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8 2 Basic Lighting Quantities

Fig. 2.1 Light incident
towards the road results in the
horizontal illuminance, Ehor
on the road, while the light
reflected from the road
surface results in the
road-surface luminance, L

L

Ehor

pattern and, in turn, in differences in brightness. Since brightness is finally determined
not by illuminance but by luminance, the visual performance and visual comfort of
a road user are directly influenced by the complex pattern of luminances existing in
his view of the road ahead. The refection properties of cars, bicycles, pedestrians,
obstacles and other objects in the field of view vary widely. Dry road surfaces, on
the other hand, have relatively similar reflection properties for the normal viewing
directions of a motorist towards the road area some 50–150 m in front of him. The
road-surface luminance, as achieved from a particular road-lighting installation, can
therefore be accurately predicted. The road surface often forms the background to
objects on or close to the road. This is why the road-surface luminance concept is
usually better suited than the (horizontal) illuminance concept for use in defining the
visual performance and comfort of the motorized road user.

2.2 Illuminance for Pedestrians, Cyclists and Residents

The viewing directions of pedestrians and cyclists are far more varied than those of a
motorist. The surface of interest to the former is not only the surface of the road but
also that of the pavement (sidewalk in America), the facades, and the faces of other
people in the street. For these two reasons it is not possible to work with standard
reflection properties for this category of road users. For road lighting specifically
meant for non-motorized road users we therefore fall back on the illuminance as the
basic lighting parameter.
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kde dΩ je prostorový úhel a dΦ	 je světelný tok zdroje vyzařujícího do tohoto 
prostorového úhlu. Jednotkou je kandela (cd). 1 kandela je svítivost zdroje, který v 
daném směru vysílá monofrekvenční záření o kmitočtu 540.1012 Hz vi a jehož zářivost v 
tomto směru je 1/683 W.sr-1 (wattů na steradián). 

Osvětlenost (intenzita osvětlení) v daném bodě plochy je podíl světelného toku 
dopadajícího na element této plochy: 

                                 !!
E = Φ

S
= dΦ
dSn

,  (1.14) 

kde dΦ je světelný tok, dSn ploška kolmá ke směru paprsku. Jednotkou 
osvětlenosti je lux (lx). 1 lux – plocha o obsahu 1m2 má osvětlení jednoho luxu, 
dopadá-li na ni rovnoměrně světelný tok 1 lm. 

Intenzita osvětlení v letních měsících během poledne na volném prostranství je 
100 tisíc luxů, ve stínu jen 10 tisíc luxů a v noci při úplňku jen 0,2 luxů. 

Jas vyjadřuje svítivost plochy světelného zdroje a průmětu této plochy do roviny 
kolmé k ose, na které je jas měřen. Jednotkou je kandela na čtverečný metr vii. Takto 
definovaný jas je typicky používán ve světelné technice [11]. Ve fotometrii je důležité 
pochopit skutečnost, že porovnáme-li například dvě různě velké svítící koule ze 
stejného opálového skla, které budou prosvětlovány stejnými světelnými zdroji, 
zjistíme, že menší koule se nám bude jevit jako světlejší, ačkoli vyzařovaný světelný 
tok i svítivost obou koulí stejným směrem jsou shodné. Jas svítící plochy 
v uvažovaném směru je tím větší, čím větší je její svítivost tímto směrem a čím menší 
je svítící plocha z tohoto směru viditelná. Jas svazku paprsků lze vyjádřit vztahem:  

!!
LOP =

d2Φ
dΩ⋅dSn

,  (1.15) 

kde L je jas paprsků ve směru osy svazku, dϕ světelný tok, dΩ prostorový úhel, ve 
kterém se paprsky šíří, dSn ploška kolmá ke směru paprsků, kde se realizuje plošná 
hustota světelného toku. 

V případě druhotných zářičů je nutné uvažovat, že pouze v homogenním prostředí, 
které nerozptyluje a nepohlcuje, je jas svazku světelných paprsků ve všech bodech jeho 
dráhy stejný a nezávisí na jeho poloze vůči zdroji světla. V tomto případě lze vztah 
vyjádřit zjednodušeně, kdy jas svazku paprsků nahrazujeme jasem svítící plošky: 

                    !!
L= I

Sp
= dI
dS.cosϑ

  ,
 (1.16) 

kde I je svítivost a Sp je viděná svítící plocha. Respektive v analytickém vyjádření 
je dI svítivost elementární plošky dS ve směru pod úhlem ϑ od normály.  

