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CONTROLLING COMMUNICATION 
BETWEEN WHITESPACE DEVICES 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The field of the invention is data processing, or, 
more specifically, methods, apparatuses, and computer pro 
gram products for controlling communication between 
whitespace devices. 
0003 2. Description of Related Art 
0004. In telecommunications, whitespaces refer to fre 
quencies allocated to broadcasting services but not used 
locally. National and international bodies assign bands for 
specific uses, and in most cases, license the rights to the 
spectrum. This frequency allocation process creates a band 
plan, in which guard bands may be assigned between used 
radio bands or channels to avoid interference. In addition, 
there may be unused portions of radio spectrum that have 
either never been used or are becoming available as a result of 
technical changes. 
0005. In the United States, the Federal Communications 
Commission (FCC) ruled that unlicensed devices guarantee 
ing that they will not interfere with assigned broadcasts can 
use the empty whitespaces in the frequency spectrum. A 
device intended to use these available channels is often 
referred as a whitespace device (WSD). A whitespace device 
may be used to transmit data to another whitespace device 
over available transmission channels. For example, various 
proposals, including IEEE 802.22 have advocated using 
whitespaces left by the termination of analog TV to provide 
wireless broadband Internet access. The number of transmis 
sion channels available to a whitespace device may be depen 
dent upon the coverage area of the whitespace device which is 
a function of the transmitting power of the whitespace device. 
0006. In general, the higher the transmission power of a 
whitespace device, the greater the coverage area and the 
higher the throughput the whitespace device can provide. 
However, in densely populated urban areas, user-base of 
bandwidth is high and thus the whitespace spectrum available 
to high transmission power whitespace devices is limited. In 
this situation, Some low transmission power whitespace 
devices may have more available transmission channels than 
a high transmission power whitespace device. While the low 
transmission power whitespace device may have the available 
transmission channels, the low transmission power 
whitespace device may not provide enough throughput to 
meet a user whitespace device's needs. Consequently, select 
ing a transmitting whitespace device with a high transmission 
power or a low transmission power may result in one or more 
performance tradeoffs including insufficient throughput 
capabilities or an insufficient coverage area. 

SUMMARY OF THE INVENTION 

0007 Methods, apparatuses, and computer program prod 
ucts for controlling communication between whitespace 
devices are provided. Embodiments include identifying, by a 
base-station array controller, a user whitespace device within 
a coverage area of a base-station array, wherein the base 
station array includes a plurality of base-station whitespace 
devices of varying power consumption profiles; identifying 
for each base-station whitespace device, by the base-station 
array controller, transmission channels available to the base 
station whitespace device; selecting from the plurality of 
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base-station whitespace devices, by the base-station array 
controller, a base-station whitespace device based on the 
power consumption profiles and the identified available trans 
mission channels corresponding to the plurality of base-sta 
tion whitespace devices; and instructing, by the base-station 
array controller, the selected base-station whitespace device 
to communicate with the identified user whitespace device on 
one of the identified available transmission channels. 
0008. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular descriptions of exemplary embodiments 
of the invention as illustrated in the accompanying drawings 
wherein like reference numbers generally represent like parts 
of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 sets forth a block diagram of a base-station 
array comprising a plurality of base-station whitespace 
devices in accordance with embodiments of the present 
invention. 

0010 FIG. 2 sets forth a block diagram of automated 
computing machinery comprising an exemplary base-station 
array controller useful in controlling communication between 
whitespace devices according to embodiments of the present 
invention. 

0011 FIG. 3 sets forth a flow chart illustrating an exem 
plary method for controlling communication between 
whitespace devices according to embodiments of the present 
invention. 

0012 FIG. 4 sets forth a flow chart illustrating a further 
exemplary method for controlling communication between 
whitespace devices according to embodiments of the present 
invention. 

