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Preface 

Sune Buch-Sloth from Rødrove municipality and Paul Michael Petersen from DTU Fotonik have 

initiated this project. I have been asked to conduct a photometric characterisation of the Oculus 

Go, in order to assess any biological issue related to its light output.  

 

Together with Dennis Dan Corell, from DTU Fotonik, I have defined an experimental procedure 

and proceeded to the measurements and subsequent calculations in our photometry Lab at DTU 

Fotonik in Roskilde 

Based on our measurements and a literature survey I have then assessed the biological impact 

of the Oculus Go, which is reported in this technical report. 

 

This project has been interesting to conduct as it is perfectly aligned with our strategy regarding 

Virtual Reality (VR), photometric characterization and biological aspect of light, especially for 

Elderly and dementia. We therefore wish to extend this work to further measurements and 

biological assessments, as well as other devices. 

 

I would like to thank Sune Buch-Sloth for ordering this study and Paul Michael Petersen for giving 

me the opportunity to conduct it and his valuable advices. I would also like to thank my colleague 

Dennis Dan Corell for his dedication and professionalism. 

Special thanks goes to Peter Jensen (DTU Fotonik) for his help with the preparation of the 

dummy, Maria Louisa Rosenberg Welling and Linda Christel, DTU Fotonik’s admins, for their 

valuable help in preparing the bid for Rødrove municipality. 

 

In conclusion, I sincerely hope that this work has fulfilled his needs and can be helpful to anyone 

interested in VR headset and their photometric specifications, especially concerning health. 

 

Yours sincerely  

 

Risø campus, January 2019 

 

Thierry Silvio Claude Soreze 

Project manager, DTU Fotonik 

tsor@fotonik.dtu.dk   
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Summary 

This report summarizes the results and conclusions of the characterisation of the Oculus Go 

virtual reality (VR) headset, used by Rødrove municipality in their elderly homes for cognitive 

stimulation of elderly people through VR experiences. The goal of our study was to assess the 

photometric properties of the device and evaluate its effects on circadian rhythm and possible 

health issues, i.e. retinal damages due to blue light hazard for instance, if any, and ultimately give 

safety and good practices recommendations.  

 

We have performed measurements and calculations over the three colour channels, Red, Green 

and Blue, as well as the white point of the display and a VR scene, taken from the set of scenes 

used at the nursing homes. 

 

The results have shown that the device has a strong and narrow blue emission, peaking at 450 

nm, especially in “white” scenes. The light output of the device, in both levels and spectral 

composition, has been found suitable for safe viewing experience, the peak average illuminance 

being 55 lux and around 8-10 for the VR scene that we have measurement, as part of the set 

featured at Rødrove municipality 

 

However, further studies should be carried out in order to evaluate induced risks by flickering as 

the framerate is at 60 Hz by default which corresponds to flicker fusion threshold, above which 

flicker is usually not perceptible. In addition, due to the nature of the backlight, LEDs, the device 

can induce another source of flicker. Both forms of flicker, i.e. induced by the framerate or the 

pulse-width modulation of the LED backlight, can potentially lead to epileptic seizures to sensitive 

population, Alzheimer’s patients being a category at risk regarding epilepsy.  

We therefore recommend extending this study to flickering assessment and to exclusively use 

the 72 Hz optional mode of the Oculus Go. Aside with epilepsy, flickering has been reported to 

induce eyestrain, headache, and neurological (mostly affecting vision) effects.  

 

The blue component of the headset peaks at 450 nm, which is close to peak sensitivity for 

melatonin suppression, i.e. around 460 nm, and the light output has been found similar to the one 

of a smartphone viewed at 20 cm. In addition, the spectrum of the white point of the oculus Go is 

also quite similar to the white point of the LCD based smartphones and tablets. Both intensity and 

spectral composition of light emitted by the Oculus Go can lead to a measurable melatonin 

suppression and a delay in melatonin onset, if used in the evening or at night under a prolonged 

exposure time (2 hours). 

Therefore, we recommend to use it in the daytime to be on the safe side regarding circadian 

biology. 
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1. Introduction 

1.1 Abstract 

 

Rødrove municipality has ordered this project, conducted at DOLL Virtual Lab, a subsidiary of 

DTU Fofonik. The project’s objective was the photometric assessment of the Oculus Go headset 

used in their nursing homes for cognitive stimulation of elderly people through VR experiences. 

The primary goal of this evaluation was to determine the photometric properties of the device and 

relate it to possible advert effects on vision and circadian rhythm if any.  

 

Following this introductory section, the results of our study is presented in section 2, and will be 

discussed in detail in section 3. The last part of the report, section 4, will be dedicated to the 

description of our scientific methodology for interested readers.  

 

1.2 Rødrove Kommune  

 

Rødrove Kommune is a 12 km² municipality in Region Hovedstaden (Zealand), neighbouring 

Copenhagen to the east. Its mayor is Erik Nielsen (Socialdemokraterne), and its population by 

2014 was 37,540.  

