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2. EXECUTIVE SUMMARY 
 
The Canadian Radio-television and Telecommunication Commission (CRTC) has announced that, 
on August 31st 2011, the Over-the-Air (OTA) television stations must cease analog (NTSC) 
transmission.  The Digital Television (DTV) post transition plan has been negotiated between 
Industry Canada (IC) and the Federal Communication Commission (FCC) and this plan was 
publicly released on December 23rd, 2008. 
 
The purpose of this document is to provide budgetary estimates for the conversion of analog OTA 
television stations to DTV for the Canadian market. The basic assumption underlying the estimates 
is the duplication of the current analog service contour, while remaining limited to the maximum 
technical parameters in the DTV post transition plan in all cases (see section 4 and 5 for details).  
Three studies were commissioned: 
 
Study 1 - Complete Service Replication1 provides the most realistic DTV duplication of the analog 
service, which better accounts for the digital cliff effect and the current state of digital reception 
equipment. 
 
Study 2 - Limited Service Replication2 reproduces the analog service using the method proposed 
by Industry Canada and the FCC. This approach may result in a loss of coverage for households 
that were able to receive analog service, especially in the fringe area (limits of the coverage). 
 
The above 2 studies assume that broadcasters implement DTV facilities on the channel identified in 
the DTV post transition plan. 
 
Study 3 - Practical Service Replication is identical to Study 2, but assumes that all stations in 
markets where the population is less than 300,000 will re-use the same channel as the analog 
station in order to reduce costs. This represents mainly VHF stations (TV channels 2 to 13). 
 
With regards to the estimates, it must be understood that all quotations provided by the different 
manufacturers used in these studies are budgetary estimates based upon the list price of their 
products.  Product prices were based upon prevailing Canadian to US dollar exchange rate and as 
such may vary over time.  Also, additional Supplier discounts at time of purchase are likely to 
reduce the final equipment cost. 

Estimates assume a complete rebuild of transmitter and broadcast equipment (no retrofits were 
considered), regardless as to whether transitional DTV facilities have been constructed.  When a 
station however, was using the same DTV channel as the NTSC channel, the antenna and 
transmission line were considered reusable.  Cost for the provision of test equipment is not included 
in the summary table but is included as optional in individual budgetary estimates provided in the 

                                                
1 For study 1, the Digital Service Contours are based on F(90,90) propagation curves. 
2 For study 2 and 3, the Digital Service Contours are based on F(50,90) propagation curves. 
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report Reference Data for DTV Costs Analysis
3
.  Costs also include the engineering brief, factory 

compliance tests for antennas and for coverage measurements after implementation. 
 
For all stations in markets where the population exceeded 300,000+, contour calculations were 
performed systematically4 to best match the existing analog service contour, according to each 
study case.  Estimates for stations serving population less than 300 000 were based on typical 
scenarios based on the class of the stations. 
 
The costs are broken down into the following station sub-categories: 
 

Transmitters Number of 
stations 

Total cost for 
Study1  

Total cost for 
Study 2 

Total cost for 
Study 3 

Serving populations greater than 300,000 
 95 ������������ ��	�

��	��� ��	�

��	���

Serving populations lower than 300,000, with 
local programming 257 ��
���������� ��
	���
�	
	� ������������

Serving population lower than 300,000, without 
local programming 

 

386 �
�����
���
� ������	������ ��
�
�����	�

Grand Total5 738 $424,922,746 $378,160,088 $187,229,883 

Table 1 - Summary Cost for the DTV Conversion for Canada 

 
The following table highlights the costs variations per frequency band: 
 

Cost per Implementation VHF UHF 

Cheapest �
���

�� �
�
�����

Median �
�����	� �
�
��		�

Average �
������� ����

��	��

Maximum ���
����
	� ���

���
��

Table 2 - Costs Variations per Frequency Band for study 2 

 

  

                                                
3 The Reference Data for DTV Costs analysis is freely available on Spectrum Expert’s web site : 
www.spectrumexpert.ca 
4 For each site, Industry Canada’s « F » curves were fitted with CRC-COVLAB modeling software so that the 
average coverage of the digital transmission curves was geographically matching the analog transmission 
curves (see section 5 for details) 
5 Budgetary precision of +/- 25% 
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3. INTRODUCTION 
 
 
The objective of these studies is to provide a budgetary estimate to convert all OTA stations in 
Canada.  The studies do not evaluate in detail, all different possible scenarios, but rather provide 
reasonable cost estimation within each defined category.  The main focus of the preliminary studies 
is to initiate discussion regarding the DTV conversion within the broadcaster industry.  Given the 
limited time to complete the studies, it was impossible to do an exhaustive analysis for each 
particular site.  It is a known fact that each case is different, but in these studies, the approach was 
based on the most common scenarios. 
 
In the NTSC database from IC (as of December 31st, 2008), there are 738 protected analog stations 
and 1291 Low Power (LP) analog television transmitters.  As of July 2008 in Canada, only 28 DTV 
transitional transmitters had been licensed.  Based on these numbers, the CRTC has decided to 
retain the services of an independent broadcast engineering consulting firm (YRH/Spectrum Expert) 
to conduct a financial and technical analysis for the DTV conversion of all analog OTA stations in 
Canada.  
 
