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The Recording and Playback of Light

* Founded 2007 — Saratoga, CA
* Purpose — Replicate any spectral power distribution
* Products and services to record and playback light
* Products:
e Octa (various 8 color light player luminaires)
 Dittosizer (24 channel light player luminaire)
e Spectraloc — control software
e Content — spectrometer recordings, Lumenscripts



Programmable Spectrum Markets

Consumer electronics — cameras, displays, sensors
University and hospital labs — sleep, vision
University and government labs — lighting research
Supply chain — Critical color control



Programmable Spectrum

* Telelumen focuses on spectrum and time
— Goal is to replicate actual daylight SPD not just CCT

* Telelumen focuses on radiometry vs. photometry



What is Daylight?

e Circadian, Human Centric, Healthy, but...
* A fundamental aspect is the overall experience.

* Daylight is complex. The SPD changes with:
— time of day
— the weather
— time of year
— place on earth
— your immediate environment — window, sidewalk, park, ...
— It’s processional — sun, shadows move during the day



Daylight Experience

Continuous SPD in the visible spectrum (380 — 780 nm) and beyond
Continuous change with time
— Both daylight itself and personal location/gaze
Color temperatures are much higher than typical electric light
— Deep red >650nm is critical
Photometrics are not sufficient to represent the daylight experience.
— Chromaticity is typically not on the black body or daylight locus
— CCT does not define the SPD
When energy use is important efficiency is better metric than efficacy
— Optical Watt per Electrical Watt vs. Lumens per Watt
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Candle Flame SPD - 1s in 10mS steps
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Same Flame, 3, 1 s Samples

Candle Flame, 1 s Sample—t=a Candle Flame, 1 s Sample —t=b Candle Flame, 1 s Sample — t=c
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Deep Red is Key to Proper Skin Rendition

About half the response is >600nm

100

e

Reflectance [%]
cn
o

0

Wavelength [nm]

From: “Face colour under varying illumination”, Chapter. 4; http://herkules.oulu.fi/isbn9514267885/html/i1030756.htm|
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© 2002 Oulu University Library
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reflectance (%)

250 300 350 400 450 500 550 600 650 700 750 800 850
wavelength (nm)

Diffuse reflectance of human blood with a hematocrit of 33%, oxygen saturation of
100%, and mean cell volume of 83 femtoliters. Public Domain Image, data source: M.
Meinke, image source: Christopher S. Baird.
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OLED Display vs. “Continuous” Luminaire
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Handheld Spectrometer examples

GL SPECTIS 1.0T Flicker
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Latest Addition — Future Recordings
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2700 Daylight Recordings
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Abisko, Sweden
Akihabara, Japan
Banglore, India
Bolonga, ltaly
Brannd Island, Sweden
Bregenz, Austria
Burbank airport
Charlotte, NC
Cleveland, OH
Como, ltaly

Dallas, TX

Deep Creek, MD
Del Garda, Italy
Delhi, India

Cenver airport
Frankfurt, Germany
Gaithersburg, MD
Garching, Germany

Goteborg, Sweden
Guzhen, China

Houston airport

Irvine, CA

Istanbul, Turkey
Kingsten, Sweden
Kuala Lumpur, Malaysia
Lapland, Norway

Las Vegas, NV
Malpensa airport
Melbourne, FL
Millbrae, CA

Monterey Bay agurium, CA
Mt Hamilton, CA
Munich, Germany
Marita airport
Mashville, TH

MNew Market, MD

Mewark airport
Mewport Beach, CA
Orlando, FL

Palo Alto, CA

Panama City

Penang, Malaysia

Point Vicente, CA
Raleigh-Durham airport
Saltholmen, Sweden
San Diego, CA

San Jose, CA

Santa Clara, CA

Santa Cruz, CA

Santa Monica, CA
Saratoga, CA

San Francisco airport
San Francisco bay bridge
Shanghai, China

Copyright 2025 Telelumen LLC All Rights Reserved

Sample of Recording Locations

Shinagawa, Japan
Shinjuku, Japan
Singapore

Sishane, Turkey
Somerset, PA
Stockholm, Sweden
Styrsd Island, Sweden
Sunnyvale, CA
Taipei, Taiwan
Taoyuan airport
Uppsala, Sweden
Various airplane windows in flight
Wexford, PA
Wilmington, NC
Woodside, CA
Yokohama, Japan
Yosemite, CA
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Place Como, ltaly
Date 28-May-16
Time i 1845

Lux 33150
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Place Como, ltaly
Date 28-May-16
Time 2110
L 55
CCT 25127
CRI 91
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Como, Italy - 28may16

a.u.

