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ABSTRACT

Portable systems with built-in active noise control is required low power operation. Excessive anti noise search
operation can lead to rapid battery consumption. A method that can adaptively cancel noise according to the operating
conditions of the system is required and the methods of reducing power are becoming very important key feature in
today's portable systems. In this paper, we propose the method of active noise control(ANC) using binary search
algorithm in noisy systems. The implemented architecture detects a frequency component considered as noise from the
input signal and by using the binary search algorithm, the system find out an appropriate amplitude value for anti-noise
in a much faster time than the general linear search algorithm. Through the experimental results, it was confirmed that
the proposed algorithm performs a successful functional operation.
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Algorithm 1 Noise Frequency Detection

1: S; @ Signal input

2: Py : Probe frequency

3: F, : Frequency component

4: procedure NOISE FREQUENCY DETECTION(S;, F,.)

5: while . =0 do

6: P = start value of search frequency

7 F,. = Z S,“Pf

8: if F. # 0 then

9: S; contains the same frequency noise as Py
10: break

11: else

12: Pr++

13: end if

14: end while

15: return Py

16: end procedure

3.2. Noise Compensation
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Algorithm 2 Noise Compensation
1: \S; : Signal input
: Py : Probe frequency
: Py : The phase of the P signal is shifted by 180 degrees
F. : Frequency component
Cs : Compensated signal
: K : Amplitude of anti noise signal
: Knin » Minimum amplitude of K
: Kipayr © Maximum amplitude of K

[ B > N R UV I )

9: procedure NOISE COMPENSATION(.S;, C)

10: K = (Kpmaz - Kmin)l2

11: while F. # 0 do

12: Cs=85; + K-Psy

13: F.=3% Cs-Ps

14: if . < 0 then

15: Koini = Kinin

16: Ko = K

17: else if F. > 0 then

18: Koin = K

19: I(mar = ]\/ymin

20: else if 7. = 0 then

21: Optimal K value search completed
22: break

23: end if

24: K =Kin + (Kpar - Kpin)l2
25: end while

26: return C

27: end procedure

V. 78

2t

N dare|So tiet HIAES flsl 19 4
o} 7o A A" Cool2 L3314 ) High frequency
& o] o] = A HO [ ow Pass FilterS 2]-&35}0] L
@ 2 £ =2 313, Low Pass Filter2 A7 3}7] o]
-2~ middle frequency T2} 9] o] = AJEof t3fi=

K o]zl 2
&

1638



Ozl B4 2¢2|ZS 0|88 5 L0I= HHE BH Al 25 XEJ|H

A passband transition band

Noise source /\/V\/ A A ;
BRI b stop band
A == ‘ ————— :
e LA Ul
i :
Compensator : 7
(Active noise control) Low Pass Filter
L e > Compensator > g eee — >
7 . 7 Filter ,
P, > P
A Noise A A
Ll |
Signal + All noise component Signal + High freq. noise Signal

Middle-freq. noise is compensated  High-freq. noise is filtered out

Fig. 4 The progress of noise canceling

58 =o|= A7 ¥Ajo] 48 compensation 225 /JZo] A|71H "filtered signal" 7} 2|F &2 Hrh

ol RhAy twelze] BRAS Blsk] sl A |
AW ES 2 g Aot Ak HY B STAZS | Ll |
Mgt o2 Aol EAES WYt Peje] | _m :
Fubg )9S o] ZE 7}A3}aL, compensation & 2] § a0 \.\ 1
& 53 o 1ol 2] Fulse gito] serovt HlwE | L |
LK e et 205 si5ns 2Astar & |E ] . |
A ATE hgoR 19 59 2L IrE UL S | . e
AIch AR AP T k2] HS A3 A9 o TR T
700%]9] T4 S2-L whEah Zofl 7|jahs K o] o
Mg R uhg, o)xl B dmElEe Hee A | o, e
i 93]9] g4 Favko & sk K ko] T Fak o D —
o] g E|o] ¥ Aol WEFHS o 4 glrk N |
FHE AzEo] ol 27} wFHE A5E QP  |Pwr 1
o), teo]% WAL 918 K ghol WE Compensator X | {1 / i
Low Pass Filter®] ZF &8 A5 = 19 63} 7t} Eomp /f il
High frequency A3} middle frequency A& :ZZ ;/f
= x23eln 9= 98 4152 "noisy signal'S WA 0 2 ) : 5 ‘ ; ; P
loop N

compensation Z2]-& 53] middle frequency 40| A|
7% "compensated signal" A% & Z2E|0], o] 28 Al Fig. 5 Comparison of loop counts in binary vs linear