 

1.3 DTU Fotonik  

 

DTU Fotonik, DTU Photonics in English, is a department of the Technical University of Denmark 

(DTU), covering research in a broad spectrum of fields within Photonics Engineering.  

It ranges from basic scientific explorations into light-matter interaction, via communication 

technologies, lasers and sensors, to collaborations with architects and designers on LED light 

sources of the future. The department focuses on the application-oriented uses of our research 

and on solving the societal challenges that we face. 

About 220 researchers are employed at DTU Fotonik, including around 90 PhD Students.  

 

1.3.1 Danish outdoor lighting laboratory (DOLL)   

 

DOLL is a permanent platform that brings together players in outdoor lighting and Smart City 

solutions to create innovative new solutions and offer municipalities a look inside the new, smart 

world of Europe’s largest living laboratory, in the form of a consortia consisting of DTU Fotonik, 

Albertslund Municipality and Gate 21. DOLL comprises three laboratories: 

 

 Living Lab offers a 1:1 experience of outdoor lighting products on pathways, streets, 

passages, parks and squares.  

 Quality Lab, located at the Photonics Department of the Technical University of Denmark, 

offers manufacturers and buyers test and documentation of all aspects of artificial lighting. 
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 Virtual Lab, located at the Photonics Department of the Technical University of 

Denmark, offers the opportunity to recreate spaces in 3D computer models for 

virtual assessment of lighting schemes  

 

 

1.4 Oculus Go (Oculus VR/Facebook) 

 

 

The Oculus Go is an affordable, standalone VR headset from Oculus VR, powered by a 

Qualcomm’s Snapdragon 821 chip (2016), supported by 6 GB of RAM. Its display unit is a 5.5 

inches @ 2560 x 1440 LCD display (1280 x 1440 pixels per eye at 60 Hz, and a 538 pixels per 

inches density), and comprises high quality Fresnel lenses as in the Oculus Rift headset. No 

technical specifications on the LED backlight were available to us. The framerate can be unlocked 

to a maximum of 72 Hz. 

 

The headset is light, 467 g, and compact, 190 x 105 x 115 mm, that makes it comfortable to wear 

even for long period or for people wearing looking glasses. The field of view (FOV) is 110 degrees. 

The headset is also provided with audio speakers. Its autonomy is short, around 3 hours. 

 

 

 
 

Figure 1: The Oculus Go headset, mounted on a dummy’s head, with its control pad and a tablet embedding 

the control software for delivering the VR experiences. 
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A detailed technical specification list is provided in the supplementary material of this report. In 

addition, I would like to mention that the developer’s blog 1 of Oculus VR is a valuable source of 

information regarding their headsets. 

 

2. Results description  

2.1 Tested configurations  

 

In this section, we present the raw results of our measurements and calculations with a small 

analysis and description. A more detailed analysis will be given in section 3. Please refer to the 

Appendix for a comprehensive overview of the experimental and technical methodologies. 

 

We have measured five spectral configurations of the Oculus Go, based on contents controlled 

by a software provided with the headset used at Rødrove and developed by a third party. The 

methodology and the experimental setup will be described later. Please note that the framerate 

of the five scenes has not been communicated to us and has not been measured by our means. 

 

We have measured the average radiant spectral output reaching the cornea of a user, for the 

following five configurations: 

 

 A fully red signal, corresponding to the “red” primary of the Oculus’ LCD display   

 A fully green signal, corresponding to the “green” primary of the Oculus’ LCD display   

 A fully blue signal, corresponding to the “blue” primary of the Oculus’ LCD display  

 A fully white signal, corresponding to the “white point” of the Oculus’ LCD display   

 A nature based VR scene, representative of the scenes presented to the elderly at 

Rødrove municipality   

 

Each configuration has been measured with a calibrated spectrometer, which gives information 

about spectral content, CCT and irradiance. As it will be further detailed in the Appendix, the 

measurements have been recorded as the average illumination received by the eye of an average 

observer looking through the headset.  

 

The results are described in the next section, and will be discussed in section 3, where we will 

also provide recommendations based on our conclusions. In the Appendix, the experimental 

setup, technical details and methodology will be exposed. 

 

 

2.2 Results  

 

Our measurements have consisted of spectral characterisation of each aforementioned five 

configurations with a calibrated spectrometer (QE65000 from Ocean Optics). The measured 

spectra will be exposed and briefly analysed in the sections below. The illuminance levels (lux) 

                                                                                                                                                     
1 https://developer.oculus.com/blog/ 
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have been derived from the raw data under the two degrees standard observer and the CIE 1931 

colour matching functions (CMFs). 

The irradiance measurement and spectral power distribution for each measured configuration are 

exposed in the sections below.  

 

2.2.1 Red 

 

This configuration corresponds to red primary of the LCD display of the device. The signal 

consists of the “red” component of the display set at its maximum output whilst the others 

channels being set to zero, corresponding to a RGB value of [1 0 0] or [255 0 0].  

