
Fundamentally, there is not 
much wrong with that … except for 
misunderstanding glare. It is not about 
UGR and it certainly cannot be claimed 
that you have a UGR 19 compliant 
luminaire, well legally anyway.

So back to the start. Remember  
the old days of fluorescent luminaires, 
T8 or even T12 lamps? Three or four 
lamps per fitting with an opalised 
drop dish diffuser or flat panel 
below? If you do, you will  
remember the glare they  
caused. Large lamps, bright  
diffusers, ceilings full of them to  
get enough light onto typewriters 
and drawing boards. Glare was a  
real issue, leading to strained eyes 
and headaches.

Move on a decade and we develop 

the louvre, using state-of-the-art, 

99.9% pure aluminium and stick one 

over on glare by hiding the direct 

view of the lamp and directing light 

where it needed to go. At the same 

time, we saw increases  

in efficacy and 

fewer fittings in the ceiling. Glare 
understandably dropped.

Add now the modern (for the 1990s) 
cathode ray tube PC screen and we find 
reflected glare in these screens becomes  
the issue. Lighting manufacturers  
jumped at the challenge and dark 
light Category 1,2 and 3 louvres  
were born.  
   These new louvres caused a problem.  
        The glare metric of the time  
    suddenly gave out negative 
                        values. Louvres appeared  
                            to be sucking up glare.  
              If you worked under them, 
you may have felt the same. Certainly, 
no glare, no light on the walls or 
ceiling either, but now glare had  
been solved. 
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To avoid confusion, we rewrote  
our glare metrics and UGR had a new 
formula. Negative glare was a thing 
of the past and we introduced the 
historic “four just men” – just 
perceptible, just acceptable, just 
uncomfortable and just intolerable. 
Glare had names and, if you looked, 
numbers (10, 16, 22, 28). “in a sense, 
the UGR system represents a triumph 
of mathematical manipulation over 
human perception” – Peter Boyce, 
Human Factors in Lighting, 20.3.

We allocated these against 
applications. After all, UGR was an 
application measure and all was 
peaceful while fluorescent lamps 
went from T12 to T8 and lastly T5.  
In fact, we had it so well controlled, 
the UGR metric was almost forgotten.

Where did it all go wrong? LED  
of course. The saviour in our race  
to reduce energy has brought back 
glare. LED is inherently bright. To be 
technical, it can have a centre line 
luminous intensity greater than 
10,000 candelas, all that in a matter 
of a few square millimetres. Not 
something you want to look at. 
Experts suggest anything above 
2500cd/m2 is a problem, though it 
depends on the ambient and the 

observer’s adaptation at the time. 
That, along with the drive for fewer  
LED (costly things at the time) and 
therefore higher light output per  
LED designs lead us to now. A time  
of glary fittings or, if you believe  
the manufacturers, a time of  
UGR 19 luminaires.

For a start. UGR is a metric only 
defined in application. You need the 
room, the surface finishes, the 
luminaire and its layout. Without 

those things you cannot work out 
UGR. As an expert you should believe 
me, but recently experts have become 
a little disbelieved. If you chose not 
to believe me, look to Frankfurt 
Higher Regional Court in the matter 
of XAL versus Planlicht, 2016, 

“Only luminaires that actually have 
a UGR value (Unified Glare Rating) of 
less than 19 may be advertised as 
such. If other luminaires in the same 
family do not meet this criterion, they 
may not be advertised as such.”

Now, given that UGR can only be 
calculated if you know the background 
luminance, then you must know of 
the room before you can confirm 
UGR. Here’s the equation:

UGR = 8log10 (0.25
Lb

 )Σ (Ls
2.ωp2)

That bit on the bottom Lb is the 
luminance of the background. To  
get that you need to know the 
number, lighting power, placement 
and distribution of the luminaires, 
and the qualities of the room and  
its surfaces.

So, how can it be that a 
manufacturer can sell a UGR 19 
luminaire? Assuming they test the 
luminaire in spaces of all sizes 
(rectangular only, but we’ll come  

… the great misunderstood 
law of lighting design 

LED flat panel UGR<19.

The louvre was a major advancement for the time and “stuck one over“ on glare by  
hiding the direct view of the lamp and directing light where it needed to go.

Glare isa real issue, leading to strained eyes and headaches.

