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Design of LED Luminaire for Parking Garage 
 
 

Hao Cui* and Si-Hyun Park† 
 

Abstract – This study aims to design a zonal lumen for parking garage LED lightings of a slim 
appearance and 20 W/2,000 lm capacity and to fabricate a lighting luminaire accordingly. The frame is 
of a one-dimensional bar type with a reverse V-shaped section, with LED chips arranged along both 
sides. To maximize the 60° to 80° zonal lumen, the geometric structure was designed with the apex of 
the reverse V-shaped section at 40° and both sides at 70°. As for the LED light source, focusing lenses 
with narrower full-width half-maximum (FWHM) in luminous intensity were used. A ray-tracing 
simulation method was utilized for the zonal lumen simulation of the given structure. An actual 
hardware of luminaire based on the simulation results was fabricated and characterized. The suggested 
model is meant to develop LED lightings with a proper level of zonal lumen required in parking 
garages. 
 

Keywords: LED luminaires, Parking garage, Zonal lumen  
 
 
 

1. Introduction 
 
LEDs are a next-generation lighting source that is 

expected to replace light bulbs, fluorescent lamps, and 
halogen that have been widely used as lightings. In the 
history of lighting technology advancement, Thomas 
Edison first invented the incandescent electric lamp in 
1879, and about 60 years later, the fluorescent lamps were 
invented in 1938. In 1996, about 60 years later from then, 
white LEDs were developed. In early years, GaAs-based 
red and green LEDs were developed and their use was 
limited to indicator lamps only. After GaN-based blue 
LEDs were developed, however, the white LEDs were also 
soon developed, and it became possible to use them as 
LED lightings [1], [2]. 

As for the principle of LED operation, a semiconductor 
whose energy structure is adequate for direct transition 
when electrons undergo energy transition between a 
semiconductor energy bandgap (mostly III-IV compound 
semiconductors) is processed for a p-n junction; that is, a 
combination of a p-type semiconductor doped for free 
holes and an n-type semiconductor doped for free electrons. 
With forward current from outside, holes and electrons are 
recombined and photons of energy that correspond to an 
energy bandgap are radiated. Thus, the wavelength of light 
radiated from LEDs is concentrated in a specific bandwidth, 
which thus results in a specific color only. For LEDs to be 
used as lighting, the three primary colors–red, green, and 
blue–are combined and light is radiated simultaneously to 
create the color of white. Alternatively, complementary 
color mixing may be used: When blue LED and fluorescent 

yellow are combined, white color is produced as a result 
[3], [4]. Since the current is directly transited to photons in 
LEDs, the potential photoelectric efficiency of LEDs is as 
high as a maximum of 90% in wall-plug efficiency (5% for 
incandescent lamps and 40% for fluorescent lamps). 
Meanwhile, the lifetime is as long as 50,000 hours (3,000 
hours for incandescent lamps, and 7,000 hours for 
fluorescent lamps). As a LED chip is as small as 1 mm2, it 
is possible to design lighting as small and slim. Unlike 
typical lightings, multi-step dimming control is possible. 
No mercury is used, and the response times are as high as 
10 nano sec.  

When LEDs are used as a light source, the following 
aspects need to be taken into account: Since LEDs are a 
light source that features a forward-directional radiation, 
light diffusion from it is difficult. The zonal light intensity 
control is necessary by means of reflection plates or others. 
When a LED lighting fixture is designed, changes in the 
quantity of light due to the heat generation from LED 
luminaires and instant overload need to be considered. 
As a result, about 80% of the maximum capacity of the 
LED fixture needs to be applied. In addition, the reduction 
of light penetration due to the cover and light output 
degradation due to loss of light inside the fixture must also 
to be considered.  

