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Background and Objectives  Active noise cancelling (ANC) is a technology that can re-
duce external noise by producing a signal that is similar to noise but different in that it has an
opposite phase to noise. Nowadays ANC has become an important technology in the field of
hearing aids, but many studies have not focused on the effect of ANC of earphones when lis-
tening to portable music players. In this study, we aimed to evaluate whether ANC earphones
can effectively reduce external noise and lower the preferred listening level.
Subjects and Method Three different earphones (Ear-canal, On-the-ear, Covering-the-
ear) were tested in three different noise environments. Nine participants were tested in 10 ex-
periments. First, through the real ear measurement (REM) system, we evaluated the differ-
ences in sound pressure level when the ANC was either turned on or off. Second, we evaluated
the effects of ANC on Preferred Listening Level (PLL) for participants listening to the same
song with different earphones. Through the REM system, we evaluate the level of sound pres-
sure level when participants controlled the volume and felt most comfortable with the volume
level.
Results All three types of earphones showed statistically significant effects on noise reduc-
tion when ANC was turned on. The noise reduction effect was most prominent with the Ear-
canal earphone. All three types of earphones also showed statistically significant effect on PLL
reduction.
Conclusion ANC earphones may be helpful in noise reduction and preventing noise in-
duced hearing loss when listening to music in noisy environments. Among the three types of
earphones, Ear-canal earphone seems to be the most effective in noise reduction.
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0|8 A7) P30, 2 223k 9ol
Q1S AEE ololEe| 4 SEHO.2 Ate] B
Se)x] ¢ Sh 7]golk, 480] g 3
& olo]& 9Ro] A microphonedA 0| Qe 1o}
noise cancellation circuitry®= ¥t} Noise cancellation cir-
cuitryoll Al 253 FUTT SaF2 A6k 9143 180° vt
& ghEo] Soft oA o]o|ES] AujAR FE5HA Hrk
BFAH ffol= Yol A= @Fol A S0 53 ANC ©]
ofEof| A A= AYE ool Az EftEo] ot g0l A
gj=]of AFERRIA] "k Lin 572 Aol <laha Argego]
A 2gE ARAP|EL AE R HA o= A2 Adap-
tive Feedback Active Noise Cancellation headphone-& 4~
22 30 dB SPL Z4A7]1aL Als o 3H3H]1E 14 dB $7HA
ZAckaL gtk SEAINE 9] Ate SR 3gEolA aL7te]
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ol Al FA AFESkEo] drjEL s EEE ANC o]o]
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Wt A2 277 1.8MIIL, HufH]= 5 ¢ 490tk S
L olubA] Zgho] BEo] giglom, 5 A HALIA 6
H[(500 Hz A3+ kHz A8 x2+2 kHz A8 x2+4 kHz A)
/61©.2 20 dB HL ©3k2] A4+ A2
5 BF FE S 171E ARERE
P

2)
=l 71719k olofEE AR = Sl E2 AlollE:

A A8-31E ANC ©]01Z 3 Ear—canal ©]%&, On-the-
ear ©]o1, Covering-the—ear ©|J& 37| FE]2] o] ZS
ARESILE 371A] o]ofE L AQYX] WhAlo 2 ANC 715
A1l L& 4= 3ltk Ear-canal ©|o]E(MDR-NC22, Sony, To-
kyo, Japan)& 0|0} 8] Ii w7} Qo= qko & kel =
FE=, QJo]w=r} L 2 23] vhe] LF A5o] Yol
2 AgE= AE Adel= a7} 9tk (Fig. 1). On-the—ear
o]0} E(MDR-NC40, Sony, Tokyo, Japan)< Hul7 Fej=

Ear-canal On-the-ear

Covering-the-ear

[ — |

Fig. 1. Outward appearances of each
earphone and its characteristics. The
Ear-canal earphone is an insert type
earphone which can be plugged in the
external auditory canal. The On-the-
ear earphone is headphone type ear-
phone. The ear muff can be placed over
the ear but cannot completely seal or
occlude the ear from external noise.
The Covering-the-ear earphone is al-
so a headphone type earphone. The
ear muff completely covers the ear.
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(Sennheiser, Wedemark, Germany)-2 # AAS g+ {u}
7N FEfQ] SEE & olojE o ® HE ¢S] Hol Hfjskar
Tl o]olEE 75l d&bet Akt Qlek(Fig. 1.