Three (3) different studies were evaluated in this document. The first study provides realistic DTV 
coverage duplication of the analog service, which better accounts for the digital cliff effect and the 
current state of digital reception equipment (using F(90,90) model).  The second study reproduces 
the analog service using the method proposed by Industry Canada and the FCC (using F(50,90) 
model). This approach will result in a loss of coverage for households that were able to receive 
analog service, especially in the fringe area (limits of the coverage).  The above studies assume 
that broadcasters implement DTV facilities on the channel identified in the DTV post transition plan. 
The final study is identical to Study 2, but in order to reduce cost, assumes that all stations in 
markets where the population is less than 300,000 will re-use the same channel as the analog 
station in order to reduce costs. No evaluation of the spectrum availability of the channels 
considered in study 3 has been performed. 
Most of the stations are VHF (TV channels 2 to 13). It represents 117 VHF stations. 
 
Each study is based on the same five (5) scenarios. The first part of the document will be devoted 
to the presentation and description of the studies and scenarios, including our assumptions and 
exclusions.  The second part we will present our methodology of calculation and evaluation of the 
NTSC and ATSC parameters. Thirdly, a technical description of the scenarios is presented, 
explaining all components selected to build the new DTV stations. 
 
After the basic parameters will be defined, budgetary estimates are evaluated for each scenario.  
The detailed (individual) budgetary estimates are based on the document Reference Data for DTV 
Costs analysis, provided on the Spectrum Expert web site (www.spectrumexpert.ca), which could 
help most broadcasters with their specific needs.  Because most of the broadcasters are still in the 
planning phase of the conversion to DTV, it is unknown at this time what type of program feed the 
stations will be using. Therefore a separate estimate is provided to install a satellite dish. This price 
is an average between the southern installation and the northern installation. Also, a separate 
budgetary estimate for off-air equipment and digital microwave is provided.  
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Additionally, a budgetary estimate is provided to retrofit NTSC transmitters in section 8. 
 
As well as the budgetary estimates for the conversion to DTV for the above stated scenarios, a 
table representing the different power consumption of the new DTV transmitters, compared to the 
NTSC transmitters for an equivalent coverage, is provided. 
 
A table representing the expected depreciation of the ATSC equipment is also presented in 
comparison to the NTSC equipment 
 
Finally, a strategy is presented for a conversion of a typical station. This provides the time scale to 
be considered for the conversion to DTV. 
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4. DESCRIPTION OF THE SCOPE OF WORK 
 

4.1 Studies Definition 

 
Three (3) different studies are presented in this document. Each study is based on the same 
scenarios but the conversion parameters, and hence the costs differ. 
 
Study 1 - Complete Service Replication:  The first study is based on a complete service 
replication to provide the most realistic DTV coverage duplication of the analog service.  This better 
accounts for the digital cliff effect and the current state of digital reception equipment.  It is based on 
the propagation model F(90,90). 
 
Study 2 - Limited Service Replication:  The second study is based on a limited service replication 
to reproduce the analog service using the method proposed by Industry Canada and the FCC.  This 
approach will result in a loss of service for households that were able to receive analog service, 
especially in the fringe area (limits of the coverage). It is based on the propagation model F(50,90). 
 
The above 2 studies assume that broadcasters implement DTV facilities on the channel identified in 
the DTV post transition plan. 
 
Study 3 - Practical Service Replication: The third study is identical to Study 2, but assumes that 
all stations in markets where the population is less than 300,000 will re-use the same channel as 
the analog station in order to reduce costs. This lowers the cost of conversion to DTV for those 
stations. It is also based on the propagation model F(50,90). 
 

4.2 Scenarios Definition 

 
The following is a general description of scenarios selected for the studies: 
 

A. Transmitter category serving a population greater than 300,000 people 

Conversion of all the stations in the Canadian markets serving populations greater than 300,000. 
The following list was sorted from 2006 Canada Census : Toronto (Mississauga, St-Catharines-
Niagara), Montréal, Vancouver (Surrey), Ottawa-Gatineau, Calgary, Edmonton, Québec city (Lévis), 
Winnipeg, Hamilton (Burlington), London, Kitchener (Cambridge, Waterloo), Halifax, Oshawa 
(Whitby, Clarington), Victoria,(Saanich), Windsor. In this scenario, budgetary estimates will be 
provided for each NTSC station. Two categories can be identified: A site that remains on the same 
channel after conversion to DTV and a site that will have a different channel in DTV.  
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B. Transmitter category other than category A with local programming(i.e. less than 300,000 
people) 

Conversion of all stations in small and medium markets where broadcasters are producing local 
programming.  This is considering all other stations that are not covered in scenario A, with the 
exception of Low Power (LP) stations, with local programming.  
 

C. Transmitter category other than category A without local programming 

Conversion of all stations in small and medium markets where broadcasters are not producing local 
programming. This is considering all other stations that are not covered in scenario A, with the 
exception of Low Power (LP) stations, without local programming. 
 