(0013 FIG. 5 sets forth a flow chart illustrating a further 
exemplary method for controlling communication between 
whitespace devices according to embodiments of the present 
invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0014 Exemplary methods, apparatuses, and computer 
program products for controlling communication between 
whitespace devices in accordance with the present invention 
are described with reference to the accompanying drawings, 
beginning with FIG. 1. FIG. 1 sets forth a block diagram of a 
base-station array (102) comprising a plurality of base-station 
whitespace devices in accordance with embodiments of the 
present invention. The base-station array (102) of FIG. 1 
includes a high transmission power base-station whitespace 
device (110), a medium transmission power base-station 
whitespace device (108), and a low transmission power base 
station whitespace device (106). 
0015. A whitespace device is any device with a wireless 
transmitter that communicates over whitespace frequencies. 
In this disclosure, the phrase “whitespace frequency” gener 
ally refers to one or more frequency bands of electromagnetic 
radiation allocated by a government for unlicensed use by the 
public. In some examples, the whitespace frequency may 
include one or more unused channels of a television broadcast 
spectrum. These whitespace devices may operate in a cogni 
tive manner in which the devices first scan a prescribed spec 
trum to detect TV band signals from licensed primary users 
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(or any users) and then select unused channels in order to 
avoid interference with the licensed signals. 
0016. In some examples, sensing whether a whitespace 
frequency is available for use may include Scanning of one or 
more frequencies to determine whether other uses (e.g., 
licensed users) are already using the whitespace frequency. 
However, other techniques for sensing whether a whitespace 
frequency is available may also be used. For example, geo 
location sensing could be used to determine the geo-location 
of the whitespace device, and based on the geo-location of the 
whitespace device, available whitespace frequencies or chan 
nels may be determined. For example, a whitespace spectrum 
map indicating available channels may be retrieved from a 
spectrum-map database. The whitespace device may limit 
transmission to available whitespace channels so as to protect 
primary licensed users from interference from the whitespace 
device. 

