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Introduction 
 
Soxtown is a Microsoft Excel workbook that mimics the switching-on of SOX streetlights at sunset. 
SOX streetlights have been widely used in the United Kingdom from the 1930s onwards. They 
work on the principle that when an electric current is passed through sodium vapour, visible light is 
produced; this light is a single colour, i.e. yellow/amber. However, this process is only possible 
when the lamp is hot enough for the initially-solid sodium to produce vapour, and so when the 
lamp is first switched on the neon which is also present in the SOX lamp tube produces (red/pink) 
light and warms up the lamp. Therefore, for the first few minutes after a SOX lamp is switched on, 
there is a transition in the colour of light produced from red to yellow. At the time this report was 
written, more information on how SOX lights work is available on my website at 
http://www.mattheweagles.co.uk/soxhow.htm. 
 
The aim of Soxtown is to show the effect of having several streets with SOX streetlights where 
each has an independent light-level sensor: at lighting-up time, a range of red, orange and 
yellow colours are displayed as shown in the example screenshot above. Although the lamps 
would more or less switch on at the same time when first installed, over time the light-level sensors 
will deviate from each other, causing the lamps to switch on over a range of times both before 
and after sunset. 
 
Two types of lamp are simulated: a GEC Z9454 (90 watts – top left photo on cover page), and a 
Thorn Beta 5 (35 watts – top right photo). Both lamp models date from the 1970s which was 
arguably a vintage era for SOX streetlighting. The GEC Z9454s are along Eleco Road in Soxtown 
and Thorn Beta 5s are on the side-roads of Philips Street, Thorn Street and Wardle Street (each 
of these imaginary streets has been named after a historical or present-day manufacturer of SOX 
streetlights). 
 
Soxtown builds on previous computer simulations of SOX streetlights that I have created: my 
original Streetlamp Simulator was in 1995, and a follow-up version came in 2001. Both of these 
versions were written in MS-DOS for Windows. Although I have written these previous simulations, 
this is the first one to be made public: it is available for download via my website, 
http://www.mattheweagles.co.uk/soxtown.htm. I have also taken information from my own 
research document compiled in 2010 and 2012, Observations of SOX streetlights 1987-2011: 
Statistical Report. 
 

http://www.mattheweagles.co.uk/soxhow.htm
http://www.mattheweagles.co.uk/soxtown.htm


Using Soxtown 
 
Soxtown simulates the behaviour of 20 imaginary streetlights. They are labelled F1 to G10 (the 
labels can be changed by the user) and will automatically switch on and warm up depending on 
four parameters: the 'effective time', sensitivity value, time to warm up to yellow, and sunset time 
– these are all adjustable by the user apart from effective time, which is indirectly adjustable.  
 

This 'effective time' after sunset, or psi (ψ) value, is the parameter that drives the simulation and is 
dependent on weather conditions. This is a concept that I first invented in Streetlamp Simulator 
2001. For example, if the sensitivity of a lamp is 2.0, it will switch on when psi = 2.0; and if it 
takes 4.5 minutes to warm up to yellow it will reach yellow 4.5 minutes later regardless of the psi 
value. Note, however, that just as in real life, there is built-in random variability of just over ± 1 
minute in the simulation (1¼ minutes to be exact). 
 
There is a choice of 78 days with weather settings ranging from a clear sky to heavy rain; the 
‘List’ tab in the Excel file gives more details. The weather conditions chosen will influence the 
effective time and therefore how early or late the lamps will switch on relative to sunset. 
 
The main simulator is in the ‘Sheet1’ tab. The left-hand columns contain the full range of warm-up 
photos (columns A to D) along with the adjustable parameters (columns F to P). The main simulation 
starts from column U where Soxtown is located, as in the screenshot below.  

 

 
 
Hence the characteristics of the lamps can be altered as follows: 
Columns F & M Name of lamp (any sequence of letters, numbers etc.) 
Columns H & O ‘Sensitivity’. The more negative/lower the number, the earlier the lamp 

switches on.  
Columns I & P How long it will take for the lamp to warm from its initial red phase (as 

shown in cells B2 & C2 – “image 0”) to yellow (cells B19 & C19 which are 
out of the screenshot – “image 17”). 

