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This project conducts a survey of non-ionizing radio frequency (including visible

light) environmental information, provides a reference for the Environmental
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Protection Administration (EPA) to strengthens the management of electromagnetic
waves and artificial light at night.

Regarding the electromagnetic waves, we refered to international practice in
measuring 5G electromagnetic waves, measured the amount of 3G electromagnetic
waves in the environment at three different locations and developed the methods of
measurement. In addition, we have also established a long-term monitoring operation
method for environmental electromagnetic waves, including monitoring systems,
standard operating procedures and results presentation methods, to promote
long-term monitoring operations, planed implementing long-term monitoring work,
facilitate data collection, and provide reference for research and formulation of
non-ionizing radiation management strategies. On the other hand, for the part about
artificial light at night (ALAN), we investigated the history and causes of light
pollution, and surveyed 5 square kilometers near the source of light pollution,
analyzed the types of light pollution sources, and measured the illuminance of 45
different places at different times, completed the comparative analysis of the data. In
order to promote the management of light pollution, we reviewed all the regulations
announced by the six ministries, and compiled the suggestions that the issues related
to light pollution management can be included in the regulations. We also
incorporate color temperature into light pollution management, so as to effectively
solve the problem of light pollution.

Continuous maintenance and update of The national non-ionizing radiation
information management system to provide measurement staff of various
government agencies to upload measured data to the web pages and systems and to
check the measurement data to maintain quality management, and at the same time
complete the long-term monitoring results display system function, for browsing,
query and statistical analysis. In addition, we also assist with conferences on
non-ionizing radiation and light pollution, including non-ionizing radiation detection
practice briefing and light pollution management education and training briefing.
Three briefing sessions were held for each theme, for a total of six briefing sessions,
hoping to enhance the local environmental protection burcau's understanding of 5G
technology and light pollution management and improving the capabilities of
prevention and detection.
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This project conducts a survey of non-ionizing radio frequency (including visible light)
environmental information, provides a reference for the Environmental Protection



Administration (EPA) to strengthens the management of electromagnetic waves and artificial
light at night.

Regarding the electromagnetic waves, we refered to international practice in measuring
5G electromagnetic waves, measured the amount of 3G electromagnetic waves in the
environment at three different locations and developed the methods of measurement. In
addition, we have also established a long-term monitoring operation method for
environmental electromagnetic waves, including monitoring systems, standard operating
procedures and results presentation methods, to promote long-term monitoring operations,
planed implementing long-term monitoring work, facilitate data collection, and provide
reference for research and formulation of non-ionizing radiation management strategies. On
the other hand, for the part about artificial light at night (ALLAN), we investigated the history
and causes of light pollution, and surveyed 5 square kilometers near the source of light
pollution, analyzed the types of light pollution sources, and measured the illuminance of 45
different places at different times, completed the comparative analysis of the data. In order to
promote the management of light pollution, we reviewed all the regulations announced by the
six ministries, and compiled the suggestions that the issues related to light pollution
management can be included in the regulations. We also incorporate color temperature into
light pollution management, so as to effectively solve the problem of light pollution.

Continuous maintenance and update of The national non-ionizing radiation information
management system to provide measurement staff of various government agencies to upload
measured data to the web pages and systems and to check the measurement data to maintain
quality management, and at the same time complete the long-term monitoring results display
system function, for browsing, query and statistical analysis. In addition, we also assist with
conferences on non-ionizing radiation and light pollution, including non-ionizing radiation
detection practice briefing and light pollution management education and training briefing.
Three briefing sessions were held for each theme, for a total of six briefing sessions, hoping to
enhance the local environmental protection bureau's understanding of 5G technology and light
pollution management and improving the capabilities of prevention and detection.
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7 15~17 10/26~10/28 11/10~11/11
HE

8 30~32 08/01~08/03 08/31-09/02
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A ERFSEMEINERBRBAEE M AR EEZHARAEFE
HEERBHAEZ AR GUICNIRD) - AFERET L RG 2§
(IEEE) ~ B &E =& B 4 (IEC) ~ B E1E W g&(ITU)&@ugjg 2
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1. International Electrotechnical Commission (IEC),

“Understanding technology: 5G made simple™,
https://www.youtube.com/watch?v=HEk1bprich8

& T & B @ ( International Electrotechnical Commission, IEC )
AR ETHEABRRE AR T2 FEL - FFAEARYT
MRIBAZELIE REASTHMYRABEHEEELR A -
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AR ARG T BE O BB
(BB =R mEzamargiag

(F) F=RhEHm_ HREXRBTERE
2.3.1-1 IEC 5G # & 3 B
(&R0 ¢ https//www.youtube. com/watch ?v=HEk1bprich8)

2. Australian Communications and Media Authority(ACMA),
ACMA compliance priority 2020-21, “Electromagnetic energy
(EME) near 5G mobile base stations™, 2021.

