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Presentation Outline

Short overview on “Case Studies”
Why do we need wearable devices?
Which sensors are out there?

Commercial Sensors
e Actiwatch
e LYS Button

e Movisens

Problems

Recommendations
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Case Studies

What you should expect

Daylighting integration is an

asset for the retail sector

Generous windows, daylight harvesting and Human-Centric LED
Lighting in the pilot project IKEA Kaarst store

AHKEA Kaarst daylight was brought into fhe sx-
hibilion area, This, combined wilh clever inlagra-
tion of sleciriz lighting has improved the shop
ing suparsncs for cusiomans and iaft the mark
on & bunch of snthusisstc smpicyees

The projest

When you amive at IKEA Kaare, the feelng & Tal you
ares ins front of yet another ‘Blue-bod” sore of te tamous
furnihre e, But i s whon you walkch el the mogic
happens. In the Tning room” exhibkion area, large
facing windows alows the aftemaoon sun iluminating so-
fas and tabdes (Fig. 2. the slectric lighting 15 prowided by
LED uminaires simmed wiih 3 daykght harsesing sensor
(OHE), and @ rumEer of cefing spot lamps. Wnen walkng
Uhrough virsous clher departments, you will ersd up in the
“home decoralion” ares. where Llly-ghaced windows pro-
vide most of ilumination and a mosk-eelcomed connedion
1o #ie outdoors; the electric ighting relies on tradtional
halogen spotlames phus 3 proat-af-concet Human-Centic
Lighting {MCL) consisting of LED panals with colour fun-
ing. Tha light CCT changes ovarima accordng ioa prede-
ich daybght (Fig. 21

EA SHE Task 61 Subtack
Moribored by Rafael Campama Piznero, Lund University
Lur . ko

Monmoring

The site was first visited in February 2018, and then moni-
tored for b weeks, sightly before e spring equinox
The feld mendoning provided valuable insghis as wel
% material 1o produce acdbionnl computer SMUBtoNS
Tha simuations were usad io sviluite dayight Inicaton
Buch ars the Dyight Autonamy (DA of the Daylight Glars

hip Dy ebd th se

Image source: IEA SHC Task 61

to see

Daylighting integration is an

asset for the retail sector

= ¥ by using

QR code hanged ol some walls of wals of e LR and HD
departmant. Werkars who vollteersd ware Intendiwed.
Hinaty custcensrs and fwalve worers paricipated 10 the
sy, Hona of [ custom ers was naw 1 IKEA, however
same were habitual customers of this particular shog in
Kaarst, whie for cther wast the frst visit Figure 7 15 seit-

mone than @ good reason. Bul there are niches were day-
light méagration can acually improve the presentabon of
produds; fomdurs shegs ae one ofthose. This case skudy
nstrated that inlegraded lighting schamaes provides a
rumber of assets beyond enengy saving, the letter being -
for vat matter - imited
Customars felt Bke 2 home in the new IKEA Kaarst shop
and the smployees where more satisfied of ther working
place. in a sense, imegrated kghting neay maen buik loyak
ity ba the brend.

In such aoplicaion, we found that common daxkghl met-
no sare not

WEyS BPRORS: - pna (nieresting products are

sl to doscribe

perception. For ot in the daylight

axample. OGP

iwhich has besn devalcoed foe ¥ catasks, cououtly could
shop

o

for customers, and & does not provide mare faclities of
Detter parking. Howewver,
It iz nice that the SUN the geals majoity of
iz coming in customers. (hink than he
overal alosphere and
shopping experence i3 befler Bhan in ciher IKEA shops.
Most important, there i aimost unanmity in jdging the
BGRONg ESMIET In I $H0P. Mary SUsomErs 50K als (he
e 1o add some personal reflections on daylighting in the
wardey, Be i rioe thiel the sun i5 coming BT VWhile ne-
wingows. ot

Bedy
Brchastas Bl * Tha infiveating products ans nol in i day-
nw: Glare o diredt sUn can be sometimes a probiam

the sta¥ for example. an employee at HO reported
mat “is cificut {0 profiect the plarts and other fems duing
sunvTy deps’. Howsver, Ehis ace manor [5sues in A bunch
of positive commants, spacing from “a b of naturml
B, o et S wenstler Charges, Aliral ght inprces
oy o to “Light makes customers happy. Thay don?
fows) 25y fockaes upr. The wtaff showed apprecaton for he
MCL lighting 100, chuening Mt wis nioe 10 see how skec-
i lighting could folow the daly changes i natural light
Some of the 0¥ complaints were aehually about not haw
g enough sccarsa to dagight. "l dor'l Bke. ) Mo nelu
ral bght i the peighbor deparimend which aiso bekngs
o my workspece”. The interviewed stef have been work-
ing in ancther IKEA shops before and they described ther
current working environments in these terma: *Today, my
workplace #'s mch more plesant’, *f'm happéer now” and
*Oine is mons postive and feels fess e at work',