0.017. A whitespace device may operate using an antenna 
to broadcast a whitespace broadcast signal to a corresponding 
antenna of a whitespace receiver. As non-limiting examples, 
a whitespace broadcast signal may be generated by a 
whitespace transmitter to conform to a digital broadcast for 
mat, such as an Advanced Television Systems Committee 
(ATSC) format, a Digital Video Broadcasting (DVB) format, 
a Terrestrial Digital Multimedia Broadcasting (T-DMB) for 
mat, an Integrated Services Digital Broadcasting Terrestrial 
(ISDB-T) format, or a Moving Picture Experts Group Trans 
port Stream (MPEG-TS) format, provided by International 
Standard ISO/IEC 13818-1, to name only a few. ATSC stan 
dards are a set of standards developed by the Advanced Tele 
vision Systems Committee for digital television transmis 
sion. DVB standards are a suite of internationally accepted, 
open standards for digital television, and are published by a 
Joint Technical Committee (JTC) of European Telecommu 
nications Standards Institute (ETSI), European Committee 
for Electrotechnical Standardization (CENELEC), and Euro 
pean Broadcasting Union (EBU). DMB is a digital radio 
transmission technology for sending multimedia data to 
mobile devices. ISDB is a Japanese standard for digital tele 
vision and digital radio. Other wireless standards might also 
be used for a broadcast signal, including mobile broadcast 
standards such as Advanced Television Systems Commit 
tee Mobile/Handheld (ATSC M/H), FO EV, Digital Multi 
media Broadcast-handheld (DVB-H), Digital Multimedia 
Broadcast-satellite services to handheld DVB-SH, and next 
generation mobile broadcast standards. In addition, NTSC 
standards and next generation National Television System 
Committee NTSC standards might also be used in some 
examples. Also, standards such as third generation (3G) stan 
dards, third-generation multimedia broadcast multicast Ser 
vice (3G MBMS), Broadcast and Multicast Services (BC 
MCS), long term evolution broadcast (LTE(broadcast)), or 
numerous other standards may be used as well. 
0018. A base-station whitespace device is a device that is 
used for transmitting datavia a whitespace frequency to a user 
whitespace device. A user whitespace device is any device 
that is capable of receiving whitespace broadcast signals. 
Examples of user whitespace devices may include a mobile 
phone that includes a whitespace transmitter or receiver. For 
example, a base-station whitespace device may be used to 
transmit broadband Internet data to a user whitespace device. 
Base-station whitespace devices may be classified according 
to transmission power consumption. For example, the high 
transmission power base-station whitespace device (110) 
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may be a fixed device that transmits at a maximum of four 
watts (W), the medium transmission power base-station 
whitespace device (108) may be a mobile device that trans 
mits at a maximum of one hundred milli-watts (also referred 
to as a Mode II device), and the low transmission power 
base-station whitespace device (106) may be a mobile device 
that transmits at a maximum strength offorty milli-watts (also 
referred to as a Mode I device). 
0019. As explained above, the coverage area of a base 
station whitespace device (i.e., the area that the base-station’s 
broadcast whitespace signal is capable of reaching), directly 
corresponds to the transmission power of the base-station 
whitespace device. In the example of FIG. 1, a coverage area 
(107) of the low transmission power base-station whitespace 
device (106) is smaller than a coverage area (109) of the 
medium transmission power base-station whitespace device 
(108), which is still smaller than a coverage area (111) of the 
high power base-station whitespace device (110). In many 
areas, the coverage areas (107,109, 111) overlap and a user 
whitespace device may be in more than one coverage area. 
For example, in FIG. 1 a first user whitespace device (130) is 
within the coverage area (107) of the low transmission power 
base-station whitespace device (106) and the coverage area 
(111) of the high transmission power base-station whitespace 
device (110), while a second user whitespace device (132) is 
only within the coverage area (111) of the high transmission 
power base-station whitespace device (110). A third user 
whitespace device (134) is outside both the coverage area 
(107) of the low transmission power base-station whitespace 
device (106) and the coverage area (111) of the high trans 
mission power base-station whitespace device (110) but is 
within the coverage area (109) of the medium power base 
station whitespace device (108). 
0020. In a particular embodiment, the base-station 
whitespace devices (106.110, 108) may each be configured to 
transmit data to one or more user whitespace devices (130. 
132, 134). However, selecting a base-station whitespace 
devices as the sole device to transmit data to a particular user 
whitespace device may represent one or more performance 
tradeoffs including insufficient throughput capabilities or an 
insufficient coverage area. To overcome this problem, the 
base-station whitespace devices (106, 110, 108) are com 
bined into a base-station array (104). Combining the base 
station whitespace devices into a base-station array enables 
the available channels, coverage areas, and throughput capa 
bilities of all the base-station whitespace devices to be pulled 
together so that data can be delivered to a user whitespace 
device by the optimal base-station whitespace device. 
0021. A base-station array controller (102) is configured 
to determine which base-station whitespace device should be 
instructed to communicate with which user whitespace 
device and in general is configured to control communication 
between the whitespace devices (106, 110, 108, 130, 132, 
134). Specifically, the base-station array controller (102) is 
configured to identify a user whitespace device within a cov 
erage area of the base-station array (102); identify for each 
base-station whitespace device, transmission channels avail 
able to the base-station whitespace device; select from the 
plurality of base-station whitespace devices a base-station 
whitespace device based on the power consumption profiles 
and the identified available transmission channels corre 
sponding to the plurality of base-station whitespace devices; 
and instruct the selected base-station whitespace device to 
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communicate with the identified user whitespace device on 
one of the identified available transmission channels. 

