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ABSTRACT

An analysis of escalator areas illumination of 
the Moscow underground is given. Disadvantages 
of the existing illumination system are shown, and 
ways of their elimination are proposed using up-
grading illumination devices with preservation of 
a “historical” image of the latter.
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1. INTRODUCTION

Illumination of the Moscow underground sta-
tion space, being most complex system ensuring 
safety of transportations and maintenance of the 
railways and all infrastructures with elements of 
cultural heritage, is a very specific problem, which 
solution is more similar to museum illumination.

As these objects are a part of the general archi-
tectural project, their illumination should be im-
plemented within the context of solving the prob-
lem for the whole system as a dual formation. The 
first subsystem is “external environment – ​entrance 
hall – ​escalator – ​central hall –platform – ​car”, and 
its exposure element is a passenger. The second sub-
system is “platform – ​tunnel” and its exposure ele-
ment is a train driver, Fig.1.

Here we deal with the first subsystem, in which 
among the station areas requiring illumination align-
ment the most contradictory elements are escalators, 
as shows analysis. It is going on because illuminan-

ce at the passengers faces changes repeatedly for 
a short time interval, for example, more than three-
fold. Besides, one should notice that such illumina-
tion, when all elements of the system are identical 
by illuminance, is ideal. As PHAROS-ALEF LLC 
studies together with representatives of escalator 
service and with power supply service of Moscow 
underground showed, the situation is complicated 
by imperfection of the existing principle of the es-
calator inclination illumination, which does not al-
low reaching modern illuminance standards prede-
termined by the requirements [1].

Respectively, due to features of the traditional il-
lumination devices (ID) structures installed on es-
calators, a principled revision of illumination ap-
proach of this station area is necessary.

A complexity of solving this problem is aggra-
vated by the fact that design of escalator luminari-
es are different and most of them requires a change 
of the diffuser structure, and in doing so, one should 
not change their appearance, otherwise, should not 
distort a “historical” image of the stations.

Implementation of emergency illumination using 
light emitting diodes isn’t less important, but this re-
quires special developments.

And finally, a support of psychological com-
fort determined by colour temperature of light envi-
ronment is necessary: this parameter of light sour-
ces should be changed from (3700–4200) K in the 
morning to (2800–3200) K in the evening (i.e. ta-
king into account the human circadian cycles).

Solution of all specified problems should be im-
plemented along with power consumption decrease, 
which was a very difficult technological problem 
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until recently. Emergence and quick development 
of powerful LED light sources allows the success-
ful overcoming obstacles on this way and solving 
some other problems of illumination upgrade. One 
of these problems, for example, alignment of il-
luminance in tunnels, on platforms, and at central 
halls is already solved based on adaptive IDs of the 
rolling stock [2], which were developed by PHA-
ROS-ALEF LLC and tested at the Moscow under-
ground.	

It is clear that the proposed underground illumi-
nation upgrade should be provided with a minimum 
range of as much as possible unified IDs and light 
sources taking into account features of their service 
maintenance.

This work is dedicated namely to solving all 
above listed illumination upgrade problems at the 
Moscow underground.

2. AN ANALYSIS OF THE LIGHT 
ENVIRONMENT STATE IN ESCALATOR 
AND PRE-ESCALATOR AREAS OF THE 
MOSCOW UNDERGROUND STATIONS

As it was already noticed, a specific posi-
tion in the underground illumination is held by es-
calators. It is specific, because illumination of this 
area practically adapts a passenger either for visual 
work in the street, or for underground light environ-

ment (halls, platforms, etc.). For this reason, con-
siderable differences in illuminance are not desir-
able for passenger eyes. So, they are not allowed 
[1]. However, the real situation obviously contra-
dicts this limitation. As the measurements show 
(Table 1), illuminance on steps and passenger eyes 
while escalator driving is different at different sta-
tions depending on the using ID structure, on their 
location, on ceiling type, on the vault inclination, 
and, which is most important, the illuminance does 
not meet the adopt standards anywhere. So, maxi-
mum illuminance at a passenger’s eyes (324 lx) is 
at Baumanskaya station, and minimum (10 lx) is at 
Kievskaya radial; maximum illuminance on a step 
(169 lx) is at Baumanskaya, and minimum (4 lx) is 
at Sportivnaya station.

On one escalator with traditional ID structures, 
(floor lamps with spherical diffusers), the illumi-
nance fluctuates from 340 lx to 186 lx when moving 
downwards and from 160 lx to 312 lx when moving 
upwards, i.e. illuminance at passengers’ eyes chan-
ges more than 1.7 and 1.95 times respectively when 
passing one ID. And when using floor lamps with 
semi-spherical diffuser IDs, it changes from 44 lx 
to 14 lx when moving downwards and from 53 lx 
to 19 lx when moving upwards (the changes are 3.1 
and 2.7 times respectively). These changes are very 
much, whereas they should be no more than 1.5 [1], 
and each such change happens during five seconds 

Fig. 1. Layout of illuminance distribution over a station space
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and total number of the changes for one escalator 
descent or ascent reaches 15–18.

