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ABSTRACT 

The non-continuous traffic measurements base on 
the assumption that the busy time of the year is 
stable and can be defined in advance. To test the 
assumption, a large analysis was made in Helsinki. 
Comparisons of the yearly intensity profiles of 
2,728 circuit groups show that a non-continuous 
two-week measurement yields a traffic value in 
average at least 7.6 % lower than the real top 
two-week value. The dispersion around the average 
is high. A 90 % reliability requirement thus 
brings an intensity underestimate of at least 
20 % in average. - If the two-week intensity 
values are based on the mean of highest daily 
full-hour values, instead of a mean day based on 
quarter-hours, the traffic values are identical, 
but the data handling is minimized. Thus the 
exchange processor will be able to collect the 
values continuously, to give reports immediately 
and to store and to handle profile values of up 
to two years. 

1. INTRODUCTION 

When scheduling traffic measurements there are 
t hree main questions to be answered: 
- at what time of the year and 
- in which hours of day should the measurements 

be carried out, 
- how will the intensity values be processed. 

If the variations of traffic are regular, it 
will be sufficient to measure the most highly 
loaded time intervals within a year and a day. 
The use of such non-continuous measurements, 
scheduled in advance, will save a lot of meas
urements and data processing work compared to 
continuous measurement. The same equipment can be 
used for several circuit groups by transferring 
it from place to place, according to the traffic 
load on the circuit groups. This method has been 
motivated in convent ional exchanges where the 
traffic measurements have traditionally been made 
using transportable equipment and the data have 
mainly been analyzed manually. 

If the profile of the traffic intensity varies 
from year to year and the daily values have no 
fixed high-load times, the measurements should be 
spread over the entire time period during which 
top values can occur. 

This paper presents the results of extensive 
measurements on a large number of traffic routes. 
Some conclusions on appropriate measurement 
arrangements are made, too. 

2. TRAFFIC ROUTES AND MEASUREMENTS IN HELSINKI 

The network of the Helsinki Telephone Company 
(HTC) covers of the capital of Finland and the 
surroundings with a radius of about 50 km. The 
population is 950,000. Altogether 510,000 main 
telephone lines (January 1984) are connected to 
150 local exchanges. These are connected to each 
other and to five higher level and 20 lower level 
transit exchanges via 1,080 trunk circuit groups. 
There are still 2,272 internal circuits groups to 
be measured. 

The measured circuit groups have in average 62 
circuits. The circuit groups are loaded up to 
72 % of their total traffic capacity, calculated 
according to the nominal congestion. The average 
of the highest two-week values is 29.1 Erl per 
circuit group. A negligible part of the circuit 
groups is severly overloaded, caused mainly by 
unexpected growth of the traffic and revealed 
immediately by the effective measurement method. 

During the observation period 1 October 1982 -
1 October 1984, two-week values for 2,742 circuit 
groups were measured using the AUTRAX system (used 
in Helsinki since autumn 1977 /Parviala 80/) or 
other similar methods and 151 routes by other 
methods. The routing was changed during the 
observation period on 14 circuit groups. Part of 
the remaining 2,728 routes were extended during 
the observation period without changing their task. 

The data are in our AUTRAX system collected every 
full hour circuit per circuit into the central 
processing unit and aggregated there to produce 
values for each circuit group. In addition to 
routine traffic measurements, a statistical 
analysis has been carried out /Lehtinen 79/. 

The circuit groups were divided into separate 
categories depending on the measured traffic 
intensity or growth characteristics. The number 
of circuits was not used for categorizing, 
because some of the circuit groups were over
dimensioned or ~xtended during the two-year 
period and the routes generally have sufficient 
capacity. 

The nominal congestion B - calculated by means of 
the Erlang B-formula - is given in the Finnish 
Telecommunications Standards /PR 79/ as follows: 

- B = 1 % for trunk circuit groups between 
exchanges (but B = 2 % for groups with less 
than 10 circuits) 

- B = 0,1 - 0,5 % for internal circuit groups of 
exchanges, with a total max. 1.5 %. 

