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ABSTRACT

In this paper, we compare three mehods to
obtain PSD of HRV - FFT, AR modeling, and
residual integration. Using these methods we
speculate the balances of the LF and HF powers
of HRV at 0° , 45° , 90° tilt levels of head-up tilt
table for young and healthy 24 men. R peaks are
located at the highest point of QRS complex
detected from modified spacial velocity algorithm.
In general FFT is the most fast way to obtain
PSD but PSD from FFT has too many peaks and
valleies. AR PSD can show frequency of ANS
activity effectively but LF component of PSD is
often invisible due to interference of VLF power.
The residual integration method that decomposes
the AR PSD is very efficient way to extract LF
component. Applying the above three methods to
HRV we can visualize the trend of PSD
variations along tilt levels.
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Fig. 2 Topological Mapped ECG signal

(2) UR-RTAFAN = 9 g5

R-RUEHE d&Ho2 7|28 dolges $AY
Z(evenly spaced)dlojel7} ofE g Fuf: BN
ALEE  glonz B ARdME (28 o)L83y
4HzE R-RZE AlAEE AQNEY st £IR-R3
Z Al 2] Z(Instantaneous R-R interval series)E 73}
I olE Fo EMNE 9§ HRVEZ AMgs Yo

IRRIS(n) = RR(k) (2)
tkSnATStkH y (n, k=1, 2, )

(3) AFAHE AA

PSD9] Al4tel AM-gE= 2zt $R-RUAHA Y
28 FYEL 1 789 Ao] Bt} ¢ 7 F7E 7}
A AFs JES ¥gsta Qo olgyd AFn
AEES JYRole REaY HYAPL AYg2HE
B2 Axm doer FHL doA 2HEYS
PFE dogd B A7 AHEFEML 2AF
o g A3 E NYGEA gv &L ATURIER)

A2z 96/11

= A A 18 A

of Y EAE BHoE Hmz HYNPOE U
& 2470 4RL JguE A 20 gy
HRVE AY2A=8e 787 ojdel Axz A
o2 HYYEY AAE AL & AFANE U3
AYSAel s HRVS) 4842 S AASA.

2. AYAHEY ¥4

(1) HRVY] A 2HEY B

HRVS HYAHEYLS ANSY Z17] & AEA
o FFE Wgde A /9 #HaPe Y B A
TFAX AHE# Fu4¢ FEL 29 ¥ 13 g

® 1 HRVY F7|13%8 7 A3A e #A
Table 1 Harmonic components of HRV and relative
ANS

F71 8% T g9 |34 AFA

VLF 0.002 - 2=, 9%,
(very low freq.) 009 Hz @d-dxd
LF 0.05 - FEFE&7] WAL,
(low freq.) 015 Hz [E¢=47A)

bigh ) | oy |EA OFEBAD)

(2 49 Z2EZ9 43

B dFdM e head-up tilt HO|B L o] 23} 24
Heol Aol uFd HAYP2EPY e wHsl g
HRVe] #slE FE3IHc £ 74 ALES 49
o ZREZL ¥ 29 W} AAEE 2y 408
T AEHoT HARMNZE 340

£ dTdMe nzdlAe g4 vkl 8¢
ZAA s Jehde LFAES 2azdgd 9
g HFAES vmdd. o|F HFAEY 29EY
BEE IFFTFe A g2dd gy 5F0)
EMAAY A9 HFEEY X7 393y o
o wEtde LFAES Axle A4 LAdsnz B
dFelM e HFA ROl 433 Fasu gl Jepd
TE FHAY 4% ¥ A 5FL =2 3o HF
A¥9 A3 X7 0.25HzolA JYEILEE s4nh

¥ 2 A9 A% tilt BAIE ZREE
Table 2 Tilt level protocol used in test

step 1 213145678
BAAZC )| 0 [0 |45]45]9019 0|0
v o2 2} steptd At 58 3% (4 Hz

(3) AYAHEY Y= _

B 29 F 809 stepollM 53] 0x:ollA 45%, 45
TolA 905, WE oA 0E&E tilt table®] Zto] W3}
g dole ANSEF Ty ¥slrl dojug ole
HRVAlA #=HQl myoz veldo & A4
€ 5% 789 diolgl F F=7E AT 443 o]
F9] 1024712] AFo g3}y PSDE FHTH

—218—



£ dFdAM9 PSDE FFT® Burg’s methodE
o]-&& 30xte] ARE W) <o& F34ct & AR
2doix 4 FAHEY FE37 A3 F54HE
(residual integration)& ©]&3t AHEHL B3
(decomposition)dt 4Tt 19 2414 B dAxe) Ay
HEY FEAFE BHY}