Wavelength- nm
Copyright Telelumen LLC 2019 All Rights Reserved




B ' '
l ;.~ A ‘
Y /) !
NEVADA . ; ’
,A ) ¢
. p y \
ey S8
g // Y A4 .,_
\ i y ' 5
-

UINTAH
AND OURAY
RESERVATION

T o
; ‘

N
5 Williams. FJ“

ot
L
o

Coconino
e

rsid Joshua Tree

NationallForest
§Z

.
Grand
Staircase-Escalante }" .
National bt
‘Monument: ~ = Oljato-Monument
Al 3 Valley
g . B ke
= < : ; Kaygma. =
‘ Death Valley-.. / i Grand /
% National Park . Vs Canyon-Parashant

y P 32 5 { National V..~ . 1

v K -Monum‘e]r‘n; Grand Canyon i

erson, % Natlo'l"lallplar}( | ¢
ik HUALAPAI INDIAN | f HOPI
1 RESERVATION RESERVATION



'Yosemite National Park,
California
14jun20

Diving Board — aka The Beak

Liberty Cap
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June 14, 2020
0503 — The hike begins.
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0526 — Typical recording posture.

Lighting Passport Spectrometer
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0728 — Day is heating up.

35



0944 — Taking it in.
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Need to gather courage.
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1054 — Out on the beak.
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— Measuring clear green water.
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Back where we started.
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By the numbers

Starting elevation — 4,000 feet (1,200 m)
Ending elevation — 8,800 feet (2,700 m)

According to Fitbit:
— 45,000 steps
— 19 miles (30 km)
— 4,910 calories burned

Weather: low 50 F — high 77 F (10 C—- 25 C)

Total time: 14 hours 15 mins



Yosemite National Park, Half Dome Hike, 14jun20
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Max, Min CCT — 14jun20
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21,600K, 0644
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5,100K, 07
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Santorini, Greece — 29jun25
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Day of sunlight

llluminance sensor pointed up at a mostly blue sky in
Saratoga, California

Starts: 28JUN18 at 05:48
Ends: 28JUN18 at 20:48

Lux range in actual recording: 10,000:1
Color temperature range: 5,700K to 70,000K
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log10(Im)

A day of sunlight lumenscript: log luminous output

0.000 5.000 10.000 15.000

Jun 28 Hours Jun 28
5:40AM 8:40PM
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A day of sunlight lumenscript: CCT
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Place MNewport Beach, CA
24-Feb-16
1755
90
5056
73
0.219
0.471
-0.012

480 580 680

Wavelength - nm

Copyright Telelumen LLC 2019 All Rights-Reserved



18

jan

11AM, 24

Saratoga morning sky, 7
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Kitchen Window Saratoga CA 11:40AM

580 680 780

Beautiful high CCT daylight with non-standard SPD.

7526K, 300 lux
13nov15 -

Telelumen LLC, copyright 2021 all rights reserved




Efficiency vs. Wavelength
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Including mixing optics.

Not including power supply and driver.
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Photon Energy and Vf vs. Wavelength
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Rf (Color Quality), CCT, and # of colors
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MAINS
POWER

efficiency —=<

COMM. INTERFACE:
Wired — DHCP, TCP/IP
Wireless — Bluetooth,

Zighee, WIFI, etc.

Spectrally Tunable Architecture

/

POWER SUPPLY:
High voltage AC
Low voltage DC

0.83-0.93

0.87-0.97

0.93-0.98

Ex. 0.35 @5225K
(LEDs 0.20-0.60)

0.50-0.90

 ——
cost

~

/

CONTROLLER

/ upP
SENSORS: :
Light level STORAGE:
0.92-0.97 Spectrum F|rrr.1walre
............................. Temperature | . Config. files
Clock, etc. Cal. files
User files
Presets
/ / / /
~ 7/ ~ /7 ~ / N
DRIVER-1: DRIVER-2: DRIVER-3: DRIVER-n:
PWM PWM PWM - PWM
and/or and/or and/or and/or
AM AM AM AM
Heat Sink
LED-1 LED-2 LED-3 ae LED-n
Optics
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Luminaires

201
2641

forced discover

Target lllumination

Match mode

spectrum

Target Thermal CT

-* 3097 *‘

Target Luminous Output

- * 1699.38 * ‘

Level

Spectraloc Control Software

Manual Control

uv1
uv2
VAl
V2
RB1
RB2

DR2
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FR2
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IR1
IR2

A
v

apply
to group

Level

0.0175

0.0190
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0.0207
0.0322
0.0193
0.0516
0.0555
0.0000
0.0449
0.2288
0.2538
0.0000
0.0252
0.0340
0.0635
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0.0732
0.1455
0.0773
0.1767
0.3949
0.4555