0022. By utilizing a base-station array, each base-station 
whitespace device may be paired with a user whitespace 
device to optimize the benefits of the base-station whitespace 
devices and the requirements of the user whitespace device. 
For example, user whitespace devices that are within close 
proximity to a low transmission power base-station 
whitespace device may be assigned to that base-station, while 
the transmission channels available to a high transmission 
power base-station whitespace device may be reserved for a 
user whitespace device that is further away from a base 
station array. 
0023 Controlling communication between whitespace 
devices in accordance with the present invention is generally 
implemented with computers, that is, with automated com 
puting machinery. In the example of FIG. 1, for example, the 
low transmission power base-station whitespace device 
(106), the medium transmission power base-station 
whitespace device (108), the high transmission power base 
station whitespace device (110), the first user whitespace 
device (130), the second user whitespace device (132), the 
third user whitespace device (134), and the base-station array 
controller (102) are implemented to some extent at least as 
computers. For further explanation, therefore, FIG. 2 sets 
forth a block diagram of automated computing machinery 
comprising an exemplary base-station array controller (252) 
useful in controlling communication between whitespace 
devices according to embodiments of the present invention. 
The base-station array controller (252) of FIG. 2 includes at 
least one computer processor (256) or CPU as well as ran 
dom access memory (268) (RAM) which is connected 
through a high speed memory bus (266) and bus adapter (258) 
to processor (256) and to other components of the base 
station array controller (252). 
0024 Stored in RAM (268) is a base-station array control 
ler module (291) that includes computer program instructions 
for controlling communication between whitespace devices. 
In the example of FIG. 2, the base-station array controller 
module (291) includes computer program instructions that 
when executed by the computer processor (256) cause the 
base-station array controller (252) to carry out the steps of 
identifying, by the base-station array controller (252), a user 
whitespace device (293) within a coverage area of a base 
station array (104); identifying for each base-station 
whitespace device (110, 106, 104), by the base-station array 
controller (252), transmission channels available to the base 
station whitespace device; selecting from the plurality of 
base-station whitespace devices (110, 106, 104), by the base 
station array controller (252), a base-station whitespace 
device based on the power consumption profiles and the iden 
tified available transmission channels corresponding to the 
plurality of base-station whitespace devices (110, 106, 104); 
and instructing, by the base-station array controller (252), the 
selected base-station whitespace device to communicate with 
the identified user whitespace device (293) on one of the 
identified available transmission channels. 

0025. Also stored in RAM (268) is an operating system 
(254). Operating systems useful controlling communication 
between whitespace devices according to embodiments of the 
present invention include UNIXTM, LinuxTM, Microsoft 
XPTM, AIXTM, IBM's i5/OSTM, and others as will occur to 
those of skill in the art. The operating system (254) and the 
base-station array controller module (291) in the example of 
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FIG. 2 are shown in RAM (268), but many components of 
Such software typically are stored in non-volatile memory 
also, such as, for example, on a disk drive (270). 
(0026. The base-station array controller (252) of FIG. 2 
includes disk drive adapter (272) coupled through expansion 
bus (260) and bus adapter (258) to processor (256) and other 
components of the base-station array controller (252). Disk 
drive adapter (272) connects non-volatile data storage to the 
base-station array controller (252) in the form of disk drive 
(270). Disk drive adapters useful in computers for controlling 
communication between whitespace devices according to 
embodiments of the present invention include Integrated 
Drive Electronics (IDE) adapters, Small Computer System 
Interface (SCSI) adapters, and others as will occur to those 
of skill in the art. Non-volatile computer memory also may be 
implemented for as an optical disk drive, electrically erasable 
programmable read-only memory (so-called EEPROM or 
Flash memory), RAM drives, and so on, as will occur to 
those of skill in the art. 

0027. The example base-station array controller (252) of 
FIG. 2 includes one or more input/output (I/O) adapters 
(278). I/O adapters implement user-oriented input/output 
through, for example, Software drivers and computer hard 
ware for controlling output to display devices such as com 
puter display screens, as well as user input from user input 
devices (281) such as keyboards and mice. The example 
base-station array controller (252) of FIG. 2 includes a video 
adapter (283), which is an example of an I/O adapterspecially 
designed for graphic output to a display device (280) such as 
a display screen or computer monitor. Video adapter (283) is 
connected to processor (256) through a high speed video bus 
(264), bus adapter (258), and the front side bus (262), which 
is also a high speed bus. 
0028. The exemplary base-station array controller (252) 
of FIG. 2 includes a communications adapter (267) for data 
communications with other computers (282) and for data 
communications with a data communications network (200). 
Such data communications may be carried out serially 
through RS-232 connections, through external buses such as 
a Universal Serial Bus (USB), through data communica 
tions networks such as IP data communications networks, and 
in other ways as will occur to those of skill in the art. In 
addition, the communications adapter (267) may be a 
whitespace transmitter/receiver that is capable of communi 
cating with the base-station whitespace devices and the user 
whitespace devices with a variety of communication proto 
cols including overa whitespace frequency. Communications 
adapters implement the hardware level of data communica 
tions through which one computer sends data communica 
tions to another computer, directly or through a data commu 
nications network. Examples of communications adapters 
useful for controlling communication between whitespace 
devices according to embodiments of the present invention 
include modems for wired dial-up communications, Ethernet 
(IEEE 802.3) adapters for wired data communications net 
work communications, and 802.11 adapters for wireless data 
communications network communications. 