GLARE

If we were to talk 
about glare, I bet  
a large number  
of lighting  
people would  
mention UGR,  
and in particular  
a UGR 19 fitting,  
writes Iain Macrae.
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to that) and with all possible 
reflectance variables, then it could 
be true that in all applications the 
luminaire is indeed UGR 19 or less.

UGR<19 
Truth is they don’t test all of the 

possibilities. Maybe they test only 
those typical of offices? Maybe only 
reflectance of 70%/50%/20%. Given 
the number of dangerous fittings 
found in recent market standards 
checks, I would bet a few don’t even 
work out anything. Marketing, not 
necessarily lies, but as good as 
statistics, if you know the phrase.

Let us pause for a moment and 
assume you have ignored the 
manufacturers’ claims. You have 
done the right thing, downloaded 
validated photometry and used 
software to calculate UGR in your 
application. You have the numbers 
and the scheme is UGR compliant. 
The client, however, has complained 
of glare.

Whoa, hold on, how can that be if 
it meets the standards? Well, UGR is 
not built on solid ground. For one 
thing the formula assumes a regular 
array or uniformly-lit luminaires in  
a rectangular room. All these things 
are possible, but you might have an 
L-shaped room, or a regular array 
combined with some spotlights or 
some other variation. Both could 
affect glare, and the spotlights 
certainly do.

What about the uniformly lit 
luminaire? Herein lies a problem. 
UGR starts diverting from user 
experience. Research by many across 
the lighting world has identified that 
luminaires, where you can see 
significant differences in luminance 
across the surface, exhibit higher 
glare than those with uniform light. 
If you can see the LED light sources 
and the spacing of each is just right, 
you can get pattern effects combined 
with intensity variation and this 
leads to even greater glare 
experience.

  

The Commission Internationale de 
l’Eclairage (International Commissions 
on Illumination – CIE) has been 
working on this (CIE 232, 2019) and 
has identified key cases where UGR 
needs adaptation to be closer to users’ 
experience of glare. For each they 
suggest amendments to the UGR 
metric, the main reasons being:
• Non-uniformity of optic, especially  
 when in the centre of view;
• Use of fewer, higher luminance  
 LED for a given luminous flux  
 (lumens);
• LED pitch and patternation  
 approaching 0.14 degrees;
• Background luminance is low  
 (perhaps not a surprise).

There is also some discussion over 
photometric methods with moves to 
use high pixel density HDR cameras 
to image the luminaire rather than 
conventional photometers. This HDR/
high pixel imaging reveals true intensity. 
If you know photometry, it is based 
on measurement via sensors, one 
sensor seeing the whole luminaire 
from a suitable distance to call the 
luminaire a point source. The result is 
that most photometry you work with 
is really a form of average measure 
and hence point two above is disguised 

by the way we measure, but not by 
the way our eyes see.

 So, should you use UGR? Well, it  
is a flawed metric. Add it to the list 
including Colour Rendering Index, 
efficacy (lm/W) and the lumen 
method for discussion at another 
time perhaps. 

However, UGR does give an 
indication of whether users will 
experience glare. Given that the 
“four just men” are number-based 
on a limited number of subjects, 
completed many decades ago, you 
could also argue the targets may 
be a little skewed too. A flawed 
measure and target is better  
than none. Remove it from your 

application specification and there  
is nothing to stop glare.  

While you are writing it into the 
next specification, take a moment to 
question the sales representative or 
product marketing team. Ask them 
how a fitting can be UGR compliant 
when UGR is an application metric. 
Take a note of the answer and let me 
know. I think I have heard them all, 
but there is always a new explanation 
waiting to be discovered. n

• Iain Macrae CEng FSLL MCIBSE 
Iain Macrae graduated in mechanical 
engineering and somehow found his way  
into lighting. Over 30 years he has worked in 
manufacturing, design, marketing, application 
and technical teams, including a wide range 
of projects across the world. Iain is a 
Chartered Engineer, consultant and founded 
the training company Light Unwrapped, 
delivering blended learning as a recognised 
expert. He always advises those around him  
… “there is no such thing as a stupid 
question”. He is past President of the Society 
of Light & Lighting and Chair of SLL Lighting 
Guide 5, Lighting for Education. He also 
works on British and European standards 
panels. Iain specifies and designs lighting 
solutions, as well as working on business and 
product strategy, and product development 
for new and existing clients. He is a globally 
experienced speaker and mentor within  
the lighting industry.

60  Building Services Engineering l September/October 2020  


