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Abstract  This paper evaluates the reliability of The International Radio Consultative Committee (CCIR) curves in 
Nigeria for television signal broadcast planning by determining the practical broadcast coverage of seven television stations 
in Lagos State to identify the reach of their transmission and determine the geographical zones where frequency allocated can 
be re-used. The field strength meter was utilized to take electrical field strength of the transmitted signal of each station in 
several locations in Lagos State. The result shows that the CCIR curves are not totally reliable for television broadcast 
planning. For effect ive television broadcast planning, television broadcast zones should cover broader geographical areas for 
proper frequency re-use. 
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1. Introduction 
An aspect of communicat ion involving the transmission 

of both vision and sound is referred to as television (TV) 
broadcasting. According to (Grob and Herndon, 1999), 
“television means to see at a distance" while the term 
“broadcast means to send out in all d irections”. Thus TV 
broadcasting involves sending out vision and sound signals 
omni-directionally. TV broadcasting in Nigeria began in the 
year 1959 when the Western Nigeria Radio Vis ion Serv ice 
was established in Ibadan by the then Nigerian Western 
Region headed by the first Western Region premier, Chief 
ObafemiAwolowo[1]. 

Since that time, there have been many TV stations both 
private and government-owned, established to transmit 
pictures and sound for the benefit of the Nigerian populace. 
Presently, all these TV stations in Nigeria are grouped into 
ten zones. These zones are as given in Table 1. It can be 
observed from the table that Lagos zone comprises of TV 
stations in Lagos State alone. Th is is because in Lagos State 
alone, there are eighteen analog TV stations – 13 p rivate 
and 5 government-owned at present. And there are other 
five being proposed. These do not include 7 other cable 
(digital) stations located in the state.  

Television broadcasting in Nigeria has come of age and 
need to be planned and executed with all possible accuracy 
and effectiveness. According to Egbon (1982), “television  
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transmission service which was in itiated by a Reg ional 
Government was not only the first in Nigeria, but remains 
today the oldest in the whole of African continent”[2],[3],[4]. 
Television has since its advent in Nigeria contributed to the 
educational development of the Nigerian cit izens[5]. In view 
of this, re-p lanning for effective transmission is necessary. 

2. Application of Frequency Re-use to 
TV Broadcasting  

The demarcation of TV t ransmission zones and 
establishment of a TV station require adequate knowledge of 
signal transmission, terrain o f transmission and frequency 
re-use. The incorrect allocation of frequency blocks may not 
only cause interference in the home country but even at VHF 
and UHF, between adjacent countries[5].  

Also required is the knowledge of b roadcast coverage 
areas which are defined as follows: 

primary coverage area which comprises of areas where 
the field strength of a particular station, E reduces to 
2.5mV;  

secondary coverage area, an area where the electric  
field strength, E reduces to 1mV;  

fringe coverage which denotes any area where the 
signal is received and E is less than 1mV. 

The organizat ion saddled with the job of demarcation of 
TV zones and allocation of frequency locally is the Nigerian 
Communicat ion Commission (NCC). On the international 
scene, the International Telecommunication Union (ITU) is 
saddled with the same assignment. The ITU relies on the 
technical informat ion received from the International Radio 
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Consultative Committee (CCIR) an organization concerned 
with various radio services on a global scale[6]. According to 
Black (1985), “the basic main station UHF TV plan  was 
agreed between 35 countries at a conference in Stockholm in 
1961 while a similar plan in Africa was agreed at a 
corresponding conference in Geneva in 1963”[7]. The 
international agreement reached included on frequency 
allocation, maximum antenna height and radiated power to 
be allowed for the main stations. 

Table  1.  TV Broadcast Zones in Nigeria 

Zones Member states 
Abuja FCT, Kogi, Niger, Kwara, Nasarawa 
Benin Edo, Ondo, Delta, Ekiti 
Enugu Abia, Anambra, Imo, Ebonyi, Enugu 
Ibadan Oyo, Ogun, Osun 

Jos Plateau, Taraba, Benue, Bauchi 
Kaduna Kano, Kaduna, Katsina, Jigawa 
Lagos Lagos 

Maiduguri Gombe, Yobe, Borno, Adamawa 
Sokoto Sokoto, Zamfara, Kebbi 

Uyo Akwa-Ibom, Cross-River, Bayelsa, Rivers 

The work of allocation of frequencies to different nations 
is a serious business because of the alarming rate of 
exploration in the recent century as the development in 
frequency propagation has grown with advances in 
technology. The portion of the radio frequency spectrum 
often utilized for analog TV transmission is limited to the 
very high frequency (VHF) and the ultra-high frequency 
(UHF) range shown in Table 2[8]. As shown on the table, 
there are four bands of frequencies used for TV signal 
transmission in the frequency range of 41MHz to 960MHz. 
The four bands of frequencies can be allocated to limited 
number of countries. Thus, before a frequency can be used in 
any country, the radio spectrum regulation stipulates that an 
approval must be given by the ITU since the radio  spectrum 
is a fixed commodity. 

