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(57) Abstract: The present invention relates to a biosignal-based pain level classification apparatus and method
for classifying a pain level by using electrocardiogram (ECG) and photoplethysmograph (PPG) measurement
devices and, more specifically, to a biosignal-based pain level classification apparatus and method for extracting,

= @ |z #* from an ECG or PPG signal, energy and a zero-crossing rate, which are main features of the ECG or PPG signal,

according to a decrease in blood flow rate and frequent pulse when the sympathetic nervous system is excited
due to a pain stimulus and normalizing the extracted energy and zero-crossing rate, and displaying a pain level
index through a Sigmoid function from a value calculated by weighting the normalized energy and zero-crossing

m rate, thereby enabling simple and highly accurate pain level classification. The present invention relates to a
sw-psasccwminanin biogignal-based pain level classification apparatus in which a pulse wave (PPG) or ECG signal detected from a

$190 .. Energy exraction

PPG sensor unit or an ECG sensor unit is converted into a digital signal through an A/D conversion unit so as to
be transmitted to a computation processing unit, which detects a pain level index from the received PPG or ECG

signal, wherein the computation processing unit detects energy and a zero-crossing rate from the PPG or ECG
signal and normalizes same, obtains a Sigmoid function of the energy and a Sigmoid function of the zero-crossing
rate, and adds a value obtained by multiplying the Sigmoid function of the energy by a preset energy weight
and a value obtained by multiplying the Sigmoid function of the zero-crossing rate by a preset zero-crossing rate
weight, thereby outputting the addition result as the pain level index.
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At o= Y A e 1 -3 E(HPF) 9] Abd 5 J}TEE} 2}, g 4 o]
& B (reshape filter)« U] A& 119 1} HE HPF)-‘E]r oA g 2o F 1)
AE(LPF)E o] Fol At} o 2501, t]A & <3 AEHPF)S A

F = 0.5 Hzol 2L, YA & Ao 3 JJEi(LPF)L 8Hz=, =, 0.5Hz WA 8
HzE 533t 25 5= 9}

NI A AXGA R, AE = @A(S120)00 A = 3HPPG) 41 & = A A T (ECG)
ANz A, YA A E 71 AR E<9E, WIHPPG) 2l & T A A S(ECG)
ANz A5 datete] 7 E A WIHPPG) Al & = V[ EAIZE
AHE(ECG) A& 9] Al HJ A& F-8HT(S120).

o] 7| M, ol A A5 71 A ZEE, A& A}ol] o] 8f) AR-&-Z7] ol A7 H A,
FEotA] AR Ao R, o J A Arbd Ao A ol J A& ko] &
, O AIZE2EE uff | YA & -3 wjnfr) Al ZE-bo] WM gls) =
%L(shdmg window)©o] 2}aL @ett), = WA A= 7] 5= A,

A A W IHPPG) 41 & = A A E(ECG) Mz o] alH =

04 %‘7@ N ZFT-7EE 73R = o] % A (sliding window)S 3}, o] 14 A]
Aol M= 471 olg oA A& T8ttt EE], YA A=
0% (bt e 2 3 = Qlth =, o] A g-oll, el g A] ALkt A o) A
Al g o] A Hof| A I AZ 10527 7&’“1 Aol A, Aol 2159

o] o YA & -3 5= 9l

g At A ®, HE DPﬁl(s,lzo)fﬂw W IHPPG) Al Hi=

N S(ECG) Al S ol A Ao gk o, = Agk3, Hoighd wl o] A[ZEQl H oA A1,
HAagd o] Az HAR M-S AEeta, HAH B HAYP S 7 Fo =
shi= LAt 7] ARERE E ], A 0)& Ak S, S5, W IHPPG) A& B
MHAE(ECG) A= o] Fo7t v = Sl 5 -3t

o] 714, MIHPPG) 2 & = AR S(ECG) A ZE9 38 & oy i
A=t (valley) S 7FA ™M, A& Ve &= ol A 918 -& # o) d ol efat sfal
A& Ve = el A H A S HA R ol abar, H o 9 XJ%%}%
Hrfgkoletar sbar, H AR o X &S HAgholghal sp, H gk v o

AlZbE A A Al gkol et shar, HAgkdm o] A7 HAH ARkl

A7, dazt 75 N 7R o] Ak Adabg A o A o WAL )
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: &
a1 ske] o] F Z(sliding window)& &3t SE7A &= &4 7153l

At AR, ol A A Ao A -3k o) 2] o] Thaf A, ol % o] F+
AAFEEZ, AN A] Ak A A 3 o X & Lo A A f3)sbar, e
A abg AL Ao A & o nlxpgol thal A, FulabE o] EE AR EE, G
AR AL A oA g o wAkE-S W0l A Ay 3RS 160).

iAol FE At F Juatge] £ Gyt Ee, AL E 7)hE
TEAE BT AXA0)E AFEste] A E A Eet] Al zhek 2] dAlo M, BE
A3 A& AR st kol X T

dubd o g HFE AHEE = (X-w/o & YERE 4=tk &, o7 A, XE=
oA A& = Julatg AlE o, o= o YA B o k89
FEHAP) AL, paz ol W A = -2 ol