 
Scrolling to the right will show the lamps, and also some more adjustable parameters (see 
screenshot above the ‘Introduction’ heading): 
Day (cell AC11) A number from 1 to 78. Generally speaking, the lower numbers represent 

cloud-free days/evenings, whereas the higher numbers represent days of 
cloud/rain. A description of each day is in the ‘List’ tab. 

Sunset (cell AJ11) The lamps will switch on relative to the sunset time that is input. Therefore, 
the actual time of local sunset can be entered, or a time close to the current 



time of day if the user wishes to observe the lamps switching on at the 
present moment, or any other time. 

With the parameters selected, "Start timer" and "Stop timer" will start/end the simulator. 
 
The program runs in real time, so it ought to be run for up to 30-40 minutes to get the best results 
(some days will take longer than others before all lamps are switched on). While the timer is 
running, it is best to press Stop Timer before doing anything else otherwise the program may 
crash (in which case, simply re-opening Excel should be all that is necessary). 
 
The default values of sensitivity and warm-up time are based on actual lamps, using data 
published in my Observations of SOX streetlights 1987-2011: Statistical Report, as follows: 
 
Lamp F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 

Sensitivity ¹ I J K L M D E F G H N O R S T U V W a f 

Time to yellow ² B2 B3 B4 B5 B6 B7 B8 B9 C2 C3 C4 C5 C6 C7 C8 C9 C10 E2 E5 E7 

¹ All-weather average sensitivity based on 5-minute observations for the period 22 Oct 1987-11 
Jun 1988 (when the best-quality data were obtained for these lamps). 
² For the period 1993-1997 (warm-up data used from this period as it is of better quality than 
1987-1988 when more attention was paid to time of switch-on). 
 
So for example, streetlight F3 in the simulator is based on the switch-on time for streetlight K for 
1987-1988, and the warm-up time for streetlight B4 for 1993-1997. The general idea behind 
my choices is to use example lamps that will give the best simulation: the streetlights observed in 
1987-1988 had a good spread of switch-on times due to their age and the fact that each of 
them had their own light-level sensor. 
 
How Soxtown works 
 
The basic principle of simulating SOX streetlights in based on two aspects: 
1. simulating the time when a streetlight switches on 
2. simulating the way in which the streetlight warms up to full brightness 
 
Regarding (1): in the real world, each streetlight (or group of lights) has its own light-level sensor 
which will cause the light to switch on when the light level falls below a certain amount, typically 
70 lux. A proxy for this is the average number of minutes after sunset each day when a light 
switches on: 70 lux is equivalent to 5-10 minutes after sunset in fine weather, and as it is easy to 
measure the number of minutes of sunset without needing a light meter, it is this that has been used 
as the basis for the Soxtown simulator rather than lux. 
 
Over the years (1987 to 2011) my standard method of observing streetlights was to take 5-
minute snapshots and to record the number of lamps that were switched on along with their colour 
(red, red-orange, orange, yellow-orange and yellow: yellow represents the lamp when it has fully 
warmed up). Once enough days of observations have been collected, average values can be 
calculated, for example the ‘sensitivity’ of a lamp which I calculate as being the average number 
of minutes after sunset when a lamp switches on. A few variations on these themes are possible: 

• based on the first 5-minute observation when the lamp was seen on, in all weather conditions 
(in which case a correction of –2½ minutes is applied as the observations are 5 minutes apart) 

• based on the first 5-minute observation when the lamp was seen on, in fine weather conditions 
only (in which case a correction of –2½ minutes is again applied) 

• based on the exact minute when the lamp was seen on, in all weather conditions 

• based on the exact minute when the lamp was seen on, in fine weather conditions only 
 
The last of these would give the most consistent and reliable value but is the hardest to obtain and 
therefore the sample size is smaller. For this simulation I have used the first option as I have the 
most data available. 