AR EHEZA BB KA EREHEE L ESE ( Australian
Communications and Media Authority, ACMA) fr# % » £ & %
PR 4E 0y B RS 3 %k £ 8 Al (Narda SRM-3006)4t ¥ 5G £ &
oy % 55 68 (electromagnetic energy, EME » Bp & &% 35 (EMF)) i
ATAE EHRBAERAARANERHABEEREL 2 A
(Australian Radiation Protection and Nuclear Safety Agency,
ARPANSA)FR AL ) ARR B B A A5 4% B AT HL & -

ACMA ZBEERGTREREIN A TS ZTAAE > TAL
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1. B3 EME Rl 2 ¢ R KA 5= B A7 65 A 69 AF F o & 17 & 38 3R
BRAEHE (420 MHz 2 6 GHz ) » i 47 & A 30 & 3 -

22EME Z RS ESHAAEMLE  FRAGE KMER
420MHz 2 6 GHz 2 Bl #h s F i E 69 30 s T A & K >
A5G BR A 4B £ (3500 MHz) &9 8 B & K 18 3 4T Hb #% o

3.5G R AMREMAR  AETERIZIAZT ARG T £ A
56 EFMHIEFNA Ookla 1 ZAIRE AR EAE 5G £ 4
%’%iﬁﬁﬁmhﬁﬁﬁﬁT6kﬁ%ﬂg’axﬂg
B A 10 £ ABE» Ookla R ERARTFTREZL VS
Ml o ACMA BARM EFHZHEITT 6 R mﬁﬂg’ﬂk
10 # s XA FR A EBE2HREE EME KF - FH 4K
BAMNEREEBLTARIN 3 EMME  SLAETMTHER
o — Ak EBEER RIS - ko 2.3.1-2 A7 o

eSS beﬂ,,w
e U’med pal h
5G base station with EME measurement probe 5G smart phone with Ookla
beamforming antenna positioned 1.5 m above ground at speed test application
predicted maximum EME distance positicned 3 m behind
from base station measurement probe

B 2312 EHEEMEN it d FH4ymE

(F# k% ¢ Electromagnetic energy (EME) near 5G mobile base stations, 2021)

3. L'Agence Nationale des Fréquences(ANFR) “Assessment of the
exposure of the general public to 5G electromagnetic waves Part
2: first measurement results on 5G pilots in the 3,400-3,800
MHz band™,2020.

AEARE B E %48 3% % ¥ 4 #% (1.'Agence Nationale
des Fréquences, ANFRY 2 M » 34 5C @R F otk > TR 5
o) — R BF R 0 L4 A3 3400-3800 MHz 8B P 5G £ d ik & &
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4. Monitoring and Advisory Services N7 Ltd (MAASNZ)
“Exposure to radiofrequency fields near 535G cellsites”,
Professional EMF measurement and advisory services,2020.

5. Monitoring and Advisory Services NZ Ltd ( MAASNYZ)
“Exposures to radiofrequency fields near Spark 5G cellsites in
Palmerston North”, Professional EMF measurement and
advisory services,2020.

4p B B 85 R Fo B AR A R 4 3 (Monitoring and Advisory
Services NZ Ltd ; MAASNZ) $i’ TFTEPM TRy ERARZ R
s (EMF Services) 8 TR B TR YRR ERBENERIGAE
ﬁmﬁﬁﬁ’ﬁﬁﬁﬁﬁﬁ%&%ﬁ ool BB ke B AY
Ry BIRELNESZR#%G R LB EFHEF LT X
A B 35 B o MAASNYZ # F EMF Services &M 2 B 5G 3215 &
BERAERE > R AFL 5C A s 2B FE (Exposure to
radiofrequency fields near 5G cellsites) ~ Jb 7 2k #F 48 Spark 5G
& ¥ 5 5 48 & & (Exposures to radiofrequency fields near Spark 5G
cellsites in Palmerston North) - L T4 4 2 EREEFHENL -

EMF Services 4t ¥ fr £ 2 Géafo B F Bipin 5G A& 2
SHEFF B E O@AR B @ E RIS » SR S H LM BRI
38 # L 3 Spark T A8 SC A E 2 QMM AR HEE 32 /K
BB EEREAEFTEAN AELRETSEALE LR R
ZEDLEE > S FEEREZENLS27T2.1 1999 54835 §
138 4 ¢ & K% % K-F-3kHz £ 300GHz - %2%—%3%4%.[%3#2}?
s E L B e (ICNIRP) #AayiEd -

AEEHWAGTHEZ SCRAMEEZR A ETMNESLE
48 X, 35 3% 4 # % Narda SRM-3006 #£ @ Rk 4L 2> M MHEH
(420MHz & 6GHz)» # 4 5CG A BT R E TR IR E ARG
HATEA RAERZBAEERAERD LB - BFR LS
2G ~ 3G ~ 4G & B Vodafone 5G # #% & 38 (700 ~ 900 ~ 1800 -
2100 ~ 2600 $v 3500MHz) - Al 25 B S R ¥ LB S &
15ARzﬁ%i$ A BRREANEEREL > A A%

BERM3IpE BEréd8cd lo R FHEAXTHE ATzER
%m’ﬁﬁ%%%%%ﬁﬁﬁ%&ﬁ%%ﬁ%%%ﬁ?i%
NHERA c ETRBREARXST > R E SCGHEHBENEZEEFR
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:E 4
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43
a B Vodafone 5G
°
* 2 B Vodafone 2, 3 and 4G
g N 2degrees
3
a | = Spark
' I
A B C D E F G H I