HollA 27} &3] =&s= 37| S/ 53
d& Adskeet 3714 A2 1) 3 4F, 2) s &
2, 3) I&EFYPaZo] e} MAF5-37](ICD-SX68, Sony, To-
kyo, Japan)E o|-§5to] AA| AN A5 =519
o FAo 2% =47](NL-05A, Rion, Tokyo, Japan)& Ak
g5to] YA 250 A7)E A SASIITE A 4322009
| 8 Y o5 o) A& AT, AlESke]at oF skl
A J55laL, ojn S 3Hd 459 27]= 70 dB A%
o}, th3} A5-2 20099 8Y L % 24J0) A& AHY &
EoA 7|2 F E01 22 Gz Aol oF 10001782 Algto]
A& i3lsts A3 =501, ojdf S e 459
27)% 70 dB AGT, 14542 20104 128 2% 24]
78 Hgropikeo A A& O 2 7h= KTX ZAAQtelA dxt
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th o] % -S4 Wiel Az AuAE Sl 37| oF &
a2 AlAlsH, aato] AgE= 599 271(dB SPLE &
“gsksich AR 1Hlo A= o]o]ES Folf 2oto] A=A &
e, ANC 7|55 1w 74-5-(off)2F A= 7%-%-(on) atof]
ALE= 230 27100 FoJgh Zfo)7} Al skt &
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HzE AF3}4 1 kHz, 2 kHzE 57 50443 4 kHz, 8 kHz

Effectiveness of Active Noise Cancelling I Na WS, et al.
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Mann-Whitney U test& AH8-5FILE 3714 £-579] olojZ&
A}8-51917] ol Bonferroni correction=r 128} p—value
(0.05/3=0.017)%ke] 0.017 o]}l 7-9- o] Q)&= Apo|= 7k
shelch

Ear—canal ©]o]&

Ear-canal ©]0}&2] -9 ANCE off, on 31%& 1 a19}o]
A Fere) 2717F AFuts oA 212} 84.6+5.8 dB
SPL, 82.4+5.9 dB SPL(p<0.001); &%t Fuh4= gol A 7
7} 679+98 dB SPL, 63.9+9.5 dB SPL(p<0.001): 534
Boo A 27t 492+99 dB SPL, 47.0+89 dB SPL(p=0.001)
0]9th ANCE on 3= 7-¢ HE Fuls= oJdof|A] 1ato] A

s 250 Fete] el Aode & = A Fig. 2.

On—the—ear 0|0]E&

On-the—ear ©|13£2] -9 ANCE off, on 3} o 119}
of| Ml S| A7 7F AFeutar JollA] 27+ 89.3+4.6 dB
SPL, 87.3+5.1 dB SPL(p<0.001); 53t Futs g ol Az

7} 740499 dB SPL, 72.6+9.3 dB SPL(p<0.001); Z5=u}>
Jodol| 4] Zkz} 50.7+8.5 dB SPL, 48.84+9.8 dB SPL(p=0.002)
o]3lth. ANCE on 8= - HE Futs olla] ardtof A

o= 250 Sl frefsHl Aode & = A Fig. 2.

Covering—the—ear ©]o]Z

Covering-the-ear ©]01&Z2] 79- ANCE off, on 3}
aatol HutE 29te] A77h AFruhsr JoollA 242 934+
54 dB SPL, 88.3+4.8 dB SPL(p<0.001)2 ANC ZHs & 4
=9 2717} kA ZrobAlet 2eu F1E Fubgr g
A= ANC 7|52 off 3= 729(76.6+10.5 dB SPL)¢} on 3}
7d$-(76.611.6 dB SPL) ZFo|7} §lSlth(p=0.915). 1150
= JAo A= ANC 7|5 off 3}= 7-$-45.5+12.2 dB SPL)
9} on 3H= 7$-(46.5+13.0 dB SPL) 2o]7} $1QIth(p=0.475)
(Fig. 2).

L
.