 

The red channel spectral power distribution (SPD) consists of an approximately Gaussian like 

spectrum, typical of a LED, in the “red” region of the visible spectrum, approx. 580-750 nm, 

peaking around 620 nm and with a Full width at half maximum (FWHM) of approx. 40-50 nm. 

However, it should be noted that the shape of the red channel’s SPD is not typical of a red LED, 

as could be clearly seen on figure 2 its shape is not symmetrical, as its left hand has a steeper 

falloff, reaching quickly its minimum. This indicates that the channel is not obtained with a pure 

red LED. In addition, as it is clearly visible on figure 2 the red channel also features a small blue 

component, peaking at 450 nm. Even if several hypothesis could explain this, we had no further 

information permitting to confirm any privileged hypothesis. This could be investigated through a 

more detailed assessment of the backlight if needed. 

 

The illuminance of this primary has been calculated to be slightly below 10 lux, as can be seen 

on figure 8.  

 

 

 

 

Figure 2: Spectrum of the Red primary of the Oculus Go  
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2.2.2 Green 

 

The green channel corresponds to a RGB signal having a value of [0 1 0] or [0 255 0], i.e. the 

green component of the LCD backlight set at its maximum output and the red and blue channels 

set to 0. 

 

This primary has a Gaussian mixture-like shape with a FWHM of approx. 40-50 nm for its “green” 

component. As depicted on figure 3 it also has a small Gaussian mode in the blue region, peaking 

at 450 nm. As for the red channel, this channel is not made of a pure green LED. 

 

The radiant energy of this channel is high, which also leads to a high photometric energy 

according to the peak of the measured SPD, closely matching the peak, i.e. 555 nm, and the 

shape of the spectral sensitivity curve of the human eye in daytime condition, i.e.  V  . Our 

calculations give us an average photopic illuminance of roughly 30 lux, which is sufficiently bright 

for inducing a circadian response. 

 

 

 

Figure 3: Spectrum of the Green primary of the Oculus Go 

 

2.2.3 Blue 

 

As for the other channels, the blue primary consists of the blue component of the LCD backlight 

set at its maximum output, whilst the others two being set to zero. In terms of RGB values this is 

translated to [0 0 1] or [0 0 255].  

 

This channel is made of a strong and narrow blue emission peaking at 450 nm. This primary has 

a high radiant output; however, it has a low, 2-3 lux, photometric output due to the spectral 

sensitivity of the human eye, c.f. figure 11 in the Appendix. This light level is considered as dim 

and not likely to induce melatonin suppression, especially under short exposure time.  
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As it peaks at 450 nm half of the blue radiation lies within the so-called damaging region, 400-

450 nm, of the visible spectrum, which is associated with blue light hazard, i.e. irreversible retinal 

damage that can potentially lead to age related macular degeneration (AMD) and optical 

opacification of the lens. In addition, 450 nm is near the peak sensitivity of the intrinsically 

photosensitive retinal ganglion cells (ipRGCs), responsible for circadian signalling and melatonin 

suppression. The 445-470 nm region is considered the most sensitive for triggering a circadian 

response. However, as mentioned above the light output of this channel is low and cannot induce 

any retinal damage or circadian response under normal usage of the Oculus Go. 

 

Some small green and red components are also featured in this channel, but they have a 

negligible contribution, hence, as for the two other channels the blue channel is not obtained 

through a pure Blue LED. 

 

 

 

Figure 4: Spectrum of the Blue primary of the Oculus Go 

 

2.2.4 White 

 

The “white” channel corresponds of a RGB value of [1 1 1] or [255 255 255], implying that all 

primaries are set to their maximum output. The spectrum of the white configuration is a Gaussian 

mixture of all three other Gaussian-like spectrum of the three channels, with a very strong peak 

in the blue mode at 450 nm. Therefore, the radiant energy of this configuration is very high. Its 

photometric output reaches an average of 55 lux at the cornea. 

 

This configuration also tells us about the “white point” of the LCD display of the Oculus Go. The 

CCT of the white signal has been measured to be around 6700 Kelvin, which is consistent with 

the D65 white point usually used for LCD display and for the sRGB colour space. 

 

The light output and the strong blue peak, peaking at 450 nm, of this configuration can affect the 

circadian system, especially under prolonged exposition in the late afternoon or in the evening. 
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Furthermore, the 55 lux that we have measured is consistent with the light emitted by a 

smartphone used under normal conditions. Therefore, care should be taken when designing VR 

scenes featuring bright and white contents.  

 

 

Figure 5: Spectrum of the White point of the Oculus Go 

 

2.2.5 Vestskov 

 

The last configuration that we have measured is a VR scene from the set of VR scenes used at 

Rødrove municipality’s nursing homes. The scene consists of a forestry environment under a 

typical Danish overcast sky. We have chosen this natural scene for its brownish and greenish 

taints, in order to evaluate the blue emission of the device for regular “non-blueish” scenes.  