For sites that will continue to operate on the same channel after post-transition in scenarios B and 
C, a summary table in section 11 will presents the number of transmitters per category (ATSC 
transmitter power) multiplied by the cost estimate for this category. For sites that will operate on a 
different channel after post-transition period, a budgetary estimate was done according to the 
specific parameters of each station. 
 

D. Typical Low Power transmitter site operating on the same channel in DTV 

Conversion of a typical LP station operating on the same channel in DTV 
 

E. Typical Low Power transmitter site operating on a different channel in DTV 

Conversion of a typical LP station operating on a different channel in DTV. The cost provided will be 
for a station that will change from VHF to UHF, resulting in a complete new transmission system 
design (not re-using existing transmission equipment). 
 

4.3 Assumptions and Exclusions 

 

In order to derive more than 700 budgetary estimates in a short period of time, assumptions have to 
be made.  Therefore, basic information was assumed and resulted in calculated parameters which 
may be different from the real operating parameters of the station.  For example, the IC database 
does not provide the transmitter power, nor the antenna system gain.  Those have to be calculated 
based on commonly known engineering design constraints.  For this reason, antenna gains and 
transmitter power might differ from the real implementation, but the final ERP values will be the 
same. 

It is also understood that some calculations will not be realistic (some higher, some lower) but the 
overall results should be accurate within 25% (budgetary estimate level of accuracy). 
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4.3.1 General Basic Assumption and Exclusions 
 
The general assumptions in this section can be applied to the whole studies. These assumptions 
should be considered as guidelines in order to limit the scope of the studies.  Following is a list of 
the basic general assumptions: 
 

• This document is only considering the scenarios where broadcasters are switching directly 
to post-transition parameters. There is no consideration of re-using equipment purchased for 
the transitional DTV plan. 

• The stated costs are budgetary estimates with a variance of ±25%. 

• This document covers the portion of the signal from the output of the studio to the 
transmitter. No cost associated with digital studio conversion is considered. 

• All prices in the budgetary estimates are based on actual budgetary quotes received by 
manufacturers and are included for reference in annex C of document entitled Reference 
Data for DTV Cost Analysis located on Spectrum Expert web site 
(www.spectrumexpert.ca).  

• It is unknown what type of program feed the stations will be using. Therefore, a separate 
budgetary estimate is provided for the provision and installation of a satellite dish.  This price 
will be an average between the southern installation and the northern installation.  Also, a 
separate budgetary estimate for off-air equipment and Studio-to-Transmitter Link (STL) is 
provided.  Budgetary estimated can be found in annex B of document entitled Reference 
Data for DTV Cost Analysis located on Spectrum Expert web site. 

• All stations will remain at their existing transmission facilities using present average EHAAT 
parameters. There will be no cost associated for new land and/or building for the new DTV 
service.  Therefore, it is assumed that there is enough space available for the installation of 
the new DTV service. 

• Tower strengthening and tower upgrades to meet CSA S37-01 ANTENNAS, TOWERS and 
ANTENNA-SUPPORTING STRUCTURES codes are not considered in the estimates.  No 
cost has been allocated to upgrade towers to meet the code or for antenna installation. 
Therefore, an additional amount must be considered to our budgetary estimate when a new 
antenna is installed. 

• No cost associated with the analogue equipment being replaced before the end of its normal 
replacement cycle, due to the conversion to DTV, will be considered.  

• No cost associated to the depreciation related to existing DTV stations will be considered.  

• No cost associated to the depreciation related to the need to change channel of operation 
will be considered.  

• All start-up expenses and labour will be considered within each budgetary estimate.  
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• The grade B coverage of existing NTSC stations will be replicated based on the three (3) 
different studies’ approach.  Systematic coverage analysis to find the ATSC replication 
parameters will be done only for the major markets (300,000+).  See section 5 for details. 

• No frequency coordination has been verified from the IC DTV database for the study 1 and 
2.  For study 3 (stations in market less than 300,000 re-using the same channel as the 
analog channel), no verification on the spectrum availability of the channels selected has 
been performed. 

• No retrofit of any NTSC transmitter to DTV will be considered in this estimate report.  
Without knowing the details of the transmitter, a cost cannot be provided due to the risk of 
drastically underestimating the cost of conversion to DTV. Only a separate budgetary cost 
will be provided in section 8. 

 

4.3.2 Assumptions Related to Specific Scenarios 
 

A) Transmitter category serving population greater than 300,000 

In this section, specific sites were selected based on the 2006 census. The following are the 
assumptions for this scenario: 

 

• In this scenario, we assume that 4 sites out of 5 are fed via a Studio-to-Transmitter Link.  
This link will have to be converted to digital.  The remaining sites will be considered as using 
landline distribution.  The costs for landline distribution will not be evaluated in this study. 

• Transmitter and monitoring equipment will be installed in parallel with the existing NTSC 
equipment to avoid disruption of service. Therefore, a budget provision for the electrical, 
mechanical and architectural modifications to the building will be considered. The on-site 
installation time will be higher due to the complexity of providing co-location of services. 

