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Abstract

Mesopic light levels, i.e. light levels in which
both the cones and rods are active, is a field
about which more information is needed. The
purpose of this investigation was to find some
answers to the questions concerning peripheral
vision and visual fields size in mesopic light
levels. This kind of investigation has not been
done before. Visual fields have been measured
for a long time, but never in the mesopic region
and using varied light colours. This was now
possible using the modified Goldman
perimeter. Eleven subjects participated in the
experiments.

1 Introduction

All light measurements and dimensioning are
based on the photopic V(A). For many practical
applications, however, it is not only the
photopic conditions that are of interest. For
lighting dimensioning and photometry, for
example in most night-time outdoor lighting
conditions, it is the mesopic lighting region that
is of more practical interest.

Many researchers and research institutes are
today interested in the mesopic light levels.
Some researchers concentrate on foveal vision
and some investigate adaptation information is
also needed about the peripheral vision at low
light levels.

However, in my opinion this is a very
important sector. Only in peripheral vision can
we investigate all types of receptors at the
same time. This is important if we want to get
new information about lighting situations
where both rods and cones are active.

2 Basic information about vision
2.1 Spectral sensitivity of the human eye

At photopic light levels the spectral sensitivity
of the eye is expressed by the V(A) curve in
Figure 1. The lowest level of photopic lighting
region is not clearly defined. The luminance
limit definition between photopic and mesopic
regions varies between about L>3...10 cd/mz,
the CIE definition is “at least several cd/m>”. [1,
2]

Photopic V(A) has been measured using 2° visual
target. If the vision is peripheral, the spectral
sensitivity curve measured with a larger visual
target is useful. This kind of curve is called the
Vio(A)-curve, and it is also shown in Figure 1.
The difference between V(A) and V;o(A)-curves
can be found in short wavelengths. The relative
spectral sensitivity of V;o(A) is clearly higher
there. The reason for this is simple. On the
retina there are three kinds of cones. They are
called blue-, green- and red sensitive cones.
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Figure 1 Different spectral sensitivity curves of the eye.



The distribution of these cone types is not
uniform. In the fovea there are not many blue
sensitive cones. Therefore it is clear that the
spectral sensitive curve measured using a larger
visual target has higher values in the short
wavelength region.

At very low light levels the energy of the light is
not sufficient to activate the cones, but the rod
photoreceptors will be activated. The V’(4) curve
describes the shifting of the spectral sensitivity
towards shorter wavelengths at very low light
levels. The upper luminance limit of the scotopic
region is defined as about L<0.001...0.03 cd/m” [1, 2].

2.2 Visual field

When ophthalmologists define visual fields,
they usually mean the region that one eye can
see at a time. A good way to measure the visual
field is to use a hemisphere onto the surface of
which a light spot is reflected as a visual target.
The size of the field depends strongly on the
measurement conditions. If the visual target is
very small and the contrast between target and
background is low, the visual field will be
smaller than if the target is big and bright.
Therefore, the measuring conditions must
always be specified when describing visual
fields as done in Figure 2. [3]

A common way to describe the visual field is to use
angular degrees to describe both the size of the
visual field and also the measuring directions.
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Figure 2 Normal visual field of the right eye. L, is
luminance of the background and L, is luminance of the
target. @is size of the target. Hatched area is the blind spot.
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en the photopic and scotopic. In this range both
rods and cones are active. Most publications
define the mesopic range to be between
0.001...3 cd/m? as shown in Figure 3.
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Figure 3 Locations of photopic, scotopic and mesopic
ranges [4].

We can find mesopic conditions, for example
when driving a car at night. The lowest road
surface luminances recommended in road
lighting are about 0.1 cd/m?.

3.2 Calculating mesopic luminances

The spectral sensitivity curve of the eye in the
mesopic range is not as simple to define as in
the photopic or scotopic range. This because
both rods and cones are active. In mesopic
lighting conditions several spectral sensitivity
curves may be needed, depending on light level
and the visual tasks. The shape of the curves
may also vary. One estimate of mesopic
spectral sensitivity curve is shown in Figure 4.