3.2B·l·l · 
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3. THE ANNUAL PROFILES 

3.1. The print-out of the annual intensity 
profile 

For each of the 2,728 circuit groups in this 
study, the annual profile has been plotted out 
with a two-week resolution over a period of two 
years. These data are available in 52 memory 
locations per circuit group stored in the AUTRAX 
system. A two-week intensity value is obtained as 
a mean of the busy hour values registered on a 
full-hour basis on each working day, Fig. 1. 
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Fig. 1. Two-year profile (1 Jan 1980 - 31 Dec 
1981) of one circuit group with reference points. 
Time is measured in units of two-weeks (tw) .The 
summer holidays are causing characteristic gaps. 

In order to determine the measurement weeks for 
non-continuous traffic measurement in the second 
year, the time tl for the highest intensity Yl 
in the first year is defined. The measurement 
"window" t2/1 is then 26 weeks later with a 
traffic value Y2/1. But the second year has its 
real highest intensity Y2 at another time t2. The 
scheduling error is given in two-week units: 

(1) 

and the percentage error in traffic value due to 
the timing error is 

Y2 - Y2/1 
y = (2) 

Y2 

The circuit groups with Yl~ Y2 are called here 
the growing category, groups with Yl ::>Y2 the 
diminishing category, and groups with Yl = Y2 
the staying category. (Profiles in "growth 
categories" above do not absolutely have 
corresponding growing/diminishing time series 
trends.) 

The timing errors and the intensity error for 
the observed circuit groups are given in Fig. 2. 

Table I: Proportion of circuit groups on which the 

Some concentrations towards short timing errors 
and low intensity errors can be seen. However, 
for a remarkable number of circuit groups the 
variability is large which is inconvenient from 
the view point of non-continuous measurements. 

3.2. The timing 

Some figures can be extracted from the whole 
material: 

- the high-load times of the second year follow 
those of the first year in 11.1 % of the 
circuit groups 

- the timing error is less than or equal to 2 
two-weeks on either direction on 30.8 % of the 
circuit groups 

- the measurement must last for 6 two-week 
periods, both before and after to secure the 
registration of high-load time in 50 % of the 
circuit groups. 

When the material is categorized according to the 
intensity level of the circuit groups (Table I), 
it can be seen that 

for large circuit groups the timing errors are 
slightly smaller than in small or medium sized 
groups 

- the increase or decrease does not influence the 
timing error very much. 

i70'--~------~---
Y /% 

60 r-----------------------

50 t---------,-----~~-

40 

3 0 -f--...,--~___:~-'---___,_-:---'-----'---~ 
," 

:- ! 
i--:-

A

:;:;;:.: ,: •• 

20 r---~~~~-'"~~~~~i~"~ 
.. ~~:~;:~~ :d;<~;L:~:.~ : i:~:~-i' 

10 

Fig. 2. Timing errors ~t and intensity errors 
y % for a sample of 2,728 circuit groups when the 
time of the measurement in the second year is 
determined on the basis of the first year high 
load. 

high-load time occurs exactly one year 
later or with a deviation of 4 or 12 weeks, categorized according to size and growth. 

I 1 1 Small 1 Medium 1 Big I I I 
I I Total I 10 Er! I 10-100Er~ 100 Erll Increasing I Decreasing I Staying 
I I 1 I I I I I 
I Circuit groups I 2728 I 1054 I 1564 I 110 I 1445 I 1156 I 127 
I I 1 I t I 1 t 
t Two-weeks withiq 1 I I I I I 
I a difference 0 1 11,2 %1 10,0 %1 11,8 % 1 14,5 % 1 9,6 % I 9,0 % I 48,8 % 
1 -2 ••• 2, 30,8 % I 29,6 % I 30,9 %1 40,9 %1 30,2 % I 28,2 % 1 62,2 % 

1 -6 ••• 6 t 50,7 % I 50,7 % 1 50,5 % I 54,5 %1 46,9 % t 53,2 % 1 72,4 % 
I 1 I I I I 
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Fig. 3. Distribution of the timing error on 2,728 
circuit groups. 