Lessons learned

Wiell-designed lighting means good presentation of prod-
udls and, sventually, more sakes. Lighting design in the
focued H for

Acknoweledmerts
Financial support: The Swedish Energy Agerey
Euppert on ste; IKEA Kaarst team

Pt dascrc th

context. This calls for a desper umnlamn: o intagrat-
#d detign, with more specific recommendatices based on
space usage and typoiogy of useniacthity
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Case Studies

A coherent framework for the evaluation

Monitoring protocol
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Case studies

Icons: Niko Gentile

Pictures: Julio Fernandes Amodia, Rawan Abdulhaq, Ceren Yimaz, Kieu Pham, Veronica Garcia-Hansen, Claudia David Amorim, Rafael Campama Pizarro
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Case Studies

Existing buildings with a “(day)lighting touch”

Country Name ‘?‘i’
AUS Aurecon's Brisbane offices (CLT building)
AUS AECOM

uTt Bartenbach R&D Office

RA Ministry of Energy

RA Forum Sobral Pinto

CDT Building

CHN CABR nZEB 4 000 m2
CHN Office for People's Bank of China Xining 10 000 m2

CHN nzhou Finance Department, 10000 m2
CHN i Expo office building 4600 m2 2’ LD
CHN for LumLux Corp. 1000 m2

DEN ehause

DEN DTU Library

DEN Navitas

DEN Vikaergaarden

GER IBP Fraunhofer Lab

ITA Abazia di Ad Septimum

NOR

SWE

SWE The Spark -

SWE/GER IKEA Kaarst

SWI smart living lab

SWE/SPA IDOM Madrid "

USA Electrochromic windows with manual light control
USA Dual-zone shade

USA Automated shade and high-resolution lighting control

Image source: Elaboration by Niko Gentile on original design by freepik.com (CC-BY 3.0).

Building Type
Office

Office

Living lab

Office

Office

Office

Office

living-lab

Educational
Education
Health Care

Living lab
Educational (listed)
Office

Educational

Office

Other

Living lab

Office

Office

Office

Office
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Why do we need wearable devices?

We want to investigate and human experience

Image source: David Hubel (1988). Eye, Brain and Vision, W.H.
Freeman & Co., New York, p. 35.
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Why do we need wearable devices?

During the day, a person is exposed to different lighting conditions

It
https://www.Irc, i'.'e"fju/l.'

We need:
* dynamic measurement methods

(static measurements do not tell us the full story)
* ways to measure personal light exposure
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Why do we need wearable devices?

Light spectrum has influence on visual and non-visual effects of
light on humans

So, we want devices that can measure: And we want to correlate

e Full spectrum (ideally) photometric measurements
with human factors (e.g.
activity levels)

* Photopic illuminance (at least)

* Different wavelengths
(compromise)

|_cdo.com/imedia 2020/047‘2‘07"USA DAY/usatspQrts/gett-ylmage |
400 500 600 700 780 10732257 pewct=560— o

et 0
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Which sensors are out there?

Commercial devices “Research” devices
* Philips Actiwatch e Daysimeter
* LYS Button e LuxBlick

* Movisens e Others

e QOthers...

Image sources:
https://www.philips.com.au/healthcare/product/HCNOCTN445/actiwatch-spectrum-plus-get-the-actiwatch-advantage/specifications#cb_contact
https://lystechnologies.co.uk/products/lys-1-0-wearable

https://www.movisens.com/en/products/light-and-activity-sensor/

https://www.Irc.rpi.edu/programs/lightHealth/img/oldDaysimeter.jpg
https://www.tu-ilmenau.de/fileadmin/public/lichttechnik/Publikationen/2011/Vandahl_Tagungsband_CIE_2011.pdf
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Philips Actiwatch Spectrum Plus