Given that I have a light meter, I can obtain the sensitivity of each light in lux rather than minutes 
after sunset, but I believe that the latter is easier to understand in an everyday sense (and I have 
no light level data available from before 2007). 
 

To achieve (2) above, I took a series of photos of a SOX streetlights warming up from cold at 20-
second intervals, using an analogue camera in order to attempt to capture the colour of light 
correctly (digital cameras tend to be overwhelmed by the intensity of light). I had available 
archive photos taken in 2007 from two types of lamp: a Thorn Beta 5 and a GEC Z9454. Even 
with the use of a tripod, careful editing of these photos was necessary to try and eliminate x- & y-
axis 'wobble' as far as possible; this has been almost completely eliminated with the resulting 
photos being more or less steady (especially when viewed at a reduced size). 
 

The next step was to position these photos as a series in the Excel spreadsheet and then use a 
formula with a named range to relate each picture to a number which indicates to what extent the 
lamp has warmed up (and therefore the colour of its light). This number (the ‘input parameter’ in 
the spreadsheet) is on a scale of 0 to 22 representing time since switch-on of 0:00 mins:secs to 
7:20 in intervals of 0:20, with 23 being used to represent the lamp switched off. Note however 
that because individual lamps can vary in the time taken to warm up, I have built a ‘tempo’ into 
the formula that calculates the input parameter, as described later. 
 

There are 78 ‘simulation days’ which cover all types of weather including clear skies, overcast 
skies, partial cloud cover, rain, falling snow, and snow on the ground. The principle is that when a 
particular day's data is fed into the simulator, the effect will be that the lamps will be switched on 
in a pattern matching that day's weather, i.e. if the skies are clear then the lamps will start 
switching on later but then before long all lamps will be on; if raining then the lamps will start 
switching on at an earlier time and will switch on over a longer period. These 78 simulation days 
are taken from my observations of 2009-2011, using the following method: 
 

• For each day and each observation, note the number of lamps that were fully or partly on, e.g. 
"day 1 3:50 – 1 lamp on, 3:55 – 3 lamps on, 4:10 – 6 lamps on ..." etc (see example on right). 

• Compare the number of lamps on with a table of recorded sensitivity values of lamps in order 
from most sensitive to least sensitive. For example, if the observations were made in 2009 and 
the sensitivities (in order) look like this: 
{–10.4,    –5.5,    –3.2,    –1.9,    0.8,    2.3,    4.6 ...} 
and 6 lamps were seen on at 4:10, then the 
assumption is that the 6th most sensitive lamp is the last 
one to have switched on – with a sensitivity of 2.3 
minutes after sunset. Therefore, the value of "6" (lamps 
on) at 4:10 is mapped to 2.3, which is the psi value 
(effective number of minutes after sunset). 

• Once all the values have been taken and mapped to 
psi values, linear interpolation is used to obtain a full set of values to the nearest 0.1 minute 
after sunset in order that the VLOOKUP function can be used in Excel to cross-reference 

between the actual and effective number of minutes after sunset. So if at 4:10 the psi value is 
2.3 and at 4:15 the psi value is 12.3, then the value of psi is incremented by 0.2 for every 0.1 
minute after sunset: 
4:10:00   4:10:06   4:10:12   4:10:18  .....  4:14:54   4:15:00 
2.3       2.5        2.7        2.9       .....  12.1      12.3 

• With the table of lookup data now in place, the simulator will take the actual number of 
minutes after sunset and map it to the effective number (psi value), thus switching on the 
appropriate number of lamps according to the weather conditions for that particular simulation 
day. 

Note that the output psi values will not therefore always be a smooth and linear sequence – if a 
large number of lamps switched on at once in the 2009-2011 observations then psi will increase 
rapidly; whereas if no new lamps switch on then psi will keep the same value for a few minutes 
and the simulator will appear to get ‘stuck’ before progressing again. 