3.3. The error of traffic value due to 
timing error 
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Fig. 4. 2,728 circuit groups classified according 
to the percentage intensity error caused by 
timing errors. 

Quite a large number (27 %) of the circuit groups JOO ~-------------------n--------------------

are in the intensity error classes 2 to 6.9 %, 
Fig. 4, but much higher percentage errors f . 2S0 

occur. Some bbservations about Table 11 can be n ~------------------~~-------------------
made: 200 ~------------------~ ~-------------------

- in addition to those 305 circuit groups which 
have no timing error there are also 13 circuit 
groups with zero intensity error (but with a 
timing error); 
the intensity error 7.6 % is weighted by 
traffic values. The intensity errors 
concentrate on small circuit groups 
a demand for a realiability of 95 % on all 
kinds of circuit groups leads to intensity 
errors of high percentages 
on large circuit groups the intensity error is 
below 10 % if a reliability of 85 % is enough 

Fig. 5 shows that the intensity error grows quite 
fast near the mean level (7.6 %), when the timing 
deviat es from zero. (The ~rregularities are 
great, too.) This is not very significant, if the 
timing is more or less faulty. 

3.4. Errors based on a common profile 

The exami nations described above were made on a 
per circuit group basis, i.e. comparisons were 
made between the first and second year profiles 
of each circuit group. The search for the high
load time of the first year for each individual 
circuit group requires too much work in daily 
practice. 

lS0 +-------------------j 

Fig. 5. Intensity error y % compared with timing 
error At. 

The high-load time of the first year is in many 
ways easier to define for the sum traffic of all 
circuit groups together, using two-week identical 
summing of profiles, Fig. 6. (Such search for 
the high-load time could be in the conventional 
exchanges made by registering the power 
consumption.) 

A comparison between the errors based on the 
common profile and the corresponding values in 
the Tables I, 11 indicates the following about 
the sum profile vs. individual profiles: 
- the timing is less fitting (7.6 % vs. 11.2 %); 
- the intensity error increases slightly, when 

high reliability (e.g. 95 %) is called for 
(38.9 % vs. 31.9 %). 

Table 11: Upper limit of the intensity error class for a cumulative proportion of circuit 
groups, categorized according to size. 

I Small I Medium I Big I I I 
J Total I 10 Erl 1 10-100Er~ 100 Erll Increasing 1 Decreasing 1 Staying 
I I I I I I 

1 Circuit groups 1 2728 1 1056 I 1564 I 110 1 1445 1 1156 127 
I I I I I I I· 
I Weighted mean I I I I I I 
I error in the 1 I I I 1 I 
I intensity value 1 7,6 %1 13,7 % I 7,8 %1 5,2 % t 8,1 % 1 7,4 % 3,3 % 
I Cumulative I I I I I I 
I proportion of I I I I 1 I 
I circuit groups I I I I I I 
1 50 % 1 7,9 %1 12,9 %\ 6,9 % 1 3,9 % 1 8,9 % 1 7,9 % 0,0 % 
I 80 % I 16,9 % I 22,9 % I 17,9 % I 7,9 % I 18,9 % I 15,9 % 8,9 % 
I 90 % I 23,9 % I 30,9 %1 23,9 % 1 13,9 % 1 25,9 % 1 21,9 % 12,9 % 

1 95 % 1 31,9 % 1 37,9 %1 34,9 %1 17,9 %1 33,9 % 1 27,9 % 16,9 % 

I 98 % I 41,9 %1 47,9 % 1 40,9 %, 26,9 % I 44,9 % I 40,9 % 18,9 % 
I I I I 
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Fig. 6. Two-week identical sum profiles of all 
2,728 circuit groups over two years: 
------ first year 1 Oct 1982-1 Oct 1983 
------ second year 1 Oct 1983-1 Oct 1984 
~ top value of the first year, end of January 

3.5. Earlier studies on yearly profiles 

At the 1st ITC, reference was made to "the rather 
inconsiderable ••• month-to-month variations" 
from September to June in Copenhagen /Brockmeyer 
55/. A later thorough Swedish study in two long
distance circuit groups revealed the uncertainty 
in discovering the high intensity time of the 
year /Elldin 60/. 

