, 1s killed 260.

FIG. 3 shows a diagram of a method of routing a call
similar to that of FI1G. 2, while incorporating a fee 1n embodi-
ments of the disclosed technology. In this embodiment, upon
placing a call 310 to a called party 210, a billing mechanism
300 1s mtiated 301 to apply billing charges. Such charges
may be facilitated by a wireless provider, and may be mea-
sured, for example, 1n minutes. The call 1s placed 3135 to the
called party 210 over the PSTM 211 with charges accruing.
The wireless device of the called party 210, 1f employing the
disclosed technology, returns the call 320 to the telecommu-
nications switch 220 via PSTN 211, 221 communication.

At the telecom switch 220, the call 1s moved 325 to the
packet switch network 222. As the call 1s forwarded 330, the
billing mechanism 300 1s turned off 302 due to the call being
transmitted via packet data. The call 1s then forwarded 335 to
the called party 210 wvia the packet-switch network 212.
Again, the monitoring of dropped packets 340 begins before
the forwarding and during the handling of the call over the
packet switch network 212. Upon detection of packet loss, a
leg may be initiated forwarding the call 345 to the called party
210 via the PSTN 211. If the call 1s forwarded in step 3435 via
the PSTN 211, then the packet-switched leg 212, 222 1s killed
in step 350.

The billing mechanism 300 1s instructed to levy (charge) a
fee to an account associated with the called party 200. The
billing mechanism 300 may be any way of tolling a wireless
subscriber for usage. The fee 1s determined based on units of
time during which the phone call 1s carried on the PSTN.
“Umnits of time,” for purposes of this specification, are defined
as any measurable interval of time during which a call 1s
carried on a particular route or over a particular network. For
example, the fee may be levied 1n 6-second 1ntervals whereby
a one minute duration of a call carried over the PSTN would
be measured and billed as 10 units of time. The fee per umit
time may be higher when the phone call 1s carried over the
PSTN. Alternatively, the fee may only be charged when the
call 1s carried over the PSTN. As such, when the call 1s




US 9,270,816 B2

7

switched to the PSTN 211, the billing mechanism 300 1s
toggled to be on 301, thus recording units of time for purposes
of billing. The called party may be charged for part of the
duration of the phone call, the part of the duration correspond-
ing to an amount of time said call was active over the PSTN. >

FI1G. 4 shows a diagram of steps taken from the perspective
of a called party of embodiments of the disclosed technology.
In this embodiment, the called party may have an interface
configured via an associated wireless device by which the
called party may be able to designate how an incoming call 1s
routed. For example, the called party may configure the wire-
less device to automatically take certain steps when an incom-
ing call 1s received. Alternatively, the wireless device may be
configured to prompt the called party, each time a call 1s
recetved, to decide how the call should be routed.

The method begins with step, 410 whereby a called party
receives an mcoming call. In step 420, the network employed
to carry the call 1s determined. Again, this may be carried out

automatically based on user pre-configuration, oronamanual »g
basis by prompting the called party. If the PSTN 1s chosen,
then the call continues on the PSTN pursuant to step 430. In
step 470, the call 1s connected. If the packet-switch network 1s
clected to carry out the call, the call 1s forwarded to the
telecom switch 440. Then, 1n step 450 the bandwidth of the 25
packet data connection 1s assessed to determine 11 the call can

be handled via packet data. If the bandwidth 1s 1nsuificient,
the call may be routed back to the public switched telephone
network 1n step 430. As such, the call would be connected 1n
step 470 via the PSTN. If the bandwidth 1s determined to be 30
suificient to handle the call, then, 1n step 460, the call 1s sent
via the packet-switch data network. Then, the call 1s con-
nected 1n step 470 via the packet-switch data network.