A PY AR T2 A2E 2(3)9 WAL uEs
< AAQeln.

un)+a(n—1)+-+ap(n—M=v(n) 3)
AQB)NM  ajay,ap & X5 P 9 ART}e}v|g
23 3 o]E s I A9 EAYLE S

¥ 4 Ao Burg’'s method®] ARw}2}vie]e) FA 3}
AL A(4E P W HrEIG

w5 R

ol=0-]| kD2 @)

- lgfm~l(n)g:n~l(n'—1)
L B s+ (- DI

k

fm—1 © forward error

&m—1 * backward error

»=1,2,....P

H@EEH Ao AR}

& T3 HOBE S F A

1258 APAHEY

£ o

2
0.,

S(w) = 2
1+ 2, 6, (D exn(~j)

)

@) TR o3 2HEH R

FFTel 98 HRVY PSDe Z Fud Yehyes
AYL=rt A3 X8 Ui 28y FFTY)
9|g PSDe LF, HF 59 A&o] 7IXn de AY
o] ojd Fu4E FAoZ BEIFEXNE Uiy 2
2 Edhe de] ok whA ARE D 93 PSDE
Ao o7t et AR TN AHEPo R
5E LF, HFAE S 4A 7&3 € & dde ZF
o] Atk 1y ARE 93 PSDoME & %Y
g 7IA& VLF A&o] LFA R FHEo Auge
2 599 377 B LFAES 788 4+ g 4
$71 29 E dpdae f50 o3 HEL AL
g 2HEY e 53 LFAES 23 YU

AR L AREIZE 33 FolA Az i
SAHY 2d2RE 2499 IFH(pole)EE T3 T
A ZA4zte] FHo Y3 2HEYHS T3] AHE

F $o] B3

,d
2
-

w

& B3ste Wyelth

WSS (wide sense stationary) AZ o] ujgh
Wiener-Khinchine #A4o] AR®de] PSDI4E
Weh AR BYSE FohE 4 @WE de

1 o
27 Jia=1 A(2)A(z7Y)

Rxx(B)= 27ldz ()

AN 2,8 AREYD A(2)9 Zolgt 3 z,
+ companion FHERY FHY ¢ Y. z,= F
4 99 gl EAFY deEFHo] "ok z6 o
3 A7 ABTSFE R(AYH 318 Rt 923
o g fAeE o83 269 Zo] 7
Ak

cz !
R(k)= A (@)A(Z)+A(z)A] (z)
A(2)=1+az++a,2’ ©

A(D)=a,t a2+ +2°

z,° 9% PSDE R{AE FE o WHEsod w17
L =Y (periodogram) S T €& F U B
AT e 10247019 WE ¢ 3 ARRE L F3ld
R{ME 1024 4% FFTE We)es1ye 7oz
3t ot

(5) Ag2HEH A3

dojz AEH2HEYLE HAPFRd gt Adgxr}
A gdz2o & dFdAE tilt table?] AAIE W3}
of W& LFAET HFAEY HE #2suc uat
A B dPdie 29EHE 53 LF, HFY H9
W} Folg #AAT F UEF PSDE At
¥ dFdMeE VLFE A3 0.05Hzo0 A 05Hz 7h
Z1¢] PSDE HEFH 3o Z dojd PSDE U A
TFasac AFEE AY AHEAL LFAYY HF
AR F3o i vZ FHHE=z LF A&
HFA ¥ #89 Wals F3lo UeghliE

4. 43 2 2%

2 d7dAe 2459 ZAAE fAXR 3o £
29l TR EZJ ue dYPeHct. 18 32 7 step
Ao JPYES AAY HRVE RIATh step 1,2
9} 78914 nFy HES ©ol XTI JY&e E
F A9, 29 452 AH3E PSDE R4 19
A AF2Eg 27t Qe step 1,278 4= HFA Eo]
2 A AY2EG A7 AR AAE step 34,569
AN HFARo] 4% vhd LFARE L AZE B

At

—-219-



19963 = F A & < o 3

step 1 step 2
2 200
£ 3
P T S P
& '3
"0 stepd 500 1000 ;030 step 4 500 1000

R-R (ms)
o

R-R {ms)
(=]

WMW

20 204

"0 step5 500 1000 "0 step 6 500 1000
£ £
E PN A N ape i PV lnos
14 [ 4

20 200!

o 500 1000 "o 500 1000
20 step? 200 step 8
£ £
¢ ° o 0
-4 [ 4

E -200!

200 500 1000 (] 500 1000

sample sample

38 3 A¥AHEE AAF HRV
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