Measurement location

B 2313 A TFHBREMNKXSFSGARLSEERELAORRE T 4tk

(&% ¢ Exposure to radiofrequency fields near 5G cellsites, 2020)

15 T

[
o

H Vodafone 5G

w

W Vodafone 2, 3 and 4G

Exposure (% of public limit)

A B € D E F G H 1

Measurement location

231-45CABERATHEEALAFRRF T 4L
(% 4 #% : Exposure to radiofrequency fields near 5G cellsites, 2020)

b ardax 5G A EE A - R T Narda NBM-550
o EF-0691 2 v #E % #&88(100kHz & 6GHz)# 4T 548 & 3 U &
Narda SRM-3006 ZH A G R oM RBLR B RARK>HHIKSE
(420MHz % 6GHz)iE 4T #38 R & - EA 2% T A Spark 5G
38 B (3600MHz) 2 ¢ » & &4 3G $EF(850MHz) B 4G #E#&
(700 ~ 1800 ~ 2100 ~ 2300 X & 2600MHz) - ¥ b & Xk 4 & 3%
B ABWE 20 AR AL F o BEAE 32 A BEATRHE
AEARBEEAN AL RALE T 2Z20E  BURHE R BEHY
BATAZUAERF I o2 8E > AL SFTEHZNERE
HEZ2 - ZRAFRAFHELEHEERAEY 075 £ 2 » RETH
oG AR 45~60F > LI RBHREKXPEHME -
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A1 EAESaAE 03%EF 0.4%2 M(E 2.3.1-6) «
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2315 FABMXERRERAEFEAL AR RSIE 4t
(& # sk R ¢ Exposures to radiofrequency fields near Spark 5G cellsites in Palmerston North”, 2020)
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(F# k% ¢ Exposures to radiofrequency fields near Spark 5G cellsites in Palmerston North, 2020)
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6. The FEuropean Association Of National Metrology Institutes
(EURAMET), “Metrology for RF exposure from Massive MIMO
5G base station: Impact on 5G network deployment™, 2019-2021

oM it B AE & 4 1F 48 8k (The European Association Of
National Metrology Institutes EURAMET)F'% & 8 (EU)Fe &k M
Ao AEFTAR BRI EGFHRA LA ZFH Y 0 @&
%ﬂ% I EBEHARBARGUAFE - ?@%#2m1$
REFERE T KRS MIMOSG A2 84 EE it 24 5G
49 3% 3 F 2 B % (Metrology for RF exposure from Massive
MIMO 5G base station: Impact on 5G network deployment) » A&
AR & B BN A ¥ B R 7 3 & (EMPIR European
Metrology Programme For Innovation And Research)’8 B 2 — -

HELAHREEAABBATREZER PELATHRY 5G
A 5G KHAH MIMO A4 BEEIF EZUAE
ARAAEEHRGANET - ARSEBELALE A 5G H4 mMIMO
AW EHTERRI-EMFRAZEZIRT - RENRAERD > &
¥4 RN 56 mMIMO # b & 49 RF-EMF 3] & fo 235 8 52
B HHEETH R SG mMIMO # ¥, 2 ¢y RF-EMF #4734 © &
oA~ 7 ¥ A B A (] 4o R B B Rl A%~ ICNIRP ~ ITU %)
BB ST ERE 5G &4 mMIMO & ¥ & RF-EMF = &
HoORBEASGREILETHAREEEA R LARELE o

% B 8 ¥ -~ Keysight & Surrey & [F] &4 5GNR mMIMO %
HEZE LT 8 H RF-EMF & 3 & 2h 6 » % 2 8 &1 mMIMO
KRR AATFE AHBERRMEFRE#EA 2 RF-EMF 3] & % 4
MR o KRR A S d Surrey B (H 2.3.1-7(@) ME A&
Surrey #¢ Keysight 2 3] 8 # © Surrey RF-EMF X 4 [ 7] A& & 3%
4 %) MegaBEE SDR #0 5 &2 &4 (B 2.3.1-7(b)) » 2 & Keysight
FieldFox N9917B 48 # 4 47 4& /= AGOS SDIA-6000 & & 4+ & 35
A 2.3.1-7(0)) -

RMEETHUA P HOGCEAKZR) - APMEGCHEKZR T &)X
B IR ZE(20% ~ 40% ~ 60% ~ 80% ~ 100% & B o fic ) & £ #
MEELEAREER BRITHFERAPH AP ENEEH £
B B LT 84 (1)?F Bl i B ey % Bl RF-EME %4t ;5 (2)
Bl & & B 8 4] RF-EMF &4t : 3)mMIMO I R B # & o9 & R %
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(& #} #% * Metrology for RF exposure from Massive MIMO 3G base station: Impact on 5G network
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o BERABERBSEBHRARA (I Apps)BEB &R P &
HUB&S M EHEETR AR ECAMARRE GRS R
P ABRABE X ABRBE LB G HRT H AR ELEF
A EERPEENE W - 2.3.1-9(a)#a 4 A 3% ik A E
BERT@HEEF Y RE-EMF 5> A 4 % 2.3.1-9(b)#a =
SSB FEZ A& R - BBILEE 2.3.1-9a)fe(b) > T Bl £ 7