FIG. 5 shows a high level drawing of an exemplary system
arrangement according to an embodiment of the disclosed 35
technology. A calling party 510 initiates a phone call over a
telephone network, such as, for example, a plain old tele-
phone service network, voice over mternet protocol network,
combination thereof, or other. The call accesses the public-
switched telephone network 520 to be forwarded to a wireless 40
device of a called party 530. When the call 1s received, the
wireless device of the called party 530 accesses a telecom
switch 550 via a packet-switch network 540 for purposes of
transierring the call thereto. Access to the packet switch net-
work 540 may be carried out using a pre-existing data con- 45
nection provided by a telecommunications provider associ-
ated with the wireless device.

Access to the telecom switch 350 may be carried out via the
packet switch network 540 using an interface on the wireless
device. The interface may be, for example, a software appli- 50
cation installed onto the wireless device. The software appli-
cation may be configured by a user. The wireless device may
communicate data to and from the telecom switch 5350. The
data may include account information, billing information,
automatic number i1dentification (“ANI"), and other informa- 55
tion relevant to the call, the calling party, and the called party.
The telecom switch 500 1s a central repository for all accounts
associated with called parties. The telecom switch 550
executes the transier and forwarding of calls using a hub 560.

In an embodiment thereot, a hub 560 comprises a processor 60
561, memory 3562, input/output 563, storage 564, and a net-
work 1nterface 565. These features correspond to those
described in further detail below with regard to FIG. 6 and the
description thereof, below.

From the telecom switch 550, the call 1s transterred back to 65
the called party 530 to be preferably handled over the packet-
switch network 540 subject to the bandwidth and connectivity
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considerations previously discussed. All of the steps and pro-
cesses 1llustrated may be carried out simultaneously or over a
short period of time.

FIG. 6 shows a high-level block diagram of a device that
may be used to carry out the disclosed technology. Device 600
comprises a processor 650 that controls the overall operation
of the computer by executing the device’s program instruc-
tions which define such operation. The device’s program
instructions may be stored in a storage device 620 (e.g.,
magnetic disk, database) and loaded 1nto memory 630 when
execution of the console’s program instructions 1s desired.
Thus, the device’s operation will be defined by the device’s
program 1nstructions stored 1n memory 630 and/or storage
620, and the console will be controlled by processor 650
executing the console’s program instructions. A device 600
also includes one or a plurality of input network interfaces for
communicating with other devices via a network (e.g., the
internet). The device 600 turther includes an electrical input
interface. A device 600 also includes one or more output
network interfaces 610 for commumicating with other
devices. Device 600 also includes input/output 640 represent-
ing devices which allow for user interaction with a computer
(e.g., display, keyboard, mouse, speakers, buttons, etc.). One
skilled 1n the art will recognize that an implementation of an
actual device will contain other components as well, and that
FIG. 6 1s a high level representation of some of the compo-
nents of such a device for illustrative purposes. It should also
be understood by one skilled 1n the art that the method and
devices depicted 1n FIGS. 1 through 5 may be implemented
on a device such as 1s shown 1n FIG. 6.

Further, 1t should be understood that all subject matter
disclosed herein 1s directed and should be read only on statu-
tory, non-abstract subject matter. All terminology should be
read to include only the portions of the definitions which may
be claimed. By way of example, “computer readable storage
medium™ 1s understood to be defined as only non-transitory
storage mediums.

While the disclosed technology has been taught with spe-
cific reference to the above embodiments, a person having
ordinary skill in the art will recognize that changes can be
made 1n form and detail without departing from the spirit and
the scope of the disclosed technology. The described embodi-
ments are to be considered 1n all respects only as 1llustrative
and not restrictive. All changes that come within the meaning
and range of equivalency of the claims are to be embraced
within their scope. Combinations of any of the methods,
systems, and devices described hereinabove are also contem-
plated and within the scope of the disclosed technology.

FIG. 7 shows a diversion header with the steps taken from
the perspective of a called party of embodiments of the dis-
closed technology. Here, the elements of FIG. 4 remain 1den-
tical to that of FIG. 7 except that a diversion header 421 1s
shown 1n the “Which Network?” block 420. A dialed number
may be determined based on the diversion header 421 asso-
ciated with the phone call.