K2 G2 A o]o]& 7+ &5 a3 v

FUN 2SN A Z ThE A 0]o]E2] ANC 7|5
AR Axt el A Se] A7]= AFukg G
A 824+59 dB SPL(Ear—canal), 87.3+5.1 dB SPL(On-the—
ear), 88.3+4.8 dB SPL(Covering-the—ear)®|3lt}. Ear-canal
o]ojEo] On-the-ear ©]13E(p<0.001), Covering-the—ear

"
1000 ﬁ [Joff ||| 1000 - [ ] ] off
[ On * [ On
90.0 - * 900 F L
80.0 80.0 -
700 ’L‘ 700 + ’L‘
8001 lgas 82.4 00 873873 Fig. 2. Frequency characteristics an-
500 679439 500 74.0 {26 alysis. All 3 noise cancelling earphon-
: es effectively blocked the external no-
400 49.2/47.0 400 0.7148.8 ise in the low frequency. But the noise
300 ‘ ‘ 300 , | cancelling was not as good in the mid
’ Low. Freq. Mid. Freq. High. Freq. Low. Freq. Mid. Freq. High. Freq. and high frequeCieS in some device.
A Ear-canal B Onthe-ear When the 3 earphones were comp-
ared, ear-canal device most effetive-
* ly reduced the noise in low and mid
] L] off L] EC | | frequencies. ANC effect of Ear-canal
1000 - 1 £ ©n 1000 X 3 OTE| | earphone in 3 frequencies (A). ANC
900 L T o0 | ! Ea— B CTE | | effect of On-the-ear earphone in 3 fre-
’ ST quencies (B). ANC effect of Cover-
80.0 [ [ 800 - ing-the-ear earphone in 3 frequenci-
es (C). Comparison of ANC effect in
700 1 70.0 - 3 earphones (D). Low. Freq. (low fre-
quency): 250 and 500 Hz, Mid. Freq.
600 |- 754la83 00 I |, % (mid frequency): 1000 and 2000 Hz,
500 76078 500 L 72.6 High Freq. (high frequency): 4000 and
639 8000 Hz, On: active noise canceling
400 45.5/46.5 400 F 47,0488 effect switch on, Off: active noise can-
200 ‘ 300 celing effect switch off. *p<0.017. EC:
- Low. Freq. Mid. Freq. High. Freq. ) Low. Freq. Mid. Freq. High. Freq. Ear'CC_Ia_E.aICtype’_ O-ItE: On'the'ez';\lté'.
C Covering-the-ear D Comparing the 3 earphones Zgive n(.)isgvsgrr:gelli?]ge.ar type, '

418



0]0}Z(p<0.001)°]| H]3}e] ANC EI} $-4=3Fct 18t
On-the-ear?} Covering-the—ear ©|o]& Alo]ofli= -]t X}
o7} IR THp=0.398)(Fig. 2).

FAt Fabar GYof| A ardtof M 9] A7]= 639+
9.5 dB SPL(Ear—canal), 72.6+9.3 dB SPL(On-the—ear), 76.6
+11.6 dB SPL(Covering-the—ear)°|glth &7t Ful4> 9o
O A% Ear-canal ©]¢]3£0] On-the-ear ©]°13(p<0.001), Co-
vering-the—ear ©]o1Z(p<0.001)°] ¥]3}o] ANC &7} ¢
51t} 284 On-the—ear} Covering-the—ear ©]o& Ak
olofl= o5k Zfol7t §lSltH(p=0.055).

Nk Goof| A arato]] A 39| A7]= 47.0+8.9
dB SPL(Ear—canal), 48.8+9.8 dB SPL(On—-the—ear), 46.5+
13.0 dB SPL(Covering-the—ean?|1th. Al o]ojE Alo] 72
3t 2ol gtk (Bar-canal®} On-the—ear, p=0.237; On-
the—ear?} Covering-the—ear, p=0.300; Covering-the—ear
¢} Ear-canal, p=0.880)(Fig. 2).

A 2¥: XM 5% 33 Preferred Listening Levels
(PLD)]

Ear—canal ©]o]&
ANC off 271} on 2794 Ear—canal ©]oJ#2] PLL-2
7Yz} 80.7+7.8 dB SPL, 78.2+77 dB SPLo|%t}. ANC 7 5S

Effectiveness of Active Noise Cancelling I Na WS, et al.
AHE-8H= 79 PLLO| 28k Wolsth(p<0.00D) (Fig. 3).