03:50                 

03:55               

04:00                 

04:05                 

04:10               

04:15                 



Putting this into practice, and taking lamp F1 as an example, the following cells in the Soxtown 
spreadsheet (Sheet1) determine the behaviour of this lamp: 
GENERAL CHARACTERISTICS 
AC11 The ‘simulation day’ to use, 1 to 78 
AJ10 Current time (hh:mm:ss) 
AL10 Current time (decimal) for calculations, e.g. 0.81 for 19:30 (81% of the way to midnight) 
AJ11 Sunset (hh:mm:ss) 
AL11 Sunset (decimal) for calculations 
AL12 =AL10-AL11. Multiplying this value by 60×24 gives the current number of minutes after 

sunset (‘real time’). 

AJ12   ‘Effective time’ or psi (ψ) value, calculated by the formula: 
=IF((AL12*60*24)<-70,-99.9,IF((AL12*60*24)>50,99.9,VLOOKUP(ROUND 

(AL12*60*24,1),Days!A:CA,AC11+1,FALSE))) 

An explanation is below: 
Red part – if the actual time is earlier than 70 minutes before sunset, set to a default of –99.9 
minutes (to avoid an ‘out of range’ error), otherwise … 
Green part – if the actual time is later than 50 minutes after sunset, set to a default of 99.9 
minutes (to avoid an ‘out of range’ error), otherwise … 
Blue part – look up the current actual time in a (hidden) table of all the simulation days and cross-
reference it to the actual time: this looked-up value is the ‘effective time’. 
The lookup table of values for all simulation days is kept in the hidden tab ‘Days’. For example, if 
simulation day = 15 (held in cell AC11) and actual time = 10 minutes after sunset, the required 
value is kept in column 16 (value of AC11 +1), row 805: 6.1 (which is output as the psi value). 
K12 This outputs a ‘reverse reference’ to the ‘Days’ tab in order to enable cell K2 (and similar 
cells for other lamps) to derive the real time from the effective time. It is given by the formula 
="Days!" & HLOOKUP($AC$11,Days!A2:CB3,2,FALSE) & ":CB" 

For example, if simulation day = 15 (held in cell AC11), the formula will look up the column that 
contains “15” in row 2 (answer: column P), and output the corresponding contents in row 3 (which 
as “P”, as this is the value held in row 3/column P). This “P” reference is used towards the indirect 
cell reference in the formula for cell K2 and similar cells. The actual output into cell K12 in this 
example will therefore be Days!P:CB 

SPECIFIC CHARACTERISTICS OF LAMP F1 
H2 Sensitivity (minutes after sunset) 
I2 Time to warm to yellow (minutes) 
J2 ‘Natural variability’. The behaviour of a streetlight is not completely predictable from one 
day to the next and this is simulated in Soxtown by generating a pseudo-random number 
between +1.25 and –1.25 which is fixed for each day and added to the sensitivity. The formula 
to do this is: 
=SIN(H2*MONTH(NOW()*DAY(NOW())))*1.25 

The mathematical function SIN (sine) is used as a method of guaranteeing an output between +1 

and –1. 
K2 The actual time when the lamp will switch on today, given by the formula 
=VLOOKUP(H2+J2,INDIRECT($K$12),80-Sheet1!$AC$11,TRUE) 

This depends on the combination of sensitivity + natural variability, hence H2+J2 as an input. In 

our example using simulation day number 15 as held in cell AC11 (see formula for cell K12 
above), H2+J2 will be cross-referenced against the columns P to CB in the ‘Days’ tab and the 

output will be the contents of column 65 (80 minus 15), counting from P, in the ‘Days’ tab – this 
column also contains ‘real time’ values and so the output will be the number of minutes after sunset 
when lamp F1 switches on. For example, if sensitivity of lamp F1 = 14.2 and natural variability 
1.2 and simulation day = 15, “time on today” will be 18.6 minutes after sunset (in the ‘Days’ tab, 
cell P891 is cross-referenced to cell CB891 which contains the value 18.6). It is important to know 
the time of switch-on so that the lamp can be warmed up based on real time and not effective 
time, even though the switch-on is based on effective time. (In other words, in rainy weather the 
lamp will switch on earlier, but it will still take the same amount of time to warm up.) 
L2 The ‘input parameter’ which determines which image to show of lamp F1, given by the 
formula 