. . ) search
35 thA] Low Pass Filterol] 52A1# high frequency

1639




B2 HEASHS| =2 X| Vol 25, No, 11: 1635-1641, Nov, 2021

k=2.500
8 T T T T T T T T
N noisy signal
6l A compensated signal 1
fh\.if\ filtered signal
4= / \ '( 4
AN/ SN
/A A\ ]
T o X\ /7
J N \ \ //
2 \‘,\,\ A
- W N R
e \f b
Gk \\ i
s L L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200
k=1.250
8 T T T T T T T T
noisy signal
61 compensated signal —— |
SN filtered signal
ff-\ﬁ NN
s e - B
4 N
2k \\,:,‘\ i
)% 2\
Lo N A
\ i
2 \"w:*\ e A
L AN — "/ |
R
NPT
6 1
8 . L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200
k=0.713 (equal to noise)
8 T T T T T T T T
noisy signal
61 compensated signal 1
filtered signal
oL e e \ )
/ AN
M-~ \\,\ 1
‘i il \ P
2k ;?y-)\ pevals
-4 S A g
N e o
s
6 1
8 . L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200
time t

Fig. 6 The output waveform according to K value

K A1 Y ol 2] 15312] pol7)
compensation = 2]} Low Pass Filter 22 T
]x] EHH 01—‘7&] =0

3 2 nﬂm mm
il rlo & 4>

) =]
a474s

-

B L=B0 A% o] 2 A7 of| AHEE[= v 2 st
2 FiE olEEAlolAE AT = AlAE o] A A

r

FEl= 55 1m0l Ao] 7] e £, ol = A7
of R HATR) Qhe o] = A4 o] A A5} e
Aleratsic.

B 31 4]
Awﬂfﬂﬂqucuégla%aﬂwezm

Al% b ol éﬂo}t}
de| o Ao A=
20 Ao} e o] ¥ o)
4 iOlZC’ﬂ sl s tH # au% kS B SRS

o] 913 L Alo] A4E Loo el
= *é*éoHTL o] o] A B gﬂaﬁ—% Zgsto] g
Ao] QWF =S 24sh gro.zn Yurl= AlxE o]
ZAeFst 9 A3 CPU 502 14 520 7H55}H

_,_
é
of
ol
r £
)
o2
o
ofl
Ru)
1o

e
S =4
— =12 & o
2 o » R M oso
M o T
Uﬂm{oﬂgﬂ'
mlom{N*mbL
m&_g_Erf
%}D{N:"r‘:ﬂlﬂl
e o S o
2 5 Do
R e,
mﬁrﬂzm
2= By
rlrog;é
ioZ:;‘.:
I%rﬂ%’
jatits
kg
off fu Z
JNE o
N

2]
1%
B
o
il
iy
o
fr
to

|
0
N
iRy
4
pac)
dlo
filo

Jo = ooft 1o o

e mlo 24
N

9
(o

o
Jk‘%i-jﬂit‘{f

—
\O
—

of Ao} sfetule] &
19 7Ps e Hio. Al
14 AR 5ol Bk 2]

0, s
g L
>jl

P

offt il
i

=

o]

o,

=

oo

o, it
oft
%

il
> L
)

Ho
2
1
2 e
oX (o
o
I

¢

o)
o2
Ol

ACKNOWLEDGEMENT

This study was supported by the BK21 FOUR
project funded by the Ministry of Education, Korea
(4199990113966, 10%), Basic Science Research
Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Science
and ICT (NRF-2019R1A2C2005099, 10%), and
Ministry of Education (NRF-2018R1IA6A1A0302
5109, 10%). This work was partly supported by
Institute of Information and communications Technology
Planning and Evaluation (IITP) grant funded by the
Korea government (MSIT) (No. 2021-0-00944,
Metamorphic approach of unstructured validation/

verification for analyzing binary code, 70%).