For indoor and outdoor parking garage, outdoor gas- 
stations and charging station, lights must be used for a long 
period of time and there is no need for high color rendering 
index (CRI) lighting. Thus, the advantages of LED 
lightings can be best utilized in this area of lighting 
business. For LED lightings to be used in such areas, 
however, it needs to be secured that there would be no 
shade or blind section. As for the zonal lumen condition of 
lighting luminaires for a parking garage, according to the 
Technical Requirement Table of North America Design 
Lights Consortium (DLC), 60° to 80° zonal lumen requires 
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at least 30% of the total luminous flux, and 70° to 80° 
zonal lumen less than 25% of the total luminous flux [5]. 
A DLC certified company in the U.S. market of LED 
lighting for parking garages is BEACON, which has 
produced the ENDURA model [6]. This features the 
rectangular appearance, 300 × 300 × 140 mm3 in size, and 
a power consumption between 30 and 110 W. In contrast, 
lighting fixtures with a slim appearance are differentiated 
in their applications from rectangular lighting models, 
and there is still no LED lighting fixture specifically 
designed for a parking garage. This study aims to design 
and fabricate LED luminaire for a parking garage with a 
slim-type appearance, whose zonal lumen satisfies DLC 
technical requirements, and then to characterize it.  

 
 

2. Theory for Zonal Lumen 
 
The most fundamental aspect to be considered in 

producing a lighting fixture for a parking garage is to 
satisfy specific zonal lumen conditions. For a general light 
source I(θ, ϕ), the zonal lumen Z. L. between θi  and θf  is 
as follows: 
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Here, θ is the angle between the z axis in the positive 

direction and the straight line connected to the origin, and 
ϕ is the angle between the x axis in the positive direction 
and the projected line onto x-y plan of the straight line 
connected to the origin. When the light source is 
symmetrical in the direction of θ, the zonal lumen to the 
light source I(θ) is as follows:  

 

 
∫
∫

=

=

=

== 2

0
sin)(

sin)(
.. πθ

θ

θθ

θθ

θθθ

θθθ

dI

dI
LZ

f

i   (2) 

 
In general, a single LED light source is of the following 

Lambertian distribution: I(θ ) = Io cosθ. Hence, the zonal 
lumen is: 

 
 fiLZ θθ 22 coscos.. −=       (3) 

 
Fig. 1 shows the result of computation simulation for the 

light intensity distribution and zonal lumen distribution 
with a single LED light source itself. As shown in the 
diagram of the far-filed light intensity distribution in (a), 
the maximum luminous intensity is shown in the condition 
of θ =0°, and the full-width half-maximum (FWHM) in the 
luminous intensity distribution is 120°. As shown in (b), 

the maximum zonal lumen is in the range of θ =45°. The 
zonal lumen in the area of 60° to 80° is 21.98% of the total 
luminous flux, and that in the area of 70° to 80° is 8.68%. 
Thus, a single LED light source with the characteristics 
above requires a properly designed luminaire to secure the 
desired level of zonal lumen. 

 
 

3. Simulation for LED Luminaire 
 
A lighting luminaire for parking garages needs to meet 

the zonal lumen condition of DLC technical requirements. 
In addition, we want that the frame is designed in 
consideration of the slim-type appearance. As shown in Fig. 
2.(a), a frame of a one-dimensional bar type with the 
reverse V shaped section is proposed. To increase the zonal 
lumen in the area of 60° to 80°, the angle of the frame apex 
is 40°, and the side is 70°. LED chips are arranged along 
both side surfaces of the reverse V shaped frame. For the 
LED light source, focusing lenses are used onto the front 
surface of LED chip to reduce the FWHM of the luminous 
intensity distribution of the LED source itself. As for the 
optical characteristics of the frame surface, the Lambertian 
surface characterization is applied depending on the optical 
feature of the white coating panel, which is commonly 
used for lighting frames. LightTools program (Synopsys, 
Inc.) is known to be one of the most popular simulation 
tools for the analysis of optical phenomena in LEDs. This 
program is based on Monte Carlo ray-tracing method and it 
can be used to analyze various optical phenomena of LED 

 
(a) 

 
(b) 

Fig. 1. Computation simulation for light intensity distri-
bution with a single LED light source: (a) polar and 
raster charts; (b) zonal lumen diagram 
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luminaires and LED chips, including ray scattering, 
absorption, transmission, luminous intensity, illuminance 
and luminance, etc [7, 8]. We conducted a computational 
simulation for the lighting fixtures, first by designing their 
geometrical structures using LightTools. Then over 0.1 
billion rays from the source LED chips were generated in 
each structure for the ray-tracing simulation with numerical 
errors as minimized as possible. A far-field receiver was 

considered to detect the resultant rays from the whole 
lighting fixtures, extracting the information of light 
intensity distribution and zonal lumen (Fig. 2.(b)).  