213 @l B R T 5]



$oF HABBEEHAETNELS HHEUEAFERAMIT G SRR E TR T L

ERMBEFETEIHAETRAMG S AHEKL - ARFHREZ
BHhR MR REAH SSB Firx s Eh AR EdL B
T RH M EHE T ARG KRF ER

EH mMIMO &g > HEHBENCEREE -~ F )T
AT E -k By 56 X iEe) R FHEMEAM
ToOANGABE A 2ZH G E A BALER - TR EZ AR
BEHEAN  RAEEAY  BEHKEME2HEEL > 56 & R &

Wk EH - FRGAPREBFEUERRAHBERAEREN Z A
Fﬁﬁ At A& 28N RFEETHHECABEE L -
BESCAREEATEINER I G AR MBEALA
MZ I EMALABRER L EL -

(]
L]

i
J
'4‘-60-]" ;i’—"‘

(a) ¥k (b) SSB /%

B 2.3.1-9 & & 2 %y o9 RF-EMF 4
* 0 EE LSBT RAFRERT G LEREFE S E Pk ite RE-EME 2l 8 -F4 14
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$r%F BALATEBEFTRHEE LBITRRBEENTHE

B2 BT BB F LI e o

BEFFPHEARESSALER » £ —F&HAD 1001
HEALE 15 B - K SRR SO0Ix {24 1 B E»N 251x; ¥ =
BB A A 34 K 24 B~ 14 R BEBHW e CIE)YH»
E4$¢Myﬁ$@mw ME%AE 25Ix Howr LB R
B R REAK o EME AP 438.41x~0.111x -

= ABRBERBEPFEEN

i — % o4& f 3 ¥tk (Michelson vontrast modulation,Cm)
BEABRBRBRETEEE AAEBERBREZRKMEARR /DA
EEHILEE NEELETREZTAEZEE Y A THERAE
MEFH s R RAEARR DM AR GHILEEETE R &
543 TUBREINZSZALEFERNYARBESTRER -
Max — Min
Max + Min

—FEOHETHHELET SELETRBAERT

yg- 31 RHEE N 10% F 13 BRArm 10%~25% {24 1

ﬁk%ﬂM’%Eﬁiﬁﬁ@gﬂ@w%ﬂz’kﬁ%%;ﬁ

BzHLEEMARASO% S ETFTHRFTFLENEBEERYE
/R,

a8

Cm =

Fom R ETYESR L RRBETHRA %;@;
ECR o = Al %@%g%%h%%z%g e
H 23 R E SN 10% F 13 %,.#10%45%,;@-4;@”
W 25%~50% > K 5 R AW 50% > E AT FEHMME LR
BATPTHSHE RALBOmBRE - RERRERL e

BABEGTRERLE -
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$r%F BALATEBEFTRHEE LBITRRBEENTHE

£ 541 EEEERDAFGERLEE

spE | B el £ S L

2x [FHROO[ R MO RA RO [ FHRET] R ME)][ &AM

1 | 159.08 14863  167.53  143.2 139.07  150.77

ExommE| 2 | 35218 29953 36997 31858 26553 329.03
3 11851 10196 12632 12226 97.79  134.17

1 99.58 7443  121.57 25.8 20.56 33.32

2 | 22535 2142 232.2 173.67 1598 178.97

I 3 27.73 27.01 29.34 29.14 27.91 35.19
BAE" T 38618 29697 3983 66.76 63.27 70.13

5 | 15823 14753  166.2 32.27 31.65 33.06

6 92.88 84.43 94.57 91.22 85.17 92.03

1 52.2 48.31 57.67 29.84 29.43 32.1

2 | 20074 1745 203.43 12847 10655  129.52

e - |3 | 17296 16157  176.97 36.79 28.37 43.56
EAE= 4 63.39 62.5 65.88 51.31 20.98 64.88

5 | 13024 11417 13777 130.13  116.2 134.7

6 | 22819 20833 23643 22403  211.7 231.8

1 | 17447 14593 18747 16472 1447 184.13

2 | 22511 223 2431 25226 2509 268.6

e~ |3 | 15094 12637  156.07 72.49 39.28 82.03
AR — 94.3 77.38 95.95 91.48 73.49 94.96
% 5 | 23164 21977 2359 71.65 68.9 75.43
= 6 | 217.15 20923  224.03 10.76 10.22 12.62
i 1 | 180.46  172.83  183.33 10.75 9.74 13.02
22 p) 31.3 18.31 58.95 29.73 16.19 57.4
S 3 56.48 55.93 59.73 st 99 %1 26.3
AR T 10026 9833  104.53 7.33 7.22 10.37

5 42.86 40.08 51.9 41.2 40.06 443

6 117 110.6 118.13 92.67 83.01 97.4

1 96.69 76.21 99.67 24.97 17.39 27.79

2 | 267.87 23277 27527 25631 24537  260.53

o s 3 | 1004 93.73  103.03 20.24 18.91 21.16
ERRE — 90.35 86.37 94.73 16.01 6.18 43.87