1640



REFERENCES

[1]

—
w
—

J. S. Kwon, M. G. Seok, and D. J. Park, “Low-Power Fast
Partial Firmware Update Technique of On-Chip Flash
Memory for Reliable Embedded IoT Microcontroller,”
IEICE Transactions on Electronics, vol. E104-C, no. 6, pp.
226-236,2021.

J. S. Kwon, M. G. Seok, and D. J. Park, “User Insensible
Sliding Firmware Update Technique for Flash-Area/
Time-Cost Reduction toward Low-Power Embedded
Software Replacement,” in 2020 IEEE COOLChips, 2020.
A. K. Sugiyama, R. Miyahara, and K. Oosugi, “A noise
robust hearable device with an adaptive noise canceller and
its dsp implementation,” in 2019 IEEE International
Conference on Consumer Electronics (ICCE), pp. 1-2,2019.
J. S. Kwon, J. H. Cho, and D. J. Park, “Function Block-
Based Robust Firmware Update Technique for Additional
Flash-Area/Energy-Consumption Overhead Reduction,” in
2019 International Symposium on Intelligent Signal

Processing and Communication Systems (ISPACS), pp. 1-2,
2019.

ot=3{(Joonghyun An)

2000A~2007A: E=2cHstul MXfZska} stAl
20154~2017\4: ZE2CHSHL MAFZStap AMAL
2007H4~2012:H: ABOV || Ml o412

20124 ~54X}: SK Hynix 242! 17724

. YL El(Daejin Park)
J

20014: Z=CHeful AT | St Sha

. 20034: KAIST 77| & HXIZ31} A{A}
= 2014: KAIST 7| 3! MAIS3tat Hiat

B 22| ES 0188 55 L0IZ HHE EE AT 25 HEJ|Y

[5] A. Goel, A. Vetteth, K. R. Rao, and V. Sridhar, “Active

1641

—

—

—

—

cancellation of acoustic noise using a self-tuned filter,”
IEEE Transactions on Circuits and Systems I: Regular
Papers, vol. 51, no. 11, pp. 2148-2156, 2004.

S. M. Kuo, S. Mitra, and W. S. Gan, “Active noise control
system for headphone applications,” IEEE Transactions on
Control Systems Technology, vol. 14, no. 2, pp. 331-335,
2006.

T. Z. Wang, T. Jin, Z. M. Lu, C. Zhang, G. Q. Liu, X. Zhao,
and C. Li,
compensating for acoustic metamaterial noise barrier in
reduction,” in 2018 IEEE 2nd
International Electrical and Energy Conference (CIEEC),
pp. 648-652, 2018.

B. Reshma and K. A. Kiran, “Active noise cancellation for
in 2017
International Conference on Intelligent Computing and
Control Systems (ICICCS), pp. 602-606, 2017.

D. J. Park and J. H. Cho, “Low-power universal edge tracer

“Research on active noise control method

transformer noise

in-ear headphones implemented on fpga,”

architecture using accuracy-controlled resource reallocation
for event-driven sensing applications,” Procedia Computer
Science, vol. 56, no. 1, pp. 67-73, 2015.

5 BHAlIZ0}: Bl QMICIS A2 7|9 ANC, 24 SoC 417, Robust 2HIC|S AJAH

20034~201413: SK Hynix/ Samsung/ABOVEF=A| (XEMICH LS| A7) 4104712

20144~2016\4: ZE0 st FMAZSHE o417 w4 (201444 CHEZS Postdoctoral Fellow M%)

2016\ A~34RY: HECHSt W MASSHR T uls/Suls

w20t MTE] SoC M|, SHEY|01-2ZE2)|0{ Co-design, Dependable ADLE 10T A|AE!
ISA|S & AlE-AZEL| o 28 S8t

Robust 2IH|C|= A|AH]