(0029. For further explanation, FIG. 3 sets forth a flow 
chart illustrating an exemplary method for controlling com 
munication between whitespace devices according to 
embodiments of the present invention. The method of FIG. 3 
includes identifying (302), by a base-station array controller 
(342), a user whitespace device (340) within a coverage area 
of a base-station array (370). In the example of FIG. 3, the 
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base-station array (370) includes a plurality of base-station 
whitespace devices (344,345) of varying power consumption 
profiles (320). Identifying (302), by a base-station array con 
troller (342), a user whitespace device (340) within a cover 
age area of a base-station array (370) may be carried out by 
receiving a geo-location of the user whitespace device; com 
paring the geo-location to the coverage area of the array 
(370); and receiving an indication from one of the base 
station whitespace devices indicating the user whitespace 
devices is within a coverage area of the base-station array 
(370). 
0030. The method of FIG. 3 also includes identifying 
(304) for each base-station whitespace device (344, 345), by 
the base-station array controller (342), transmission channels 
(322) available to the base-station whitespace device. Identi 
fying (304) for each base-station whitespace device (344, 
345), by the base-station array controller (342), transmission 
channels (322) available to the base-station whitespace 
device may be carried out by Scanning transmission channels 
for transmission by other devices; and spectrum sensing. 
0031. The method of FIG.3 includes selecting (306) from 
the plurality of base-station whitespace devices (344,345), by 
the base-station array controller (342), a base-station 
whitespace device (344) based on the power consumption 
profiles (320) and the identified available transmission chan 
nels (322) corresponding to the plurality of base-station 
whitespace devices (344, 345). A power consumption profile 
indicates the transmission power capabilities of a base-station 
whitespace device. Selecting (306) from the plurality of base 
station whitespace devices (344, 345), by the base-station 
array controller (342), a base-station whitespace device (344) 
based on the power consumption profiles (320) and the iden 
tified available transmission channels (322) corresponding to 
the plurality of base-station whitespace devices (344, 345) 
may be carried out by detecting the requirements of the user 
whitespace device including throughput requirements; and 
detecting distance of user whitespace devices from each of 
the base-station whitespace devices; and matching the user 
whitespace devices to the available channels of the base 
stations to maximize benefits of the base-stations. 

0032. The method of FIG.3 includes instructing (308), by 
the base-station array controller (342), the selected base 
station whitespace device (344) to communicate with the 
identified user whitespace device (340) on one of the identi 
fied available transmission channels (322). Instructing (308), 
by the base-station array controller (342), the selected base 
station whitespace device (344) to communicate with the 
identified user whitespace device (340) on one of the identi 
fied available transmission channels (322) may be carried out 
by transmitting an instruction message to the selected base 
station whitespace device. 
0033 For further explanation, FIG. 4 sets forth a flow 
chart illustrating a further exemplary method for controlling 
communication between whitespace devices according to 
embodiments of the present invention. The method of FIG. 4 
is similar to the method of FIG. 3 in that the method of FIG. 
4 also includes: identifying (302) a user whitespace device 
(340) within a coverage area of a base-station array (370); 
identifying (304) for each base-station whitespace device 
(344,345) transmission channels (322) available to the base 
station whitespace device; selecting (306) from the plurality 
of base-station whitespace devices (344, 345) a base-station 
whitespace device (344) based on the power consumption 
profiles (320) and the identified available transmission chan 