5 37.91 34.22 12.57 20.69 20.38 26.04

6 23.28 22.41 26.39 23.65 23.2 26.81

1 69.49 65.53 72.25 27.13 24.5 29.02

2 | 13052 11406  141.87 9.1 8.31 13.47

s |3 | 167 127 172.43  131.81 1263 136.17
FAEN 0 10987 1052 113.7 94.45 88.67 96.4

5 93.84 89.38 99.02 2.8 2.55 4.69

6 | 169.16 164.4 170.5 70.06 68.5 73.43

1 | 39837 33947  413.67 3.23 2.55 5.67

2 | 10314 1022 108.8 92.4 91.59 96.5

" 3 | 17617 16317  213.43 20.39 12.44 52.9
BESATHE ] 15804 156.1 160.97 9.17 8.26 16.87
5 | 466.69 43953  478.87 28.29 9.73 38.41

6 | 17466 15277  179.77 37.65 34.5 40.47
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$r%F BALATEBEFTRHEE LBITRRBEENTHE

£54-2 L BREEMBABBEREAREEHHEN

EAE TR _ F R A fa(lx] _ BT SRR
Bk EA [ AAtES [ HEES 44

1 -20.19 -12.04 -15.43 -15.88
ERNMETE| 2 A -52.79 -46 -33.6
3 6.56 4.93 -0.24 3.75

1 -191.08 -5.25 25 -73.78

) -158.06 8.55 -5.54 -51.68

I 3 R57 11.38 1.37 1.41
AR~ —y -677.97 -199.07 8121 -319.42
5 -261.28 -64.18 -52.43 -125.96

6 4.2 -0.71 -4.53 -1.66

1 -53.13 -9.01 -4.94 -22.36

2 -160.54 -21.44 -34.84 10,57

e ~ |3 -123.14 -193.56 -91.8 -136.17
EAE= 4 -28.39 -3.96 -3.91 -12.08
5 1.56 2.13 -4.01 -0.11

6 1.13 -9.97 -3.62 -4.16

1 -4.19 -23.13 -1.92 -9.75

) 59.54 11.6 10.32 27.15

e -137.76 -75.85 -21.73 -78.45
AR — -3.28 -2.54 -2.63 2.82
% 5 -361.3 -57.65 -61.02 -159.99
= 6 -455.69 -119.93 -43.55 -206.39
i 1 -386.29 -65.64 -57.19 -169.71
2! 2 2.99 -4.32 -3.39 -1.57
o s 3 -90.15 -5.34 -5.35 -33.61
EREm — -90.31 -171.93 -22.53 -94.93
5 3.17 -4.11 -4.05 -1.66

6 -35.14 -12.8 -25.03 -24.33

1 -205.92 -5.77 3.5 -71.72

2 -5.17 -18.2 -11.32 -11.56

S 3 -211.05 -14.87 -14.56 -80.16
ERRE — -69.53 -52.73 -100.78 -74.34
5 -41.13 -3.18 SFAY -17.22

6 4.08 595 -0.75 0.37

1 -108.15 -13.6 -5.34 -42.36

2 -298.86 -57.96 -7.44 -121.42

e -83.07 -12.83 -9.68 -35.19
ERBSN —y -24.95 -2.53 -18.76 -15.42
5 -69.28 -9.95 -193.87 -91.04

6 244 4 -12.37 -40.53 -99.1

1 -755.17 -312.64 -117.6 -395.14

2 -5.73 -11.85 -14.64 -10.74

" 3 -295.16 -79.47 -92.71 -155.78
BLR AT B -107.73 -162.29 1772 -149.07
5 -902.13 -254.66 -158.41 -438.4

6 -323.59 -46.42 41 -137.01
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%

A HMATRTRBEYZHE BB AREEATE

£ 543 LR SEEWMEBELBIETHABER
spE | A% s £ S L

Bk | Cm (%) |HDMEQ)] SARMEA)| Cm (%) | FoMEIX) | F K E(x)

1 598 14863  167.53 4.04  139.07  150.77

ERNEHE| 2 10.52  299.53  369.97 10.68 26553  329.03
3 10.67  101.96 12632 15.68 97.79  134.17

1 24.05 7443  121.57 23.68 20.56 33.32

) 403 2142 232.2 566 1598 178.97

I 3 4.13 27.01 29.34 11.54 27.91 35.19
AR~ —y 1457 29697 3983 5.14 63.27 70.13

5 595 14753 166.2 2.18 31.65 33.06

6 5.66 84.43 94.57 3.87 85.17 92.03

1 3.83 48.31 57.67 4.34 29.43 32.1

2 7.65 1745 203.43 9.73 10655  129.52

e 455  161.57  176.97 21.12 28.37 43.56
EAE= 4 2.63 62.5 65.88 51.13 20.98 64.88

5 937 11417  137.77 737  116.2 134.7

6 632 20833  236.43 453  211.7 231.8

1 12.46 14593  187.47 11.99 1447 184.13

) 431 223 2431 3.41 2509 268.6

e~ |3 10.52 12637  156.07 35.24 39.28 82.03
AR — 10.71 77.38 95.95 12.75 73.49 94.96
% 5 3.54 21977 2359 4.52 68.9 75.43
= 6 3.42 20923 224.03 10.51 10.22 12.62
i 1 295  172.83  183.33 14.41 9.74 13.02
22 p) 52.60 18.31 58.95 56.00 16.19 57.4
S 3 3.29 55.93 59.73 7.76 99 %1 26.3
EREm — 3.06 9833  104.53 17.91 7.22 10.37