=IF($AJ$12<(H2+J2),23,IF(FLOOR(($AL$12*24*60-

K2)*3*(5.67/I2),1)>22,22,FLOOR(($AL$12*24*60-

K2)*3*(5.67/I2),1))) 

The output of this is a number from 0 to 23. Image 23 represents 
the lamp switched off; 0 to 22 represent the lamp in various 
stages from image 0 (initial switch-on) to 22 (fully warmed-up 
and shining yellow) – see the images on the right. 
A more detailed explanation of the formula is below: 
Red part – if the effective time (cell AJ12) is less than the 
combination of the lamp’s sensitivity plus natural variability (cell 
H2 + cell J2), the lamp is off, so output 23, otherwise …  
Green part – we know the lamp must therefore be on, so 
compare the real/current time (cell AL12×60×24) with the time 
the lamp switched on, and determine the corresponding image (0 
to 22) based on the fact that at ‘normal speed’ the warm-up 
images 0 to 22 were taken at the rate of 3 per minute and the 
image corresponding to 5.67 minutes or 5 minutes 40 seconds 
after switch-on represents the lamp when it has just about 
warmed up to its final colour; hence the numbers 3 and 5.67 in 
the formula.  
Given that cell I2 contains the time taken for the lamp to warm to 
yellow, the ratio 5.67 ÷ I2 will give the ‘tempo’ for the lamp: 
therefore if lamp F1 takes 5.2 minutes to warm up (its default 
value), the ratio 5.67 ÷ 5.2 = 1.09, and so the rate at which the 
lamp proceeds through the sequence of images 0 to 22 will be 
109% of the normal rate in this example. The base value of 5.67 
(5 mins 40 secs) was the time taken for both the GEC Z9454 and 
Thorn Beta 5 to warm to yellow in the photos, as determined by 
simple inspection by eye. 
The Excel function FLOOR(x,1) rounds down the result of an 

expression to the nearest whole number. This is necessary as a 
whole number is required as output. 
So the green part is saying: if the rounded-down result of (time 
elapsed since the lamp switched on multiplied by the lamp’s 
speed in warming up) outputs a value greater than 22 (the last 
available image) then keep it at 22, otherwise … 
Blue part – …we can take this same expression and use it to 
output the ‘state’ of the lamp as a number from 0 to 22 which will 
correspond with one of the images shown on the previous page.  
 
Having obtained a number from 0 to 23, this is then used to 
display a corresponding image, using a technique comparable to 
VLOOKUP in Excel but with pictures instead of values as output. At 

the time this report was written, the web page 
https://www.extendoffice.com/documents/excel/4025-excel-
dynamic-image-in-cell.html explains how to change the picture 
content of a cell depending on a numeric input. The principle is 
that each lamp in situ is set to be equal to a “named range” such 
as PictureF1 (this is shown if the Excel sheet is unprotected and 
the user clicks on the image of a lamp in its Soxtown setting). This 
named range is in turn set equal to a formula such as 
=INDIRECT(ADDRESS(2-1+MATCH(Sheet1!$L$2, 

Sheet1!$A$2:$A$25,0),2)) 

In the formula above: cell L2 is the ‘input parameter’ as 
described above for the example lamp F1, which is cross-
referenced against cells A2-A25 next to the images. Column 

https://www.extendoffice.com/documents/excel/4025-excel-dynamic-image-in-cell.html
https://www.extendoffice.com/documents/excel/4025-excel-dynamic-image-in-cell.html


index 2 is used as the lamp is a GEC Z9454; if it was a Thorn Beta 5, the column index would be 
3. The initial number 2 inside the ADDRESS function indicates that the first image is in row 2. 
 

This is an effective technique for selecting images based on input parameters, but it does depend 
on careful positioning of images within the Excel spreadsheet for good results. 
 