On—the—ear °|0]E&

ANC off 273} on 274 On-the-ear ©]0}&2] PLL
2 717} 86.5+54 dB SPL, 83.5+72 dB SPLo|ith ANC 715
& AH88H= 75 PLLO| -9l8HA| RobseH(p=0.00D)(Fig. 3).

Covering—the—ear 0]o]&

ANC off 27437} on A4 Covering-the—ear ©]0]3&2]
PLL- 77} 82.3+97 dB SPL, 79.7+92 dB SPLO|3]t}. ANC 7]
5o AH8Sh= 79 PLLo| F-2J6HA| Robsitkp <0.00D)(Fig. 3).

AI7}A] o]oj&2] PLL H| &

FUN 2SN FYR oS TS, A= o
2 3709 o]ojE9] ANC 75 AH&3F A} PLL2 78.2+
7.8 dB SPL(Ear—canal), 83.5+7.2 dB SPL(On-the—ear), 79.7
+9.2 dB SPL(Covering-the—ean?]3t}. Ear-canal®} Co-
vering—the—ear ©]¢13£2] PLLY] On-the—ear ©|o]of H|3}
o] Fo5 Fetth(Bar—canal®} On-the—ear, p<0.001; Co-
vering-the—ear®} On-the—-ear, p=0.015). 3}&|7t Ear-canal
o]o]Z 3} Covering-the—ear ©]o1&2] PLLS H|u S uj
= Rt #ZFol7t Il (p=0.491)(Fig. 3).

100.0 * 100.0
90.0 + 90.0 - T
80.0 - T T 80.0 -
700 + 700 +
60.0 - 60.0 - Fig. 3. Preferred Listening Level (P-
80.7 78.2 86.5 83.5 LL). All 3 noise cancelling earphone
500 0.0 - were effective in reducing the PLL
400 - 400 F when the active noise canceling swit-
ch was turned on. When the 3 earph-
30.0 off on 30.0 on ones were compared, ear-canal de-
A B vice provided the lowest PLL. Copa-
Ear-canal On-fhe-ear rison of PLL of Ear-canal earphone
. - in ANC switch on and off (A). Compa-
1000 - * | ‘ rison of PLL of On-the-ear earphone
in ANC switch on and off (B). Compa-
90.0 + I 90.0 + T rison of PLL of Covering-the-ear ear-
] T ] phone in ANC switch on and off (C).
80.0 - Comparison of PLL in 3 earphones
700 - 700 L (D). Low. Freq. (low frequency): 250
and 500 Hz, Mid. Freq. (mid frequen-
60.0 - cy): 1000 and 2000 Hz, High Freq.
823 79.7 w0 782 8E 79.7 (high frequency): 4000 and 8000 Hz,
0.0 a On: Active noise canceling effect swi-
400 L tch on, Off: Active noise canceling ef-
fect switch off. *p<0.017. EC: Ear-ca-
300 off on 30.0 e or pa— nal type, OTE: On-the-ear type, CTE:
C Coveri D ) Covering-the-ear type, PLL: Prefer-
overing-the-ear Comparing the 3 earphones red Listening Level.
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23 W=, o]oE A2t SJAte] wE ANC al-
gonthm—J X}O]OIE} Ear-canal®} On-the—ear ©|o}Z& =
& 3|} H U3t ANC algorithm2 AFESFARE Covering-
the—ear ©|o]&2 A5 ttE FJAke] ofE ANC algorithm=
AHE-SHAL Sl 7t BAZ} Aes] ofH 4=5F4] ANC algorithm
S AHSIFEA BAEA] Stk ulE ANCE] 712 el
LLE 3L} AIE Ato] H]szskAIRE, gt ANC algorithm
Apolof whet A5 7 Bdb= o3k Zol7t & 4= Sk
AR AY 1He] Fub= oJoH ANCY] J5315 B, £4 3
AP AlFE AL/F/ AT G oA ANCYF 2HE6t=
W, £4 AL AlFS = AT FolAT ANCT}
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