 

                                                             
vi tento kmitočet ve standardním ovzduší (20 °C; 50% vlhkost, tlak 101,325 kPa, index 
lomu n = 1,000279668) odpovídá základní vlnové délce λm = 555,016 ≈ 555 nm. 
vii  kandela (cd) je jednotka svítivosti, která udává svítivost 1/600 000 m2 povrchu 
absolutně černého tělesa ve směru kolmém k tomuto povrchu při teplotě tuhnutí platiny  
(2 041,4 K) za tlaku 101,325 kPa 
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REAKČNÍ ČAS (RČ)
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❖ RČ se zkracuje s nárůstem plochy podnětu (A) 
(Bonnet a další 1992, Medina-Ruiz a další 2009)

❖ RČ se zkracuje s nárůstem intenzity podnětu (I)    
(Luce 1986)
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The interaction of DR is shown in
Figure 4(a) for the interaction between con-
trast and workload and 4(b) for the inter-
action between contrast and position. The
interaction between contrast and workload is
related to the difference in the increase in
DR as a function of contrast in the static
condition compared to the dynamic condi-
tion. The interaction between contrast and
position is determined by a different behav-
iour for the right lane, for which the contrast
is influenced by the street lights in the
dynamic environment.

Further analysis by Tukey’s post-hoc test is
shown in Table 2. There is no significant
difference between the middle lane and the
left lane. The post-hoc test of contrast is
carried out separately due to the significant
interaction. In the static condition, there is no

significant difference from C0.4 to C3.2. In the
dynamic condition, there is no significant
difference between C0.1 and C0.2, and neither
between C1.6 and C3.2. In the left lane, there is
no significant difference between C0.4 and
C0.8, and neither between C0.8 to C3.2. In the
middle lane, there is no significant difference
between C0.4 and C0.8, and neither between
C0.8 and C1.6, C1.6 and C3.2. In the right lane,
the difference between C1.6 and C3.2 is not
significant.

Figure 5 illustrates the RT for each condi-
tion. It shows that the RT decreased as the
contrast increases in both conditions and
approached an asymptote. It also illustrates
that the mean RT for the middle lane and left
lane are lower than that for the right lane.
Comparing Figure 5(a) with Figure 5(b), we
can also find that the RT in the dynamic
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Figure 4 Interaction of mean detection rate: (a) between contrast and workload and (b) between contrast and position

Table 2 Results of Tukey’s post-hoc test for detection rate

Factor Detection rate (%yes)

Workload Dynamic condition (51)5static condition (71)
Position Right (53)5left (65)5middle (66)
Contrast Workload Static: C0.1(3)5C0.2(52)5C0.4(88)5C0.8(93)5C1.6(98)5C3.2(95)

Dynamic: C0.1(1)5C0.2(10)5C0. 4(50)5C0.8(68)5C1.6(86)5C3.2(94)
Position Left: C0.1(2)5C0.2(35)5C0.4(76)5C0.8(88)5C1.6(93)5C3.2(94)

Middle: C0.1(2)5C0.2(38)5C0. 4(79)5C0.8(85)5C1.6(95)5C3.2(98)
Right: C0.1(1)5C0.2(19)5C0.4(51)5C0.8(68)5C1.6(87)5C3.2(92)

Note: Items that are underlined together are not statistically significantly different.

892 Z Chen et al.

Lighting Res. Technol. 2019; 51: 883–899

Řidič v jedoucím vozidle potřebuje pro identifikaci překážky vyšší kontrast !

condition is higher than that in the static
condition before approaching the asymptote.
This also shows that the driving workload
does influence the RT such that the driving
workload should be included in the VL study
in mesopic vision. It should be noted that the
number of samples for contrast level 0.1 was
too low to reliably compute a RT. The values
for C¼ 0.1 are therefore inaccurate and will
not be included in further analysis.

An ANOVA is performed with the RT as
the dependent variable and the workload (two
levels), target position (three levels), and
contrast (five levels, except C0.1) as independ-
ent variables. Subjects are included as a
random factor, and the two-way interaction
between the independent factors is also
included. The results of the analysis are
given in Table 3. They reveal that all factors
and the interaction between workload and
contrast are statistically significant. The effect
size of workload, contrast and subject is large,
and the others are small.

