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Abstract. Stability and instability are very important for the layout of real world processes concerning safety and health
esp. when planned by scientists. The long-term investigation of stability was carried out for the last ten years on the
basis of the installation and the evaluation of an ergonomically designed outdoor illumination. In the depicted dynamic
situation the lighting design influences directly visual discomfort and human performance and in the end stability and
instability. The improvement of the adaptation of luminance and its influence on the visual tasks after the rearrangement
are presented and discussed. The effective factors on the visual capability and performance of workers, work efficiency
and potential accidents in the night shift, and furthermore the accelerators and barriers for the stability of the project are

analysed and discussed.
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1. Introduction

The stability and the instability of installations are
a major concern when realizing projects. This is espe-
cially influenced by to-day’s economic development with
many reasons for intervention and change that can over-
ride layouts. On the basis of an ergonomic design, con-
struction and evaluation of a project, it was seen as
important to undertake a generalized survey in order to
discuss and explain the effective factors for the long-
term stability and instability of a realized project. Car-
ried out for the last ten years, a longitudinal study was
used. The project procedure is shown in Fig 1.

The intentions of this project came from the com-
plaints of the workers because of bad-quality lighting situ-
ation, insufficient light for the performance of tasks and
the fears of increased accidents from the management. In
order to determine the best form of lighting for the task
and human performance, an ergonomic analysis of the il-
lumination conditions of the Central Railroad Yard “Ham-
burg South” was carried out in 1991 in the 1st phase of
this project. On the basis of the analysis, a pilot lighting
system was designed, installed and evaluated at first. The
whole lighting system was rearranged and constructed as
it was shown in [1]. Five years later in the 2nd phase the
subjective judgments and objective measurements were
carried out showing the high perceived and stable improve-

ment with some lighting standards not realized and others
overperformed, to install a person-oriented lay-out on the
one-hand side and reduce the use of lighting and thereby
save energy on the other-hand side, as shown in [2]. In
the 3rd phase about five years later, the stability and the
instability of the outdoor illumination were analysed via
a generalized survey.
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Fig 1. Project procedure
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The aim of this paper is to explain the relationship
between visual indicators (visual discomfort and human
performance) and the state of stability in lighting main-
tenance, and furthermore to explain the reasons and
present the results about the acknowledgements concern-
ing the impact on the stability and the instability of the
ergonomically designed layout and try to generalize this.

2. Analysis of visual discomfort, stability and human
performance

The initial situation of the lighting system before
intervention could be characterized by low illuminance
level, low uniformity concerning illuminance level, low
contrast and strong glare. And what seems to be contra-
dictory at a first glance, although the visibility was low,
a low maintenance level for the lighting system was re-
alized in face of a high throughput of wagons at that
time.

From a scientific view it was quite obvious that the
quality of lighting affects directly the visual discomfort
and furthermore the human performance and motivation.
It was seen decisive for how exact and quick the form
of objects, details and colours are going to be recog-
nized for the tasks in a railroad yard. Poor lighting can
lead to strain, visual fertigue and disturbance of the cir-
cadian system of workers. Fig 2 shows relations between
visual discomfort, human performance and stability of
illumination that very assumed and present the impor-
tant factors in the approach.

Inadequate visual conditions, such as low illumi-
nance level, low uniformity and dark adaptation, demand
continuous adjustments of the human visual system and
cause indirectly visual discomfort. Visual discomfort is
actually changed by individual differences. The situa-
tion of illumination stability depends on maintenance
level and economic and working environment. Both pa-
rameters “visual discomfort” and “stability of illumina-
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Fig 2. Relations between visual discomfort, human per-
formance and stability of illumination
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tion” in Fig 2 affect human performance, work quality
and personal health care.