 

B) Transmitter category other than section A with local programming  

As explained earlier, categories B and C represent all the stations that service less than 300,000 
people (excluding Low Power transmitters) and where local programming is being produced. The 
following are the assumptions for this category: 

 
• 2 sites out of 5 are fed via a Studio-to-Transmitter Link (STL).  This link will have to be 

converted to digital.  All other sites will be considered as using landline distribution.  The 
costs for landline distribution will not be evaluated in this study. 

• Transmitter and monitoring equipment will be installed in parallel with the existing NTSC 
equipment to avoid disruption of service. Therefore, a budget provision for the electrical, 
mechanical and architectural modifications to the building will be considered. 
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• The scenario will present one budgetary estimate for each group of different transmitter 
power category (not station-specific) for stations that will operate on the same channel in 
DTV. Station-specific budgetary estimates will be provided for stations that will operate on a 
different channel in DTV. 

 

C) Transmitter category other than category A without local programming 

This section represents the same category as category B for sites where no local programming is 
being produced.  The following are the assumptions for this category: 

 
• No STL is required in this configuration.  All sites will be considered as using landline 

distribution.  The costs for landline distribution will not be evaluated in this study. 

• Transmitter and monitoring equipment will be installed in parallel with the existing NTSC 
equipment to avoid disruption of service. Therefore, a budget provision for the electrical, 
mechanical and architectural modifications to the building will be considered.  

• This scenario will present one budgetary estimate for each group of different transmitter 
power category (not station-specific) for stations that will operate on the same channel in 
DTV.  Station-specific budgetary estimates will be provided for stations that will operate on a 
different channel in DTV. 

  
D) Typical Low Power transmitter sites operating on the same channel in DTV 

Low Power stations would be allowed to continue broadcasting in NTSC after 2011, but will be 
considered a secondary allocation, as Industry Canada indicated.  Therefore LP estimates are not 
as detailed as the previous categories.  In this section, a budgetary estimate will be prepared for a 
typical low power transmitter site that will continue to operate on the same channel in DTV.  The 
basic assumptions are as follows: 

 
• The distribution link that feeds the program to the station will not be considered in this 

estimate. 

• As explained in the ‘General basic assumptions’, a separate cost estimate will be provided 
for the installation of a satellite dish (and associated equipment) and another cost estimate 
for off-air reception.  Appropriate scenarios can therefore be built with these estimates. 

• NTSC transmitter and monitoring equipment will be removed from their existing location and 
then the ATSC equipment will be installed.  Due to the small dimension of LPTV building, it 
is preferable and less expensive to proceed this way.  A disruption of service is anticipated.  
A small budgetary provision for electrical, mechanical and architectural modifications to the 
building will be considered. 

• A higher budgetary provision for the installation will be considered for this scenario due to 
the greater distance of the LPTV sites from major centers, and the mobilisation and the 
mobilization of demobilization of specialized workers. 
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E) Typical Low Power transmitter sites operating on a different channel in DTV 

In this section, a cost estimate will be prepared for a typical low power transmitter site that will 
operate on a different channel in DTV. The assumptions are identical as those presented for the 
category D stations. 
 

4.3.3 Source of information 
 
The information for the NTSC stations was taken from the latest Industry Canada database 
released on December 31st, 2008. The information on the DTV channel allocation was derived from 
the DTV allotment plan released on December 23rd, 2008. 
 
Budgetary prices used in the cost estimates are based upon recent official quotes from various 
suppliers and manufacturers.  The quotes can be found in Annex C of document entitled Reference 
data for DTV costs analysis located on Spectrum Expert web site (www.spectrumexpert.ca). 
 
 

5. METHODOLOGY AND CALCULATION 
 

In order to evaluate the cost of the DTV implementation, one of the most critical components is the 
transmitter power.  Unfortunately, the NTSC and DTV databases from Industry Canada (IC) only 
provide the Effective Radiated Power (ERP).  The ERP value alone does not provide any 
information regarding the transmitter power nor the antenna gain, which therefore had to be 
estimated. 
 
It is important to remember that one of our basic assumptions is that the grade B contour of existing 
NTSC stations will be replicated by the DTV stations (based on each studies’ parameters) as 
opposed to implementing the maximum parameters permitted in the IC database.  So to evaluate 
the DTV transmitter parameters, we firstly had to derive the NTSC parameters. 
 

It should also be noted that the NTSC parameters are derived using engineering best practices 
rules of implementation and therefore might differ from reality.  As per example, the antenna gain 
selected in our report might not be able to be implemented in some situation where tower spacing is 
limited.  But, in all cases, the resulting ERP will always be the same as in the IC database (balance 
between antenna gain, transmitter power and other losses). 

 

5.1 NTSC Parameters Evaluation 

 

For scenarios where the DTV channel is identical to the NTSC channel, we considered that the new 
DTV implementation will use the same NTSC antenna system and transmission line (see section 
5.2).  To find the antenna gain of each service, we derived it from the average ERP in the database 
using the following formula: 
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The three (3) unknowns in this formula are: the antenna gain, the system losses and the transmitter 
power.  Thus, the system losses and the transmitter power had to be assumed, based on industry 
standard implementations. 
 