The interaction between contrast and
workload is shown in Figure 6. It also
shows that the effect size of the interaction
between contrast and workload is trivial.

The results of Tukey’s post-hoc test are
shown in Table 4. The RTs for the three
positions are significantly different. In both
static condition and dynamic condition, there

is no significant difference from C3.2 to C1.6

nor between C1.6 and C0.8.
Plainis and Murray44 have derived a

monotonic function when RT is plotted as
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Figure 6 Interaction of mean reaction time between
contrast and workload

Table 3 ANOVA results for the reaction time

Factor Degrees
of freedom Significance

Partial
!2

Workload 1 50.001 0.197
Position 2 50.001 0.038
Contrast 4 50.001 0.187
Subject 12 50.001 0.189
Workload"Position 2 0.126 –
Workload"Contrast 4 0.002 0.008
Position"Contrast 8 0.440 –

Target visibility under mesopic vision 893

Lighting Res. Technol. 2019; 51: 883–899

Převzato z: Chen, Z., Tu, Y., Wang, Z., Liu, L., Wang, L., Lou, D. et al. (2018). Target visibility under mesopic vision using a driving simulator. Lighting Research &amp; Technology, 51(6), 883-899.
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❖ Rozlišujeme dva základní typy kontrastu:
❖ Weberův kontrast je definován jako rozdíl 

mezi jasem pozadí (Lp) a podnětem (Ls), 
dělený jasem pozadí:

KW = (Ls  - Lp)/ (Lp)      <-1;∞>
❖ Michelsonův kontrast (viditelnost) je dán 

poměrem rozdílu mezi nejvyšším (Lmax) a 
nejnižším (Lmin) jasem ku jejich součtu:
KM = (Lmax  - Lmin)/ (Lmax  + Lmin)    <-1;1>

TUL TUL TUL TULTUL TUL
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Contrast Sensitivity Function
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nízký vysoký

Contrast Sensitivity Function
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KONTRAST - VLIV VĚKU A VELIKOSTI PODNĚTU 
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Podle dat: Sia, D.I.T a dalších 2012
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25 let

75 let

Zhoršená světelná propustnost optického 
aparátu oka vede na prodloužení RČ !!!



VIDITELNOST VS ZJEVNOST 
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JAKÝ JE PŘÍSPĚVEK BARVY?
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KONTRAST VS. SEKUNDÁRNÍ ZÁŘIČE
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Grundlagen zum Begriff Farbe

Die hier erläuterten Grundlagen zum
allgemeinen Begrif f  der Farbe ergänzen
die Ausführungen zu den Grundlagen
der physikalischen Opt ik in Band 1 der
Handbuchreihe Seite 116 f f  und setzen
diese zum grossen Teil voraus.

Die Schwierigkeiten, das Wesen der
Farbe zu verstehen, beruhen in erster Li-
nie darauf , dass Farbe keine physikali-
scheGrösse (wiebeispielsweisedie Länge
oder die Masse) ist . Sie ist  ein Sinnesein-
druck und ähnelt  in ihrer Art  daher eher
dem Geschmack oder dem Geruch. Da-
mit  eine Farbe wahrgenommen werden
kann, ist  das Vorhandensein einer sicht -
baren St rahlung, das heisst  Licht , zwin-
gend notwendig. Ein nicht  selbst leuch-
tender Gegenstand ist  nur sichtbar und
erscheint  nur dann farbig, wenn er mit
sichtbarem Licht  angest rahlt  w ird. Seine
farbliche Erscheinung – man spricht  von
der Körperfarbe – ist  abhängig von der
Wechselw irkung zwischen der Art  der
vorhandenen St rahlung sowie der Ref le-
xion und Absorpt ion. So erscheint  uns
ein Objekt  dann gelb, wenn es mit  weis-

sem Licht  (in folgender Darstellung mit
den Spekt ralanteilen Blau, Grün und Rot
dargestellt ) angest rahlt  w ird und der
Gegenstand infolge seiner molekularen
Oberf lächenbeschaf fenheit  von diesem
Licht  nur noch den Grün- und Rotanteil
ref lekt iert , den Blauanteil dagegen ab-
sorbiert . Der Gegenstand erscheint  uns
aber auch dann gelb, wenn er eigent lich
weiss ist , aber nur mit  gelbem bzw. grü-
nem und rotem Licht  angest rahlt  w ird.