In the first phase of this project, it is found that the
uniformity of illuminance and luminance plays a very
important role for the retinal image quality, cognitive
and motor performance. When the visual system is not
completely adapted to the prevailing retinal illumination,
its capabilities are limited. This state of changing adap-
tation — transient adaptation — can be significant where
sudden changes from high to low retinal illumination
occur. Visually, dark adaptation is experienced as tem-
porary blindness that occurs when someone goes rap-
idly from photopic to scotopic levels of illumination. The
state of the visual system changes at adaptation lumi-
nance from higher than approximately 3 cd/m? to lower
than approximately 0,001 cd/m2. This situation can cause
tiredness of the human visual system. The personnel of
the Central Railroad Yard often worked with dark ad-
aptation, because the discrimination of wagons was im-
possible in some areas. Fig 3 shows a schematic illus-
tration of the range of object luminances within which
discrimination is possible for different adaptation lumi-
nances [3, 4].

People perceive objects, such as waggons, with the
help of luminance differences between an object and
background. The adaptation luminance has a marked
influence on an observer’s estimate of the visual range
because, along with the visual angle of the object under
observation, it determines the observer’s threshold con-
trast. This effect of the adaptation luminance is to be
distinguished from the influence of background lumi-
nance. In Fig 3 three points (points 1, 2 and 3) are pre-
sented as typical observable points of luminance in dif-
ferent areas in the railroad yard from the control tower.
Point 1 presents the situation of a dark waggon in the
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Fig 3. Dispersion of luminance in initial lighting situation
(points 1, 2 and 3) and after the rearrangement (points 1’
and 3’) adapted to the general layout in [3] and [4]
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classification yard, where lighting makes the signal-to-
noise ratio between the waggon and its background too
low. This point in a black shadow makes the visibility
of the task poor and will be considered as inadequate
for quality lighting. Point 2 presents the observable point
in the hump area and point 3 for background lighting.
The staff working in the control tower must continu-
ously adjust the eye from “black shadow” to “glare”
because the luminance gradient was big. In the area of a
black shadow color can no longer be seen and details
are impossible to be discriminated. The employees in
the control tower complained about visual discomfort in
the presence of bright light sources (highway lamps) at
the back of the railroad yard. A high strain and rapid
eye fatigue can be the results because of a low unifor-
mity of luminance in the railfield.

On the basis of ergonomical investgation, it is as-
certained that the initial lighting situation characterized
by instability of illumination in the whole railroad yard
causes visual discomfort and affects directly human per-
formance. It impairs work motivation and the circadian
system in a long run especially for the elder employees
with a descending visual capability.

3. Analysis of the stability and
nomic light improvement

instability of ergo-

After the rearrangement of illumination the visual
situation was significantly improved [1]. The new light-
ing concept has reached the aim to reduce the employ-
ees’ visual strain and thus to increse the safety of night
work. The new concept has provided a good-quality light-
ing that allows workers in the railroad yard to see what
they need to see quickly and easily and does not cause
any visual discomfort. It was noticed that different de-
grees of uniformity are desirable in different locations
in the railroad yard. The most uniform illumination is
required in the immediate working area such as hump
area for the employees in the control tower. From the
measurement results it was confirmed that visual dis-
comfort was reduced through improvement of uniformity
and stability of illumination. The main points of light-
ing improvement are listed as following:

* The measured values of medium horizontal illumi-
nance were above the demanded DIN-value of 5 Ix
in every area.

* Sudden changes in illuminance levels in some ar-
eas were eliminated and the uniformities for the lu-
minance were higher than 62% in all areas.

* Visual discomfort caused by waggon shadows was
reduced.

* Visual acuity was improved by means of enhance-
ment of luminance contrast.

The last point of the above improvements can be
seen in figure 3 in comparison between points 1, 3 and
points 1°, 3’. The measurement points 1 and 3, which
were placed in critical areas in the initial lighting situa-
tion, are replaced by points 1’ and 3’ (same measure-

ment points like 1 and 3) after the rearrangement. The
illuminance situation of both points are significantly
improved and placed after the rearrangement in the “dis-
crimination” area. This reduced visual fatigue and en-
hanced work motivation in the night shiftwork.

