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Effect of Thermal Environment and Illuminance on the Occupants Works based on the

Electroencephalogram and Electrocardiogram Analysis
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Abstract

This research analyzed biosignals associated with the change of emotion from lighting felt by the occupants and
task type under various indoor thermal environments and illuminance, and examined the biosignals’ impacts on
work. To this end, the indoor thermal environment was constructed on the basis of PMV (predicted mean vote)
index value, and various indoor environments were created by changing the brightness of LED stands. In this
manner, a variety of indoor environments were constructed, and experiments were carried out. This research
evaluates the sensibility response to lighting through a questionnaire survey in the given environment and incorporates
different types of error searches. In this way, changes were analyzed by measuring electroencephalogram (EEG) and
electrocardiograms (ECG). As a result, all biosignals on the task type showed significant differences from the
thermal environment change. When PMV index value was 0.8 (temperature: 25 C, humidity: 50 %), concentration

and attention were the most activated. However, the biosignals did not show significant differences from the
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illuminance change. Concentration on an occupant’s work capability was confirmed to be closely related to the

thermal environment. As for the subjective emotional response to lighting, the occupants felt comfort as illuminance

was lower, while they felt discomfort as illuminance was higher. However, there were no significant differences

from the thermal environment change.

Key words: PMV index, Illuminance, Sensibility for lighting, Electroencephalogram, Electrocardiogram
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Table 1. Comparison of EEG Band
Frequency . .3
Band Band Brain Activity
Delta(d) < 4Hz deep sleep
Theta(6) 4-8Hz drowsiness, meditation
mental and physical
Alpha(a) 8-13Hz stability
Beta(0) 13-30Hz anxiety, tension, stress
Gamma(~) 30Hz < extreme ‘arousal and
excitement

“HRyu et al., 2001).
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Figure 56. Floor Plan of the Experiment Room
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Figure 3. Lighting-Sensibility Questionnaire
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Figure 59. International 10/20 Electrode Batch Method
and Electrode Position
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Table 3. Result of ANOVA on Number Error correction Task

of EEG(Fp1)
Source SS DF MS F P
Subject 0.0290 17 0.0017 17.99  0.000
PMV 0.0007 3 0.0002 2,62  0.061
Error(e)) 0.0048 51 0.0001 3.69  0.000
LED 0.0001 2 0.0001 241  0.093
PMV*LED  0.0001 6 0.0000 098 0444
Error(e(2) 0.0034 136 0.0000
Total 0.0381 215

Fp(dtl SMR)®] E4HEA A3} g @A) #94
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Table 4. Result of ANOVA on Number Error correction Task
of EEG(Fp2)

Source SS DF MS F P
Subject 00328 17 00020 1923  0.000
PMV 0.0006 3 0.0002 208 0115
Error(esy) ~ 0.0051 51 0.0001  3.53  0.000
LED 0.0000 2 00001 038 0683
PMV*LED  0.0001 6 00000 042 0862
Error(ep) ~ 0.0039 136 0.0000
Total 00425 215
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Table 5. Result of ANOVA on Letter Error correction Task

of EEG(Fp1)
Source SS DF MS F P
Subject 0.030 17 0.0017 18.53  0.000
PMV 0.0007 3 0.0002 235  0.083
Error(e)) 0.0048 51 0.0001 5.14  0.000
LED 0.0000 2 0.0000 0.02 0982
PMV*LED  0.0000 6 0.0000 045 0.846
Error(e) 0.0025 136 0.0000
Total 0.0380 215
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Table 6. Result of ANOVA on Letter Error correction Task of

Table 8. Result of ANOVA on Arithmetic Error correction Task
of EEG(Fy2)

EEG(Fy2)

Source ss DF MS F P
Subject  0.0379 17 0.0022 2465 0.000
PMV 0.0006 3 00002 207 0.115

Error(eqy) 0.0046 51 0.0001 4.58  0.000

LED 0.0001 2 0.0000 223 0.112

PMV*LED  0.0001 6 0.0000 0.90  0.495

Error(ep)  0.0027 136 0.0000

Total 0.0460 215
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4

2 3
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Table 7. Result of ANOVA on Arithmetic Error correction Task

of EEG(Fp1)
Source SS DF MS F P
Subject 0.0358 17 0.0021 13.39  0.000
PMV 0.0017 3 0.0006 365 0018

Error(e;) ~ 0.0080 51 0.0002 501  0.000

LED 0.0000 2 0.0000 0.13  0.882

PMV*LED  0.0001 6 0.0000 0.68  0.664

Error(ee) ~ 0.0043 136 0.0000

Total 0.0499 215
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ERLEA] 23 A THp#E=0.328).