Because the spectral sensitivity curve in the
mesopic range is not the same as in the
photopic range the Iluminances are also



different. Some methods for calculating these
luminances have been developed. He et al. [5]
have made investigations based on reaction
times and developed a model which is quite
easy to use. The model assumes that the
mesopic spectral sensitivity curve is a linear
combination of V;y(4) and V{A). According to
this model, the basic equation for calculating
mesopic luminous efficiency is then

‘/mes(ﬂ’) = kl (XVIO(]’)+ (I_X)V,(ﬂ)) (1)

The value of x is the result of many calculations
and iterations. With this V,,.(A), the “mesopic
luminances” can be calculated. The only
problem of the model is that it needs radiance
data of the visual target and these
measurements are not very practical to make.

4 Experimental set-up

Equipment which can measure visual fields is
called a perimeter. One example of a perimeter is
the Goldman perimeter shown in Figure 5. We
have made a few modifications on it together with

Figure 5 The Goldman perimeter. The bright areas in the
top of the perimeter were covered during the
measurements.

The Goldman perimeter is simply a
hemisphere, onto which a light spot can be
reflected as a visual object. The subject looks at

the fixation point in the middle of the
hemisphere and tells when the visual object can
be seen. It is possible to move the visual object
over the whole surface of the hemisphere.

In our version of the perimeter it was possible
to change the colour and luminance of the
surface. Three surface luminance levels were
used. The low level was 0.1 cd/mz, the medium
level 1 cd/m” and the high level 5 cd/m?. Four
different light spectra were used and they are
shown in Figure 6. The changing of the light
level and colour of the light was made possible
by the lighting control system consisting of
optical fibres. The surface and the visual object
had the same colour and the luminance ratio
Lturget/Lsurface was 1:3.

Eleven subjects, aged 20...24 year participated
in the experiments. Their vision was examined
at Helsinki University Central Hospital before
the measurements, to make sure that their
visual fields and colour vision were normal.

Every test person’s visual field was measured
from two directions: from the right at
15 degrees above the horizontal plane and from
downwards vertically. These fields were
measured in all 12light conditions. The
measurements were made one colour at a time
and the adaptation time between each light level
was five minutes.
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Figure 6 Spectra of used lights.

5 Results



Statistical analysis was made to find out the
effect of luminance level on visual field for
each of the four light spectra separately.
Further, the effects of light spectra on visual field
at constant luminance level are analysed. In the
analysis the Friedeman test was used. The test is
suitable for analysing non-parametric
observations. The significance level p<0.05 was
used.

The mean values (degree) of the measured
visual fields are shown in Figure 7. We can see
that in the red at the lowest luminance level, the
visual field is clearly smaller than in the other
cases. This difference in also statistically
significant. In the experiments the luminance
levels were calculated with V(4). These
luminances were also converted to mesopic
luminances by calculations. It is interesting to
see that the shapes of the graphs of the visual
fields are partly quite similar to the shapes of
the graphs of mesopic luminances in Figure 8.
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Figure 8 Calculated mesopic luminances of each
luminance level organised by colour.
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Figure 7 Means of measured fields organised by colour.
The bars show the standard deviation.

From the results we can see that the visual field
gets smaller when light level decreases although
the contrast between the surface of the bowl and
the visual target remains constant. The effect was
strongest in green and red colour when the visual
field is measured at the right. Only in the field
measured from below in blue light was there no
difference between any of the light levels. The
reason for differences between colours could be
that spectra of green and red do not reach the
region of spectral sensitivity curve of rods and
visual fields at equal luminances (V(A4) - weighted)
are smaller with green and red lights. Another
interesting observation is that graphs of mesopic
luminances have similar shapes to the graphs of
visual fields.
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PERIMETRUL GOLDMAN iN
STUDIUL CAMPULUI VIZUAL
LA NIVELURI SCAZUTE DE LUMINA

1. Introducere

Toate masurarile luminii si dimensionarea
se bazeaza pe functia fotopicd V(). Pentru
multe aplicatii practice, totusi, nu numai
conditiile fotopice prezintd interes. Pentru
dimensionarea iluminatului §i in fotometrie, de
exemplu Tn majoritatea conditiilor de iluminat
exterior pe timp de noapte, existd o zona de
lumina mezopica care prezinta interes.

Multi cercetatori si institutii de cercetare
sunt astdzi interesati de nivelurile de lumind
mesopicd. Unii cercetdtori se concentreaza pe
vederea foveald, astfel ca sunt necesare
informatii determinate experimental privind
vederea periferica la niveluri de lumina
scazute.