 

As shown on figure 6, this scene has a Gaussian-mixture-like average spectrum with roughly 

equally peaked red and green modes. However, the blue component, peaking at 450 nm, has a 

far higher peak and a more narrow shape. This could emphasize either the fact that the display 

relies very much on the blue channel for colour mixing or that the “white” content of the scene 

occupies a huge part of the visual field. It should be noted that the average illuminance of this 

scene is moderately dim, around seven lux. However, some parts of the scene are quite dark, i.e. 

tree’s barks, foliage, soil, etc. This mean that we cannot exclude the fact that brighter parts like 

clouds or the sky could have a high illuminance, in the limit of 55 lux. 

 

The SPD of this scene, with a strong narrow blue peak at 450 nm, could potentially lead to 

circadian response, i.e. delaying the onset of melatonin production, under prolonged exposition 

(i.e. 2 hours and more). However, its average illuminance is low so a finer analysis of the data is 

probably needed in order to determine the exact circadian response of this scene. Calculation of 

circadian based indicators, like circadian light or circadian stimulus, could help. Unfortunately, 

due to time constraints such analysis is beyond the scope of the present study. 
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In addition, in this scene, i.e. a forestry scene with a bright sky, the impact on circadian clock will 

depend on the direction of gaze and the size of the brighter parts in the field of view, as one needs 

to keep in mind that the 7 lux that has been measured is an average. Conversely, to the RGBW 

channels, the VR scene is non-uniform and features high spectral and illuminance variations, i.e. 

contrast. 

 

Measurement of the whole set of VR scenes could greatly help in getting more information in the 

way the device could impact or not the elderly people exposed to it at the Rødrove’s nursing 

homes.   

   

 

 

Figure 6: Spectrum of the VR scene (Vestskov) 

 

 

 

2.2.6 Oculus Go primaries 

 

The LCD display of the oculus Go headset is presumably composed of a LED backlight. However, 

we do not know the exact nature of this backlight. We had initially assumed that it was made of 

monochromatic red, blue and green LEDs. As we have seen earlier, the red and green channels 

feature a Gaussian mixture like shape with a blue mode, negligible in the case of the red, which 

is not common for monochrome LEDs. We therefore hypothesize non-purely monochromatic 

LEDs for creating of the different channels. 

 

Based on this set of primaries we can eventually define the transform matrix of the device. Such 

matrix allows the conversion of colours between the device dependant RGBW colorimetric system 

to a device independent colour space such as CIE 1931 XYZ or the sRGB colour space widely 

spread for consumer display and cameras devices, as well as the computation of the gamut of 

the display. A typical usage of this matrix would be to control accurately the colours and 

illuminance levels to be outputted by the LCD display of the Oculus Go.  However, this is beyond 
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the scope of this study, as it would require extended measurements: we need to assess the non-

linearity of the LCD display and to check the channels independence. The white channel, as 

mentioned before, is typical of self-luminous LCD screens used for smartphones and tablets.  

 

 

 

Figure 7: Radiometric spectra of Oculus Go primaries and white point 

 

Our spectral measurements have been carried out from 200 nm to around 1000 nm. Based on 

the sensed radiant spectra we can calculate and derive average illuminance for each scenes. The 

set of calculated illuminances values is depicted on figure 8 below. 

 

As already, mentioned circadian light and circadian stimulation would be  more precise indicators 

for assessing the circadian response of VR scenes. In addition, primaries alone are not a good 

indicator of the circadian action of a display. The white channel, on the other hand, has helped 

our investigation as it has the same spectrum as a regular LCD smartphone or tablet screen. We 

have then been able to compare our results to the published studies investigating the circadian 

impact of such devices.  
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Figure 8: measured average illuminance value of each configuration   

 

 

The white spectrum of the Oculus Go is very similar to a regular smartphone/tablet white point as 

can be seen of the figure 9 below:  

 

 

 

 

Figure 9: White point spectrum for different iPhone models. Image courtesy of   http://www.displaymate.com 

 

 

 

3. Conclusion and Outlook 

3.1 Summary of the results 

 

In this study, we have performed five spectral irradiance measurements corresponding to the 

average illumination integrated by the eye of an average observer wearing the Oculus Go. The 

http://www.displaymate.com/
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observer chosen for carrying out the calculations is the CIE 1931 standard observer. Finer 

analysis can be conducted by using an improved model, for instance, an age dependent observer 

in order to take into account lens densification, spectral shift of the macula and other age related 

changes that could affect both retinal illuminance and spectral sensitivities of the cones, defining 

biological indicators and probably considering the 10 degrees observer.  