At the 4th ITC the CCITT studies were referred as 
follows: "The busy season was liable to vary from 
year to year." " ••• the wrong choice of the busy 
season might result in a serious underestimate 
(exceeding 33 %), and the only certain solution 
to this difficulty was to measure for a much 
longer period, such as 13 weeks, and to extract 
from these results the maximum 10-day sample." 
/Wright 64/ 

In those days measurements needed separate 
equipment and also a considerable amount of 
manual work. Thus only a few circuit groups 
were studied completely. The measurement methods 
since that time have been developed and changed 
completely. 

3.6. Conclusions concerning yearly profiles 

The measurements in the 2,728 circuit groups in 
the network in Helsinki show that 
- no common high-load time of the year can be 

shown, but a time with low traffic lasting 
several weeks is quite clearly seen; 
the times with high load taken from the sum 
profiles or from circuit-group-identical 
profiles of earlier years are not of much help 
in finding the real high-load time, even for 
longer measurement periods; 
in individual circuit groups the most loaded 
two-week periods appear at arbitrary times; 
inaccurate timing of the non-continuous 
measurements causes an underestimate mean of 
the real intensity: 7.6 % for circuit-group
identical profiles and 8.0 % for yearly sum 
profiles; 
since there is a considerable deviation 
from that mean, a reliability of e.g. 90 % 
necessitates a corrective increase in the 
intensity values, obtained from non-continuous 
measurements, of 24 % for circuit-group
identical profiles and of 27 % for yearly 
sum profiles, leading to an overdimensioning 
by the same percentages in ave~age. 

4. THE TWO-WEEK INTENSITY VALUES 

In order to describe the yearly intensity 
profiles, two-week values (= 10 consecutive 
working days) obtainable in several ways have 
been used. 

4.1. Some definitions of the busy hours 

The CCITT recommendation E 500 /CCITT 84/ defines 
the "time-consistent busy hour" (TCBH), which can 
be found by adding the carried traffic values 
observed during the same quarter-hour on each of 
the (10) consecutive days. The TCBH is then the 
four consecutive quarter-hours (of that added-up 
day) which together yield the largest sum of 
observed intensity values. 

In Helsinki, a good amount of circuit groups was 
studied in 1983 by making a search for the TCBR 
timing. Since the observed 783 circuit groups 
carry traffic from both business and private 
users, the busy hours occur in the morning (9.30 
to 11.15), in the afternoon (14.15 to 15.45) and 
in the evening (18.00 to 19.45), Fig. 7. (The 
telephone call charge is the same day and night, 
having no effect in this respect.) During nearly 
every quarter-hour of a day there are circuit 
groups with busy hour just then. 
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Fig. 7. Timing of busy hours on quarter-hour 
basis for 783 circuit groups 12-23 Jan 1983. 

If the measurements are concentrated on an "in 
adv·ance chosen measurement hour" (ACMH), e.g.9.45 
to 10.45 in the morning, the real busy hour is 
found only in one of seven circuit groups in area 
networks like the one in Helsinki. The majority 
of the circuit groups are measured outside their 
busy hour, resulting in gross underestimates. 
The ACMH presents a method by which the traffic 
values could be obtained with minimal work: one 
is content with one traffic value daily, meas
ured during a fixed hour. A picture of the 
traffic situation in alternative routes during 
that hour is . obtained, but it has little to do 
with optimal dimensioning in networks with noo
coincident busy hours /Parviala 83/. 