Similar results were also obtained at escalators 
using IDs with other types of diffusers: matte long 
cylindrical, matte short cylindrical and transparent 
cylindrical. A reason of such illumination changes 
is in an essential change of the distance between an 
ID and a passenger when moving along with an es-
calator. A scheme of illuminance change at a pas-
senger eyes when moving along with an escalator is 
shown in Fig. 2.

Besides, within a normalised area, (an escala-
tor at the step level should have illuminance no less 
than 100 lx [1]), the measured illuminance practi-
cally at all stations was lower than the standard.

It was also dependent on the following:
–  On the distance to the IDs (for example, at 

VDNKH station it was from 15 lx to 58 lx);
–  On the ID types used (for example, when 

using IDs with spherical diffusers at Elektroza-
vodskaya station it was from 18 lx to 63 lx, and 

when using IDs with semi-spherical diffusers at 
Sportivnaya it was from 10 lx to 28 lx;

–  On power of the light sources (for example, 
for IDs with the same diffuser at Marksistskaya it 
was from 17 lx to 78 lx, and at Pushkinskaya – ​from 
51lx to 130 lx).

3. A CORRECT ESCALATOR 
ILLUMINATION IS A SET OF RADICAL 
SOLUTIONS

3.1. A Basic Technological Solution 
of Escalator Illumination

A desire to reduce illuminance changes led to de-
velopment of a new principle of escalator illumina-
tion and of the structures implementing it at Sre-
tensky Boulevard, Mehzdunarodnaya and Spartak 
stations.

In these versions, illumination in a reference 
area is made by radiation of an ID installed on the 
balustrade re-reflected from of the vault surface in-
clination, which excludes its of ID direct radia-
tion into passengers’ eyes.

By the light distribution nature, balustrade IDs 
(luminaires) installed at Sretensky Boulevard sta-
tion (Fig.3) met the requirements [1]. This meeting 
is not complete, because relation of luminous flux-
es in the top and lower hemispheres is not the best. 
The calculations show that to provide the standard 
illuminance, ID luminous flux towards the ceiling 
in this case should be not less than 5000 lm.

An analytical simulation and practical imple-
mentation of such a “balustrade” illumination con-
firm a possibility to solve the set problems but re-
quires new IDs, which are not suitable to be used at 
old stations because of their stylistic features.

Fig. 3. Arrangement of escalator area illumination at 
Sretensky Boulevard station

Fig. 2. Layout of illuminance change at passengers’ eyes 
when escalator moving

Fig. 4. Escalator standing lamp:
а – ​a proposed structure; b – ​radiation indicatrix for tradi-
tional implementation, c – ​radiation indicatrix for imple-

mentation of the proposed structure
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Nevertheless, it turns out possible to solve this 
problem using all permissible ID versions of an es-
calator balustrade without changing their historical 
image [3, 4]. So, in the most widespread escalator 
ID versions of the first stations of Moscow under-
ground made as floor lamps with spherical diffusers 
(Fig. 4), top and lower parts of diffusers should have 
different transmission factors, lower parts should 
have a small, and top parts should have a big trans-
mission factor. Such diffusers should have two are-
as, one of which (area 1) should be almost transpa-
rent (with a big transmission factor), and the second 
one (area 2) should be matte (with a small trans-
mission factor). In doing so, the light source should 
direct most part of luminous flux 3 to area 1 illu-
minating the escalator inclination vault with a mi-
nimum attenuation and forming a necessary illumi-
nance on the escalator steps using the reflected light. 
In this case, a part of luminous flux 4 (5–6 times 
lesser) should be directed to the diffuser area 2. As 
a result, with a switched on ID, the diffuser looks 
like an entirely luminous body.

Wherein dazzle of the passengers is completely 
eliminated as most part of luminous flux is limited 
by a cone, which generators are always located out 
of passenger eyes (Fig. 5) passing the IDs, and il-
luminance distribution along the balustrade vault 
ceiling is uniform enough and comfortable for the 
perception.

A visualisation of illuminance distribution  
(Fig. 6) shows that stripes created by the IDs will 
not be sighted within the visual field.

As it was already noticed, luminous flux reflec-
ted from the escalator vault ceiling creates a suf-
ficient illuminance on the escalator steps without 
visual discomfort (due to the created illuminan-
ce of (350–400) lx as it is in the station and in the 
entrance halls). Absolute illuminance values and 
their distribution in operation illumination mode 
were calculated according to the DiaLUX program 
with use of a specially developed LED lamp, which 
appearance and technical specifications are given 
in Fig. 7 and in Table 2.

In the case, when traditional escalators IDs have 
other structure, such technological solutions are also 
implemented without special problems (Fig. 8).

3.2. Emergency Illumination

A specific position in the station escalator 
area illumination system of the underground is held 

by emergency illumination, requirements to which 
assume ID operation based on alternate and di-
rect current in voltage intervals of (60–160) V and 
127 V ± 10 %.

In this case, standard illuminance on the escala-
tor steps should be not less than 10 lx.

It is clear, that solution of this problem requires 
use of a special equipment to control and connect 
IDs to operation and emergency circuits.