 

The set of measurements consists of the spectral characterization of the primaries of the Oculus 

Go. The LCD display is viewed through Fresnel lenses so the bare display’s spectra might be 

slightly different from the ones that we have sensed. On top of that, specific built-in image 

processing might be running in the background. The set of primaries measurements has been 

completed with the characterization of the white point of the display, which gives us interesting 

information about the blue emission of the Oculus Go.  

 

In order to have a full overview of the display performances under normal operating conditions, 

i.e. experiencing a VR scene, we have decided to measure the average corneal illuminance 

received from a typical VR experience as featured at Rødrove municipality’s nursing homes.  

 

Our findings can be summarized as follow: 

 

 Each primary is presumably made of non-purely monochromatic LEDs, delivering R, G 

and B signal. We do not know the underlying technology. 

 

 Accordingly, due to the spectral sensitivity of the human eye, the green channel is the 

most luminous with approx. 30 lux, the red and blue channels being at moderate levels. 

30 lux at the cornea is at a sufficient level to elicit a circadian response under prolonged 

viewing experience, i.e. 2 hours and more. 

 

 The white point of the Oculus is typical of a LCD device, both in its spectrum and its 

6500K CCT closely matching the sRGB’s white point’s CCT. This channel emits around 

55 lux, which is approximately the same amount than the light emitted by a smartphone’s 

screen viewed at 20-25 cm, indicating that a “white” scene viewed through the Oculus Go 

could potentially lead to the same circadian response as a smartphone, also considering 

that their spectral contents are similar. 

 

 The average spectrum of the assessed VR scene has a strong blue component, whilst 

its illuminance is at a dim level. However, this illuminance is an average of both dark and 

bright contents of the scene, meaning that the viewer can potentially stare at very bright 

components in the scene. Therefore, despite the moderate light of this scene we cannot 

exclude that it could affect circadian rhythm, under prolonged exposure.  

 

 The device emits a substantial amount of blue light at wavelengths that are the most 

sensitive for eliciting circadian responses. 

 

 Even if it emits a strong narrow blue component peaking in the “damaging zone”, the 

device does not emit enough light to induce any kind of ocular or retinal damages and 

can be safely used without fearing for user’s eyes. 
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 The default framerate, 60 Hz, is at the flicker fusion threshold, indicating possible advert 

effects in case of photosensitive epilepsy, or discomfort such as eyestrain and 

headaches.    

 

 

 

3.2 Discussion 

 

Even if our measurements and calculations are sufficient to draw conclusions about the device, 

our study has several limitations due to the limited scope of our investigations. In the future, we 

would like to conduct a more in depth investigation of the Oculus Go and other HMDs. Regarding 

pure display performance; we might be interested in assessing the following: 

 

 Peak and “dark” luminance and contrast ratio 

 Spatial resolution 

 EOTF, i.e. non-linearity 

 Channel independence 

 RGB2XYZ and RGB2sRGB transform matrices 

 LED backlight Pulse Width Modulation (PWM) frequency 

 

From a physiological point of view, we would likely investigate more accurate circadian indicators; 

for instance by calculating the circadian light and circadian stimuli of an extended set of VR 

scenes. Illuminance and spectral information are not accurate enough indicators of circadian 

impact of the light, especially regarding short exposure time. Therefore, we need to extend our 

future studies to finer biological indicators that can be derived from spectral measurements. These 

quantities have been described in the literature and are recommended for such investigations. 

Unfortunately, the scope of our present study did not allow us to define such indicators. In 

addition, calculating age dependent photometric quantities would help assessing the exact effect 

of the device on the target population, i.e. elderly. It would also be beneficial to assess comfort 

and visual performance of the device, one important aspect of visual comfort being flickering, in 

a robust and extended psycho-visual experiment.  

 

The operating frequency rate of the display is set to 60 Hz by default, although it seems that this 

frequency can be softwarely unlocked to 72 Hz. 60 Hz is known to be the flicker fusion 

threshold, which defines the frequency at which a flickering light appears as steady to an average 

human observer. Being at the exact threshold 60 Hz is not guaranteed to be adverse effects free 

regarding flickering, as it is an average. In addition, it should be noted that demented patients 

could be subjected to epilepsy. In addition, regardless of epilepsy seizures flickering has been 

reported to induce eyestrains, migraines and headaches. Therefore, extreme care should be 

taken regarding the usage of this device in absence of its exact effects concerning flickering.  

 

We therefore recommend an extended study covering more VR scenes and potentially other 

HMDs, as well as a comprehensive assessment of flickering and a definition of biological 

indicators to define the exact impact of the light on the circadian system. 
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Another aspect that we would like to assess in more detail in future measurements is the 

opportunity of the 10 degrees standard observer over the 2 degrees standard observer, in order 

to take the field of view of the sensor into account.  

 

 

  

 

3.3 Conclusion and recommendations 

 

Even if more precise physiological evaluation are needed to accurately assess the exact effect of 

a self-luminous device on human health, we cannot exclude that the Oculus Go can elicit a 

circadian response that could potentially delay the onset of melatonin production if used in the 

late afternoon/evening or at night under prolonged exposure. Our results have shown that both 

spectra and light output are very similar to the light emitted by smartphones.  