Some telecommunications administrations have 
enhanced the significance of the ACMH values 
by prolonging the measurement time from one 
hour to 2-3 hours in the morning and maybe in 
the evening, too. The busy hour is calculated 
from this material later. The result is more 
representative if such a "post-selected busy 
hour" (PSBR) is processed from material of the 
~hole day and evening, maybe also the night, like 
the CCITT recommends by its TCBR. An abundant 
amount of data is then collected for processing 
afterwards, mostly as many as 96 traffic values a 
day. 

3.2B-l-4 
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From the viewpoint of measurements and pro
cessing of the material, another method has 
been developed in Helsinki. This easier method 
will be described in the following. 

4.2. Average daily peak full hour 

If the busy hours are chosen from profiles of 
consecutive days on quarter-hour basis, their 
average traffic value is higher than the TCBH. 
But if the daily busy hour is chosen on a full
hour basis (e.g. 10.00-11.00), the average is 
very close to the TCBH. 

This average daily peak full-hour method (ADPH) 
makes it easier to process the data: 
- for every day only one traffic value is chosen 

on the basis of logical reasoning: the full
hour traffic values of a day are compared with 
each other and the highest one is stored as 
representing the daily busy-hour value 
a moving average for the peak full hours of 10 
consecutive working days (two weeks) is calcu
lated for use as statistical material or 
printed out for maintenance purposes. 

These logical reasonings are easy enough for an 
exchange control processor to make beside of 
other operations and collecting of traffic 
values. The traffic value print-out is avail able 
immediately either daily, in two-week periods or 
once a year according to need and without 
separate processing. An alarm of any unusual 
change in the traffic can be included in these 
functions /Lehtinen 79/. 
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Fig. 8. Simultaneous intensity measurements with 
TCBH and ADPH methods in 679 circuit groups from 
29 Sept to 5 Oct 1979. 
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The advantages of the ADPH method are obvious, if 
the traffic values are similar to those obtained 
with the TCBH method. In order to verify the 
simila'rity, the AUTRAX processor was programmed 
to print out parallel traffic intensity values 
Y in erlangs using both the TCBH and the ADPH 
method simultaneously in 679 circuit groups, 
Fig. 8. A linear regression with a high 
correlation yields the formula 

YTCBH = YADPH - 0.8 Erl 

with a calculated dispersion of 1.4 Erl. At low 
traffic values - below 15 Erl - there is no 
systematic difference between the results given 
by the two measurement methods, and it is thus 
more accurate to say that 

YTCBH = YADPH 

When the TCBH method requires that the data 
are collected every quarter-hour, the data 
transmission in polling systems like AUTRAX loads 
the central processor to the extreme and the 
processor will have no time to perform the other 
important supervision tasks like surveillance of 
the individual circuits and reporting. In such 
systems continuous measurements are not possible 
beside other tasks, but the TCBH measurement must 
be planned ,for a fixed period of time (two weeks) 
and other supervision activities must be 
interrupted for that time. These restrictions do 
not apply to the collecting of data with the ADPH 
method once an hour only, thus the continuous 
measurement does not disturb the functions for 
supervision or printing. 

4.3. Earlier studies on busy hours 

The non-coincidence, i.e. the daily difference in 
the occurrence of the busy hours in different 
circuit groups, was discovered quite early and 
analyzed in the 1930's /Langer 39/. But other 
experts had differing opinions: "Experience shows 
that the busy hour occurs between 9.00 and 11.00 
am approximately and that the traffic carried 
during this period is fairly constant ••• " "The 
hour 9.30-10.30 am has accordingly been chosen as 
standard busy hour ••• (for) traffic measurements 
••• " /Brockmeyer 55/. 

In Helsinki, the studies were carried out by B. 
Ahlstedt in 1962-63. He measured traffic values 
during 90 weeks in two circuit groups on a 
quarter-hour basis /Ahlstedt 64/. The meas
urements showed that in the circuit group with 
business traffic, 63 % 'of the busy hours were 
between 9.30-11.15 am, and in the circuit group 
with domicile traffic, 82 % of the busy hours 
were between 5.45-7.15 pm. Another of Ahlstedt's 
studies dealt with daily profiles /Ahlstedt 67/, 
indicating that the daily measurement period must 
have a length of several hours. 