First, the easiest variable to establish was the system loss. The losses are based on the 
transmission line and an additional loss factor to account for all losses due to interconnecting 
hardware.  The distance of the radiation center of the antenna system is used to obtain the length of 
the transmission line plus an additional 15 meters to cover the average distance between the tower 
and the entrance of the transmitter building.  A loss of 0.35dB was factored in for the 
interconnecting hardware. 
 
Before evaluating the transmission line size in relation to the transmitter power, it was essential to 
determine the line capacity based on a VSWR worst case.  The following formula was used to 
determine the derating factor of the transmission line based on a VSWR 1.5:1 for worst case 
operation: 
 

����
�	�����
�� � ��� !" � #$ % ��� !& � �
�# % '�� !" � #(
$ % ��� ! & 

 
 
 
Where F1 can be found on the following graph: 
 

 
  Figure 1 - Derating Factor vs Frequency due to VSWR (Average Power) 
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The following transmission lines were selected in our assumption6: 
 

 Transmission Line Derated Average Power for 
Tx line size (air) TV Channel 2-6 

(50MHz) 
TV Channel 7-13 

(200MHz) 
TV Channel 14-69 

(600MHz) 
7/8’’ (foam) 7.6  kW 4.5 kW 2.6 kW 
1-5/8’’ 17.5 kW 10.1 kW 5.8 kW 
3’’ 46.7 kW 25.4 kW 13.5 kW 
4’’ 71.6 kW 39.3 kW 21.4 kW 
5’’ 93 kW 51.8 kW 29 kW 

Table 3 - Derating Factor for Average Transmitted Power Based on VSWR 1.5:1 

 
After we have determined the maximum power permitted for each transmission line size, a 
transmitter power range was derived from an ERP range. This exercise was essential to assign a 
line size to each station while respecting the line capacity and it was done for each frequency band.  
Using these results, the transmission line losses were then calculated for all stations7.   
 
The following table represents the ERP range associated with an estimated transmitter power with 
the resulting associated transmission line size. The estimated transmitter power must respect the 
upper limit of the maximum capacity of the de-rated transmission line, while not over-estimating the 
line size.  The following table highlights the assumptions that were made to best match each 
transmitter power with an adequate transmission line: 
 
ERP(KW) Tx 

Power(KW) 
Refer to line 
derating power 

BAND ANDREW 
MODEL 

LINE  
TYPE 

ATT.(dB/100m) 
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Table 4 - Transmission Line Size Associated with Range of ERP 

The line attenuation was calculated as described earlier, based on the attenuation from the 
manufacturer. For each frequency band, when the data was available, it was referenced to the 

                                                
6 The calculation can be found in annex B. 
7 The transmission line losses are based on Andrew Corporation catalogue 38. 
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attenuation for the middle of the band.  For Low VHF, the attenuation selected was for 50MHz.  For 
High VHF, the attenuation selected was as for 200MHz.  For UHF, the attenuation selected was for 
600MHz.  The line was selected from Andrew’s catalogue and the attenuations are shown on the 
following graph8:

 

Figure 2 - Transmission Line Attenuation vs Frequency 

                                                

8 In Andrew Bulletin 1063H (Broadcast Transmission Line System) 
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To estimate the transmitter power, we considered the various transmitters available on the market9. 
The following table represents the NTSC transmitter powers that were considered for this study: 

VHF BAND UHF BAND 
Transmitter 

model 
Transmitter 
Power (W) 

Transmitter 
model 

Transmitter 
Power (W) 

MX series 1 MX series 1 
MX series 10 MX series 20 
MX series 30 MX series 100 

Meridian series 250 Meridian/MX series 1000 
Meridian series 500 Meridian/MX series 2000 

Meridian/ M series 1000 Meridian series 2500 
Meridian series 2000 Meridian series 5000 

M series 3000 Eclipse Series 10000 
Meridian series 5000 Eclipse Series 15000 

M series 6000 Eclipse Series 20000 
M series 16000 Eclipse Series 30000 
M series 22000 Landmark IOT 40000 
M series 30000   

Table 5 - Transmitter Power Available on the Market 

The transmitter power selection is the result of an iteration based on the probable antenna gain for 
the site.  If the antenna gain was found to be too high, we increased the transmitter power to the 
next likely power increment.  We tried to maintain a good balance between the transmitter power 
and the antenna system.  For example, we did not consider a 16 bay antenna for a low power 
transmitter site, nor a 2 bay for a high power site.  To be as realistic and practical as possible, the 
center of radiation of the antenna system was used for the location of the antenna on the tower. 
When selecting an antenna, the overall dimension of the antenna system was considered and 
validated with the available antenna aperture on the tower. To evaluate the available antenna 
aperture, we simply subtracted the radiation center from the vertical height of the proposed 
antenna.  If the proposed antenna height was fitting, we considered that an antenna as such could 
fit into the tower.  For example, we would not select a 4-bay L-VHF antenna system knowing that 
the tower is 20 meter high and the antenna system itself is 23 meters. There was no consideration 
of any other antennas on the tower.  The following tables show the antenna gains (per bands) that 
were considered: 