Doch selbst  unter diesen Vorausset -
zungen ist  st reng genommen noch keine
Farbe entstanden, sondern erst  eine
sichtbare St rahlung, die schliesslich  eine
Farbwahrnehmung auslösen kann. Das
Auge selbst  ist  nur der St rahlungsemp-
fänger, gewissermassen das Messgerät .
Die Farbempf indung kommt letzt lich im
Gehirn zustande. 

Dabei ist  die Feststellung wicht ig,
dass unterschiedliche St rahlungen vom
Auge nicht  zwangsläuf ig verschieden
wahrgenommen werden. Einst rahlun-
gen von monochromat ischem Licht  mit
Wellenlängen über 665 nm können vom
Auge nicht  mehr unterschieden werden,
es erkennt  dabei immer dasselbe Rot .
Die Zäpfchen sind auch nicht  in der Lage,

Farbtheorie 26

Entstehung von 
Körperfarben 
durch Ref lexion 
und Absorpt ion

HPS, W LED, 

HPS, Tcp = 1830 K W LED, Tcp = 2700 K

a) b)

a) b)
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suppress nocturnal melatonin in humans [52], but later
studies have shown that under certain conditions, as little
as 1 lux or less can suppress melatonin in humans [53].
This sensitivity highlights an important feature of this
photoreceptive system: ipRGCs receive input from the
outer retina (Figure 1A). Thus, ipRGC dendrites are tar-
gets for synaptic input from bipolar and amacrine cells, as
well as being sites for melanopsin-driven phototransduc-
tion. As a result, the ipRGC firing pattern is a composite,
integrated signal consisting of the intrinsic light response
(melanopsin photoreception) and incoming rod- and cone-
driven signals [36]. This arrangement greatly extends the
range of stimuli that can elicit circadian and neurophysio-
logical responses, and explains why animals that are ge-
netically null for melanopsin continue to exhibit non-
image-forming responses to light [16,54,55].

Spectral sensitivity
At its very origin, the signal driving physiological and
behavioral light responses (ipRGC firing) is defined by the
combined influence of multiple photoreceptive processes:
the melanopsin-driven phototransduction mechanism
within the ipRGC itself, and remote photoreception in
rods and cones (Figure 1B). Each of these mechanisms
of light detection has a distinct spectral sensitivity, de-
fined by the spectral efficiency of the photopigment
expressed and the spectral transmission properties of
the ocular media.
(i) Rods. Rod opsin, the photopigment of rod photorecep-

tors, shows peak sensitivity (lmax) at approximately
500 nm in all mammalian species. Pre-receptoral

filtering shifts this towards somewhat longer wave-
length in the standard human observer (507 nm).

(ii) Cones. Mammalian genomes typically contain several
genes encoding spectrally distinct cone opsins.
Humans, and other old world primates, have three
types of cones. Human S cones express a short-
wavelength-sensitive cone opsin (cyanolabe), maxi-
mally sensitive to wavelengths at !420 nm; M cones
contain a different cone opsin (chlorolabe; peak
sensitivity !535 nm); L cones contain a red-shifted
cone opsin (erythrolabe; peak sensitivity !565 nm
[56]). Other mammals lack the chlorolabe/erythrolabe
distinction, and have a single cone opsin maximally
sensitive in the middle of the human visible spectrum.
There are also important species differences in the
spectral sensitivity of the cyanolabe pigments. For
example, many rodent retinas have a photopigment
that is maximally sensitive to near-ultraviolet radia-
tion [57]. In humans, pre-receptoral filtering shifts
peak sensitivity of short- and medium-wavelength
cones to longer wavelength (!440 and 545 nm,
respectively).