Jul. 4, 2013 

nels (322) corresponding to the plurality of base-station 
whitespace devices (344, 345); and instructing (308) the 
selected base-station whitespace device (344) to communi 
cate with the identified user whitespace device (340) on one 
of the identified available transmission channels (322). 
0034. In the method of FIG.4, however, identifying (302) 
a user whitespace device (340) within a coverage area of a 
base-station array (370) includes retrieving (402) from a 
spectrum-map database (490), by the base-station array con 
troller (342), spectrum maps (460) indicating transmission 
channels available to the plurality of base-station whitespace 
devices (344, 345) within the base-station array (370). A 
spectrum-map database may be a storage location maintained 
by the Federal Communications Commission (FCC). The 
spectrum maps may indicate current and future utilization 
and reservations of the spectrum. Retrieving (402) from a 
spectrum-map database (490), by the base-station array con 
troller (342), spectrum maps (460) indicating transmission 
channels available to the plurality of base-station whitespace 
devices (344, 345) within the base-station array (370) may be 
carried out by transmitting a geo-location and power con 
Sumption profile to an FCC database; and receiving a spec 
trum map corresponding to the geo-location and power con 
Sumption profile. 
0035. In the method of FIG. 4, selecting (306) from the 
plurality of base-station whitespace devices (344, 345) a 
base-station whitespace device (344) includes selecting (404) 
from the plurality of base-station whitespace devices (344, 
345) a base-station whitespace device (344) based on a loca 
tion (450) of the identified user whitespace device (340) 
relative to locations (452) of the base-station whitespace 
devices (344, 345). Selecting (404) from the plurality of 
base-station whitespace devices (344, 345) a base-station 
whitespace device (344) based on a location (450) of the 
identified user whitespace device (340) relative to locations 
(452) of the base-station whitespace devices (344, 345) may 
be carried out by selecting the lowest transmission power 
base-station that has a coverage area that includes a user 
whitespace device; and reserving channels of a higher trans 
mission power base-station for user whitespace devices out 
side coverage areas of lower transmission power base-station 
whitespace devices. 
0036. In the method of FIG. 4, selecting (306) from the 
plurality of base-station whitespace devices (344, 345) a 
base-station whitespace device (344) includes selecting (406) 
from the plurality of base-station whitespace devices (344, 
345) a base-station whitespace device (344) based on 
throughput requirements (454) of the identified user 
whitespace device (340). Selecting (406) from the plurality of 
base-station whitespace devices (344, 345) a base-station 
whitespace device (344) based on throughput requirements 
(454) of the identified user whitespace device (340) may be 
carried out by selecting higher transmission power base-sta 
tion whitespace devices for user whitespace devices requiring 
higher throughput and reserving lower transmission power 
base-station whitespace devices for user whitespace devices 
requiring lower throughput. 
0037 For further explanation, FIG. 5 sets forth a flow 
chart illustrating a further exemplary method for controlling 
communication between whitespace devices according to 
embodiments of the present invention. The method of FIG. 5 
is similar to the method of FIG. 3 in that the method of FIG. 
5 also includes: identifying (302) a user whitespace device 
(340) within a coverage area of a base-station array (370); 
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identifying (304) for each base-station whitespace device 
(344,345) transmission channels (322) available to the base 
station whitespace device; selecting (306) from the plurality 
of base-station whitespace devices (344, 345) a base-station 
whitespace device (344) based on the power consumption 
profiles (320) and the identified available transmission chan 
nels (322) corresponding to the plurality of base-station 
whitespace devices (344, 345); and instructing (308) the 
selected base-station whitespace device (344) to communi 
cate with the identified user whitespace device (340) on one 
of the identified available transmission channels (322). 
0038. The method of FIG. 5 also includes detecting (502), 
by the base-station array controller (342), a change (550) in a 
location (450) of the whitespace user device (340) relative to 
locations (452) of the base-station whitespace devices (344, 
345). Detecting (502), by the base-station array controller 
(342), a change (550) in a location (450) of the whitespace 
user device (340) relative to locations (452) of the base 
station whitespace devices (344, 345) may be carried out by 