UHF model K72 31 4.. 
Based on KATHREIN Antenna Design 

Number of 
bays 

Panels per 
bay** 

Gain in dBd (referred to 
half wave dipole) 

*1 4 6,3 
*2 4 9,3 
4 4 12,3 
6 4 14,1 
12 4 17,1 
16 4 18,3 

*Approximation of gain, not in catalog 
**Equal power splitting 

Table 6 - UHF Antenna Selection 

                                                
9 Reference to transmitter manufactured by LARCAN. 
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High-VHF model K 52 33 5.. 
Based on KATHREIN Antenna Design 
Number of 

bays 
Panels per 

bay** 
Gain in dBd 

(referred to half 
wave dipole) 

1 4 6,1 
2 4 8,9 
4 4 11,8 
6 4 13,5 
8 4 14,7 

*12 4 16,9 
 
*Approximation of gain, not in catalog 
**Equal power splitting 
!"#$%�&��$'���()�*+�,������-.�/�-.�*+�������012-�3+2��-02--��)�*-�������.4�
��0152*-� �.26���	
�
��	78�*��,	���012-�3+2��-02--��)�*-�����.4����0152*-�
#�"8�*��,
	��012-�3+2��-02--��)�*-�����
.4����0152*-�#�"8��

Table 7 - High-VHF Antenna Selection 

 
Low-VHF model K 52 31 8.. 
Based on KATHREIN Antenna Design 
Number of 

bays 
Panels per 

bay** 
Gain in dBd 

(referred to half 
wave dipole) 

1 4 2 
2 4 5 
4 4 8,1 
6 4 9,9 
8 4 11,1 

*12 4 12,9 
 
*Approximation of gain, not in catalog 
**Equal power splitting 
!"#$%�&��$'���()�*+�,�		���-.�/�-.�*+�������012-�3+2��-02--��)�*-�����
.4��
��0152*-�#�"8�*��,
	��012-�3+2��-02--��)�*-�����.4����0152*-�#�"8�

Table 8 - Low-VHF Antenna Selection 

 
Kathrein antennas were used as reference for the studies.  We considered panel antennas for 
medium and high power sites, arrays from 1 bay to 12 bays in VHF and from 1 bay to 16 bays in 
UHF.  For lower ERP stations in the VHF band, other models were used.  For low VHF, the TVO 
antenna was selected.  For stations with ERP between 55W and 250W, the Kathrein TVO 2 bay 
antenna with a gain of 0dB was used and for ERP lower than 55W, the 1 bay TVO antenna with a 
gain of -3dB was used.  For High VHF, when stations’ ERP were between 500W and 1KW, the 
Kathrein antenna model K52 34 5… with a gain of 1,7dB was used.  For stations with ERP between 
250W and 500W, the TVO 2 bay antenna with a gain of 0dB was used and for stations lower than 
55W, the TVO 1 bay with a gain of -3dB was used.  The resulting NTSC parameter assumptions 
can be found in annex A. 



 

March 31, 2009 
Version 1.3 

P. Lemée / F. Gauthier 

COST ESTIMATE OF DIGITAL TELEVISION (DTV) CONVERSION  
 

 

ER-008E  Spectrum Expert Inc. & Yves R. Hamel et associés Inc. 21 

 

5.2 Study 1 – ATSC Parameters Calculation (site staying on the same frequency) 

 
For study 1, we evaluated the conversion of the analog coverage into DTV using the F(90,90) 
curves (see 5.6 for study ATSC Parameters).  The selection of F(90,90) results from the experience 
gained from performing many off-air reception tests on consumer receivers. Empirical data 
demonstrated the difficulties of receiving a good ATSC signal associated with the F(50,90) contours 
under normal condition (receiving antenna at 9.1m).  More information regarding this choice of 
parameters can also be found in the document Planning Factors for Fixed and Portable DTTV 
Reception10. 
 
For scenarios where the DTV post transition channel was the same as the NTSC channel, we 
considered that the antenna system, transmission line and other equipment where the same as for 
the NTSC installation (or equivalent).  Consequently, we used the antenna gain, cable losses and 
other losses computed using the methodology described in 5.1. 
 
We used the following table (from Draft BPR 10 V2) to derive the equivalent DTV contours: 

 

Channels 
Defining field strength, dBu, to be predicted for 

50% of locations, 90% of time 
2 – 6 28 
7 – 13 36 

14 – 51 41 – 20 log[615/(channel mid-frequency in MHz)] 
Table 9 - Field Strengths Defining Noise-limited Bounding Contours for Primary Assignments (DTV) F(50,90) 

As mentioned in the introduction of this section, instead of using the F(50,90) for the targeted DTV 
contour, we used the same contour values (28, 36 and 41-log) but for F(90,90).  We decided to take 
the prudent approach and applied the F(90,90). 
 