FIG. 8 shows steps of forwarding to an non-inward WAT'S
telephone number with the steps taken from the perspective of
a called party of embodiments of the disclosed technology.
Here, the elements of FIG. 4 remain 1dentical to that of FIG.
7 except that 1n step 431 the call over a PSTN 1s forwarded to
a non-inward WATS telephone number. Then, in step 432,
ANI indemmnification 1s determined and this data 1s sent to a
hand-held wireless device.

FIG. 9 shows a DTMF sequence to move a call from a
PSTN to packet-switched network from the perspective of a
called party of embodiments of the disclosed technology.
Here, the elements of FIG. 4 remain identical to that of FIG.
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7 except as follows. Once a call 1s connected 1n step 470, 1t 1s
determined in step 434 whether a pre-determined DTMF
sequence has been entered. I not, the call remains connected
as 1t was over the PSTN. If so, then the call 1s moved to a
packet switched network.
FIG. 10 shows checking 1f instructions to re-route a call
over a packet switched network are receirved from the termi-
nating handheld wireless device from the perspective of a
called party of embodiments of the disclosed technology.
Here, the elements of FIG. 4 remain identical to that of FIG.
7 except as follows. Once the call 1s connected 1n step 470,
then the telecommunications switch receives istructions to
reroute the call via the packet-switched network as repre-
sented by box 471. When such instructions aren’t received,
the call remains connected. When they are recerved, itmust be
checked, 1n step 472, 1f the instructions originate from the
hand-held wireless device where the call 1s currently termi-
nating. If so, then the call continues over the packet switched
network 1n step 460. If not, then the call remains as currently
connected.
FIG. 11 shows an embodiment of FIG. 4 where the data
network type, instead of bandwidth determination 1s used to
determine which network to send the call from the perspec-
tive of a called party of embodiments of the disclosed tech-
nology. Here, the elements of FIG. 4 remain 1dentical to that
of FIG. 7 except as follows. Box 450 1s replaced with box 451
where 1t 1s determined whether the data network type 1s
known to be unable to support the call to the packet-switched
network. In such a case where 1t cannot handle the call, the
call 1s always continued on the PSTN 1n step 430. Where 1t can
handle the call, the call continues on the packet switched
network 460.
I claim:
1. A telecommunications switch with,
a physical data connection to a packet-switched network;
an electrical connection to a public-switched telephone
network via which a phone call is recerved, said phone
call having a dialed number associated with a hand-held
wireless device of a called party;
a processor coupled to memory executing instructions
received from said memory to determine a route from
said telecommunications switch to said hand-held wire-
less device of said called party via said packet-switched
network and where said route 1s found, to determine
bandwidth of said packet-switched network;
said processor or a different processor coupled to said
memory or different memory executing instructions to
send said call to said hand-held wireless device associ-
ated with said called party via one of:
said packet-switched network when said determined
bandwidth 1s suificient to handle said phone call; or

said public-switched telephone network when said
determined bandwidth 1s msuificient to handle said
phone call,

wherein said processor carries out instructions to forward
said phone call to a non-inward WATS (wide area tele-
phone service) telephone number before said step of
sending, and determines ANI (automated number 1den-
tification) information associated with said phone call
and provides said ANI information to said hand-held
wireless device.

2. A telecommunications switch with,

a physical data connection to a packet-switched network;

an electrical connection to a public-switched telephone
network via which a phone call is recerved, said phone
call having a dialed number associated with a hand-held
wireless device of a called party;
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a processor coupled to memory executing instructions
received from said memory to determine a route from
said telecommunications switch to said hand-held wire-
less device of said called party via said packet-switched
network and where said route 1s found, to determine
bandwidth of said packet-switched network;
said processor or a different processor coupled to said
memory or different memory executing instructions to
send said call to said hand-held wireless device associ-
ated with said called party via one of:
said packet-switched network when said determined
bandwidth 1s suificient to handle said phone call; or