 

However, it should be noted that the duration of exposure is an important parameter for eliciting 

a response from the circadian system. Typically, the duration reported in the literature is around 

2 hours, so it is unclear whether a short VR experience can be detrimental to patient’s sleep or 

not. In order to carefully assess this aspect we need to define specific biological indicators. 

 

The risk of ocular or retinal damages is null regarding the light levels emitted by the device, 

furthermore, the light emission is nothing directional and focused. However, due to its substantial 

bluish component elderly observers might experience some discomfort due to glare. The low 

temporal frequency, 60 Hz, of the Oculus Go might also be a source of discomfort for an elderly 

viewer and can notably induce flicker. We recommend higher operating frequencies. It seems that 

the Oculus Go’s frequency can be unlocked and raised to a 72 Hz optional mode. This 72 Hz 

mode is reported by Oculus developers to offer higher visual quality, brighter display and warmer 

colours. 

 

The Oculus Go display unit is based on LCD technology, due to a slightly different spectral 

emission AMOLED technology could be an alternative. High ends HMDs offer AMOLED instead 

of LCD. Regarding replacement, it seems that the Oculus Quest could be a perfect match, as it 

operates at higher temporal frequencies and is provided with an AMOLED display unit. In addition 

to the spectra, OLED technology normally does not rely on PWM for dimming, hence avoiding 

flickering. However, it seems that some OLED displays use PWM, for instance Samsung’s 

screens.  

 

In general, as a rule of thumb patient should be exposed to bright light in the morning and during 

the day and to dim to low light in the late afternoon and the evening, closely matching the 24 

hours cycle of the sun (and the circadian clock). Based on such a rule the VR sessions should be 

set in the morning or early afternoon, and should support the bright blue light therapy scheme 

during daytime. In this regard the light level and the spectral composition of the Oculus Go is well 

suited to be part of a global light therapy strategy, that can help boosting circadian related biology, 

notably cognitive functions and mood. 
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The recommended 24 hours scheme should be based on long exposure to bright light, with a high 

“blue” component, in the morning, and dim “red” light in the late afternoon and the evening. It 

should be mentioned that due to “light history” the effect of the light treatment would be more 

pronounced if the subject has been exposed to dimmer light before the treatment. This could be 

applied to the VR experience, as benefit would be stronger if the viewers are set in dim condition 

before using the HMD. In practice, this could be difficult to achieve due to schedule constraints, 

except if the VR sessions are set in the early morning, for instance after breakfast. It should also 

be noted that the room condition would affect the light received by the HMD user. It is 

recommended to use it in bright condition in order to enhance the light exposure. 

 

As light is more effective in the morning in term of circadian synchronisation, it is recommended 

to place the VR sessions in the morning. In addition, setting the sessions in the morning would 

likely avoid impact on sleep quality for the elderly and support a dynamic lightning scheme by 

avoiding “blue” light later in the day. 

 

As mentioned earlier the spectral content and the light output of the Oculus Go correspond to 

those of LCD based smartphones and tablets used under normal conditions, i.e. @20-25 cm from 

the eye. Therefore, comparable effects on circadian biology might be expected. Melatonin 

suppression induced by smartphone usage is usually noticeable after 1-2 hours of exposure, so 

we might assume that the same exposure time would be needed to lead to a shift in the onset of 

melatonin release in the evening or its suppression at night. Based on this assumption we cannot 

conclude that the usage of HMD could affect sleeping quality if used in the evening for a short 

period. However, as mentioned earlier the effect of short exposure could be assessed by defining 

specific biological indicators. Furthermore, we recommend documenting and assessing any 

effects related to discomfort, i.e. nausea, dizziness, eyestrain, motion sickness, headaches. This 

could be achieved by asking users to fill in questionnaires after the VR experience. 

 

In summary regarding the usage of the headset and the VR experiences, we suggest the 

following: 

 

 Exclusively use the Oculus Go in morning or early afternoon sessions 

 Maintain bright condition in the VR room and privilege the longest exposition possible, 

i.e. the longest exposure that avoid discomfort, in morning sessions 

 Maximize the VR effects by ensuring that the viewers are in dim condition before the 

session, for instance by placing the session in the early morning 

 Avoid long exposure duration to the Oculus Go in the late afternoon and evening  

 Avoid exposition to the Oculus Go both at night and in the late evening 

 Possibly update to Oculus Quest when available if wireless system is the preferred option 

 Be aware of any epileptic history of any viewer and monitor carefully any report of 

headaches or eyestrain after usage 

 Document any discomfort or visual troubles that occurs after VR sessions 

 Privilege the 72 Hz optional mode for VR application development  

 If the Oculus Go should be used in late afternoon/evening for some reason please make 

sure that the VR scene is dim and has low blue component 

 

 

 



 

  

 21 

3.4 Best practices for implementation of the Oculus Go in 

nursing homes  

 

Based on the above recommendations and findings we can set some general rules and define 

best practices for an optimized usage of the Oculus at Rødrove’s nursing homes. 