Source SS DF MS F P
Subject 0.0339 17 0.0020  18.73  0.000
PMV 0.0006 3 0.0002 202 0.123
Error(e(1)) ~ 0.0054 51 0.0001 3.74  0.000
LED 0.0001 2 0.0000 0.91  0.403
PMV*LED  0.0002 6 0.0000 1.17  0.328
Error(e(2))  0.0039 136 0.0000
Total 0.0441 215
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Figure 8. Result of Average on EEG(F1)
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Figure 9. Result of Average on EEG(F2)
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Table 9. Result of ANOVA on Number Error correction Task
of ECG(Norm LF, Norm HF)

Source SS DF MS F P
Subject 42316 14 0.3022 9.82  0.000
PMV 0.5087 3 0.1695 5.51  0.003
Error(eqy) 1.2933 42 0.0307 379  0.000
LED 0.0025 2 0.0012 0.16 0.854
PMV*LED  0.0242 6 0.004 0.50  0.809
Error(eq) 0.9102 112 0.0081
Total 6.9705 179

st 2gstd ¥ =27t MAXLe| o 0jxl= st 103
() EALFAA : Norm LF, Norm HF2] #4H:EA]

A @A Fo1A ] a2kl (pgk=0.000)
7b e, PMV ZhIE §o1H <l ztol(pwt
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Table 10. Result of ANOVA on Letter Error correction Task
of ECG(Norm LF, Norm HF)

Source SS DF MS F P
Subject 30144 14 02153  11.51  0.000
PMV 0.1682 3 0.0561 3.00 0.041

Error(ey) 07853 42 00187 035 0.110
LED 0.0292 2 00146 105 0352

PMV*LED 0.0235 6 0.0039 0.28 0.944

Error(ep) 15533 112 0.0138
Total 5.5739 179

(3) A F7A : Norm LF, Norm HF 2] #-AHE-24]

A3t SFAe] F21 5 FatAol (pgt=0.000)
7F AReH, PMV ZHIE §92 1 Aol(pgt
=0.172)7} A& A= yepyth. 22y LED
Zrll= fFel Al ZFol(pk=0.408)7F §13lom,
PMVS} LEDS] w3 &-8o)% o2l xpo|7}
PR 2ETHp3t=0.943).

i

Table 11. Result of ANOVA on Arithmetic Error correction Task
of ECG(Norm LF, Norm HF)

Source SS DF MS F P
Subject 2.6916 14 0.19226 9.00  0.000
PMV 0.1120 3 0.03734 1.75  0.172
Error(e)) 0.8975 42 0.0213 1.68  0.017
LED 0.0230 2 0.0115 090  0.408
PMV*LED  0.0217 6 0.0036 028 0943
Error(e@) 1.4258 112 0.0127
Total 5.1716 179

Norm LF#} Norm HF EAH S 3] AAEE 4
+ 2 Z

A3 229739
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PMV -0.6| 0.5663 [0.5875 | 0.5568| 0.5393 |0.5935 | 0.5102 | 0.6406 | 0.63280.6076
PMVO.0 |0.52160.5936 0.6332|0.5427 | 0.635 | 0.665 |0.6509 0.668 |0.6525
PMV 0.8 |0.5532 |0.5722 | 0.6616|0.5834 0.6812 |0.6929| 069 |0.66640.6611
PMV 1.5 |0.6995 |0.7199 | 0.7204|0.5925 |0.5566 | 0.7178| 0.7296 | 0.6774 0.6801

Figure 10. Result of Average on ECG(Norm LF)
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Figure 11. Result of Average on ECG(Norm HF)
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Table 12. Result of ANOVA on Lighting Sensibility

Source SS DF MS F P
Subject 1584.37 17 93.20 341  0.000
PMV 3594 3 11.98 044  0.727
Error(e)) 1394.64 51 27.35 1.07  0.327
LED 451.36 2 225.68 8.83  0.000

PMV*LED 187.38 6 31.23 122 0299

Error(ep) 347726 136 2557

Total 7130.96 215
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Average of Lighting Sensibility

2.80 e
400x 7001 10001x PMV 1.3

PMV -0.6 3.57 3.53 3.19
PMV 0.0 371 348 316
PMV 0.8 3.41 3.35 3.29
PMV 15 336 361 315

Figure 12. Average of Lighting Sensibility Questionnaire
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