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How do we quantify 
whitespaces?



“Measuring the TV “White Space” 
Available for Unlicensed Wireless 

Broadband” 
(New America Foundation, 2006)
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Motivating example

Public Policy AM/FM whitespace

+ →

• Easy to use 

• Free 

• Reliable 

• Flexible/extensible



Existing tools



Existing tools
• Many tunable 

parameters

• Written in Matlab 

“Software Tool for 
Assessing Secondary 

System Opportunities in 
Spectrum Whitespaces” 

(WoWMoM 2013)



Existing tools
• Many tunable 

parameters

• Written in Matlab 

• Not available for 
public use

“Software Tool for 
Assessing Secondary 

System Opportunities in 
Spectrum Whitespaces” 

(WoWMoM 2013)



WEST 
(Whitespace Evaluation SofTware)

Written in...

Posted on...

west.kateharrison.net



Key features

• Extensible to other bands 

• Free, easier to integrate (e.g. AWS) 

• Modular, extensible 

• Open-source with GPLv2



The real test
WEST + first year grad student = 2 papers



Using WEST to study…

• Whitespaces in Canada 

• Differences between FCC and Industry Canada 
ruleset 

• Whitespaces in Australia 

• Amount of contiguous-channel whitespace

14



Existing results: 
Whitespaces in USA

Urban areas — sparse in whitespace 
Rural areas — abundant in whitespace
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Applications of WEST: !
Whitespaces in Canada (under the FCC 

ruleset)!

• Part 1: Importing data (2 hrs, ~200 lines of code) 

!

!

!

!

• Part 2: Evaluating WS (~7 lines of code)

Boundary file 
(.SHP file), 

readable by 
WEST

Listing of Canada TV 
Stations



Applications of WEST: 
Whitespaces in Australia

• Procedure similar to Canadian exercise  

• Whitespace evaluated under FCC ruleset 

!

!

!

!

!

!

• WS in Australia more plentiful (some channels are vacant) 

• No candidate ruleset yet



Industry Canada (IC) ruleset, released 
early 2015 

How does it compare with FCC’s ruleset?



TV station

Transmitting 
secondariesSpatial buffer

Protected TV!
receivers

The FCC Ruleset
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TV station

Transmitting 
secondariesSpatial buffer

Protected TV!
receivers

Different 
protected 
contour

FCC vs IC: 
Protected Contour Definition
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TV station

Transmitting 
secondariesSpatial buffer

Protected TV!
receivers

implies  
more protection

FCC vs IC: 
Protected Contour Definition
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TV station

Transmitting 
secondariesSpatial buffer

Protected TV!
receivers

OR

FCC vs IC: 
Protected Contour Definition
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TV station

Transmitting 
secondariesSpatial buffer

Protected TV!
receivers

less protection!

FCC vs IC: 
Protected Contour Definition

(depending on frequency of channel)
27
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under chimera ruleset 1
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under chimera ruleset 2

Difference map

Population map

FCC vs IC: 
Difference CCDFs
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Other uses of WEST

• Comments to regulators (e.g. quantifying tradeoffs) 

• Reproducible research 

• New economic models
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Ruleset: FCC

DataMap2D

Channel number: 21

Region: United States

DataMap2D

Device: fixed

Design



Whitespace 
channel count

Whitespace delta 
map

CCDFs by area, 
population

Pareto plots 2D histograms

Ruleset: FCC

DataMap2D

Channel number: 21

Region: United States

DataMap2D

Device: fixed

Design
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Generating a 
whitespace map

from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
from west.region_united_states import RegionUnitedStates 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device 

Load WEST modules
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Specify the device
Device: fixed



Generating a 
whitespace map

from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
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Continental US 
DataMap2D (original)

Define the 
grid we’ll be 
working with
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from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
from west.region_united_states import RegionUnitedStates 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device !
test_device = Device(is_portable=False, haat_meters=30) !
datamap_spec = SpecificationDataMap(DataMap2DContinentalUnitedStates, 200, 300) !
region_map_spec = SpecificationRegionMap(BoundaryContinentalUnitedStates, 
                                         datamap_spec) !
is_whitespace_map_spec = SpecificationWhitespaceMap(region_map_spec, 
                                                    RegionCanada, 
                                                    RulesetFcc2012, test_device) 
is_whitespace_map = is_whitespace_map_spec.fetch_data()

generate_whitespace_map( ,
,

, )