5 12.85 40.08 51.9 5.03 40.06 443

6 3.29 1106 118.13 7.98 83.01 97.4

1 13.34 76.21 99.67 23.02 17.39 27.79

2 426 25277 275.27 3.00 24537  260.53

o s 3 473 93.73  103.03 5.62 18.91 21.16
ERRE — 4.62 86.37 94.73 75.30 6.18 43.87

5 10.87 34.22 12.57 12.19 20.38 26.04

6 8.16 22.41 26.39 T 23.2 26.81

1 4.88 65.53 72.25 8.45 24.5 29.02

2 10.87 11406  141.87 23.69 8.31 13.47

e 15.17 127 172.43 3.76 1263 136.17
ERBSN —y 3.88  105.2 113.7 4.18 88.67 96.4

5 5.12 89.38 99.02 29.56 2.55 4.69

6 1.82  164.4 170.5 3.47 68.5 73.43

1 9.85 33947  413.67 37.96 2.55 5.67

2 3.13 1022 108.8 2.61 91.59 96.5

" 3 13.35  163.17  213.43 61.92 12.44 52.9

BLR AT B 1.54  156.1 160.97 34.26 8.26 16.87
5 428 43953 47887 59.58 9.73 38.41

6 812 15277 17977 7.96 34.5 40.47
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Bz EEFIRXRRAGE  RETHAETETERZIES
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REBRETR2 T AFSLEEIES | A ALRBFEELE
wmHETRBEEETE> T  BIAZINTHEEMRE - NHEIAXE
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MATEHEMBELARARES BE -ZEMEARTHERAESL
BEREERAFTTHEIRARINFAE X B EFTHRLABE

iR R RGBS BBkl - mTERESE L
Bz BN A e LB 6.1
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

HHERTEEHRMBM IR FRESFETERHMBEEZ
EEFRXRAE RETHAIEER2ER ARTERRET
£ 4 @K BT THRERMESSL AT ETH NI
B XA MBI XML EERBE G 6 %M EY M
B BATER PRI T AT RETESS  c EE¥ LB
CTRBRFAL B E-FEESRAFELCERBHEEAX
EHEFARRAETHNEITEERAZER -

RIS - ERIE 6 NeREEABABMERAETE
R EESRAALETCERH AL ZITEITARALTHANLE
ERZEBREW O BAERAPESIRARAFT LT EMMBE NE
HIREM P o EAR SRR w§3(F =45 E —TE) BATER
PHESRAEFLETERM AR EH LB BETETHME > A
R/ ME LS ER AT EREM T EARAERE
AP RBAERBAEAR MM ER BT o B4 x o

62 HAFRRRNAERFTEHRAE

RBBRIFBEBER A EHH LT LR BAERE £
2z RE/MEEITEY 24EFLEE4PE > AR T
FETHRFER - AHRIEAMKRIAERE - 11 A 4 8%F
BAT - BHARERESHAERIBATEHAAL T

6.2.1 %75 F R IR H

ERRAZKT AR BHwAL Hz A L8 BH AT
AP SR My IER A+ % Hz 85 > A& F R 2 P
FARLRAEGEY AR RAWBELBBRAERLT B8 2R Y
B A A A Pt (flicker) - M R BB RS H 0 0 P AR EH
R REABBKALZEREY  THERERMEARS LT a A
Ak AR B P M ER R M S PO Bk 4 4B R (CFF © Critical Fusion
Frequency) - CFF L 2| A EH L % &K ~ KD E[ BE

4 IEEE Standard P1789 #4938 &35 & > ABR ¥ # 3k 70Hz L F
HERN ABRAEE EHE RO BB ETRAEASFRERB  BRIL O
WARRRIBABRERE > m¥ SN T0Hz 69580 » 5K &k R
foo BB BEREFZE T HABR RERSY  EHERTHR
THERAANTHREEZ OB EERIE -
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

UE%W#mié W 5 B AR KRR AR B R B 8 R AR
HME RO ER AR EH £ Bi5 B2 B2 & F H wbig g
ERBHE—FBRIHKR- @kﬁ%ﬁﬁ%%ﬂ%ﬁ%ﬁ}t’fﬁ%ﬂ?\ﬂﬂé?%
( SCENIHR ) a9 A 3% & ¥/ F 84 % % (Health Effects of Artificial
Light) 38434 > MR ABRETALT AR LB AE
mELRERN (A ERABAR) AN AR AR&KH FHH
MAEB20Z2HRER BEA#EAERLE S48 3 69 P8 -