 

On the software development side the VR applications should use the 72 Hz mode, instead of the 

default 60 Hz mode. As detailed in the previous sections this framerate is above the flicker fusion 

threshold and is therefore on the safe side regarding a comfortable viewing experience.  Beside 

of flicker this mode allows a better image quality and a brighter display2.  

 

The device should not be used in the hours preceding bedtime, as it could potentially suppress 

melatonin and delay its onset at night and ultimately disrupt sleep. Both its intensity, CCT and 

spectral contents are at risk concerning melatonin suppression. The recommended usage time is 

in the morning. 

 

The VR session should fully integrated in a more general scheme aimed at restoring cognitive 

and circadian balance for the nursing’s home patients. The light level, CCT and the blue content 

of the Oculus Go can help in boosting both cognitive functions, i.e. making the elderly more 

alert/focus, stimulate their brain, and helping in resetting their circadian clock and ultimately 

getting a good sleep. Used together with a proper light scheme the Oculus go could be a great 

tool for providing a better health to the elderly patients.  

 

An optimal lighting scheme for a good circadian balance should accompany the 24 hours cycle 

of the sun, both in spectrum and light intensity. In the morning the light should be bright and have 

a pronounced blue component, aiming at stimulating the brain and synchronising the circadian 

clock. In the late afternoon the light should be dimmer and more “red”, especially in the 2 hours 

preceding bedtime.  It is recommended to use very high CCT, i.e. 7000-8000 K in the morning 

and daytime, and to deliver at least 250 vertical lux at the eye. In the evening, a CCT of 2700 K 

is recommended as long as a maximum of 50 vertical lux at the eye. The Oculus Go is therefore 

more suited for morning/daytime usage spectrum wise. 

 

It seems that the best time to place the VR sessions involving the Oculus Go is the early morning, 

in order to take benefit of the light history and maximize the effect of the light delivered by the 

oculus. A subject exposed to dim light for a sufficiently long period, for instance after a sleep night, 

will exhibit a stronger circadian response to a light stimulation. In addition, circadian related 

responses are stronger in the morning. Accordingly the effect of the Oculus Go will be stronger if 

used when the elderly have not been exposed too long to bright light, and in the morning. The 

ideal time of day is therefore the early morning, i.e. a couple of hours after awakening.  However, 

it could be difficult to place the VR session at that time, so we strongly suggest to place them at 

any time before lunch if not possible after awakening.    

 

                                                                                                                                                     
2 https://developer.oculus.com/blog/optimizing-oculus-go-for-performance/ 
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4. Appendix 

4.1 Methodology 

 

In this part, we expose our experimental methodology and detail our setup and calculations.  

The device that we had to characterize is the Oculus Go VR headset from Oculus VR (Facebook). 

The HMD has already been described in section 1.4. 

 

In this study, we needed to sense the light coming out from the Oculus display and impinging the 

cornea of an average user wearing the HMD. The assignment given by Rødrove municipality was 

to investigate potential health issue that could result from the usage of this device, therefore, we 

needed to measure both spectral and intensity components of the light. For this purpose, we have 

used a dummy’s head to place the headset for the measurements. 

 

 

 

Figure 10: dummy’s head with the sensor in its eye (left image), and the fibre coupling the sensor to the 

spectrometer 

 

In order to sense the corneal illumination we have drilled holes in the eyes of dummy and placed 

a sensor through the left eye, as it can be seen on Figure 10 above. The sensor was coupled to 

the QE65000 spectrometer, from ocean optics, through an optical fibre, and the results analysed 

with the spectrometer’s companion software and MATLAB. The sensor measured the average 

spectrum of the light impinging it. From the recorded raw irradiance spectra, we have calculated 

the illuminance, in lux, by weighting the spectrum with the spectral sensitivity function of a CIE 

two degrees standard observer. The generic conversion from radiometric to photometric units is 

given by the following equation: 

 

    

    
780

380

v eK P V d       
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v  is the photometric flux in lumen, K is a constant whose value is 683 lumen per watt,  eP   

is the measured radiant spectrum, and finally  V  is the weighting function defining the spectral 

sensitivity of the human eye in photopic vision (day vision) for a two degrees observer, peaking 

at 555 nm (green) as shown in the figure below. From the luminous flux, one can obtain 

illuminance by taking the area of the sensor into account.  

 

 

 

 

Figure 11: Spectral sensitivity curve of the human eye in photopic vision  

 

 

As explained in section 2.1 we have defined several configurations in order to obtain the device’s 

primaries and white point. The three primaries have been sensed by measuring the Red, Green 

and Blue channels separately. Each primary being defined by setting its corresponding 

component, i.e. green for the green primary, at its maximum whilst leaving the two others to zero. 