Totusi, in opinia mea, acesta este un
domeniu important. Numai in vederea
perifericd se pot investiga toate tipurile de
receptori in acelasi timp. Acest fapt este
important dacd dorim sd obtinem noi informatii
despre situatiile cand atat conurile cat si
bastonasele sunt active.

2. Informatii de baza despre vedere

2.1 Sensibilitatea spectrald a ochiului uman

La niveluri de lumina fotopica sensibilitatea
spectrald a ochiului este exprimata prin functia
V(A) - Figura 1. Cel mai scazut nivel al zonei de
lumind fotopicd nu este bine definit. Definirea
limitei luminantei dintre zonele fotopice si
mesopice variazd intre [>3...10 cd/mz,
definitia CIE fiind “la cel putin citeva cd/m*”.
[1.2]

Functia V(7) fotopica a fost masurata utilizand
o sarcind vizuald de 2° Dacd vederea este
perifericd, este utild sensibilitatea spectrald
masuratd cu o sarcind vizuala mai mare. Acest tip
de curba se numeste curba V;(4). Diferenta dintre
curbele V(A) si Vio(d) se gaseste 1n intervalul
lungimilor de unda scurte. Sensibilitatea spectrald
relativa a Vjy(A) este mai mare in aceastd zona.
Motivul este simplu. Pe retina exista trei tipuri de

conuri. Acestea sunt conuri sensibile la albastru,
verde si rosu. Distributia acestor tipuri de conuri
nu este uniforma. in fovee nu sunt multe conuri
sensibile la albastru. De aceea, sensibilitatea
spectrald mésuratd cu ajutorul unei sarcini vizuale
mai mari are valori mai mari n zona lungimilor de
unda scurte.

La niveluri foarte scazute de lumina,
energia luminoasd nu este suficientd pentru a
activa conurile, dar vor fi activati fotoreceptorii
de tip bastonage. Curba V’(1) aratd deplasarea
undd scurte la niveluri de Iumina foarte
scazute. Limita superioard de luminantd a
regiunii scotopice este L<0,001 ... 0,03 cd/m?
[1,2].

2.2 Campul vizual

Cand oftalmologii definesc campurile
vizuale, de obicei se refera la regiunea pe care o
poate vedea fiecare ochi in parte. O modalitate
de masurare a cAmpului vizual este de a utiliza
ca sarcind vizuald o semisferd pe a cérei
suprafatd se reflectd un fascicul luminos.
Marimea campului depinde de conditiile de
madsurare. Daca sarcina vizuala este foarte mica
si contrastul dintre sarcina si fond este scazut,
campul vizual va fi mai mic decat daca sarcina
este mare si luminoasa. De aceea, conditiile de
masurare trebuie sd fie intotdeauna specificate
cand se descriu ciAmpurile vizuale - Figura 2.
(3]

Un mod obisnuit de descriere a campului
vizual utilizeaza gradele unghiulare, atit pentru
dimensiunea campului vizual, cat si a directiilor de
masurare.

3. Nivelul de lumina mesopica

3.1 Conditiile mesopice

Zona de lumind mesopicd este intre cea
fotopici si scotopici. In aceasti zond sunt
active atdt bastonasele cat si conurile.
Majoritatea publicatiilor definesc intervalul
mesopic Intre 0,001 ... 3 cd/m” - Figura 3.

Se pot intalni conditiile mesopice cind se
conduce un automobil in noapte - cele mai
scdzute luminante recomandate ale suprafetei
soselei sunt 0,1 cd/m>.



3.2 Calcularea luminantelor mesopice

Curba de sensibilitate spectrald a ochiului Tn
zona mesopica nu este atat de simplu de definit
ca si in zona fotopicd sau scotopicd. Aceasta
deoarece atat conurile cat si bastonasele sunt
active. In conditii de luminid mesopicd sunt
necesare cateva curbe de sensibilitate spectrald, in
functie de nivelul de lumind i sarcinile vizuale.
Forma curbelor poate de asemenea sd varieze. O
astfel de curba spectrald mesopica este prezentata n
Figura4.