Four years after installation, the objective and sub-
jective measurements showed that illuminance and main-
tenance were at a high level. The economic environ-
ment was favourable for transportation and the whole
system of the railroad yard had a very high throughput
at that time. The question is how the criteria for stabil-
ity of the system can be described in a long-term scien-
tific investigation.

After ten years, one of the important criteria for
the stability of the project is seen in the maintenance of
reduced strain and visual discomfort for the employees
at different workplaces. The subjective judgements on
the illumination and working activities operationalize the
strain in the initial and rearranged situation. Table shows
the results among workers under and over 50 years of
age because of optical changes in the human visual sys-
tem with increasing age.

Employees over 50 years should have severe prob-
lems according to literature [5, 6] with age-depending
influence because of the static and the dynamic visual
acuity as well as of the colour temperature preference.
Energy was saved by realizing a high uniformity illumi-
nance level and a high contrast, whereas the illuminance
level was only raised to a limited extent. This leeds to a
high positive judgement of a younger and even elder
worker.

The difference of the judgements is not so notable
among the workers under and over 50 years for carry-
ing out the different tasks. The reason is seen in the
enhanced experience of elder workers in different ac-

Comparison of subjective judgements

Medium values about _Itniti?I Rearranged
= all areas situation situation
Characteristic Unit over 50 | under 50| over 50 | under 50
Average of age Years 53,5 | 32,8 | 549 | 37
Belonging to company Years 155 | 89 | 231 | 98
Persons with glasses % 708 | 14 60 16
The feeling of "unsafe” 1low
because of the lack of 2 medium 2,42 | 2,16 | 1,71 | 1,03
lighting 3 high
1 good
Carrying out the work 2 medium 278 | 254 | 1,21 | 1,27
3 bad
) ) . 1 good
Seeing the important thing | > medium 2,75 | 2,54 | 1,36 | 1,34
3 bad
Danger of accident in Llow ’
the night work 2 medium 292 | 2,89 | 243 | 2,48
3 high
Recognizing of flat 1 good
waggons 2 medium 2,75 | 2,19 | 1,50 | 1,0
3 bad
Impairing of the visual 1notatall
capability 2 little 2,04 | 1,47 | 1,67 | 1,23
3 strong
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tivities, which can compensate the lacking of illuminance
by mental models. Elder workers state only little im-
pairing for their visual capability over the years in this
layout in contrast to literature.

4. Discussion

Nevertheless the final generalized survey after ten
years shows that especially the uniformity of illuminance
in all fields was going down again. Otherwise visual
discomfort was increased. The reason was the replace-
ment of old bulbs with significantly reduced lumen be-
cause of reducing operating costs in this railroad yard
just before the generalized survey. It could be observed
that the maintenance of lighting system is again at a
low level with broken bulbs not replaced, aged lighting
not substituted and dark ballast not displaced with a white
or lightly coloured ballast. The working environment is
affected by economic environment and the lighting situ-
ation could be characterized as instabile. The through-
put of the system was significantly reduced and the num-
ber of persons working in the system is less than that of
those working there before. The dynamic changes of the
stability of the lighting system, throughput of waggons
and maintenance situation are presented in Fig 4.

On the basis of the analysis the important effective
factors for the stability and instability of an outdoor il-

Leve of state
high
@/\ stability of the lighting
low system
high
~~ throughput of the system
low
high
@/\9 maintenance level
low
i t ]
phase 1 phase 2 phase 3 Project procedure

Fig 4. State of stability, throughput and maintenance in
different project procedures
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Fig 5. Effective stability factors

lumination installation are summarized in Fig 5.

Fig 5 shows the reasons for stability and instabil-
ity, if the lighting system is characterized as a limited
dynamic system with little support. The following inter-
action of the factors for stability and instability can be
assumed: a low illuminance level combined with a low
uniformity and/or a low contrast and/or a strong glare
leads to a deterioration of the system. This is because
people working in the system cannot discriminate the
additional deterioration caused by a low maintenance
level. This situation can impair work efficiency and ac-
cidents might happen especially for workers over 50
years. On the other hand, when the illuminance level
and uniformity as well as contrast are high and glare is
low, the discrimination of unsatisfactory maintenance can
be easily realized, and there is a push towards a higher
maintenance level and substitution of aged bulbs by the
workers. As a result, the visual stress will be reduced
and the safety will be improved.