PoMe gy RRAEBRFESE > &3 LED B4 ~-EFEESHR -
%%uﬂéﬁﬁﬂ‘}g—*‘& SRR BR R AREEEAR

AL RBARKTE M ER - MEFH - 4505 &
%% ERAAEETERE A ERMAE TG A& 621

& 6.2.1 BT P oM 3R A

AR E @ @n LED Bay Fbtadt 22K 58 E RAR A LED
R 5w 0 R R R AR 8 400ed/m’
@ HHENRBEGEILT » TRAZAFMN SR GAE - EFFEA

& Pk 4E %
SE R ® 3% LED BM&EERIN | # A8 BRLeAas
By o
WA © MARFEVHEF AR~ 5587
#%é%ﬂ#ﬁaﬁ @® ﬂ.@%#ﬁﬁ%ﬁ%'ﬁfﬁﬁ 1 fﬁlf‘( ~3# 4 fﬁlf‘)
A R ® MAERBIA BB ARLCIEEMTANE > GFEERBRNES
S R P BB R KPS TR
2 44 % ® BETELEEREDE LIS E D 30 (-~ 60 )
5§ 1 5 B/ © HAREEYG - 2ERBEERAGHERLREE (Hloplsiand

A 3F 65 1l BAREE) B L 11 654 e

BAEBEHEX @ FHHWARBENNOEHEIE M EALTEASEA2 F)KRE
VB MBI ERAEAY L 1] 65745 38 A5 R A

&

Ve EomEr BB LE Banyabik) @& s M €M %

SHeRAFHELRNT #ﬁ%ﬁﬁiﬁ‘*ﬂ

@ ERUTEBMEEALERE LED BEEu #RAZENL
I *Hé?&iﬁ‘—*}‘%ﬁﬁlﬁ}ii’iﬁm VAR F ST AR SRR AR

ERBE

622 A FRRARNBREEAAZ

FEWHBERTABEFER FE LR A AN ALBEBES L
ToORMEERAEFTE MR THABA LEERAEPL A B
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

BHAZSE HFRBAAMEMARERABTRARESL R > LRB
FRPEAEERIIBRAFE A FAEETRERITERZR 2RI AT L
BE -RAFLERBEMBEEFYAE I TBY AP LS F PRI
RBFEFH AT ERE2HTEZERABIAZRABEETE
HEE RELSEHEZRTREANRAARLE TR K LR
BRI wE 622

REERE ﬁ> RHERAE ¢> Bith S ﬁ> W ES &

~

1. 3R R 1. IR EE R 1. R=E 1. i@
2. R EEE 2. NEEE 2. IBIERE 2. EIERE
3. FHEEN 3. SR 3. BB
4. BEFE 4. FBEE |
S.EEES

Bl 622 A5 L+ EATHEERAETNHE AL

—EFENHAEHXK

AFERI0T~I09F A FTERBFEMSF T > Abak ERALE
Z AT AT EHETRETSL I » 3T F 1054 REF PGS
ZHEW o BAEAOIEME P E2ILTTOR » i 25K
FHEMRESF TR AP EAETIR HMIAET IR - EHPH I
RAZMALEPE BB BBEAATAE BB F&4E "L
FAEEIES  AEAREE - R Ls R TERBES S A
HERBRT SESHBITHAHGSE  REBEUMAEHRAEYH L -
— o BITRHRE

MAESEHAEBEAFT R E X FB L 622 HFHEF

THRAD1IREFZCEHBRBES 3 RAELRNEREL > 4
F1ERMAEBZEN » £ifkhH LED 0 & B-FJLE B -

K O622BRIFEMHFR
Bt #h & 85 il 48 B 3R B RN R B
11 A9a KB PIESER - R R SR PR
11 B 148 | RERPEEW
11 411 8 TRAE®E R
11 A 108 | REHPIEEEN
11 598 A PAMENE I  LED 484 -7LE %

[ T S B O R S B
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

6CIFBEBEBMARTREEIET 20 REA(EE)

AN EBRERABEEH IO EF TR T AT LEL R | #4T
BEEAPE R ALAFTEHF KT E2T/EEB > BB LE
HERZ2HFPEFTX ANECLEERALREA T K&
BMMANATFEEEIET] 20 MA(EE)VR R R AT E & 2 5F 48

6.3.1 AMALAZER

EEA—AmEE UHAXEXKABMETRNE » L #
ERGERE BEEARZLEHBE (B) 0 B EBIR LG H AR
W E e (8)

KU EEZRBARE T ALK EL 450~475nm » KIF X
BB RBEFEwE 631 LB aRFHERGLTEREIZN
5000K » ¥ 58 &3 3% 3000K- A A &EEAZ 4100K 0 KA &
ML 3000k 0 AR EES K E R B AFM

/K E&E : &34 3300K LF AEhmio SLaiimin s &

ANLLBEE ~ B R B o

2.7 &8 &3 A 3300~6000K s A P HEE BN KRG T Fu o
EAFWE S 4FE3HRE -
3HEER I EBEMBOONNK: LE&EmE r BT AKALE » &

1,000 2,000 3,000 4,000 5000 6,000 7,000 8,000 9,000 10,000K

(http:/fwww stemod.com.tw/2020/07/06/cct/)