First of all, focusing lenses were used for the LED light 
source to reduce the light intensity FWHM down to 30°. 
This light source was installed in a frame of a lighting 
fixture whose section was of a reversed-V shape as shown 
in Fig. 2. Fig. 3 shows the result of the simulation. As 
shown in (a), the maximum optical intensity appeared in 
the condition of θ =70°, which is because the section of 
that luminaire frame was of a reversed-V shape with the 
angle of both sides at 70°. As shown in (b), the maximum 
zonal lumen was shown around θ =70°, and the zonal 
lumen in the area of 60° to 80° was 57.55% of the total 
luminous flux, which satisfies the desired zonal lumen 
condition of higher than 30%. As a result of the focusing 
beam of the LED light source, it was possible to obtain the 
high value of zonal lumen in the area of maximum zonal 
lumen. In the area of 70° to 80°, however, the zonal lumen 
was 29.30% of the total luminous flux, which was too high 
to satisfy the desired zonal lumen condition of lower than 
25%. 

More alleviated focusing lenses were then used to 
reduce the light intensity of FWHM down to 60°. Fig. 4 
shows the result of the light luminaire simulation. The 
maximum optical intensity and zonal lumen were shown in 
the condition of θ =70°. The zonal lumen in the area of 60° 
to 80° was 32.92% of the total luminous flux while that in 
the area of 70° to 80° was 16.62%. Unlike the LED light 
source excessively focused at FWHM 30°, the LED light 

( )

 
(a) 

 
(b) 

Fig. 2. (a) A bar type frame of a slim LED luminaire 
designed for parking garages; (b) A ray-tracing 
simulation for the designed lighting luminaire. 

 

 
(a) 

 
(b) 

Fig. 3. The light intensity simulation for the luminaire with 
the focusing LED light source of FWHM 30°: (a) 
polar and raster charts; (b) zonal lumen diagram. 

 
(a) 

 
(b) 

Fig. 4. The light intensity simulation for the luminaire with 
the focusing LED light source of FWHM 60°: (a) 
polar and raster charts; (b) zonal lumen diagram. 
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source properly focused at FWHM 60° showed a high level 
of zonal lumen in the target section while maintaining a 
low level of zonal lumen in other sections. This 
demonstrates that the desired zonal lumen condition for 
parking garage lighting luminaires was satisfied well.  

Lastly, the LED light source whose optical intensity 
FWHM was 120° without focusing lenses was installed in 
the frame structure whose section was of a reversed-V type 
as shown in Fig. 2, and a light intensity distribution 
simulation was conducted. As shown in Fig. 5, the optical 
intensity had double maximum points; θ =70° was the 
maximum over the whole area while θ =0° was the over a 
maximum local area. As for zonal lumen, the maximum 
zonal lumen was shown to be around θ =70° while the 
zonal lumen in the area of 60° to 80° was 22.21% of the 
total luminous flux and that in the area of 70° to 80° was 
11.25%. In other words, when a common LED light source 
was used with no focusing lenses, the reversed-V shaped 
frame failed meeting the zonal lumen condition for parking 
garage lighting luminaires. 

 
 

4. Fabrication and Measurements of LED 
Luminaires 

 
Based on the simulation result, an LED lighting luminaire 

for parking garages was fabricated. In consideration of the 
slim appearance, the basic specifications were as follows: 

1000 mm(L)×50 mm(W)×40 mm(H) in size; 20 W power 
consumption; and 2,200 lm luminaire output. Fig. 6 shows 
the fabricated lighting luminaire. As shown in Fig. 2(a), 
the bar-type frame’s sectional angles were 40° and 70° 
respectively; LEDs were arranged alternatively at both side 
surfaces of the reverse V shaped frame; and the total 
number of LEDs was 28 with 14 at each side. Collimated 
LEDs of Osram LW-W51M were adopted. For light 
intensity measurement, a goniophotometer (NeoLight 

 
(a) 

 
(b) 

Fig. 5. The light intensity simulation for the luminaire with 
the non-focusing common LED light source 
(FWHM 120°): (a) polar and raster charts; (b) zonal 
lumen diagram. 