In order for the ITU to meet the demands on frequency 
allocations from several countries in the world and in order 
to overcome the problems of over demanding, the 
organization has resorted to repeating frequency assignments 
to different nations. This is called frequency re-use. Simply 
put, frequency re-use in TV broadcasting is such that if a 
range of frequency (for example TV band  IV on  Table 2) is 
allocated to a country in Europe, the same band can be 
allocated to other countries say in Africa, America, Asia, 
Australia orEurope itself to be re-used for local TV signal 
transmission without any transmission problems occurring 
due to repetition of frequency by different countries.  

This repetition of frequency is only possible when the TV 
signals in one country does not radiate or overlap into 
neighbouring countries so as to avoid the problem of 
co-channel interference. To determine how far the signals 
transmitted from a TV station, with a transmitter of known 
power rat ing reach, the CCIR has developed transmission 

sets of guides otherwise called the CCIR curves. The ITU 
and other national telecommunicat ion bodies all over the 
world rely on these curves for their TV broadcast planning. 

As the radio spectrum is a limited commodity on a global 
scale, so it is on local or national scale. Each country is 
restricted to a part icular band of frequencies for its TV 
signals transmission. Thus, if there are many TV stations in a 
country of wide geographical area, the local TV planning 
body will employ the process of frequency re-use in  different 
parts of the country. For example in Nigeria, TV bands III to 
V in Table 2 are often used for TV broadcasting. These bands 
of frequencies are allocated to the ten TV zones by the NCC. 
Thus, if a TV station broadcasts at say 565.5MHz UHF in 
Lagos State, another station in  Ogun, Benue, Abia, Sokoto or 
any other state from another transmission zone different 
from Lagos can broadcast at the same frequency provided no 
other TV station is allocated to use that frequency within the 
same zone. The allocation of frequencies to different stations 
is carried out by the NCC in conjunction with other groups 
such as the National Broadcasting Commission (NBC) and 
the broadcasting Organization of Nigeria (BON). 

Table  2.  Frequency allocation for TV broadcasting[6] 

Frequency 
spectrum Band Range (MHZ) Service 

VHF I 41-68 TV Band I 

VHF II 85.5-100 FM Sound 

VHF III 175-215 TV Band III 

UHF IV 470-582 TV Band IV 

UHF V 582-960 TV Band V 

3. Materials and Method 
Seven public and private TV stations were focused in 

Lagos State Nigeria. These stations along with their 
technical transmission data appear on Table 3. A primary 
factor affecting the reach of signal transmitted from any 
transmitter is the transmitter power[9]. As can be observed 
from the table, the transmitter power output of the seven TV 
stations varies from 5-40kW. Thus, a varied level of TV 
coverage is expected from the individual stations. 

The field  strength meter was used to measure the signal 
strength of each of the seven TV stations at fifty different 
locations within Lagos State. The meter was manually tuned 
in to the desired frequency of the TV station of interest. It 
then displayed the sound and pictures of the TV station and 
also indicated the electric field strength value in V/m of the 
signal transmitted at every location. It was possible to tune 
the meter to a particu lar station since the transmission 
frequency of each station had previously been obtained from 
the regulatory authority (NBC). Each value of electric field 
strength measured was used to determine the coverage 
distance, d from the antenna of each TV station according to 
the relation[10]: 

𝑬𝑬 =  (𝟑𝟑𝟑𝟑𝑷𝑷𝒕𝒕 )𝟏𝟏/𝟐𝟐

𝒅𝒅
               (1) 
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Where  E = electric field strength, V/m 
  Pt = effective radiated power, W  
  d = coverage distance in meters  
Also, each measured value was converted to its dB 

equivalent using the relation: 
y=20 log ( 𝒙𝒙

𝟏𝟏𝟏𝟏−𝟔𝟔
)               (2) 

where y = field strength in dB rel. 1µV 
  x = field strength in volts 
The expression is normalized by dividing with 10-6 as 

shown because the dB power is relat ive to 1µV. Then the 
corresponding coverage distance was looked up from CCIR 
curves. For dB values whose corresponding values were not 
found on the CCIR curves, method of extrapolation was 
employed using the following relation: 

x2 = the unknown coverage d istance at the specified E (dB) 
x3 = coverage distance of h3 at specified E (dB) rel. to 1µV 

𝒉𝒉𝟑𝟑− 𝒉𝒉𝟐𝟐
𝒉𝒉𝟐𝟐−𝒉𝒉𝟏𝟏

= 𝒙𝒙𝟑𝟑−𝒙𝒙𝟐𝟐
𝒙𝒙𝟐𝟐−𝒙𝒙𝟏𝟏

                (3) 