(iii) Melanopsin. The available data indicate that the
spectral sensitivity of melanopsin, the photopigment
of ipRGCs, is similarly invariant across species, with
lmax at approximately 480 nm [58–62]. A potential
complication in relating this estimate of the spectral
sensitivity of melanopsin to the spectral response
property of ipRGCs in vivo is the suggestion that like
the rhabdomeric opsins of invertebrates, melanopsin
may be bistable [58,60,63,64]. Bistability affords

(A) (B) Re!nal irradiance

Independent representa!ons of irradiance

Integrated signals leaving the re!na

Rods

Cone

R MC LC SC M

Cones

RBC
ON CBC ON CBC

All All

ipRGC
Brain

TRENDS in Neurosciences 

Figure 1. All retinal photoreceptor classes are upstream of circadian, neuroendocrine, and neurobehavioral responses to light. (A) Schematic of the relevant retinal circuitry
in humans. Non-image-forming responses originate in the retina and have been attributed to a particular class of retinal ganglion cell (ipRGC). ipRGCs are directly
photosensitive owing to expression of melanopsin, which allows them to respond to light even when isolated from the rest of the retina. In situ they are connected to the
outer retinal rod and cone photoreceptors via the conventional retinal circuitry. The details of their intraretinal connections are not completely understood and probably
vary between different subtypes. Shown here are major connections with on cone bipolar cells (on CBCs) connecting them to cone and, via amacrine cells (AII) and rod
bipolar cells (RBC), rod photoreceptors. As a consequence, the firing pattern of ipRGCs can be influenced by both intrinsic melanopsin photoreception and extrinsic signals
originating in rods and each of the spectrally distinct cone classes (shown in red, green, and blue). (B) This feature is conceptualized in much simplified form as a number of
photoreceptive mechanisms (depicted as R for rod opsin; M for melanopsin; SC for S cone opsin; MC for M cone opsin; and LC for L cone opsin), each of which absorbs light
according to its own spectral sensitivity profile (shown in cartoon form as plots of log sensitivity against wavelength from 400 to 700 nm) to generate a distinct measure of
illuminance. These five input signals are then combined by the retinal wiring, and within the ipRGC itself, to produce an integrated signal that is sent to non-image-forming
centers in the brain. As each of the five representations of weighted irradiance is produced by a photopigment with its own spectral sensitivity profile, their relative
significance for the integrated output defines the wavelength dependence of this signal, and hence of downstream responses.

Opinion Trends in Neurosciences January 2014, Vol. 37, No. 1

3

převzato z: Lucas, R. J. et al. Measuring and Using Light in the Melanopsin Age. Trends Neurosci. 2014, 37 (1), 1–9.
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k = 683,599 lm.W-1

Rechengesetze für den Farbraum (2)

7.1 Farbmetrik - Grundlagen  |  Farbwiedergabe in den Medien  |  12
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THE CIE COLOUR APPEARANCE MODEL CIECAM02 309

Average when this ratio is about 1 (as is common when reflection prints are being
viewed);

Dim when the ratio is about 0.15 (as is common when television displays are
viewed in domestic environments);

Dark when the ratio is nearly zero (as is common in cinemas).

The correlate of lightness is then:

J = 100(A/Aw)cz

where A and Aw are the values of the achromatic signal for the colour considered and for
the adopted white respectively; c has values of 0.69 for an average surround, 0.59 for a
dim surround, and 0.525 for a dark surround; and z is given by:

z = 1.48 + n0.5

n being (as before) equal to Yb/Yw (or Ybc/Ywc). When A is equal to Aw the value of J

is 100.

15.16 CORRELATE OF BRIGHTNESS, Q, IN CIECAM02

The correlate of brightness is given by:

Q = (4/c)(J/100)0.5(Aw + 4)F 0.25
L

In this expression, to give the necessary dependence on the luminance level, the correlate
of lightness, J , is multiplied by (Aw + 4)F 0.25

L , where Aw is the achromatic signal for the
adopted white. As the adapting luminance increases, Aw, increases, and this increases Q,
as required; but the increase is insufficient, so the formula includes the power of FL, the
luminance-level adaptation factor. (However, if FL were altered, in future, so as to increase
the separation of the dynamic-response function curves along the log I axis, it might be
possible to avoid having to use FL in the formula for Q, so that its increase with adapting
luminance then depended only on the dynamic-response function; this would be a more
physiologically plausible result.)