 

35 mm  
Fig. 6. The photography of the LED lighting luminaire for

parking garages. 
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(b) 

Fig. 7. The result of a light intensity measurement for the 
luminaire with the focusing LED light source of 
FWHM 30°. (a) polar chart of far-filed luminous 
intensity and corresponding luminous intensity 
distribution, (b) zonal lumen diagram. 
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8000Series, PIMACS Co.,Ltd.) was used to measure the 
quantity of light at different angles, with 10 m distance 
from the light source.  

For the LED light source, focusing lenses were used to 
reduce the FWHM of light intensity by as much as 30°. In 
this case, the light intensity distribution and zonal lumen of 
the lighting luminaire are shown in Fig. 7. As expected 
about the simulation result, the maximum light intensity 
was shown in the condition of θ =70° and the maximum 
zonal lumen was in the condition of θ =70°. In the area of 
60° to 80°, the zonal lumen was 57.97% of the total 
luminous flux, and in the area of 70° to 80°, 28.91% of the 
total luminous flux. 

For the LED light source, focusing lenses were used to 
reduce the FWHM of light intensity by as much as 60°. 
The light intensity distribution and zonal lumen measure-
ments are presented in Fig. 8. The zonal lumen in the area 
of 60° to 80° was 38.65% of the total luminous flux while 
in the area of 70° to 80°, it was 18.89% of the total 
luminous flux, which indicates that as expected about the 
simulation result, the requirements of zonal lumen for 
parking garage lighting luminaires were satisfied well. 

 
 

5. Conclusion 
 
This study applies two elements — a luminaire frame 

structure whose section is of a reversed-V shape and a 
properly focused LED light source — to design and 
fabricate a slim light luminaire which satisfies DLC 
technical requirements for parking garages. The zonal 
lumen in the area of 60° to 80° should be over 30% of the 
total luminous flux, and that in the area of 70° to 80° 
should be under 25% of the total luminous flux. The angle 
of the frame apex of the reversed V shaped section was 
40°, and the angle of both sides was 70°. LED chips were 
arranged along both side surfaces of the frame of a one-
dimensional bar shape drooping downward, which 
increased the zonal lumen in the area of 60° to 80°. With 
the LED light source whose FWHM in luminous intensity 
distribution was reduced, the zonal lumen of a specific area 
in the whole luminaire was increased. A light intensity 
simulation was conducted in the ray-tracing simulation, 
and the luminous intensity distribution and zonal lumen 
were calculated for light luminaires with LED light sources 
in each condition of focusing FWHM. As a result, when 
the FWHM of the LED light source was 30°, the value was 
too large in the area of 70° to 80°, which failed meeting the 
requirements. When the FWHM of the LED light source 
was 120°, the value in the area of 60° to 80° was too small, 
which also failed meeting the requirements. In contrast, 
when the FWHM of the focusing LED light source was 60°, 
the requirements were satisfied both in the area of 60° to 
80° and in the area of 70° to 80°. The designed frame was 
installed for the lighting luminaire in utilization of the 
focusing LED light source whose FWHM was set to 60° 
based on the simulation result, and then the light intensity 
distribution was measured. In the area of 60° to 80°, the 
value was 39% while in the area of 70° to 80°, it was 19%, 
both of which satisfied the requirements for the zonal 
lumen of parking garage luminaires. The result above can 
be applied to LED lighting development and the 
production for indoor/outdoor parking garages, outdoor gas 
stations, and charging stations. In addition, the result of this 
study may be referred to for the development of any LED 
lighting fixtures that are to satisfy specific zonal lumen 
conditions. 
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