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Appendix E – Description of Measurements at Waterloo 
Railway Station

In order to verify the computer-based methods used for modelling the ensemble
electromagnetic emissions from a number of mobile sources, real measurements, in a
real world environment, were taken.  These measurements were carried out in a large,
densly populated railway station.

E.1 Measurements and Equipment

Occupancy monitoring was carried out over a 24 hour period, commencing just after
1500 on 3 December 1997.  GSM900 and DCS1800(PCN) mobile channels were
monitored.  The following equipment was used:

Rhode and Schwarz HL 024A2 cross log periodic antenna (operational from 1 to 18
GHz, used to receive DCS1800)
Emco 3146A log periodic antenna (operational from 300MHz to 1GHz, used to
receive GSM900)
WJ 8969 microwave receiver (operational from 1 to 18GHz, used to down convert
DCS1800)
Rhode and Schwarz ESMA scanning receiver (operational over 20 to 1300MHz -
hence the need to down convert DCS1800)
Interconnecting cables, signal combiner, attenuator and GSM900 bandpass filter (in
order to eliminate signals at the down converted frequency).

Measurements were performed with IF bandwidths of 15, 100 and 2000 kHz with the
number of measurements taken at each bandwidth in the ratio 5:2:1 respectively.

DCS1800(PCN) mobile transmit: 1721.5 to 1781.5 MHz.  Channel separation:
200kHz.
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Figure E1:   A typical data file

The column headings represented the following parameters:  Frequency / MHz, Start
date, Start time, Thousandths of sec, End date, End time, Thousandths of sec,
Minimum level, Maximum level.  This gives us tables of the form:

The signal strength units are dBuV, However the system was not calibrated and level
measurements can only be considered relative to each other.

The files for the IF bandwidth of 15 kHz contain the 126 slots centred around the
frequencies:

890.0 MHz, 890.2 MHz, 890.4 MHz, ..., 915.0MHz

Note the 200kHz separation.  The following diagram represents frequency slots
covered by these centre frequencies with a bandwidth of 15 kHz

Figure E2:   Frequency slots covered by the 15kHz files.

Note, the frequency slot covered by a frequency, with a bandwidth of 15 kHz,
represents 0.7% of the channel centred at that frequency.
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The files for the IF bandwidth of 100 kHz contain the 126 slots centred around the
frequencies:

890.01 MHz, 890.21 MHz, 890.41 MHz, ..., 915.01 MHz

Again we have a 200kHz separation between centre frequencies.  The frequency slot
covered by a frequency, with a 100 kHz bandwidth, represents 50% of the channel
centred at these frequencies.

The following diagram represents the frequency slots covered by these centre
frequencies with a bandwidth of 100kHz

Figure E3:   The frequency slots covered by the 100kHz files.

The files for the IF bandwidth of 2 MHz have frequencies centred around

890.02 MHz, 891.02 MHz, 892.02 MHz, ..., 915.02 MHz

Here we have a 1MHz frequency separation.

The following diagram represents the frequency slots covered by these centre
frequencies when the bandwidth is 2 MHz  N.B. the slots covered by these centre
frequencies overlap.  Each slot covers 10 channels.

Figure E4:   The frequency slots covered by the 2Mhz files.

If we select a single frequency , say 892 MHz and look at the 2MHz bandwidth slot
that it falls into, together with the slots from the 15 and 100 files that also fall into this
slot then we have the following diagram.
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Figure E5:   The total frequency slots covered by the recorded data.

The decision threshold level (which we have taken to be the minimum of the minimum
levels recorded for each file) is 7 for the GSM15 files, 15 for the GSM 100 files and 25
for the GSM2 files.

E2. Method for recording minimum and maximum levels

The following explains, by example, the method used for creating the excel data sheets.

FigureE6:   A random waveform.