Worn on the wrist

Light sensor

Tracks:

e Activity

e Sleep/wake
patterns

 Photopic
illuminance

e RGB

Image source: https://www.philips.com.au/healthcare/product/HCNOCTN445/actiwatch-spectrum-plus-get-the-actiwatch-
advantage/specifications#cb_contact
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Philips Actiwatch Spectrum Plus

Illuminance measurements

Measured under an overcast sky outdoors

 Need for calibration factor

e According to Markvart et al. (2015), who
tested 48 Actiwatches, calibration should
be device specific

Measured under a combination of red and
green light
e Practically not usable for measuring
red/green light
* Not very useful for “circadian” lighting
installations
References:

J. Markvart, A. M. Hansen, and J. Christoffersen, “Comparison and
correction of the light sensor output from 48 wearable light exposure

devices by using a side-by-side field calibration method,” LEUKOS, vol. 11,

pp. 155-171, 2015, DOI: http://dx.doi.
org/10.1080/15502724.2015.1020948.
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Graphs from:
A. Bgdker Poulsen, “Circadian lighting in psychiatric hospital wards: A method

test”, Master’s Thesis, Aarhus University, 2015
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Philips Actiwatch Spectrum Plus

Activity and sleep analysis High activity

level and awake
Sleep-rest interval

Day X | I “| m
| e, bbb il

Day Y

Bkl oy -n--!l e-‘-ll-!t-l. d . L

20:0 00:00 04:00 08:00

Graphs from:
A. Bgdker Poulsen, “Circadian
lighting in psychiatric hospital wards:

A method test”, Master’s Thesis, : .
Aarhus University, 2015 Evenlng nap Sleep end at 02:50
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Philips Actiwatch Spectrum Plus

Activity and sleep analysis

Caution:

Actiwatch data alone are often
misleading and not sufficient due to
wearing the instrument at the wrist

Image Source:
http://akl.ostkcdn.com/images/products/7307454/7307454/Marcy-
Foldable-Exercise-Bike-P14778368.jpg
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LYS Button 1.0

Can be attached to clothing via clip

Image source: https://lystechnologies.co.uk/products/lys-1-0-wearable

Tracks:

e Photopic
illuminance

e Color
temperature

e RGB, IR

e Activity level
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LYS Button 1.0

* You can get a ”light stimulus” value through an app e
e Additional paid software is needed to get the data
as Excel file (via email link) = rather expensive il
o A i
A B c D E F G H !
1 |timestamp sensor  lux kelvin rgbR rebG regbB reblR movement
2 |28-02-2020 10.14.35 Lys11 895 6329 574 805 744 36 0 RSHRCTI LSS
3 |28-02-202010.14.51 Lysll 895 6287 579 805 744 36 0
4 |28-02-202010.15.07 Lys1l 891 6303 574 800 740 36 0
5 |28-02-202010.15.23 Lysll 891 6303 574 800 740 36 0
6 |28-02-202010.15.39 Lysll 902 6279 583 810 748 37 0
7 |28-02-202010.15.55 Lysll 908 6270 588 815 753 37 0
8 |28-02-202010.16.11 Lys11 907 6312 583 815 753 37 0
9 |28-02-202010.16.27 Lysll 913 6296 588 820 757 37 0
10 |28-02-2020 10.16.42 Lys1l 756 6492 484 689 648 30 0
1128-02-202010.16.58 Lys1l 929 6305 597 835 770 38 0 -
12 |28-02-202010.17.14 Lys1l 902 6313 579 810 748 37 0 - R
13 |28-02-202010.17.30 Lys1l 907 6312 583 815 753 37 0 Now DIET
14 |28-02-202010.17.46 Lys1l 902 6279 583 810 748 37 0
15 |28-02-2020 10.18.02 Lys11 899 6312 583 810 753 37 0
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LYS Button 1.0

Illuminance measurements

[lluminance

Measured under daylight on a sunny day 200 == --lys5

indoors 1500 :yzz

* Need for device specific calibration factor % 1000 ;511

* Directional sensitivity (rotated device = o ys12
gives different result) °00 LICOR

* Error appears to be smaller for lower light 0o —— lys average
levels Black line: reference calibrated sensor (LI-COR 210SA)

Blue line: average of 5 LYS Buttons

Average absolute error (lux) | Average relative error (%)

-56 -18%
-300 -49%
-399 -32%

Image source: https://www.azosensors.com/images/equipments/Equipmentimage_824.jpg
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LYS Button 1.0