In Figure 15.10 log Q is plotted against log luminance, log L, for an average surround.
Results are for values of 5LA equal to 100 000, 1000, and 10, cd m−2, that is, 5, 3, and
1, on the log scale, and for values of L/Lw (where Lw is the value of L for the adopted
white) of 1.0, 0.3162, 0.1, 0.03162, and 0.01, that is, densities of 0, 0.5, 1.0, 1.5, and 2.0.
The following features are evident from this figure. First, brightnesses are all reduced as the
level of illumination is reduced. Second, the slopes of the lines are approximately equal,
indicating that lightness is approximately constant with illumination level. Results similar
to those shown in Figure 15.10, were obtained by Jameson and Hurvich and by Bartleson
from both experimental scaling and modelling (Jameson and Hurvich, 1964; Bartleson,
1965, 1980). In this type of figure, equal differences in log Q represent approximately
equal differences in brightness.
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Tři vzorky mají stejnou hodnotu L* jako šedivé pozadí, vypadají však znatelně světlejší

Jas závisí na intenzitě osvětlení a čistotě

Dva objekty se stejnou hodnotou Munsellova jasu – jeden chromatický 
a druhý achromatický se znatelně liší ve vnímané světlosti

Q/Y

W

testreference

Y(C)=YQ(C)=Y(W)

C
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PC Amber BW LED2600K

SOURCE 155     NIST Color Quality Scale  ver. 9.0.3 2013.8.06 Windows EXCEL 2010/ Mac EXCEL 2011,2004

 TCS01 TCS02 TCS03 TCS04 TCS05 TCS06 TCS07 TCS08  
CCT: 6503  
Duv: 0.0032 Ra = 100 Ref.

CRI Ra: 100
R9: 100

LER (lm/W): 204
CQS Qa: 0 Test

 
DE*ab 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TCS09 TCS10 TCS11 TCS12 TCS13 TCS14 Source  

Ref.

 
 Test
 
 DE*ab 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 OG
 
 VS1 VS2 VS3 VS4 VS5 VS6 VS7 VS8
 

 Qa = 0 Ref.
 Qf = 0
 Qg = 61
 
 Test
 
 
 DE*ab 44.3 43.0 46.8 64.6 73.8 83.7 87.7 72.7
 OG OG
 VS9 VS10 VS11 VS12 VS13 VS14 VS15
 
 Ref.
 
 
  

Test
 
 
 DE*ab 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 OG OG OG
 

C. adaptation on display box switch (0:off, 1:on) -- This does not affect calculation.     
1 3-LED model 1     
2 4-LED model     
3 Phosphor model     
4 Cool White FL     
5 Daylight FL     
6 Tri-phosphor FL     
7 Metal Halide      
8 Mercury      
9 HPS      

10 Super HPS      
11 Incandescent      
12 NEODIMIUM incandescent      
13 LPS      
14 3-LED-1 (457-540-605)      
15 3-LED-2 (473-545-616)
16 3-LED-3 (465-546-614)
17 3-LED model (455-547-623) gamut expanded
18 3-LED-2 Yellow Duv=+0.015
19 4-LED-1 (461-526-576-624) max Ra
20 4-LED-2 (447-512-573-627) max R(9-12)
21 4LED no yellow
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SOURCE 185     NIST Color Quality Scale  ver. 9.0.3 2013.8.06 Windows EXCEL 2010/ Mac EXCEL 2011,2004

 TCS01 TCS02 TCS03 TCS04 TCS05 TCS06 TCS07 TCS08  
CCT: 3042  
Duv: -0.0008 Ra = 71 Ref.

CRI Ra: 71
R9: -39

LER (lm/W): 347
CQS Qa: 0 Test

 
DE*ab 3.9 3.7 4.6 6.8 4.7 4.9 5.0 7.8

TCS09 TCS10 TCS11 TCS12 TCS13 TCS14 Source  

Ref.

 
 Test
 
 DE*ab 15.2 8.5 6.7 11.7 4.1 9.8 0.0
 OG
 
 VS1 VS2 VS3 VS4 VS5 VS6 VS7 VS8
 

 Qa = 0 Ref.
 Qf = 0
 Qg = 59
 
 Test
 
 
 DE*ab 49.8 43.9 47.2 66.1 74.4 77.8 72.7 64.7
 OG OG
 VS9 VS10 VS11 VS12 VS13 VS14 VS15
 
 Ref.
 