receiving data indicating geo-location of user whitespace 
device; and comparing the received data to previously receiv 
ing geo-location data to determine the change in location of 
the user whitespace device. 
0039. The method of FIG. 5 includes selecting (504) from 
the plurality of base-station whitespace devices (344,345), by 
the base-station array controller (342), another base-station 
whitespace device (345) based on the power consumption 
profiles (320), the determined available transmission chan 
nels (322), and the location (450) of the identified user 
whitespace device (342) relative to the locations (452) of the 
base-station whitespace devices (344, 345). Selecting (504) 
from the plurality of base-station whitespace devices (344, 
345), by the base-station array controller (342), another base 
station whitespace device (345) based on the power consump 
tion profiles (320), the determined available transmission 
channels (322), and the location (450) of the identified user 
whitespace device (342) relative to the locations (452) of the 
base-station whitespace devices (344, 345) may be carried 
out by selecting the lowest transmission power base-station 
that has a coverage area that includes a user whitespace 
device; and reserving channels of a higher transmission 
power base-station for user whitespace devices outside cov 
erage areas of lower transmission power base-station 
whitespace devices. 
0040. The method of FIG. 5 includes instructing (506), by 
the base-station array controller (342), the selected other 
base-station whitespace device (345) to communicate with 
the identified user whitespace device (342) on one of the 
identified available transmission channels (322). Instructing 
(506), by the base-station array controller (342), the selected 
other base-station whitespace device (345) to communicate 
with the identified user whitespace device (342) on one of the 
identified available transmission channels (322) may be car 
ried out by transmitting an instruction message to the selected 
base-station whitespace device. 
0041 Exemplary embodiments of the present invention 
are described largely in the context of a fully functional 
computer system for controlling communication between 
whitespace devices. Readers of skill in the art will recognize, 
however, that the present invention also may be embodied in 
a computer program product disposed upon computer read 
able storage media for use with any Suitable data processing 
system. Such computer readable storage media may be any 
storage medium for machine-readable information, including 
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magnetic media, optical media, or other Suitable media. 
Examples of Such media include magnetic disks in hard 
drives or diskettes, compact disks for optical drives, magnetic 
tape, and others as will occur to those of skill in the art. 
Persons skilled in the art will immediately recognize that any 
computer system having Suitable programming means will be 
capable of executing the steps of the method of the invention 
as embodied in a computer program product. Persons skilled 
in the art will recognize also that, although some of the 
exemplary embodiments described in this specification are 
oriented to Software installed and executing on computer 
hardware, nevertheless, alternative embodiments imple 
mented as firmware or as hardware are well within the scope 
of the present invention. 
0042. As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
0043 Any combination of one or more computer readable 
medium(s) may be utilized. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
0044. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0045 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
0046 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
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combination of one or more programming languages, includ 
ing an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
0047 Aspects of the present invention are described above 
with reference to flowchart illustrations and/or block dia 
grams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
0048. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, Such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0049. The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
0050. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
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by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0051. It will be understood from the foregoing description 
that modifications and changes may be made in various 
embodiments of the present invention without departing from 
its true spirit. The descriptions in this specification are for 
purposes of illustration only and are not to be construed in a 
limiting sense. The scope of the present invention is limited 
only by the language of the following claims. 