Telelumen Spectraloc 25.01.29.0

Metrics luminaire ([
Output (Im) 11699
‘Output (W) 116.773
Input (W) 156.6

(u', v') cmf2 10.247, 0.520
duv 10.0006
CCT (K) |3097
Ra 198

SPD Error (%)  |28.7
(u, v') Error 10.001M
Rf av. 198
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500

Next Frame #

loop

Edit Lumenscripts

Play Lumenscripts

600 700 800 900
Duration  Source
» [m) 1.000 target
dark after send
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SPD (W/nm)
Full scale: 9.0e-02

S/N 202 (Dittosizer) SPD (W/nm)

24-channel

300

500

700

8-channel

S/N 2250 (OctaViolet) SPD (W/nm)

SPD (W/nm)
Full scale: 3.0e-02

T
H/
I

800 900 1000 300

2755K Incandescent Target
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SPD (Winm)

Full scale- 3.0e-02

24-channel

8-channel

SN 202 (Dittosizer) SPD (W/nm) SN 2250 (Octaviolet) SPD (W/nm)

SPD (WWinm)
Full scale- 3. 0e-02

300 400 SO0 G600 00 8o 900 1000 300 400

6500K Daylight Target
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SPD (W/nm)
Full scale: 1.0e-02

SPD (W/nm)
Full scale: 1.0e-02

24-channel

S/N 202 (Dittosizer) SPD (W/nm)

8-channel

S/N 2250 (OctaViolet) SPD (W/nm)

SPD (W/nm)
Full scale: 3.0e-02

-

40 500 600 700 800 900 1000 300

Daylight Recorded at 1712, 18440K

24-channel

S/N 202 (Dittosizer) SPD (W/nm)

400 500 600 700 800

8-channel

S/N 2250 (OctaViolet) SPD (W/nm)

SPD (W/nm)
Full scale: 3.0e-02

300

40 500 600 700 80 900 1000 300

Daylight Recorded at 1714, 6657K
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Octa Light Players 20000K to 1500K
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Shown above left are Telelumen Octa Light Players set to a mode enriched in
short wavelengths and above right is the same system enriched in long
wavelengths at an intensive care unit (ICU) in the Jefferson Hospital for
Neuroscience in Philadelphia, PA (2019).




Claude Monet — “Haystacks”

The series shows differences in perception of light across various times of day, seasons, and types of weather.

1890-1801 series sy Dttp://en.wikipedia.org/wiki/Haystacks_(Monet)

e e

Grainstacks in the Sunlight, H , (Midday), 1890- (End of Wheatstacks, 1890-91. Oilon  Wheatstacks, Snow Effect,

Morning Effect, 1890. Oilon 91, National Gallery of Summer), 1890-91. Oil on canvas. Art Institute of Morning, 1891. Oil on canvas.

canvas. Private collection. Australia canvas. Art Institute of Chicago. J. Paul Getty Museum
Chicago

Haystacks at the End of Haystacks on a Foggy Haystack, Morning Snow Grainstacks Snow Effect, Wheatstacks (Sunset, Snow
Summer, Morning Effect, Morning, 1891. Oil on canvas.  Effect (Meule, Effet de Neige, (Meules, effet de neige), Effect), 1890-91. Oil on
1891. Oil on canvas. Musée Private collection le Matin), 1891. Oil on canvas. 1891. Oil on canvas. National ~ canvas. Art Institute of
d'Orsay, Paris, France. Museum of Fine Arts, Boston. ~ Gallery of Scotland, Chicago.

Edinburgh, Scotland

Wheatstack (Snow Effect, Wheatstack, 1890-91. Oil on Wheatstack (Thaw, Sunset), Wheatstack (Sun in the Mist),  Grainstacks. (Snow effects;

Overcast day) (Meule, effet de canvas. Art Institute of 1890-91. Oil on canvas. Art 1891. Oil on canvas. sunlight.), 1890-91. Oil on

neige, temps couvert), 1890- Chicago. Institute of Chicago. Minneapolis Institute of Arts. canvas. National Gallery of

91. Oil on canvas. Art Institute Scotland, Edinburgh,
Scotland

of Chicago.
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Summary

Daylight is the gold standard for lighting.
Daylight is complex — continuous spectrum, changing over time.
— Daylight locus is only occasionally representative of daylight.

Daylight CCTs are much higher than most electric lights.

— Typically, even at sunrise and sunset.
Programmable spectrum sources allow many solutions for the same CCT.
Deep red (>650nm) is essential for high CCT acceptance and skin color.

Focus on radiometry, photometry is not sufficient for daylight.
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