“Specifications” are 
helpers that know how 

to generate data



Generating a 
whitespace map

from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryCanada 
from west.region_canada import RegionCanada 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device !!
test_device = Device(is_portable=False, haat_meters=30) !
datamap_spec = SpecificationDataMap(DataMap2DCanada, 200, 300) !
region_map_spec = SpecificationRegionMap(BoundaryCanada, 
                                         datamap_spec) !
is_whitespace_map_spec = SpecificationWhitespaceMap(region_map_spec, 
                                                    RegionCanada, 
                                                    RulesetFcc2012, test_device) 
is_whitespace_map = is_whitespace_map_spec.fetch_data()

(Canadian)
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from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
from west.region_united_states import RegionUnitedStates 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device !
test_device = Device(is_portable=False, haat_meters=30) !
datamap_spec = SpecificationDataMap(DataMap2DContinentalUnitedStates, 200, 300) !
region_map_spec = SpecificationRegionMap(BoundaryContinentalUnitedStates, 
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                                                    RegionUnitedStates, 
                                                    RulesetFcc2012, test_device) 
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Generating a 
whitespace map

from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
from west.region_united_states import RegionUnitedStates 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device !
test_device = Device(is_portable=False, haat_meters=30) !
datamap_spec = SpecificationDataMap(DataMap2DContinentalUnitedStates, 200, 300) !
region_map_spec = SpecificationRegionMap(BoundaryContinentalUnitedStates, 
                                         datamap_spec) !
is_whitespace_map_spec = SpecificationWhitespaceMap(region_map_spec, 
                                                    RegionUnitedStates, 
                                                    RulesetFcc2012, test_device) 
is_whitespace_map = is_whitespace_map_spec.fetch_data() 
total_whitespace_channels = is_whitespace_map.sum_all_layers() !
is_in_region_map = region_map_spec.fetch_data() 
plot = total_whitespace_channels.make_map(is_in_region_map=is_in_region_map) !
plot.add_boundary_outlines(boundary=BoundaryContinentalUnitedStatesWithStateBoundaries()) 
plot.set_boundary_color('k') 
plot.set_boundary_linewidth(‘1')

Add the state outlines (in black)



Generating a 
whitespace map

from west.data_management import * 
from west.data_map import * 
from west.boundary import BoundaryContinentalUnitedStates, \ 
    BoundaryContinentalUnitedStatesWithStateBoundaries 
from west.region_united_states import RegionUnitedStates 
from west.ruleset_fcc2012 import RulesetFcc2012 
from west.device import Device !
test_device = Device(is_portable=False, haat_meters=30) !
datamap_spec = SpecificationDataMap(DataMap2DContinentalUnitedStates, 200, 300) !
region_map_spec = SpecificationRegionMap(BoundaryContinentalUnitedStates, 
                                         datamap_spec) !
is_whitespace_map_spec = SpecificationWhitespaceMap(region_map_spec, 
                                                    RegionUnitedStates, 
                                                    RulesetFcc2012, test_device) 
is_whitespace_map = is_whitespace_map_spec.fetch_data() 
total_whitespace_channels = is_whitespace_map.sum_all_layers() !
is_in_region_map = region_map_spec.fetch_data() 
plot = total_whitespace_channels.make_map(is_in_region_map=is_in_region_map) !
plot.add_boundary_outlines(boundary=BoundaryContinentalUnitedStatesWithStateBoundaries()) 
plot.set_boundary_color('k') 
plot.set_boundary_linewidth(‘1') !
plot.save("Number of TVWS channels in the United States.png")

Save the plot



Important!

• WEST supports existing research 

• Competition is good



Many exciting directions
• Expand supported regions (“only” US, Canada, and 

Australia today) 

• More propagation models (F-curves today) 

• More rulesets (e.g. DSA model rules) 

• Applied to another band 

• New economic models 

• Integrated with the cloud



Questions?

west.kateharrison.net