For the NTSC equivalent, we used the following values: 
 

Channels 
Defining field strength, dBu, to be predicted for 

50% of locations, 50% of time 
2 – 6 47 
7 – 13 56 

14 – 51 64 
Table 10 - Field Strengths Defining Noise-limited Bounding Contours for Primary Assignments (NTSC) F(50,50) 

 
  

                                                
10 Oded Bendov, Yiyan wu and al, Planning Factors for Fixed and Portable DTTV Reception, IEEE 
Transactions on Broadcasting, VOL. 50. NO 3. Sept 2004, pp 209-223 
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Also, since the difference in the statistics varies with the frequency band, EHAAT and the distance, 
we considered the following corrections: 
 

Look-up EHAAT (90,90) -> (50,50) 
Class/ 
EHAAT 

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 

UHF A 8.3 8.1 8 7.9 7.9 7.9 7.9 7.9 7.8 7.8 7.7 7.7 7.7 7.6 7.7 7.7 7.7 7.7 7.7 7.7 

UHF B 11.9 10.4 10.1 9.9 9.8 9.7 9.7 9.6 9.5 9.4 9.4 9.3 9.3 9.3 9.2 9.3 9.3 9.2 9.3 9.3 

UHF C 18.3 16.1 15.1 14.3 13.8 13.4 12.9 12.6 12.2 12.1 12 12 12 12 12 12 12 12 12 12 

VHF L 15.7 14.1 13.2 11.3 11.3 11.3 11.2 11.1 12.4 12.4 12.3 12.3 12.1 12 11.9 11.9 12 11.9 12 12 

VHF H 14.8 13 11.7 12.7 12.4 12.3 12.4 12.5 11 10.9 11.1 11.1 11.2 11.2 11.2 11.2 11.3 11.3 11.3 11.3 

Table 11 - Differences Between F(90,90) and F(50,50) 

 
Since we could not fully implement the F(90,90) and F(50,50) curves into our Excel database, we 
selected the three(3) classes for UHF (A, B and C extracted from the NTSC database) where the 
maximum distances of 25, 45 and 70 km were used.  We used the maximum distances of 89 km 
and 82 km for the low and high VHF classes respectively.  This approach provides more 
conservative values in terms of equivalent ERP required for the DTV channels. 
 
Finally, for directional antenna sites, since we are considering the same parameters as for the 
NTSC sites (so the same antenna pattern), we simply calculated the peak-to-average ratio from the 
NTSC database (because the average ERP was not available in the DTV database). 
 
So, in order to derive the ATSC transmitter power, we used the following formula: 
 ���)��*������� +��)��*������ � �,�����-.�����	����'/01/0(
���'20120( � +��)���	
�.�� ���)���	
�.� 
 
For example, if we consider a class C UHF NTSC transmitter (of 21,500 W operating power) 
operating on channel 51, we computed the following: 

 
NTSC TX Power: 10 * log (21500) = 43.32 dB 
F(90,90) equivalence at EHAAT (for 286.50m) = 13.7 dB 
NTSC Contour: 64 dB 
ATSC Contour: 42.06 dB 
ATSC Transmitter power = 43.32 + 13.7 – 64 + 42.06 = 35.08 
ATSC Transmitter power = 3220 W 
 

 
 
Once we evaluated the ATSC transmitter power, we recalculated the resulting ATSC ERP by 
considering the same antenna gain and system losses as for the NTSC system.  If the total ATSC 
ERP was lower than the value specified in the Industry Canada DTV database, we used the newly 
found value for the study. If the ATSC ERP was greater than the Industry Canada database, we 
used the IC database value to derive the ATSC transmitter power (using again the NTSC antenna 
and cable parameters). 
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5.3 Study 1 – Systematic ATSC Parameters Calculation (different frequency site, 
300,000+) 

 
For sites where both the ATSC channel was different than the NTSC channel and the population 
was above 300,000, we calculated the ATSC parameters using real F(50,50) vs F(90,90) 
simulations.  We simulated the NTSC actual parameters on a map and best matched it to the ATSC 
simulation (depending on the channel band used).  For the ATSC simulations, we considered the 
same radiation center and antenna pattern associated with the NTSC parameters. 
 
We used the same ATSC equivalent contours as defined in section 5.2.  When the calculated 
equivalent ATSC parameters were above those specified in the IC DTV database, we selected the 
smallest parameters of the two values, either the calculated or the maximum IC DTV database. 
 
Once the ATSC ERP was evaluated to ensure that the best match with the NTSC contour had been 
established, a manual interpretation of the best antenna system, depending on the target ERP 
power, was selected.  The ATSC transmitter power was then calculated using this antenna system 
along with the probable cable and system losses associated with this maximum power were 
determined as well as the band to be used (as describe in section 5.1). 
 
The ATSC parameters calculated in this study for the stations servicing 300,000 and more people 
can be found in Annex D. 
 
 

5.4 Study 1 – ATSC Parameters Calculation (different frequency site, less than 
300,000) 

In order to derive the ATSC parameters for stations servicing less than 300,000 people using a 
different ATSC channel than their actual NTSC channel in Study 1, we considered the following: 

1. Site staying in the same band:  For low-VHF to low-VHF implementation and high-VHF to 
high-VHF implementation we found that the best approximation for the ATSC parameters 
was, firstly, to derive the operating NTSC parameters as explained in 5.1. Then, we 
considered that the ATSC propagation will be the same in the new band so we applied the 
same criteria as in 5.2 (Tables 9, 10 and 11).  We used the same logic for the UHF sites, but 
we did not correct the ATSC contour value differences when moving across the band.  After 
some cross-checking, we found that, on average, this approach was providing very close 
values (within 2 dB of error) which was leading to similar hardware implementation (so 
similar costs).  So for the budget estimates, we considered that we would keep the antenna 
system for sites that will continue to operate in the same band (i.e. L-VHF to L-VHF, H-VHF 
to H-VHF and UHF to UHF). 

