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(57) ABSTRACT 
A lighting audit System includes a lighting audit docking 
station in communication with the Smart device and a data 
base, where the lighting audit docking station includes a 
targeting unit and a camera. A lighting audit method includes 
providing a physical parameter to a lighting audit table for a 
space-under-study, representing the space-under-study on a 
virtual map presented on a display, adding Surface character 
istic data for the space-under-study into the lighting audit 
table, measuring the physical dimensions of the space-under 
study using the targeting unit, the physical dimension mea 
Surements being stored in the lighting audit table, entering 
into the lighting audittable parameters for aluminaire located 
in the space-under-study, and calculating a lighting audit for 
the space-under-study based on data in the lighting audit 
table. 
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LIGHTING AUDIT DOCKING STATION 
DEVICE AND METHOD THEREOF 

BACKGROUND 

0001. A significant portion of electrical power consump 
tion is used to produce lighting. The energy consumed in 
lighting production can be reduced through the use of energy 
saving lamps and fixtures. This reduction in energy use can 
result in reduced costs, which can benefit all consumers of 
electricity including building operators and municipalities. A 
lighting audit of a building, municipal area, etc. can identify 
the lighting systems in use at the audit location, and is a first 
step in determining energy usage. 
0002. A lighting audit accounts for the lighting design of 
the facility undergoing the audit—e.g., a building, a park, a 
roadway, parking lot, or the like. For example, the audit can 
quantify the lighting design parameters for the various areas 
of a building (hallway, entry, offices, bathrooms, etc.). 
0003. The lighting audit identifies, counts, and records 
each Source of light from each of the lighting fixtures along 
with observations about the lighting design quality (intensity, 
uniformity, adequacy, or the like). The lighting audit can also 
include a diagram of the space-under-study (e.g., building, 
parking lot, sports field, or the like). This diagram can accu 
rately map the location of all light fixtures of the space-under 
study, identify the type of light and its lamp, and can also 
include locations of lighting sources outside the property 
boundary that may nevertheless be illuminating the space 
under-study. 
0004 Lighting audits are typically labor and time inten 
sive; require accurate locating of the luminaire locations; and 
detailing of the physical geo-spatial Surrounds of the space 
under-study. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 depicts a perspective view of a lighting audit 
docking station in accordance with some embodiments; 
0006 FIG. 2 depicts a close-up perspective view of the 
lighting audit docking station of FIG. 1; 
0007 FIG. 3 depicts a process in accordance with some 
embodiments; 
0008 FIG. 4 depicts a graphical user interface (GUI) in 
accordance with Some embodiments; and 
0009 FIG.5 depicts a lighting audit system in accordance 
with some embodiments. 

BRIEF DESCRIPTION 

0010. In accordance with embodiments, a lighting audit 
docking station can be used to conduct a lighting audit. The 
lighting audit docking station can include a docking port 
connectable to a Smart device (e.g., Smartphone, tablet, net 
book, dedicated device, computing device, or the like), a 
targeting unit that can include a laser-based distance measure 
ment unit, and a camera. The camera and laser-based distance 
measurement unit can be co-located in one optical unit, or 
optically aligned to sight at the same target. In accordance 
with one implementation, when the targeting unit and the 
camera unit are optically aligned, they are also mechanically 
liked so that movement of one causes movement in the other 
so that the optical alignment is maintained. The docking port 
can include a physical mate to a docking port on the body of 
a Smart device, or can be connected to the Smart device by a 
cable. In some implementations the lighting audit docking 
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station can include a communication unit that can be con 
nected to the Smart device by analog or digital wireless trans 
mission (e.g., Bluetooth, ZigBee, wAN, WiFi, etc.). The 
docking station can use the communication unit to be in 
wireless communication with a remote server. 
0011. A lighting audit method includes providing a physi 
cal parameter to a lighting audittable for a space-under-study, 
representing the space-under-study on a virtual map pre 
sented on a display, adding Surface characteristic data for the 
space-under-study into the lighting audit table, measuring the 
physical dimensions of the space-under-study using the tar 
geting unit, the physical dimension measurements being 
stored in the lighting audit table, entering into the lighting 
audit table parameters for a luminaire located in the space 
under-study, and calculating a lighting audit for the space 
under-study based on data in the lighting audit table. 