Measured under daylight on a Color temperature
sunny day indoors 10000
(one measurement with blinds e
7000
closed under electric light) o 600
o T>J 5000
* average error 9% £ 4000
3000
2000

|5 e spectrophotometer

Blue line: reference spectrophotometer (Konica Minolta CL-500A)
Green line: LYS Button

Image source:
https://www.konicaminolta.com.cn/instruments/products/light/cl500a/img/CL-500A.jpg
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LYS Button 1.0
[ ]

B walking B sitting cycling [ lying B working

60

Activity analysis

50

e Counts how many times within an

(e IN e e T s W S TN

interval the acceleration exceeds a “ 029 .
limit 35 : T°
% 30
£
e Resultis expresseding g .
20 ®
* Small investigation is needed to figure i
el4 —p= 893147
out what the results mean )
!
: e -
0 0 EIQ 0 ] Sp o [0

Image Source:

F. Dobos, “Development of a light measurement method: assessing lighting and
human light exposure using a Raspberry-Pi camera and dosimeters in a short-term
care facility”, Master’s Thesis, Aarhus University, 2019
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Movisens LightMove 4

Worn on the wrist

Image source: https://www.movisens.com/en/products/light-and-activity-sensor/

Tracks:

 Photopic
illuminance

e Color
temperature

e Activity level

e Sleep/wake
patterns

e Temperature

IEA SHC Task 61 / EBC Annex 77 »Integrated Solutions for Daylighting and Electric Lighting«
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Movisens LightMove 4

Illuminance measurements

Unfortunately, we do not have a comparison with a calibrated sensor

LYS vs Movisens: they don’t always tell the same story
* On the shirt vs on the wrist
e Sensor inaccuracies

[lluminance

— LYS Button
— Movisens
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Activity and sleep analysis

Measures acceleration in 3 axes and
provides average

Small investigation is needed to figure
out what the results mean (although
some indications for possible activities
are provided by the sensor)

Remember:

Data can still be misleading
due to wearing the
instrument at the wrist

Movisens LightMove 4

G-force ranges by activity types
M sitting desk M sittinghome W Walking M Up stairs [ Down stairs B Bus B Iying : M cycling

w0 0.763

T10:5797

0.463%
0.4458

b =

0.40

—0.3234

.2293
4
.1647

0.11 T —0.1126

L
0.0301
0.06 L 0.0619
= 0529
7
0.031
0226
0.00 Snmagns0 29

0.005

s
.
0.223—

0.00

Image Source:

F. Dobos, “Development of a light measurement method: assessing
lighting and human light exposure using a Raspberry-Pi camera and
dosimeters in a short-term care facility”, Master’s Thesis, Aarhus

IEA SHC Task 61 / EBC Annex 77 »Integrated Solutions for Daylighting and Electric Lighting«

University, 2019

SOLAR HEATING & COOLING PROGRAMME:
INTERNATIONAL ENERGY AGENCY



Problems

Not always reliable light measurements

Markvart et al. (2015) have found differences between devices of the same type
(Actiwatch) of up to 60% > matches well with our experience

Wrist worn sensors: measurements do not match those a person
receives at the eye

Aarts et al. (2017) have found differences between devices worn by the same

person at different body locations (up to 27% when worn on the wrist compared
to at the eyes)

Some sensor manufacturers claim scientific validation of their products,
but often just stop communicating when asked for details

References:

1. J. Markvart, A. M. Hansen, and J. Christoffersen, “Comparison and correction of the light sensor output from 48 wearable light exposure devices by using

a side-by-side field calibration method,” LEUKOS, vol. 11, pp. 155-171, 2015, DOI: http://dx.doi. org/10.1080/15502724.2015.1020948.
2. M. P.J. Aarts, J. van Duijnhoven, M. B. C. Aries, and A. L. P. Rosemann, “Performance of personally worn dosimeters to study non-image forming effects

of light: Assessment methods,” Build. Environ., vol. 117, pp. 60-72, 2017, DOI: 10.1016/j.buildenv.2017.03.002.
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Recommendations

* Use more than one type of measuring device and compare results

e (Calibration factors

Needed for each individual device, but not supplied by manufacturers of these

low-cost devices

Researchers prepared to work with manufacturers on this = cost factor
* Sensor closer to the eye and facing the same way is preferable
e Combine measurement data with observations / diary entries

* Be critical when looking at the results you get

Avoid making conclusions based on questionable data
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