From equation (3) the unknown coverage distance x2 can 
be determined as 

𝒙𝒙𝟐𝟐 = 𝒙𝒙𝟑𝟑(𝒉𝒉𝟐𝟐−𝒉𝒉𝟏𝟏)+ 𝒙𝒙𝟏𝟏(𝒉𝒉𝟑𝟑−𝒉𝒉𝟐𝟐)
𝒉𝒉𝟑𝟑−𝒉𝒉𝟏𝟏

            (4) 

where  
h1 = height of antenna with value below intended 
h2 = height of the intended antenna 
h3 = height of antenna above h2 
x1 = coverage distance of h1 at the specified E (dB) 
For antennas with effective radiated power (ERP) less 

than 1kW, the following relation was applied: 
 𝒅𝒅 = 𝑬𝑬𝑬𝑬𝑬𝑬 𝑿𝑿 𝒙𝒙𝟐𝟐               (5) 

With all values from equations (1) and (5) obtained, 
comparison was made using Excel radial graphs as given in 
Figures 1−4 for four out of the seven stations. 

4. Results and Analysis 
The values recorded were applied to Microsoft Excel 

software to produce radial curves indicating both CCIR 
curve and the actual curve of transmission for each of the TV 
stations. The two curves on the same orig in represent the 
transmission reach of the CCIR and actual measured values 

with respect to the center of the graph. That is, the center 
represents the location of the t ransmitt ing antenna while the 
curves give the locus of signals. 

The radial curves for stations 1 (NTA 2), 3 (AIT), 7 
(LTV) and 8 (Channels) are g iven in Figures 1, 2, 3 and 4 
respectively. The figures show that the differences in the 
curves are substantial so that they cannot be overlooked. 
For a few t imes, the CCIR values were approximately  equal 
to actual field measurement. Using a tolerance of ± 20%, 
the percentage of accuracy of the CCIR predictions were 
determined as in Table 4. 

According to the World Radio TV Handbook (1999)[11], 
the CCIR curves are expected to be correct for 50% of 
locations they are employed for. As Table 4 reveals, CCIR 
curvesproved acceptable in the case of only TV station 
number 7. More than that, fo r the seven TV stations, the 
average success rate is approximately 14%. This is below the 
expected success rate of 50%. 

5. Conclusions and Recommendations 
The radial g raphs obtained showed that the signal 

transmitted from the TV stations in Lagos State effectively 
reached parts of neighbouring Ogun State. Owing to this 
reason viewers in many parts of Ogun State watch TV 
stations that are located in Lagos. To address this excessive 
transmission reach, it is suggested that: 

1. Ogun and Lagos States be put in the same transmission 
zone or NBC in  conjunction with the NCC should re-design 
the TV zones in Lagos and Ogun. 

2. The transmitter power or antenna height of some of 
Lagos TV stations should be reduced 

3. Furthermore, as the problem of co-channel interference 
is inevitable in the future when new TV stations come up in 
neighbouring Ogun State, the NBC in conjunction with the 
NCC should re-design the TV zones in Lagos and Ogun. 

4. Finally, studies similar to the ones conducted and being 
reported here should be conducted in other parts of the 
country to ascertain fully the effectiveness of the frequency 
re-use and zoning arrangement throughout the country. If 
substantial data are available, the frequency re-use system 
can then be re-arranged for better transmission zoning. 

Table 3.  Transmission data for the seven TV stations 

TV station 
and Frequency Class Channel 

Transmission 
Frequency (MHz) 

Transmitted 
Output Power 

(kW) 

ERP 
(kW) 

Antenna 
Height 

(m) 

Antenna 
Location 

Sound Video Longitude Latitude 
Station 1(VHF) 5 179.75 174.25 10 100 117 3°25'E 6°25'N 
Station 2(VHF) 10 215.75 215.75 10 100 107 3°25'E 6°25'N 
Station 3(UHF) 21 426.75 426.75 30 300 187 3°16'E 6°41'N 
Station 4(UHF) 32 564.75 564.25 5 60 120 3°24'E 6°24'N 
Station 5(UHF) 35 588.25 582.25 40 400 300 3°32'E 6°38'N 
Station 6(UHF) 39 621.25 615.75 5 62.5 100 3°22'E 6°34'N 
Station 7(UHF) 43 652.75 644.75 30 450 150 3°21'E 6°36'N 
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The CCIR curves were so incorrect owing to the fact that 
they have been put in place for Africa for too long a time 
(since 1963) and have not been reviewed since then. With 
modern technical data such as were obtained in this study, 
new curves can be developedand the old ones replaced. 

 
Figure 1.  Broadcast coverage of station1: CCIR compared with field 
measurement 

 
Figure 2.  Broadcast coverage of station2: CCIR compared with field 
measurement 

Table 4.  Percentage Accuracy of CCIR curves for the seven TV stations 

Station % Accuracy Remarks 
1 0 Very Poor 
2 6 Poor 
3 12 Poor 
4 0 Very Poor 
5 36 Fair 
6 0 Very Poor 
7 53 Acceptable 

 
Figure 3.  Broadcast coverage of station 4:CCIR compared with field 
measurement 

 
Figure 4.  Broadcast coverage of station7: CCIR compared with field 
measurement 
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