DETAILED DESCRIPTION 

0012 FIG. 1 is a perspective view of an exemplary lighting 
audit docking station 100 mounted on tripod 110. Coupled to 
the docking station is smart device 130. Docking station 100 
includes targeting unit 104. Targeting unit 104 can include a 
co-located laser measurement device and a camera. Laser 
beam 106 is used by the targeting unit to determine the dis 
tance to a target (e.g., a luminaire). 
0013 The targeting unit may be pivotably mounted to a 
Surface of the docking station, and may be pivoted about axis 
108 to site to different targets. In one implementation, the 
docking station may include a tripod mount that interfaces 
with a tripod. Alternatively, the tripod may be replaced by 
another similar stable mounting apparatus. To achieve full 
freedom of motion to direct the targeting unit, the docking 
station itself can be pivoted about otheraxes by movement of 
the tripod shaft 112, and/or tripod base 114. 
0014 FIG. 2 is a close-up perspective view of an exem 
plary lighting audit docking station 200. Mounted on the 
docking station is Smart device 230, which includes a display 
screen 234. Rotatable targeting unit 204 includes a distance 
measurement device and a camera. Tripod base 214 is move 
able about at least one axis, and in Some implementations can 
be rotated and tilted. 

0015 The targeting unit can be directed towards a lumi 
naire. Targeting can be assisted by viewing Smart device 
screen 234, where the image from the camera can be dis 
played. Targeting reticles can be displayed on the Smart 
device screen to assist in accurately positioning the targeting 
unit on the luminaire. When the luminaire is targeted, the laser 
based measurement device can determine the distance from 
the targeting unit to the luminaire. In some implementations, 
the angle to the luminaire can also be determined. This angu 
lar determination can be achieved by using sensors in the 
Smart device, or by sensing the angular offset from a home 
position after moving the targeting unit and/or tripod posi 
tions. The targeting unit itself can be used to determine the 
height of the docking station above the ground, or this infor 
mation can be entered by a user into the Smart device. 
0016 Luminaire distance can be calculated by utilizing a 
positioning sensing unit within the Smart device. The posi 
tioning sensing unit can be based on, for example, Global 
Positioning Satellite (GPS) data and/or Global Navigation 
Satellite System (GLONASS) data. Triangulation algorithms 
can be used to calculate the distance and angle to the targeted 
luminaire. 
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0017 FIG. 3 depicts lighting audit process 300 in accor 
dance with some embodiments. The first phase of process 300 
is to accumulate data on the space-under-study. This data 
includes information on the physical layout of the space and/ 
or information on the positioning of the luminaires. At step 
310, parameter(s) for the space-under-study physical layout 
is collected. A user is presented with a GUI display on the 
Smart device Screen. 
0018 FIG. 4 depicts lighting audit GUI 400 in accordance 
with Some embodiments. The space-under-study can be rep 
resented by virtual map 410. Virtual map 410 can be parti 
tioned into multiple sections which represent the individual 
geo-spatial regions of the space-under-study. For example, 
virtual map 410 shows (moving left to right) that the space 
under-study has a pedestrian walkway adjacent to a green 
space (trees, shrubs, grass, or the like), followed by a road 
way. Adjacent to the roadway is a partition which remains to 
be identified (for example, a bicycle path, green space, or any 
other surface), followed by another pedestrian walkway. 
0019. Identifying labels can be assigned to the partitions 
by dragging/ dropping icons 420 on the individual partitions 
of virtual map 410. A database can contain Surface character 
istics associated with each of the icons, which can be loaded 
into a table specific for the space-under-study. Lighting audit 
table 430 is a representative example of a table that includes 
records for the partitions of virtual map 410. 
0020. The number of road sections is not limited. While 
building the virtual map up, the user can drag and drop several 
road segments, pedestrian walkways, green spaces, etc. After 
the last partition is identified and labeled, the user enters the 
virtual map by activating an “accept button. For example, if 
the space-under-study contains a pedestrian walkway, green 
space, and bicycle lane on each side of a roadway, the process 
could be (1) drag/drop pedestrian walkway; (2) drag/drop 
green space; (3) drag/drop bicycle lane; (4) drag/drop road 
way; (5) drag/drop bicycle lane; (6) drag/drop green space; 
(7) drag/drop pedestrian walkway. When complete the user 
then activates the accept button. The partitions can be entered 
and identified in any order, and additional partitions can be 
inserted between already identified partitions. 
0021 Process 300 continues at step 320, where the physi 
cal dimension of the partitions can be measured using the 
targeting unit. Distances and angles can be found using a 
triangulation algorithm, in combination with the camera, the 
laser-based measurement unit, and GPS (and/or GLONASS) 
information from the smart device. The geometries of the 
road can be obtained by measurements made with a laser 
based distance meter. 
0022. In one implementation, the triangulation algorithm 
can obtain position coordinates of the docking station using 
the GPS (and/or GLONASS) receiver. The distance and 
direction to another object (e.g., a lighting pole, building, 
roadside edge, landmarks, or the like) can be calculated based 
on the obtained coordinates and data from the distance mea 
Surement(s). 
0023. After the geo-spatial characteristics of the space 
under-study are entered into the virtual map and associated 
lighting audit table, the parameters for each luminaire can be 