We follow the random signal waveform shown in the above diagram, starting at t1.
When the signal rises above the threshold level, i.e. at t3, we record start and end
times, the minimum and maximum levels and move on to the next time point.  If the
signal level is above the threshold, the minimum and maximum levels are updated and
the end time changed to the current time point.  This continues until the signal falls
below the threshold again.  The final entry in this sequence is the only entry that is
input into the actual data sheets.
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Start time End time Minimum level Maximum level
t3 t3 C C
t3 t4 C D
t3 t5 C E
t3 t6 C E
t3 t7 G E
t9 t9 I I
t11 t11 K K
t11 t12 K L
t11 t13 K L
t11 t14 N L
t16 t16 P P
t16 t17 P Q

Table E1:   The actual recorded chart only contains the highlighted row, giving the
following data chart.

Start time End time Minimum level Maximum level
t3 t7 G E
t9 t9 I I
t11 t14 N L
t16 t17 P Q

Table E2:   Actual recorded excel data chart.

Notes:

The actual level may go above the threshold and not get recorded since it falls between
sample times, as, for example, between R and S.
The recorded maximum need not be the true maximum since it may reach a higher
level between sample times, as between P and Q.

If only one sample value lies above the threshold before dropping below it again, as,
for example, at I, then the entry in the table will have identical start and end times.
Note where there are only two points above the line, as, for example, at P and Q, the
difference between the start and end times recorded in the chart must be the sampling
time.

For each entry in the chart we call the difference between the start time and the end
time the duration.  The minimum duration recorded for the GSM15 files is 2.8 secs, for
the GSM 100 files it is 8.8 secs and for the GSM2 files, it is 19.8 secs.
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Filename Length of time covered Min duration min (min) max (max)
gsm2a 01:57:51 19.7769 25 64
gsm2b 01:33:22 19.7783 25 64
gsm2c 01:36:39 19.7792 25 62
gsm2d 01:57:10 19.7721 25 61
gsm2e 10:33:11 19.8128 25 66
gsm2f 02:41:01 19.7795 25 83
gsm2g 02:39:40 19.8014 25 75
gsm2h 02:04:12 19.7784 25 73

gsm100a 01:57:52 8.7986 15 67
gsm100b 01:33:53 8.7983 15 67
gsm100c 01:36:40 8.7986 15 67
gsm100d 01:57:20 8.7983 15 66
gsm100e 10:33:20 8.8127 15 65
gsm100f 02:41:01 8.8108 15 83
gsm100g 02:40:00 8.8128 15 83
gsm100h 02:04:21 8.8 15 75

gsm15a 01:58:00 2.7732 7 64
gsm15b 01:33:48 2.7734 7 64
gsm15c 01:36:54 2.773 7 64
gsm15d 01:57:15 2.7723 7 60
gsm15e 10:33:32 2.7726 7 58
gsm15f 02:41:09 2.7726 7 83
gsm15g 02:40:00 2.774 7 83
gsm15h 02:04:32 2.7737 7 77

Table E3:    Summary chart of the gsm files.

If we take another look at Table E1 all we are actually given in this situation is Table
E2 and all that we can determine from this table is represented by the following
diagram:

Figure E7:   Graphical representation of Table E2.



Appendix E – University of Hull                                                                              E7

We only know the recorded minimum and maximum levels.  We cannot say anything
about what goes on in-between time samples.

N.B. This is for a single frequency only, each file contains 126 different frequencies.
To look at a single frequency as above, we have to go through each file and extract the
relevant lines.  For example, if  we take the frequency 890.41MHz with an IF
bandwidth of 100kHz, we have to extract the relevant parts of the files GSM100a-
GSM100h, i.e. the lines with 890.41 in the first column.  These 8 parts (one from each
of the 8 files) are put into a single data sheet.  We have also calculated the minimum
and maximum of the minimum and maximum levels and added these to the chart.  This
gives the following chart:

N.B. This is one of the smaller files, when some channels are extracted the resulting
chart can be as many as a few thousand line long.  This method is therefore very time
consuming.

We have converted the start/end date and times into times after 00:00:00 on 03/12/97.
With this definition of the start and end times we are able to calculate the duration for
each entry and then the midpoint between the start and end time - we call this the
“middle”.

Note, the majority of the entries have identical start and end times, this indicates that
only a single sample lies above the threshold.

If we plot the minimum and maximum levels against the “middle” value then we get
the following graph:
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Figure E8:   Minimum and maximum levels for the centre frequency 890.41MHz with
100kHz bandwidth.