5. Conclusions

A good stability is important for industrial produc-
tivity as well as for human performance, visual comfort
and safety. On the basis of the investigation the follow-
ing conclusions can be drawn:

* The stability of an ergonomic layout is limited and
affected mostly by an economic environment.

* The duration of the stability of an ergonomic lay-
out is shorter than the duration of the technical lay-
out.

* The stability of an ergonomic layout can be self-
intensifying via improvement of human performance
and reduced visual discomfort.

 Instability can be easily installed when the layout
of the system is on the edge of human ability.
Taking this into consideration effective and energy

saving outdoor layouts can be realized freeing the work-
ers and the management from the fear of accidents.
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LAUKO APSVIETIMO [RANGOS STABILUMAS IR
NESTABILUMAS

K.-D. Frohner, Z. Li

Santrauka

Projektuojamo lauko ap$vietimo jrangos stabilumas ar
nestabilumas turi itakos darbuotojy darbo saugumui ir sveikatai.
Siekiant, kad darbo salygos biity palankesnés, deSimti pastaryjy
mety projektuojant lauko apSvietima buvo atlieckami tyrimai.

Dirbant kintamomis salygomis ap$vietimas ne tik gali
sukelti darbuotojams regéjimo diskomforta, bet ir turi tiesioginés
itakos ju darbui. Straipsnyje analizuojama, kaip darbuotojai
prisitaiko prie lauko apsvietimo, ir kokios itakos jis turi ju darbo
kokybei. Tokiy tyrimy tikslas — tobulinti apSvietima, kad suma-
zéty nelaimingy atsitikimy naktinése pamainose, didéty darbo
efektyvumas.

RaktaZodZiai: stabilumas, ap$vietimas, skaistis, regéjimo
diskomfortas, zmoniy darbas, gelezinkelio manevravimo stotis.

CTABMWIBHOCTB U HEIIOCTOSIHCTBO
HAPYXKHOI'O OCBEIIEHUSA MPOEKTUPYEMBIX
PABOYUX MECT

K.-JI. ®penep, 3. JIn

PeswowMme

CrabuIbHOCTh M HEMOCTOSHCTBO HAPYXXHOTO OCBEICHHS
MPOCKTHPYEMBIX PabOYMX MECT OKAa3bIBAIOT BO3IEUCTBHE Ha
6e30macHOCTh PaboThl M 310POBbE PaOOTHHUKOB. Paboras Hax
YIAy4IICHHEM YCJIOBHH Tpylda M NPOEKTHPYS HapyKHOE OCBe-
IIEHNE, aBTOPHI B TEUCHUE MOCIICAHMUX JICCSTH JIET UCCIIEI0BAIH
BIIMSHUE HAPY)KHOTO OCBEUICHHS. B AMHAMHYECKUX YCIOBHSIX
HCCIIelyeMOe OCBEIICHHE OKA3bIBAeT HEMOCPEICTBEHHOE BO3-
JefiCTBHE HA BU3YaJbHBIA UCKOM(POPT pabOTHUKOB U UX paboTy.
[Tpoananu3upoBana aganTtanys pabOTHUKOB K HapYKHOMY
OCBELICHUIO U ee BIMSIHUE Ha KauecTBO paboTsl. MccnenoBanue
npoOieMbl JOKHO CIOCOOCTBOBAaThH YMEHBIIEGHHIO 4YHCia
HECYACTHBIX CIly9acB B HOYHYIO CMEHY, a TAKKe YIydIICHHUIO
3G PEKTHBHOCTH PabOTHI.

KitoueBbie clioBa: CTAOHIBHOCTD, OCBEIIEHNE, OCBEIICH-
HOCTb, BU3yallbHBIA AMCKOM(MOPT, paboTa IOACH, JKEIe3HO-
JOPOXHBIC MAaHCBPEHHBIC ITYTH.