measured and entered, steps 330-350, into the lighting audit 
table by records associated with the luminaire's position in 
the space-under-study. 
0024. Measured luminaire parameters may include its dis 
tance and angle from the lighting audit docking station, its 
height above grade, and/or the length of any cantilevered 
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extension it might be mounted on; or the like. Luminaire 
characteristics (e.g., illumination, luminance, glare, wattage, 
light source type, etc.) can be provided manually, or via a data 
transmission. 
0025. As described above, the targeting unit and/or the 
docking station can be rotated and angled to point the camera 
at the luminaire being measured. The camera image can be 
displayed on the Smart device's display Screen to assist in 
targeting the luminaire and/or its mount's base. After target 
ing the luminaire, a laser-based measurement can be made to 
determine the distance to the luminaire (both at the base of its 
mount, and to the luminaire fixture itself). The location of the 
luminaire can be calculated by a triangulation algorithm uti 
lizing the measured distances, the height of the docking sta 
tion above grade (obtained by rotating the targeting unit 
towards the ground), and positioning coordinates obtained 
from the Smart device. This information is entered into the 
lighting audit table. 
0026. At step 340, text data regarding the luminaire is 
entered into the lighting audit table. This data can include the 
luminaire type, light Source type, electrical power require 
ment, luminous flux, and/or candle power, or the like. This 
data can be entered manually, or by a data transmission. The 
loop of steps 330-350 is repeated for the luminaires being 
studied. 
0027. After information for the last luminaire of the space 
under-study is entered, process 300 can then calculate the 
lighting audit, step 360. The contents of the lighting audit can 
be used by a lighting designer to calculate the current lighting 
condition. The current lighting condition can then be evalu 
ated to develop a proposed lighting condition. 
0028. To evaluate the current lighting condition, the raw 
data results of process 300 can be transformed into a a read 
able electronic (e.g., PDF) document (for manual lighting 
design) and/or into an exportable data file (e.g., CSV) for 
import into a lighting design software package. 
0029. After the audit is calculated, and the results stored in 
the database, process 300 can continue, step 370, to begin 
again at step 310 or terminate at step 380. Because one space 
under-study could contain multiple lighting scenes if the 
audit begins again at step 310, the other lighting scenes are 
measured and a lighting audit is calculated for the scene. 
0030 FIG. 5 depicts lighting audit system 500 in accor 
dance with some embodiments. The lighting audit System 
includes docking station 510, Smart device 520, database 530, 
and remote server 540. 
0031. The docking station includes targeting unit 512, 
which contains camera unit 514 and measurement unit 515. In 
accordance with embodiments, measurement unit 515 can be 
a laser-based distance measurement unit. Docketing port 517 
can include the physical port to which the smart device inter 
faces—either by direct mechanical coupling, via a cable, or 
wirelessly via Bluetooth, ZigBee, wDAN, etc. The docking 
portunit includes input/output unit 518that can operate under 
the appropriate protocol to interface with the smart device. 
0032) Docketing station 510 can also include control pro 
cessor 519 that executes instructions stored in associated 
memory to control the operation of docketing station 510 and 
its components. The docketing station can include communi 
cation unit 516, which can connect to the smart device and/or 
remote server 540 by analog or digital wireless transmission. 
In one implementation, communication unit 516 can connect 
to the Smart device and then be connected via the smart device 
to the remote server. 
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0033. The remote server can include processor 542 that 
controls the remote server's operation. The remote server can 
be in communication with database 530, Smart device 520, 
and docketing station 510. 
0034 Smart device 520 is in electrical communication 
with the docketing station, as described above. The smart 
device can include a GPS/GLONASS receiver to locate the 
Smart device, and be used to triangulate structure and lumi 
naires in the space-under-study. Communication unit 528 
transmits communication signals via wireless protocol 
including cellular telephone, WiFi, and, if configured, Inter 
net. Computer-executable instructions 526 can include appli 
cations to determine angular offset movement of the Smart 
device (tilt, yaw, roll, or the like), triangulation algorithms, 
data storage, and lighting audit calculation algorithms. In 
Some implementations, computer-executable instructions 
can be stored in database 530, remote server 540, Smart 
device 520, and/or docking station 510. 
0035 GPS/GLONASS coordinates can be collected for 
identification reasons. For example, should more than one 
team be working on a town- /city-wide lighting audit, a pole 
will be included in only one dataset if its positional coordi 
nates where recorded. 
0036. In one implementation, computer executable 
instructions (and/or code) to perform the algorithms can be 
stored in a remote database, and accessed via communication 
unit 528, remote server 540, and/or communication unit 516. 
Control processor 524 executes instructions (and/or code) 
stored in associated memory to control the operation of the 
Smart device and its components. 
0037. The Smart device can be in communication with 
database 530 via a communication unit. The database can be 
located remotely in a data store, and in communication with a 
remote server which handles the Smart device communica 
tion. Database 530 can include a lighting audit table 532, and 
a surface characteristics table 534. 