2. Site with channel changing band:  Since most modifications were a transition from VHF to 
UHF band, or vice versa, it was found that the maximum parameters from the IC database 
provided the closest duplication of the coverage, because most simulation required higher 
parameters and that we could not exceed the IC database parameters.  So, even for sites 
moving from low-VHF to high-VHF, it was found that using the IC database values was the 
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best approach.  The antenna system/transmitter power ratios have been manually entered 
based on common knowledge of the target ERP value.  The cost estimates are based on a 
new antenna, new line and new transmitter. 

 

5.5 Studies 2 and 3 – ATSC Parameters Calculation (all Scenarios) 

 

The processes to compute the ATSC parameters for Study 2 and 3 were exactly the same as for 
study 1, with the exception that the F(50,90) curves have been used instead of the F(90,90).  
This resulted in the modification of the table 10 for the following new table: 

 

Look-up EHAAT (50,90) -> (50,50) 
Class/ 
EHAAT 

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 

UHF A �9
� �� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9	� �9�� �9�� �9�� �9�� �9�� �9�� �9��

UHF B �9�� 
9
� 
� 
9�� 
9�� 
9�� 
9�� 
9	� 
9�� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
� 
9
�

UHF C ��9
� �� �� �9
� �9�� �9
� 	9�� 	9	� 	9�� 	� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9�� �9��

VHF L �9�� �� �9�� �9�� �9
� �9
� �9
� �9�� �9
� �9
� �9
� �9
� �� 	9�� 	9�� 	9�� 	9�� 	9�� 	9�� 	9��

VHF H �9�� �9�� 	9�� 	9
� 	9
� 	9
� 	9�� 	� �9�� �9�� 	� 	� 	9�� 	9�� 	9�� 	9�� 	9
� 	9
� 	9
� 	9
�

Table 12 - Differences between F(50,90) and F(50,50) 

 

All other rules described in section 5.2, 5.3 and 5.4 apply for the study 2.  Note that in the cases 
where the calculated equivalent contours (in F(50,90)) were greater than the IC database, we 
used the IC database parameters. 

Finally, for the sites that were changing band (mainly from VHF to UHF) and that the population 
was less than 300,000 people, we used directly the IC database parameters, as in study 1.  This 
will consequently lead to the same budgetary estimates values. 

The only difference between study 3 and study 2 is that for the sites that were changing band 
and for which the population was less than 300,000 people, we considered that the DTV 
implementation will stay on the same channel as the current NTSC channel.  Consequently, we 
applied the same rules as in section 5.2, but using the F(50,90) curves from Table 12.  This 
generally resulted in a substantial budgetary estimate cost reduction. 

 

5.6 Differences in ATSC contours between studies 1 and 2 

 
The following map (see Annex C for a more detailed version) demonstrates the difference between 
the Industry Canada NTSC official contour (thick black line), the calculated NTSC contour (dashed 
red line), the calculated ATSC contour F(90,90) for study 1 (blue line), the calculated ATSC contour 
F(50,90) for study 2 (pink line) and the ATSC maximum contour F(50,90) (green line), when we 
applied the case for study 1: 
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Figure 3 - Coverage Map Presenting the Differences between NTSC and ATSC Contours 

As one can see, the calculated NTSC parameters provide us the exact same contour as the IC 
database contour (black vs dashed red contours).  The parameters calculated for the ATSC 
transmitter power in study 1, provides us a good duplication of the ATSC contour (blue line).  The 
difference on this simulation is about 1.4 dB.  This error comes from the interpolation between the 
F(50,50) curves and the F(90,90) curves for different EHAAT and distances.  When we counter-
verified some examples, the calculated error was always below 2 dB (plus or minus).  Since we 
could not manually calculate all 732 transmitters, we found that our approach was close enough to 
approximate a probable service duplication. 
 
In this example, the difference between the F(50,90) and F(90,90) is about 7 dB.  This means that 
for study 2 when we calculated the required ATSC parameters, based on the F(50,90) curves, the 
total ERP considered was 7 dB less than the one considered in study 1.  This 7 dB reduction has 
been balanced between the antenna gain and transmitter power, based on accepted engineering 
practices. 

Finally, the maximum parameters that the station can implement are represented with the green 
contour.  This, of course, leads to an exceedingly high transmitter power and/or antenna system 
gain values which very few broadcasters will elect to implement.  This is why we only used the 
maximum IC DTV database parameters when the calculated ATSC parameters were greater than 
those of the IC database (we used the smallest parameters of the two values, either the calculated 
or the maximum IC DTV database).  This scenario typically occurred for a station migrating from 
VHF band to the UHF band. 