said public-switched telephone network when said
determined bandwidth 1s msuificient to handle said
phone call;
wherein said phone call 1s sent via said packet-switched
network; and
said telecommunications switch reroutes said call to said
public-switched telephone network upon a pre-deter-
mined threshold number of dropped packets; and
after said telecommunications switch reroutes said to call
to said public-switched telephone network, during said
phone call said telecommunications switch performs
another re-routing back to said packet-switched network
upon detection of a pre-determined DTMF (dual-tone
multi-frequency) key sequence being entered.
3. A telecommunications switch with,
a physical data connection to a packet-switched network;
an electrical connection to a public-switched telephone
network via which a phone call 1s recerved, said phone
call having a dialed number associated with a hand-held
wireless device of a called party;
a processor coupled to memory executing instructions
received from said memory to determine a route from
said telecommunications switch to said hand-held wire-
less device of said called party via said packet-switched
network and where said route 1s found, to determine
bandwidth of said packet-switched network;
said processor or a different processor coupled to said
memory or different memory executing instructions to
send said call to said hand-held wireless device associ-
ated with said called party via one of:
said packet-switched network when said determined
bandwidth 1s suilicient to handle said phone call; or

saild public-switched telephone network when said
determined bandwidth 1s insuificient to handle said
phone call, wherein said telecommunications switch
sends said call to said public-switched telephone net-
work and

during said call via said packet-switched network, said
telecommunications switch receives instructions to
reroute said call via said packet-switched network; and

said processor of said telecommunications switch deter-
mines that said mstruction to transier said phone call to
said packet-switched network originated from said
hand-held wireless device where said call 1s currently
terminating.

4. The telecommunications switch of claim 3, wherein said
dialed number 1s determined based on a diversion header
associated with said phone call.

5. The telecommunications switch of claim 3, wherein said
phone call was 1nitially recerved at said hand-held wireless
device associated with said called party and forwarded to said
telecommunications switch.

6. The telecommunications switch of claim 3, further com-
prising a billing mechanism coupled to memory executing
instructions recerved from said memory levying a fee to an
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account associated with said called party, said fee determined
based on units of time said phone call 1s carried on said
packet-switched network and units of time said phone call 1s
carried on said public-switched telephone network, wherein
said fee per unit time 1s higher when said phone call 1s carried
on said public-switched telephone network.
7. The telecommunications switch of claim 6, wherein said
called party 1s charged for part of the duration of said phone
call, said part of said duration of said phone call correspond-
ing to an amount of time said call was active over said public-
switched telephone network.
8. A telecommunications switch with,
a physical data connection to a packet-switched network;
an electrical connection to a public-switched telephone
network via which a phone call 1s received, said phone
call having a dialed number associated with a hand-held
wireless device of a called party;
a processor coupled to memory executing instructions
received from said memory to determine a route from
said telecommunications switch to said hand-held wire-
less device of said called party via said packet-switched
network and where said route 1s found, to determine
bandwidth of said packet-switched network;
said processor or a different processor coupled to said
memory or different memory executing instructions to
send said call to said hand-held wireless device associ-
ated with said called party via one of:
said packet-switched network when said determined
bandwidth 1s suificient to handle said phone call; or

saild public-switched telephone network when said
determined bandwidth is insuificient to handle said
phone call,

wherein said determining bandwidth 1s based on a data
network type reported via said packet-switched network
from said hand-held wireless device; and

wherein said sending to said public-switched telephone
network 1s carried out 1n all cases when said data net-
work type 1s known to be unable to support said call on
said packet-switched network.

9. A method of switching telecommunications networks,

comprising:

receiving a phone call to a hand-held wireless device via
the public-switched telephone network, said phone call
having a dialed number associated with said hand-held
wireless device of a called party;

determining by way of a telecommunications switch 11, in
addition to a network path via said public-switched tele-
phone network, said hand-held wireless device of said
called party has an active and authenticated data connec-
tion via a packet-switched network with said telecom-
munications switch or another telecommunications
switch;

determining that sufficient bandwidth exists over said
packet-switched network for said phone call;

sending said phone call to said hand-held wireless device
associated with said called party via said authenticated
data connection; and

where an 1msuificient bandwidth condition arises over said
packet-switched network, connecting said phone call
via said public-switched telephone network;

wherein said call 1s first sent to said handheld wireless
device via said PSTN (public switched telephone net-
work); and

after recerving a command from said wireless device said
call 1s sent via said packet-switched network.