0038. In accordance with an embodiment of the invention, 
a computer program application stored in non-volatile 
memory or computer-readable medium (e.g., register 
memory, processor cache, RAM, ROM, hard drive, flash 
memory, CD ROM, magnetic media, etc.) may include code 
or executable instructions that when executed may instruct, or 
cause, a controller or processor to perform methods discussed 
herein such as a method for accumulating physical layoutdata 
on the space-under-study, including spatial geometries and 
parameters for luminaires, and calculating a lighting audit 
used to determine the space’s current lighting condition. 
0039. The computer-readable medium may be a non-tran 
sitory computer-readable media including all forms and types 
of memory and all computer-readable media, but typically 
may exclude a transitory, propagating signal. In one imple 
mentation, the non-volatile memory or computer-readable 
medium may be external memory. 
0040. In accordance with embodiments, lighting audit 
system 500 provides a combination of tools and software that 
can be used to conduct an on-site lighting audit by determin 
ing positions and parameters for the geo-spatial characteris 
tics of the space-under-study, the luminaires in this space, 
documenting the data by preserving it in a database liked to 
the system, and evaluating the data to determine current and 
proposed lighting conditions. 
0041 Although specific hardware and methods have been 
described herein, note that any number of other configura 
tions may be provided inaccordance with embodiments of the 
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invention. Thus, while there have been shown, described, and 
pointed out fundamental novel features of the invention, it 
will be understood that various omissions, Substitutions, and 
changes in the form and details of the illustrated embodi 
ments, and in their operation, may be made by those skilled in 
the art without departing from the spirit and scope of the 
invention. Substitutions of elements from one embodiment to 
another are also fully intended and contemplated. The inven 
tion is defined solely with regard to the claims appended 
hereto, and equivalents of the recitations therein. 