AZIA, BFE QX A& A ES, AALNE 7R SFAE
AR 10)E AHgste] A E A E8t7] Al 2HeE 271 A ol A FE AAALE E <L,
oA o] T AwE L Ao TF ATEEE Fo7] Hgk Ate =R,
A EE], A& WIHPPG) A& &= AHE(ECG) A= o] F4ld Al HEE 10x
WA 23] Algko] Aot Al 7R L  loh Aol mhebA, BE AT E
AS AR, YA A& 713 AR, Qi) 715 A Aubd o] R3h&
st 24 73t

iAo F A F duatge BF A EEE Al Al E
z71e), $4, B A E A E AR E<F, WIKPPG) Al S
AALT(ECG) A2 E, A4EA 2] H200)+= A/D A3 E(180) 2 F-E 4418} aL,
2= A 5]

W SHPPG) A1 & = A A E(ECG) A 35 tAE 19 F 3 LE|(HPF)<}
tAlg 49 53 BE|(LPR)E 5-5h] gl4lo]xZ dE =& s¢ir}. dej=
Wl SHPPG) Al & = A AT (ECG) Al Zoll A, ol YA A% 715 A 713k FoF
WIHPPG) 4l & = A AS(ECG) 21z o] A& fHiksto] 7| &A1
Wl 9H(PPG) A & iz 7] E A A A R (ECG) A 59 o 3t
o] & 9] 7| E A7+ W IHPPG) Al & = 7] E A7 AL A B(ECG) Al 59
NHAEol| A, AR} H g Fato] YA o] T3 Fw2E T
Lok, D H WIPPG) A& = A XA S(ECG) Al 3ol A, duzt 7] &
A ZEFRE EF, B(0) Ak 3147, 5, WIkPPG) A1 & FEi= A A X (BCG)
Az o Ro7b vk = 3¢ o WwAES etal, T H AR P s 8k
FuAgo] FE G EE e

7490l kA, ol o] FE ATFEE L JuAE] XE AR ES
NEZAE 270, 4, 2F e

A A E(ECG) A2 &, AALHA

-
‘
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T21E WIlPPG) 2l & = A E(ECG) A& E YA
C A Ao Z3 DE(LPF)E E3ho] gl4lo] = dE
W SHPPG) 4l & HE= A A S(ECG) A 3ol A, AR e} Ho
W3H(PPG) A& = A ASECG) Moo T A EE -8}
N O] TFE G E E Fuabg o] BE G X tfle) ARE-S

Al Z132.0] = E4(Sigmoid function) W8 WA 2, 4 3} @A o A G5l
NUAE)} @ L apgoll, 7% 7] w7/, A 7FE 2] oF & k&
7t A & o] &8k Al T1E o= gt ghs & TH(S170).

AHEA 0 2 Al 1H o] = $F4%(Sigmoid function)™ S} -2 & Elf(Sigmoid
curve)E 7H §FrE web, A 2 (logistic) $Hr2] 53 ¥ o] 7] & &t
F &2 8t5 A SS Vel E SR 00 7 ZH gholl A 4 A E §-3k kol
Htshe ghapolth dabAl o =2 xof] o gk A LR ol = 4 f(x)= f(x) = 1/(1+e )
= 1/(1+exp(-ax)) 2 YERHH, o714 o= 7]-&7] v 7| | =0 T},

=, At dAlel A Ak | ANE) S A sk @ axbE @)l 44
71=7]1 vi7h ¥ (o) 5 wstaL, Al WA 7k Al (wp) 9k & aLabE 7R A (wy) B
ol-&3ato] o] & Ul g Zlol] gt ATLE ol = T wif(E) + wof(Z)E HEFIATH
CRAT ], o 2] 7hE X (wy)eF 7127 WA ) E 7HA = A sk
NUAE)S] Al LR o] = ghpe), o At THEX(w) 2 7127 7R () E
7HA = AarEkE o wAbE(Z)o] AT R ol S E U e AHE, S, w,
/(1+exp(-aE))+w/(1+exp(-0Z)) & T-3Fo] & 5= i},

to MR

m

AZIA, =] 7k, @ wzbg 7HEA], 71& 7] v, 3 F5F A
= AREZR7] o AAE Fd 7 dvk 717 Wl E ()= 1.5 WA 1.8 L
olar, ol A 7FEX(wh)e 9 xS 7FER|(w2) 9] F-& [o] o] of st}

Al LR ol = gk 412 03 1A}l o] gk 7HAIH, 09 4 9= S0l A<l
AEjolar, 1Y A $-= 50| §li= Aol T3 Y(inverse) A4S 3Fo], 0Y
A FTol 9= A5, 19 A5 55l Huldl e veld 4 qloh

=, AREA Q1 A2, 7] ALt eh o g2 AlLke 3HA A
TSl Atk oA eF A3t @ alxpgol A4 Aol A Bk
S Yo A B, whepa] Al TIR o] = fharol] BEE gl o ' u sl ¥ of 0o 7Hh
TR R FFol = Aot stA vk Al TLE o] = $kaEi= 03 1A}o] gk
7HA 71w F-oll 1-w /(1+exp(-E)+wo/(14+exp(-Z)) & A A-S &4A) ¥ 1]
Wb AR GFol H2 A EE UERd 5 S Aol T

TN E L FEAR, AL o) = gk wisg g Ao A, 7t ] A TR ol =
g g2 T AREA E9 e rk(S180). Al TLE o] = 3H(Sigmoid function)

u B A o A o] wiH(E) + waf(Z) T2& T = Aol & 9

Bl 2 gbgooll Zhstar, Alibe] ghdkst, ol 1] A E Al o] Alsyste] vl ]
ol 2~ gt gl

ol g} ol E & v E g Ao ef o) o A E o, &
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