The time-consistent busy hours tend to give 
5-10 % lower traffic estimates than the post
selected ones, as was stated in the 1970's 
/Bear 76/ with reference to earlier studies 
/Povey 67/. 
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5. THE MEASUREMENT METHOD AND THE DlMENSIONING 

The actual CCITT recommendation E 500 /CCITT 84/ 
is mainly based on the average of busy hour 
intensities from 30, 10 and 5 most loaded days of 
the year. The measurements should be continuous 
both daily and yearly. - To find out these days, 
the measurement data will always have to be 
processed afterwards. 

Non-continuous measurements have been accepted 
as an alternative method in spite of its smaller 
supervision costs but higher network costs. 
As the non-continuous measurements may miss the 
high-load times of the year, the measured 
intensity values should be increased in 
accordance with a given correction method 
described in E 500. 

The CClTT recommends the use of the methods in 
international routes, but for national circuit 
groups, too, when they carry international 
traffic. 

The use of a daily fixed measurement hour (ACMH), 
instead of searching for the typical busy hour of 
the circuit groups with the TCBH or ADPH method, 
results in too low an intensity value in most 
circuit groups. 

In practice, some telecommunications administra
tions may use non-continuous measurements without 
correcting the results. This is perhaps not too 
hazardous if the nominal congestion is low enough 
and the forecasting methods are good: the 
dimensioning may result in a sufficient number 
of circuits /Parviala 76/. But a more exact 
measurement method yielding higher intensity 
values allows higher nominal congestions in order 
to keep the number of circuits unchanged. The 
better allocation of augmentation investments 
leads to lower total network costs. 

The collecting of data with the modern processor
controlled measurement methods is mostly not as 
difficult as the processing, reporting and 
interpretation of the data, for the latter 
functions need both processor and human capacity 
/Palanivelu 84/. Therefore a measurement method 
which at the origin of traffic data makes 
analyses and decides which data are worth storing 
for processing and which can be neglected daily, 
is superior in practice. 

3.2B-1-6 

6. CONCLUSIONS 

The study of 2,728 national circuit groups shows 
that the time of high load varies even on the 
same circuit group from year to year. The yearly 
non-continuous measurements endanger the finding 
of that time. No general high-load times were 
found, but the whole year should be measured. 
The non-continuous measurements give traffic 
intensity values which are 7-20 % too low in 
average, but the underestimate still grows at 
higher reliability demands. 

The described average daily peak full-hour method 
(ADPH) combines the advantages of the other 
traffic measurement methods, bud does not have 
their disadvantages: 
- the daily busy hours are revealed on full-hour 

basis and can be printed out daily; 
- the ADPH two-week intensity value can be 

printed out as a moving average or as a value 
for a fixed two-week period; 

- long time series, up to two years, can be 
stored in the processor, while the pruning is 
effective: out of 24 intensity values, the one 
to be stored can be chosen daily; 

- the ADPH value corresponds to the TCBH value 
recommended by the CCITT; thus the same 
dimensioning rules can be applied; 

- the ADPH intensity values can be used for indi
cating unusual traffic situations and for 
giving an early warning of a coming traffic 
growth. 

The non-continuous yearly measurements were 
motivated in the time of the conventional 
exchanges when one tried to make effective use of 
the few expensive separate measurement devices. 
Daily non-continuous measurements were motivated 
by the fact that the treating of the traffic data 
required a vast amount of human work. 

Today's processor-controlled collecting of 
traffic data with the ADPH method is capable 
of performing continuous measurements for days 
and years, of eliminating useless data and of 
printing out refined results. These can hardly 
be surpassed by the non-continuous measurements 
in economy or accuracy. 
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