1. A lighting audit docking station comprising: 
a docking port connectable to a port on a Smart device; 
a targeting unit configured to determine a distance mea 

Surement to a target; 
a camera unit configured to provide an image of the target; 
wherein the distance measurement and the image are pro 

vided to the Smart device through the docking port. 
2. The lighting audit docking station of claim 1, including: 
a surface having a pivotable mount; and 
the targeting unit mechanically connected to the pivotable 

mount. 

3. The lighting audit docking station of claim 1, including 
a Surface having a tripod mount interface. 

4. The lighting audit docking station of claim 1, the target 
ing unit including a laser measurement device configured to 
transmit a laser beam towards the target to determine the 
distance measurement. 

5. The lighting audit docking station of claim 1, wherein 
the distance measurement and the image are viewable on a 
display. 

6. The lighting audit docking station of claim 5, wherein 
the display is located on the Smart device. 

7. The lighting audit docking station of claim 1, wherein 
the Smart device is one of a Smartphone, tablet, netbook, and 
a computing device. 

8. The lighting audit docking station of claim 1, including 
a communication unit configured to be in wireless commu 
nication with at least one of a remote server and the Smart 
device. 

9. The lighting audit docking station of claim 1, wherein 
the targeting unit and the camera unit are configured to be 
optically aligned to sight at the same target. 

10. The lighting audit docking station of claim 9, wherein 
the targeting unit and the camera unit are mechanically liked 
to maintain the optical alignment. 

11. The lighting audit docking station of claim 9, wherein 
the targeting unit and the camera unit are co-located in one 
optical unit. 

12. A lighting audit System comprising: 
a Smart device; 
a lighting audit docking station in communication with the 

Smart device; 
a database in communication with at least one of the light 

ing audit docking station and the Smart device; and 
the lighting audit docking station including: 
a targeting unit configured to determine a distance mea 

Surement to a target; 
a camera unit configured to provide an image of the target; 
wherein the distance measurement and the image are com 

municated from the lighting audit docking station to the 
Smart device. 
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13. The system of claim 12, including: 
a remote server in communication with the database: 
the remote server in communication with at least one of the 

lighting audit docking station and the Smart device; and 
the remote server including a processor configured to con 

trol operation of the remote server. 
14. The system of claim 12, the database including a light 

ing audit data table and a Surface characteristic table. 
15. The system of claim 12, the database located in a 

memory of at least one of the lighting audit docking station, 
the Smart device, and a remote data store. 

16. The system of claim 12, the lighting audit docking 
station including: 

a laser measurement device in the targeting unit, the laser 
measurement device configured to transmit a laser beam 
towards the target to determine the distance measure 
ment. 

17. A method for performing a lighting audit by providing 
data to a lighting audit System having a Smart device in 
communication with a lighting audit docking station and a 
database, the lighting audit docking station having a targeting 
unit and a camera unit, the method comprising: 
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providing a physical parameter to a lighting audit table for 
a space-under-study: 

representing the space-under-study on a virtual map pre 
sented on a display; 

adding Surface characteristic data for the space-under 
study into the lighting audit table; 

measuring the physical dimensions of the space-under 
study using the targeting unit, the physical dimension 
measurements being stored in the lighting audit table; 

entering into the lighting audittable parameters for a lumi 
naire located in the space-under-study; and 

calculating a lighting audit for the space-under-study based 
on data in the lighting audit table. 

18. The method of claim 17, including partitioning the 
virtual map into multiple sections corresponding to spatial 
regions of the space-under-study. 

19. The method of claim 17, including assigning identify 
ing labels to at least one of the multiple sections. 

20. The method of claim 17, wherein the measuring step 
includes determining distances and angles by triangulation 
from data obtained with the targeting unit and the camera. 

k k k k k 