The white point corresponds to the combination of each the three channels at their maximum. 

The primaries of a device define its gamut, i.e. space of all its reproducible colours. Any colour C 

displayed by the screen is obtained by a mix of the three of the primaries: 

 

 C rR gG bB     

 

The weights 𝑟, 𝑔 and 𝑏 are constant weighting coefficients, ranging between zero and one. As 

any consumer display and camera devices, the LCD screen of the Oculus Go is assumed to 

support the sRGB colour space, whose gamut is reproduced below: 
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Figure 12: sRGB color space and gamut  

 

 

The white point of the sRGB colour space is a CIE D65 light source, corresponding to a ”white” 

light with a CCT of 6500 K, which is approximately what we have found for the white point of the 

Oculus Go.  

 

Finally, we have decided to include a VR scene in the measurements set in order to assess the 

light coming out from the HMD under normal usage configuration, as the R, G, B and White (W) 

scenes are not suitable for normal VR experiences. This VR scene features a daytime outdoor 

scene in a forestry environment. This scene has been chosen for our measurements because of 

its supposed low blue content, as we wanted to evaluate the amount of blue that the Oculus Go 

emits under regular conditions. 

 

All signals, i.e. RGBW channels and the VR scene have been provided by Rødrove municipality, 

and controlled through a software installed on a Samsung tablet. The headset and the software 

were linked through a regular WIFI connection. The signals having been provided by our partner 

we had no control about the way they have been produced, especially regarding the framerate. 

 

As we have not used fine biological indicators and have not performed biological sampling from 

human, we had to base our analysed on the published literature investigating comparable spectra 

and light intensities. Due to the spectral content and intensity range of the Oculus Go, we have 

based our analysis on smartphones, as the light output of the Oculus is comparable to the one of 

a smartphone used under regular conditions. Same rationale applies for the spectra as the LCD 

display of the Oculus has the same white point as a smartphone’s LCD display, as can be seen 

on figure 9.     

 

 

4.2 Experimental setup 

 

The measurements have been performed in our photometric lab, located at Risø campus. The 

room temperature is kept at 25 degrees Celsius, and the walls are painted black to avoid 

unwanted light reflection. The dummy’s head has been placed and hold on a rack, and the sensor 

has been installed at the left eye’s location through a cavity located behind the head. The sensor 
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was standing still and has not been moved during the measurements. The experimental 

configuration can be seen on the figure below: 

 

  

 

Figure 13: The dummy’s head and its sensor installed in the photometry Lab 

 

We have then placed the HMD on the dummy’s head, as a person would wear it. In order to keep 

the head still despite the weight of the HMD we had to mount it on a wooden plate, as shown on 

figure 13. This setup allowed us to use the headset in its normal operating configuration, whilst 

giving us the freedom to perform our spectral measurements.  

 

  

 

Figure 14: The dummy’s head with the HMD placed on it  

 

 

Before performing the measurement, we needed to calibrate to spectrometer by recording a dark 

signal. This has been made by setting black curtains around the setup, avoiding unwanted light 

on the sensor’s surface. Once the calibration done we have been able to perform all five 

measurements in a row, by sensing the light output of each five configurations. The 
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measurements have been performed between 200 nm and 1000 nm. This corresponds to 

radiometric units and we had to convert it to photometric units, here we needed illuminance levels 

(in lux). The companion software developed by Ocean Optics, controls the spectrometer. Each 

measured irradiance spectrum has been saved on a desktop computer, and later converted to 

illuminance and plotted with a proprietary MATLAB toolbox. The ocean optics software also 

calculates the CCT based on the acquired spectrum. 

 

 

 

 

Figure 15: User interface of the Ocean Optics software  

 

The setup is still installed in our lab and can therefore be used for other HMD characterization. 

We have planned to extend it by adding a sensor for flicker measurement. We will also develop 

further calculation tools in order to quantify biological indicators from the irradiance spectra. 
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A Supplementary material 

Oculus Go technical specifications 

Headset: 

• Product Dimensions: 190mm x 105mm x 115mm 

• Product Weight: 468g 

• Display Panel: 538ppi; 5.5'' 2560 x 1440 WQHD resolution standard with fast-switch 

LCD screen 

• Display Refresh: 60Hz or 72Hz, depending on the app and experience (developers can 

choose which refresh rate to use) 

• Qualcomm Snapdragon 821 Mobile VR Platform 

• Supports 3 degrees of freedom head tracking 

• Integrated speakers and microphone 

• Battery Life: Built-in Lithium Ion Battery. You can expect 1.5-2 hours of gaming, or 2-2.5 

hours of video content. 

• Charge Time: ~3 hours with 10W (5V 2A) AC adapter 

• USB Micro-B port with USB 2.0 

• Facial interface + straps: Knit Mesh, Nylon Micro Yarn, Spandex materials 

• LED states: 
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