B 6.3.1 & F & &K &
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

& M A I Sk (artificial light at night ; ALAN)F] A G 3 R B 7
B & Hiiih%h ALAN &9 4 3 B = 7 Ar4E M oY B2 80 3%
ey A BEME (Fl o /KB ) 2 E (5l %k EREFfa
%‘ﬁﬁ@mn)’“%i%zﬁ%“ié%WW”hﬁ’Lﬁ
JE K % %yé% ERRBHORT AEAMER LED @ 6.3.1
T E - (Q%WJQMW%QMEQ&MK’Q%W&ﬁﬂtah
W%%Eémmﬂmm’m KBABRET AN EEE 4100K -
XA AEABEFRAERL SOOK-LED R R F S EHEER T
UAREAEGHREAFAE LR ESR -

BREMALI AN HF S HBE CHBHYARSEDE DO RHHLLE
ST o A iﬁ@%ﬁ‘kﬁ@@ﬁ’u&ﬂﬂ%imﬁ
BAGWH TEHEEE 52 N EAGZHAMERNLRAY
FEGOAEEZAE RALERAES SBHMERNEE  £HEKRE
FRBERMEOEH T  TRELGERGE AR Z LD ER
BRABELERGSHRAE LED BHARFAHKRKZEL AMMALY
AEA L LB XBER FREZCAMARZH S EIHE R
Bawy—mREHE 5w E LED BH R AL AEEL A
BRAEARARALAGEY  ETRGEE o

lLtbid s B AL ER EFRBEZEL - %28 F4EALY
LED BB GHEAN KO ERZLPEANER AR

2 RE ey LED B EmAE MM ERTHRBREIHEFALR
FMEBEE A Gk LED BYH AR A KR 48 H 52
ERAFHNIBERTABEOLE - BHOEAETER 88X

%ﬁ%&@wwﬁﬁﬁwﬁﬁ& HERTELRASHE - A H

BRE s B EERIEEAEM -

3.4 %4 LED B B ELREMRAAE  BEM P IBHGTIE

A 52 E 22BN ME FHh g L EHE - L&

BB ARBAETAOR XX E TR -PHBBREHEITA-

6I32EBLILHG B2 FARBRE

R BERMEARE SR04 E YR M ALLBITEN
BAE RTERFHRERE  RBHFAR - HHEYD - HEAR
FRERAKGABRE FARRALEZTL S B BHRAR
HEBRTEZE -
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

A BB 4 (AMA)

£ R % Z & (AMA)YY” Human and Environmental Effects of
Light Emitting Diode(LED)CommunityLighting(2016)”°35 & - 3% 3% 2|
I A EH S EE LED BUP S AAEE BB ERNR
BEERFHRLER DL R GER » EHEBRAF L BT
(LED) B oAes - BEB4E A ETHRMGE L HRRD Z L
mﬁﬁkmﬁ%ﬂ&%ﬁﬁ*Aﬁé%%%%%OAMA&%
hEBETIEBEPER 3000 R ERKGBE - ;rE LED
FEER AR B i F A L 0 B E R D LR AR o 3R B4 R A
HE CHNEZEHZEAKAR LED B9 e # Lk

—HWZETERA®
8 %€ & B 4 (The commission for Darl Skies)d 3% B & X %
& (British Astronomical Association)if % - 2 B » B B £ #
4 (International Dark-Sky Association) » # "Lighting Guidelines’
AHMEA &R 3.000K 28 6 X el -

= A EEERBME

AFETREGLEHXBEARHRAEAREAH E B2 F AR
# 0 ho B4R o

RitmZ%Z  RERANGBHREZ LS AN LEHHE
B AHAREARMATRT R EMEABRBS g8 E LKL
BENEL HA -BHHEY L ERBENBEUARRENTE
ﬁzxﬁﬁw AW 4,000K 5% 5,000K R e ~ 228
FEEREBY AT AR RERBEMRE > B E SRR
%&3J%KuTﬁﬁ%ém’&E&TﬁﬁiﬁTuﬁﬁi
TIOATRELERAZAGMEDSIEME  BELCRRAGARAR
o B SR R R S A 2,700K &% 2.400K > I E 2.200K HF o

&

633 EBMARTEEEIET 20 A(EE)
KESLEBNBE &x%ﬁﬁWW%% BAEABHEB A
AECAMBEERBESHEBEE  REBRRABRREY T L5 7
B BEBTESAEE BB ES R KA EL
BB P BB EBMARLTLEETERI 20RA(EE)-
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% #d7 LED (I E M ER BRI % b F B 3R EEHE7] 20 RAEE)

BERRBALILAGF ZRE G AR HEYE a5 K H
AR -BRERESH - 4AHEEN BESAEAR RAHERE
EREBEALNTHREEZE -SHALLROHMESHERZT EL
e BITR KRB &R RMA A S 615 RAR R B & K
RAEBEALERZD  EFERGHE FREAMERLYE > 4
MAEER-FNMER GHFENREE O BRATAEHE LA S
MEBAEFAR  XRFTE -IFHBBREMAITE  FE4L
MEHRME  BREREETHEARAALARE HEBBBERKERR
HESCARBAMEFTLEAN R 22 T EBBEOEE A& 5K
i dh THREALERZAARE  TLEHA -HHEHAEH
&~ AR TR ENRFHALEE -

AHELTRELEFEABRLHE R 2T HEARAE L BE Ko
EAFLEFEEINT > RFLEEEE 20K EEVEEHRB
dok 633 BARE 109 = Fpx "AFTLEHEIES] , 0 LA
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