Fig. 5. A proposed illumination layout of an escalator: visu-
alisation of escalator inclination illumination principle

Fig. 6. Illuminance distribution on an escalator  
balustrade vault:

а – ​visualisation of illuminance on the vault, b – ​ray path

Fig. 7. Appearance of a LED lamp for general and emer-
gency illumination of escalator inclinations:

1 – ​matte diffuser, 2 – ​matrix of the main illumination, 
3 – ​line of diffuser decorative illumination, 4 and 5 – ​case, 

6 – ​socle Е27
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Functioning of such IDs with light emitting di-
odes in illumination operation mode assumes 
a shared use of areas 1 and 2 of the diffusers and 
lamps (Fig. 4 and 8), and illumination emergency 
mode supposes use of area 2 only.

Fig. 9 shows illuminance distribution on escala-
tor steps in emergency mode according to the pro-
posed solution. It is clear from the figure that the 
solution provides a comfortable illuminance for 
passenger evacuation and for recovery work, which 
is six times higher than the current limit [1].

3.3. Designation of an Escalator Moving Part 
Dimensions

Modern requirements to safety demand a desig-
nation of escalator moving part. Today this require-
ment in some cases is implemented using installa-
tion of a blue LED stripe, which use is inadmissible 
by medical parameters [5] and is forbidden due 
to fulfilment form [1]. For example, such a stripe is 
installed at the ring station Prospect Mira.

To eliminate the negative effect, replacement of 
the radiation colour with the correspondent green 
LED stripe in a diffusing shell can be used.

3.4. Adaptive Illumination of Escalators

The general trend of developing illumina-
tion systems is adaptation of the formed light envi-
ronment towards psychophysiological functions of 
a person. So, in view of the light sources develop-
ment level, construction of such systems changing 
ID colour temperature depending on day time, i.e. 
of the systems, which take into consideration psy-
chophysiological state of a passenger, is possible al-
ready today.

Such a system can be implemented based 
on LED matrices with a variable correlated colour 
temperature (Fig. 10).

4. DEVELOPMENT OF THE 
REGULATORY BASE

An analysis of the stated in paragraph 3 shows 
that today, there is a technological basis to up-
grade illumination of all areas of underground sta-
tion space including escalators. However, its im-
plementation is impossible without development 
of the correspondent standards taking into conside-
ration not only the labour protection requirements 
of the underground personnel but also the passen-
gers’ protection requirements. And it is obvious that 
the set of the controlled lighting parameters should 
be considerably expanded in this regard. For exam-
ple, along with escalator step illuminance, this set 
should include illuminance at the passengers’ eyes.

Besides, it is advisable to exclude eye contact 
with direct radiation of an observer not only from 
LED light sources but also from fluorescent lamps, 

Fig. 8. Layout of a special LED lamp operation in structural versions of traditional escalator luminaires in the operation 
illumination mode:

а – ​with a matte diffuser closed from top, b – ​with a matte diffuser opened from top, c –with a semi-spherical diffuser

Fig. 9. Illuminance distribution (lx) on an escalator step in 
the emergency illumination mode
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which, due to the luminous flux ripple, are much 
more harmful than LED light sources. And there are 
many such reasons and recommendations concern-
ing comfort of the passengers.

5. CONCLUSION

•  The presented materials confirm a possibili-
ty to upgrade illumination of all areas of the sta-
tion space, including escalators based on the exist-
ing technology facilities.

•  Illumination upgrade of the escalator areas re-
quires a revision of the light environment forma-
tion methods.

•  The proposed escalator space illumination ver-
sion and the correspondent structural solution allow 
preserving historical image of the used IDs.

•  The modernisation work of the specified illu-
mination requires a revision of sanitary standards 
and of service regulations of the underground.

REFERENCES

1. Sanitary regulations of underground operation СП 
2.5.1337–03. Sanitary and epidemiologic rules (according 
to the Resolution of the Chief state health officer of the 
Russian Federation of 4/30/2010 #50).

2. Novakovsky L.G. Illumination of the rolling stock 
is a key problem of forming light environment of the un-
derground // Svetotekhnika, 2011, #4, pp. 8–14, 16–21.

3. Novakovsky L.G., Kazovsky N.I., Kanevsky A.V., 
Peselis Yu. A. A luminaire of underground escalator bal-
ustrade // Application for PM #2017107716, 3/9/2017.

4. Novakovsky L.G., Miras Jan-Pierre, Allash E.H. 
A light device to form light beam / Invention Patent 
#159921. 2016. Bulletin #5.

5. Kaptsov V.A., Deynego V.N. Blue light of light 
emitting diodes is a new hygienic problem // Analysis 
of risk for health, 2016, #1(13), pp. 15–25.

Leonid G. Novakovsky, 
Ph.D. He is graduated from the MAMI in 1969, Director of PHAROS-ALEF LLC 
at present

Sergei A. Feofanov, 
Ph.D. He is graduated from the MADI in 2005 and Senior research associate at 
PHAROS-ALEF LLC at present

Fig. 10. Time change of correlated colour temperature Tcc of LED lamps for adaptive illumination systems