 
  

Test
 
 
 DE*ab 8.8 9.9 10.5 7.0 9.3 7.5 10.5
 OG OG
 

C. adaptation on display box switch (0:off, 1:on) -- This does not affect calculation.     
1 3-LED model 1     
2 4-LED model     
3 Phosphor model     
4 Cool White FL     
5 Daylight FL     
6 Tri-phosphor FL     
7 Metal Halide      
8 Mercury      
9 HPS      

10 Super HPS      
11 Incandescent      
12 NEODIMIUM incandescent      
13 LPS      
14 3-LED-1 (457-540-605)      
15 3-LED-2 (473-545-616)
16 3-LED-3 (465-546-614)
17 3-LED model (455-547-623) gamut expanded
18 3-LED-2 Yellow Duv=+0.015
19 4-LED-1 (461-526-576-624) max Ra
20 4-LED-2 (447-512-573-627) max R(9-12)
21 4LED no yellow

0

400 500 600 700
-60

-40

-20

0

20

40

60

80

100

R
1
R
2
R
3
R
4
R
5
R
6
R
7
R
8
R
9

R
10
R
11
R
12
R
13
R
14 R
a

Special CRI 

-80

-60

-40

-20

0

20

40

60

80

-80 -60 -40 -20 0 20 40 60 80

Ref.

Test

a*

b*

CIELAB

Color Quality Scale (CQS)

CRI (CIE 13.3: 1995)

0

20

40

60

80

100

V
S1

V
S2

V
S3

V
S4

V
S5

V
S6

V
S7

V
S8

V
S9

V
S1

0
V

S1
1

V
S1

2
V

S1
3

V
S1

4
V

S1
5

So
ur

ce Q
a

Individual CQS

-80

-60

-40

-20

0

20

40

60

80

100

-80 -60 -40 -20 0 20 40 60 80

Ref

a*

CIELAB

b*

Color Saturation Icon

SOURCE 184     NIST Color Quality Scale  ver. 9.0.3 2013.8.06 Windows EXCEL 2010/ Mac EXCEL 2011,2004

 TCS01 TCS02 TCS03 TCS04 TCS05 TCS06 TCS07 TCS08  
CCT: 1820  
Duv: 0.0007 Ra = 4 Ref.

CRI Ra: 4
R9: -274

LER (lm/W): 403
CQS Qa: 0 Test

 
DE*ab 10.7 6.9 9.4 15.5 12.4 8.5 11.6 20.4

TCS09 TCS10 TCS11 TCS12 TCS13 TCS14 Source  

Ref.

 
 Test
 
 DE*ab 39.0 13.2 19.7 16.8 10.5 9.7 0.0
 OG OG
 
 VS1 VS2 VS3 VS4 VS5 VS6 VS7 VS8
 

 Qa = 0 Ref.
 Qf = 0
 Qg = 29
 
 Test
 
 
 DE*ab 54.4 42.5 43.2 67.0 73.4 68.9 50.9 48.1
 
 VS9 VS10 VS11 VS12 VS13 VS14 VS15
 
 Ref.
 
 
  

Test
 
 
 DE*ab 21.4 19.7 16.3 7.1 23.1 21.9 28.0
 
 

C. adaptation on display box switch (0:off, 1:on) -- This does not affect calculation.     
1 3-LED model 1     
2 4-LED model     
3 Phosphor model     
4 Cool White FL     
5 Daylight FL     
6 Tri-phosphor FL     
7 Metal Halide      
8 Mercury      
9 HPS      

10 Super HPS      
11 Incandescent      
12 NEODIMIUM incandescent      
13 LPS      
14 3-LED-1 (457-540-605)      
15 3-LED-2 (473-545-616)
16 3-LED-3 (465-546-614)
17 3-LED model (455-547-623) gamut expanded
18 3-LED-2 Yellow Duv=+0.015
19 4-LED-1 (461-526-576-624) max Ra
20 4-LED-2 (447-512-573-627) max R(9-12)
21 4LED no yellow
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CAM15U – CAM PRO PRIMÁRNÍ ZÁŘIČE 
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PC Amber BW LED2600K
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ANALÝZA VLIVU PSS NA VNÍMANÝ JAS Q
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PC Amber BW LED2600K
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3000 K LED zvyšuje Q o 27% oproti HPS
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ZÁVĚR
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❖ RČ se zkracuje s nárůstem kontrastu a velikosti 
podnětu

❖ Kontrastní citlivost je závislá na achromatické i 
chromatické složce

❖ Kontrastní citlivost stoupá s rostoucím jasem a 
velikostí podnětu

❖ V případě sekundárních zářičů je KC závislá rovněž 
na PSS, potažmo souvisí Tcp a Rf/Rg (Ra) 
světelného zdroje
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