Should anyone wish to look ‘behind the scenes’ in the Soxtown simulator, the password is: soxme 
 

Further development 
 

There are several ways in which Soxtown could be further refined: 
1. ‘Freak days’ – this is the name I have given to days where one or more streetlights switch on, 

then off, then on again. This can happen if, for example, there is a heavy shower just as it is 
starting to get dark. The rain comes, and streetlights switch on; then the rain clears, it brightens, 
and a few streetlights switch off … but as it continues to get dark, those lights switch on again. 
There are 4 freak days contained within the 78 simulation days in Soxtown: days 61 (minor), 
65, 69 (minor) and 71. In each case the weather on the day in question was overcast and 
raining. Soxtown deals with these situations well enough, but when the lamp switches back on 
the colour/state of the lamp depends on the time when the lamp first switched on, due to the 
formula that drives the ‘input parameter’. Ideally there would be a ‘decay’ or ‘cooling down’ 
parameter applied to the input parameter which reduces the lamp temperature for every few 
minutes the lamp stayed switched off. In a recent experiment, I switched on a Thorn Beta 5 
lamp for 30 minutes, switched off for 20 minutes, then back on; the lamp was mid-way through 
its red-orange phase when it switched back on, implying that in 20 minutes the state of the 
lamp cooled down from ‘image 22’ to ‘image 10’ (see the images on the previous page). I 
could not think of an easy way of implementing this in the Excel spreadsheet, and it is only 
relevant to 4 of the 78 days which seem to look acceptable in any case, and so I have not yet 
incorporated this feature. 

2. Colour of lamps in photos: at moment the GEC9454 lamp, when fully lit, looks more orange 
than the Thorn Beta 5, which looks brighter and more yellow: this suggests that the photos may 
need a little colour adjustment. They were taken with an analogue camera, and so the colour 
reproduction should in theory be correct, but this perhaps needs investigation. 

3. Soxtown could use lux as a measure of light level instead of minutes after sunset. This has the 
advantage of being independent of weather conditions in that if a lamp switches on at 50 lux 
for example then this will always be true whether the skies are clear or cloudy. However, as 
noted elsewhere, fewer days of observations are available with lux to feed into the simulator. 

4. The Visual Basic (VB) code used for the timer at present is perhaps not fully stable; possibly a 
different piece of VB code would be better in order to avoid Excel ‘crashing’. The current code 
was sourced from the Internet, and is otherwise effective. Incidentally, the simulation has been 
compiled almost entirely using formulæ in Excel; VB is used for the timer only. 

5. Simulating morning observations – at present Soxtown is only able to simulate lighting-up 
around sunset, and the order of switching off of lamps is not the reverse order of switching on. 
This point therefore affects the first paragraph in this section concerning freak days, as 
Soxtown will currently switch off lamps in reverse order during a period of temporarily 
brightening weather conditions, which may not be an accurate reflection of real life. It would, 
however, probably require a major development of Soxtown to include switching-off data. 

6. Allowing perfect interpolation between values in determining the psi value – at the moment the 
lookup table is based on the nearest 0.1 minutes before/after sunset which is generally 
acceptable but results in a ‘jerk’ of the effective time (psi) value every 6 seconds. Also, a more 
sophisticated method of interpolation could be used instead of simple linear interpolation. 

7. I have assumed that all lamps warm up through red – red-orange – orange – yellow-orange – 
yellow colours in the same uniform way; in practice this is not quite true, but it would probably 
take considerable further development to correct quite a minor limitation in the simulation. 

 

  



Revision history 
 

Version 
 

Released 
 

Comments 
 

1.1 
 

Sep 2017 
 

In this original version, different weather conditions are not simulated: 
there is only the choice of one weather type, which is fine weather. 

1.2 Oct 2017 Choice of 78 simulated weather conditions. 

1.3 Dec 2018 Now works on 64-bit computers due to change of timer. Alternative lamp 
names D to f appear as well as F1 to G10. 

1.4 Jul 2021 Instructions in “Notes” tab improved; some lamp labels repositioned. 

 
Final remarks 
 

The release month of Soxtown (October 2017) marks the 30th anniversary of the first streetlight 
observations that I carried out, and I hope very much that people will find this simulator useful. 
 
 
 
 