1-6. (canceled) 
7. An apparatus for controlling communication between 

whitespace devices, the apparatus comprising a computer 
processor, a computer memory operatively coupled to the 
computer processor, the computer memory having disposed 
within it computer program instructions that when executed 
by the computer processor cause the apparatus to carry out the 
steps of: 

identifying, by a base-station array controller, a user 
whitespace device within a coverage area of a base 
station array, wherein the base-station array includes a 
plurality of base-station whitespace devices of varying 
power consumption profiles; 

identifying for each base-station whitespace device, by the 
base-station array controller, transmission channels 
available to the base-station whitespace device; 

selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, a base 
station whitespace device based on the power consump 
tion profiles and the identified available transmission 
channels corresponding to the plurality of base-station 
whitespace devices; and 

instructing, by the base-station array controller, the 
Selected base-station whitespace device to communicate 
with the identified user whitespace device on one of the 
identified available transmission channels. 

8. The apparatus of claim 7 wherein selecting from the 
plurality of base-station whitespace devices, by the base 
station array controller, a base-station whitespace device is 
further based on a location of the identified user whitespace 
device relative to locations of the base-station whitespace 
devices. 

9. The apparatus of claim 7 wherein selecting from the 
plurality of base-station whitespace devices, by the base 
station array controller, a base-station whitespace device is 
further based on throughput requirements of the identified 
user whitespace device. 

10. The apparatus of claim 7 further comprising computer 
program instructions that when executed by the computer 
processor cause the apparatus to carry out the steps of 

detecting, by the base-station array controller, a change in 
a location of the whitespace user device relative to loca 
tions of the base-station whitespace devices; 

selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, another 
base-station whitespace device based on the power con 
Sumption profiles, the determined available transmis 
sion channels, and the location of the identified user 
whitespace device relative to the locations of the base 
station whitespace devices; and 

instructing, by the base-station array controller, the 
Selected other base-station whitespace device to com 
municate with the identified user whitespace device on 
one of the identified available transmission channels. 
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11. The apparatus of claim 7 wherein identifying for each 
base-station whitespace device, by the base-station array con 
troller, transmission channels available to the base-station 
whitespace device includes retrieving from a spectrum-map 
database, by the base-station array controller, spectrum maps 
indicating transmission channels available to the plurality of 
base-station whitespace devices within the base-station array. 

12. The apparatus of claim 7 wherein the base-station array 
includes a first base-station whitespace device with a fixed 
location within the coverage area of the base-station array and 
a second base-station whitespace device that is mobile 
whitespace device. 

13. A computer program product for controlling commu 
nication between whitespace devices, the computer program 
product disposed upon a computer readable medium, the 
computer program product comprising computer program 
instructions capable, when executed, of causing a computer to 
carry out the steps of: 

identifying, by a base-station array controller, a user 
whitespace device within a coverage area of a base 
station array, wherein the base-station array includes a 
plurality of base-station whitespace devices of varying 
power consumption profiles; 

identifying for each base-station whitespace device, by the 
base-station array controller, transmission channels 
available to the base-station whitespace device: 

Selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, a base 
station whitespace device based on the power consump 
tion profiles and the identified available transmission 
channels corresponding to the plurality of base-station 
whitespace devices; and 

instructing, by the base-station array controller, the 
Selected base-station whitespace device to communicate 
with the identified user whitespace device on one of the 
identified available transmission channels. 

14. The computer program product of claim 13 wherein 
selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, a base-station 
whitespace device is further based on a location of the iden 
tified user whitespace device relative to locations of the base 
station whitespace devices. 
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15. The computer program product of claim 13 wherein 
selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, a base-station 
whitespace device is further based on throughput require 
ments of the identified user whitespace device. 

16. The computer program product of claim 13 further 
comprising computer program instructions capable, when 
executed, of causing a computer to carry out the steps of 

detecting, by the base-station array controller, a change in 
a location of the whitespace user device relative to loca 
tions of the base-station whitespace devices; 

selecting from the plurality of base-station whitespace 
devices, by the base-station array controller, another 
base-station whitespace device based on the power con 
Sumption profiles, the determined available transmis 
sion channels, and the location of the identified user 
whitespace device relative to the locations of the base 
station whitespace devices; and 

instructing, by the base-station array controller, the 
Selected other base-station whitespace device to com 
municate with the identified user whitespace device on 
one of the identified available transmission channels. 

17. The computer program product of claim 13 wherein 
identifying for each base-station whitespace device, by the 
base-station array controller, transmission channels available 
to the base-station whitespace device includes retrieving from 
a spectrum-map database, by the base-station array control 
ler, spectrum maps indicating transmission channels avail 
able to the plurality of base-station whitespace devices within 
the base-station array. 

18. The computer program product of claim 13 wherein the 
base-station array includes a first base-station whitespace 
device with a fixed location within the coverage area of the 
base-station array and a second base-station whitespace 
device that is mobile whitespace device. 

19. The computer program product of claim 13 wherein the 
computer readable medium further comprises a computer 
readable signal medium. 

20. The computer program product of claim 13 wherein the 
computer readable medium further comprises a computer 
readable storage medium. 
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