10. The method of claim 9, wherein said call 1s received at

said telecommunications switch after having been initially
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received via said public-switched telephone network and for-
warded from said called party.

11. The method of claim 10, wherein said call 1s carried out
via said telecommunications switch.

12. The method of claim 9 wherein said phone call 1s
received at said telecommunications switch after having been
initially recerved from said wireless device and automatically
forwarded to said telecommunications switch.

13. The method of claim 11 wherein said call 1s automati-

cally forwarded to said telecommunications switch.

14. The method of claim 12 wherein said call 1s sent to said
hand-held wireless device via said packet-switched network.

15. The method of claim 9, wherein said call 1s transferable
to said packet-switched network by a prompt on said hand-
held wireless device.

16. The method of claim 11 wherein said phone call was
torwarded over the public-switched telephone network.

17. The method of claim 11 wherein said phone call was
forwarded via said packet-switched data network.

18. The method of claim 9, charging a fee for only a portion
of minutes of said phone call, wherein said portion consists of
minutes during which said call continues on said public-
switched telephone network.

19. The method of claim 9, turther comprising:

determiming network conditions of said packet-switched

network before said step of attempting to send said
phone call via said packet-switched network; and

at a first connecting of said call to said called party, con-

necting said call via said public-switched telephone net-
work based on 1nsuificient network conditions for said
call.

20. The method of claim 9, turther comprising transierring,
said phone call, to said packet-switched network upon detec-
tion of a pre-determined D'TMF (dual tone multi-frequency)
key sequence being entered.

21. The method of claim 9, wherein said phone call 1s sent
via said packet-switched network; and

during said call, said call 1s transferred to said public-

switched telephone network upon a pre-determined
threshold number of packets being dropped.

22. A method of switching telecommunications networks,
comprising:

recerving a phone call to a hand-held wireless device via

the public-switched telephone network, said phone call
having a dialed number associated with said hand-held
wireless device of a called party;

determining by way of a telecommunications switch 1f, 1n

addition to a network path via said public-switched tele-
phone network, said hand-held wireless device of said
called party has an active and authenticated data connec-
tion via a packet-switched network with said telecom-
munications switch or another telecommunications
switch;

determiming that sufficient bandwidth exists over said

packet-switched network for said phone call;

sending said phone call to said hand-held wireless device

associated with said called party via said authenticated
data connection; and

where an 1nsuflicient bandwidth condition arises over said

packet-switched network, connecting said phone call
via said public-switched telephone network;

turther comprising recerving an indication from said hand-

held wireless device to reconnect said call via the public-
switched telephone network.

23. A method of switching telecommunications networks,
comprising;
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receiving a phone call to a hand-held wireless device via
the public-switched telephone network, said phone call
having a dialed number associated with said hand-held
wireless device of a called party;

determining by way of a telecommunications switch 11, in
addition to a network path via said public-switched tele-
phone network, said hand-held wireless device of said
called party has an active and authenticated data connec-
tion via a packet-switched network with said telecom-
munications switch or another telecommunications
switch;

determining that sufficient bandwidth exists over said
packet-switched network for said phone call;

sending said phone call to said hand-held wireless device
associated with said called party via said authenticated
data connection; and

where an 1nsuificient bandwidth condition arises over said
packet-switched network, connecting said phone call
via said public-switched telephone network;

wherein said phone call 1s forwarded to a non-inward
WATS (wide area telephone service) telephone number
betore said step of sending, and ANI (automated number
identification) information 1s sent to said hand-held
wireless device 1n the form of caller identification (caller
ID) information.
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