Deoarece curba de sensibilitate spectrala in
zona mesopicd nu este aceeasi ca in zona
fotopica, luminantele sunt de asemenea diferite.
S-au dezvoltat cateva metode de calcul a
acestor luminante. He si altii [5] au efectuat
investigatii bazate pe timpii de reactie si au
dezvoltat un model care este destul de simplu
de utilizat. Modelul presupune ca acestd curba
de sensibilitate spectraldi mesopicd este o
combinatie liniard 1intre Vip(4) si V(1)
Conform acestui model, ecuatia de baza pentru
calcularea eficientei luminoase mesopice este -
(D

Valoarea x este rezultatul mai multor calcule si
iteratii. Cu aceastd functie V,.2) se pot calcula
“luminantele mesopice”. Singura problemd a
modelului este cd necesitd date de radiantd a
sarcinii vizuale, care nu sunt foarte usor de
masurat.

4. Configurarea experimentala

Echipamentul care poate masura campurile
vizuale se numeste “perimetru”. Un exemplu
de perimetru este perimetrul Goldman - Figura 5.
S-au facut cateva modificari asupra lui, in
colaborare cu Spitalul Central Universitar din
Helsinki.

Perimetrul Goldman este o semisferd pe
care se reflecta un fascicul luminos, ca obiect
vizual. Subiectul priveste intr-un punct fix aflat
in mijlocul semisferei si anuntd cind obiectul
vizual poate fi observat. Este posibila
deplasarea obiectului vizual pe intreaga
suprafatd a semisferei. in versiunea noastra,
perimetrul permite modificarea culorii si a
luminantei suprafetei. S-au utilizat trei niveluri
de luminante a suprafetei: nivelul scazut - 0,1

cd/mz, nivelul mediu - 1 cd/m? si nivelul ridicat
- 5 cd/m®. S-au utilizat patru spectre de lumina
diferite - Figura 6. Modificarea nivelului de
lumind §i a culorii luminii a fost posibila cu
ajutorul sistemului de control care contine fibre
optice. Suprafata si obiectul vizual au avut
aceeasi culoare si raportul Ly cing/Lsuprafaa @ fost
1:3. La experiment au participat unsprezece
subiecti, cu varsta intre 20 si 24 de ani. Inainte
de efectuarea masurdrilor le-a fost examinatd
vederea la Spitalul Central al Universitatii din
Helsinki pentru a exista certitudinea ca vederea
cromatica si cAmpuri vizuale ale acestora sunt
normale.

Campul vizual al fiecarei persoane testate a
fost masurat in douad directii: de la dreapta la 15
grade deasupra planului orizontal §i de jos in
sus pe verticald. Aceste campuri au fost
masurate in toate cele 12 conditii luminoase.
Masurarile au fost facute pe rand pentru fiecare
culoare, iar timpul de adaptare pentru fiecare
nivel de lumina a fost de cinci minute.

5. Rezultate

Au fost efectuate analize statistice de
determinare a efectului nivelului de luminanta
asupra campurilor vizuale pentru fiecare din cele
patru spectre luminoase. In plus, sunt analizate
efectele spectrelor luminoase asupra campului
vizual la un nivel de luminanti constant. In
analizd s-a utilizat testul Friedeman. Testul este
corespunzator pentru analizarea observatiilor non-
parametrice. S-a considerat un nivel p<0,05.

Valorile medii (grade) ale campurilor vizuale
masurate sunt prezentate Tn Figura 7. Se poate observa
cd pentru culoarea rosie, la cel mai scazut nivel de
luminanta, campul vizual este mai mic. Aceastd
diferentd este semnificativd din punct de vedere
statistic. Nivelurile de luminante s-au calculat pe
baza functiei V(). Aceste luminante au fost, de
asemenea, convertite prin calcule la luminante
mesopice. Este interesant de observat ca formele
graficelor campurilor vizuale sunt partial similare cu
formele graficelor luminantelor mesopice din
Figura 8.

Din rezultate se poate observa diminuarea
campului vizual cu scdderea nivelului de
lumind, desi contrastul dintre suprafata



semisferei si sarcina vizuala rdméane constant.
Efectul a fost mai puternic pentru culorile verde
si rosu cand campul vizual este masurat la
dreapta. Numai Tn campul masurat de jos la
lumind albastrd nu a existat nici o diferenta
pentru oricare din nivelurile de lumina. Motivul
diferentelor intre culori ar putea fi acela ca
spectrele verde si rosu nu ating zona curbei
sensibilitatii  spectrale a bastonaselor si
campurile vizuale la luminante egale sunt mai
mici pentru culorile verde si rosu. O alta
observatie interesantd este aceea ca graficele
luminantelor mesopice au aceleasi forme ca si
graficele cAmpurilor vizuale.



