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Τ(λ)

Motivation: Effect of Light on the Human Body

Licht

Physiological effects

[llicht.wissen-07‘ 2012]

Psychological effects
[Boyce 2014]
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Motivation: Effect of Light on the Human Body

Human Being

Input Parameters

Intensity,

Wavelength,

Duration,

Direction

Influences

Age, Sex,

Chronotype, Health,

Time, Weather,

Season

Output Variable 1

Sleepquality,

Concentration, Fatigue,

Alertness, 

Emotional Impact 

Output Variable 2

Cortisol, Melatonin,

Heart Rate,

EEG, ECG, Bloodpressure,

Skin Conductance, CBT,

Pupil Diameter
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Models to evaluate Circadian Stimulus (CS)

Rea et al. 2016 DIN SPEC 5031-100 

~ 480nm

~ 460nm

~ 490nm

[licht.wissen19]

[Rea et al. 2016]
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Circadian Rhythm of Human Beings

[Hickie 2013]
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Electroencephalography (EEG)

[Münch 2015]
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EEG

 Synchronous Activity

 Event-related Potential (ERP)

[Zeitzer 2014]

[Schandry 2011]

Name Frequency

Delta (δ) 0,5 – 3 Hz

Theta (ѳ) 4 – 7 Hz

Alpha (α) 8 – 13 Hz

Beta (β) 14 – 30 Hz

Gamma (γ) 31 - 60
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EEG

 Synchronous activity

 Event-related Potential (ERP)

[Zeitzer et al. 2014]

[Schandry 2011: Biologische Psychologie]

Frequenzband 
(Wellentyp) 

Frequenzbereich in 
Hz

Delta (δ) 0,5 – 3

Theta (ѳ) 4 – 7

Alpha (α) 8 – 13

Beta (β) 14 – 30

Gamma (γ) 31 - 60

• Physiological effects:

• Cerebral signal 

• Alertness

• Stress

• Activating different brain areals

• Correlation with psychological surveys ? 
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EEG – Synchronous activity

 Alerting Effects of blue and red light at afternoon, Sahin et al. 2013 

 EEG synchronous activity: Alpha-Theta and Theta waves significant lower after 

red light exposure

 KSS is not significant (but similar behaviour as EEG )

 Daytime light exposure, Sahin et al. 2014

 3 Conditions: 

a) dim < 5lx 

b) 631nm 213lx (1.1w/m^2)

c) 2568K, 361lx (1.1W/m^2) 

 Results:  

 631nm  significant higher reaction time und performance

 white:  significant reduced Alpha power ( red only at afternoon)

 No influences on Melatonin and Cortisol 



09.09.2017 |  TU Darmstadt  |  Fachgebiet Lichttechnik  |  Sebastian Beck  |Lux junior 2017 | 10

Heart Rate & Heart Rate Variability

 Elektrocardiogramm (ECG) 

measures potential arousal of the

heart on body surface

 Measuring:

 Electrodes (e.g. Limb leads)

 optical (e.g. at wrist or earlope)

 Chest strap

[Schandry 2011]

Heart Rate Variability (HRV):

Frequency analysis:

HF (high frequency): Parasympathic activity

LF (low frequency): Symphytic and parasympathic activity

VLF (very low frequency): Stress indikator
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Heart Rate Variability

Examination of dynamic lighting: 
Canazei et al. 2014: 

 HRV:  HF higher at dynamic lighting

VLF attenuated during winter

Stefanie et al. 2016:

 No significant differences for mood and wellbeing (dynamic & static)

 Indication of higher physiological acitvation through dynamic light

[Canazei et al.]
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Conclusion

 Physiological influences/reactions of light stimuli recognicable in 

biosignals

 Not necessarily a correlation with psychological perception

 Potential for dynamic light research

 Complexity of human organism and factors of influences have to be

handled with care
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Thank you for your attention! 

Sebastian Beck, M.Sc.

Technische Universität Darmstadt

Laboratory of Lighting Technology

Hochschulstr. 4a

64289 Darmstadt

beck@lichttechnik.tu-darmstadt.de



09.09.2017 |  TU Darmstadt  |  Fachgebiet Lichttechnik  |  Sebastian Beck  |Lux junior 2017 | 14

References

[Boyce 2014] Boyce, P. R. Human Factors in Lighting, Third Edition. Taylor and Francis, Hoboken. (2014).

[licht.wissen-07‘ 2012] https://www.licht.de/de/trends-wissen/licht-specials/human-centric-lighting/mensch-und-licht/licht-taktet-die-

innere-uhr/ accessed 13.07.2017

[licht.wissen19] Wirkung des Lichts auf den Menschen. Licht.wissen 19. Licht.de Fördergemeinschaft Gutes Licht, Frankfurt am 

Main. (2014).

[Rea 2016] Rea, M.; Figueiro, M. (2016): Light as a circadian stimulus for architectural lighting. In: Lighting Research and 

Technology (0), S. 1–14. DOI: 10.1177/1477153516682368.

[DIN SPEC 5031-100] DIN. Strahlungsphysik im optischen Bereich und Lichttechnik - Teil 100: Über das Auge vermittelte, 

melanopische Wirkung des Lichts auf den Menschen - Größen, Formelzeichen und Wirkungsspektren, DIN 

SPEC 5031-100:2015-08

[Hickie 2013] Hickie, Ian B.; Naismith, Sharon L.; Robillard, Rébecca; Scott, Elizabeth M.; Hermens, Daniel F. (2013): 

Manipulating the sleep-wake cycle and circadian rhythms to improve clinical management of major depression. 

In: BMC medicine 11, S. 79. DOI: 10.1186/1741-7015-11-79.

[Münch 2015] Münch, M. Die Untersuchung von chronobiologischen Aspekten nicht-visueller Lichtwirkungen beim Menschen, 

Charité Universitätsmedizin Berlin. März / (2015).

[Schandry 2011] Schandry, R. Biologische Psychologie. Grundlagen Psychologie. Beltz, Weinheim. (2011).

[Zeitzer 2014] Zeitzer, J. M., Fisicaro, R. A., Ruby, N. F., and Heller, H. C. Millisecond flashes of light phase delay the human 

circadian clock during sleep. Journal of biological rhythms 29, 5. (2014), 370–376. 

DOI=10.1177/0748730414546532.

[Sahin 2013] Sahin, L. and Figueiro, M. G. Alerting effects of short-wavelength (blue) and long-wavelength (red) lights in the 

afternoon. Physiology & behavior 116-117. (2013), 1–7. DOI=10.1016/j.physbeh.2013.03.014.

[Sahin 2014] Sahin, L., Wood, B. M., Plitnick, B., and Figueiro, M. G. Daytime light exposure. Effects on biomarkers, 

measures of alertness, and performance. Behavioural Brain Research 274. (2014), 176–185. 

DOI=10.1016/j.bbr.2014.08.017.

[Canazei 2014] Canazei, M., Dehoff, P., Staggl, S., and Pohl, W. Effects of dynamic ambient lighting on female permanent 

morning shift workers. Lighting Research and Technology 46, 2. (2014), 140–156. 

DOI=10.1177/1477153513475914.

[Stefani 2016] Stefani, O. EFFECTS OF DISCERNIBLE ILLUMINANCE CHANGES ON PERFORMANCE AND CONDITION, 

CIE x04:2016. (2016).


