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3%ÇCÉ5���5©Û¥, PoincaréÑ:ã©Û´�«�Ãã. �©Äu Poincaré��Ñ:ã (modified

Poincaré plot) JÑ
ü�ëê—– «�©Ù�Ú«�©ÙXê, ^u½þ£ã¤�	«�SÑ:�©Ùª³, ¿J
ÑéÑ:3 4 ���¥�©Ù?1©OO�. ÏLé MIT-BIHêâ¥¥èxc�<!èxPc<Ú¿É5%åP
&�ö��êâ�©Û, uyüëê�þ¥ywÍ�|m�É; Ó�, ØÓ���©Û(Jw«
o���äkØ
Ó�«©¯a5, Ù¥c±1����«©Ý��p, �NÑ¿É5%åP&�ö�éèx<�r ²N�õU
�UC��wÍ, �± �)nÆïÄ(Ø�Î. ²�y, T�{�^uá�êâ, �´u*Ð��KA^.

'�c: %ÇCÉ5, Poincaré��Ñ:ã, ��

PACS: 05.45.Tp, 87.19.Hh

1 Ú ó

èx<�%a´��;.�õÑ\���5
XÚ, §3gu�5!Æ�Ä:þÓ�ÉgÌ ²
XÚ, =�a ²ÚB�a ²�õ«Ï���N
��, Ï¥yE,�CÉ5, =%ÇCÉ5 (heart
rate variability, HRV). �þïÄ(JL², %ÇCÉ
´�ägÌ ²¹Ä�Ð�½þ�I [1−3]. Cc
5, ¯õ��5ÄåÆ�VgÚïÄ�{�A^
u HRV S��©Û¥, ¿��
�½�?Ð, ù

ïÄé�«%ÇCÉÚ%É+N!�d35ÆÚ
)n��å�
r?�^ [4−9].

PoincaréÑ:ã´½5Ú½þïÄ·by�
�²;�{��, �´%>uÿ+�A^�õ�
·bïÄ�{��. T�{Äu·b�mS��
ò´i\���mnØ, =|^�mS�¥�

½ò���':�E�mS��G��m, ±
Ï����m¥�áÚf. ��i\e±Ñ
� PoincaréÑ:ãK�@�´áÚf����¡
ã. %ÇCÉ5� PoincaréÑ:ã± RR mÏS
� {RRi} (i = 1, 2, · · · , N ) ¥���ü: (RRi,
RRi+1) ��I3ã¥^Ñ:IPÑÅû%a. �
þ�Ñ:/¤���é�8�Ñ:«�, ÙØÓ/
�, �N
ØÓ�%ÇCÉ&E [1]. 8c, A^I
O PoincaréÑ:ãé%ÇCÉ5?1ïÄ��{®
k�õ�'©z��, ¿��
�½�¤J [10,11].
ïÄL², Poincaréã�{��N HRV ���5A
�, �UNygÌ ²¹Ä���5��, Ïd´
kd��©ÛEâ. �´, ± �ïÄ¤JÑ�õ
ê�IEØUéÐ/�N PoincaréÑ:ã���5
A�, ÏdÿI?�Ú�ïÄÚ&¢ [12,13].

3IO PoincaréÑ:ã�Ä:þ, û)Ñ,
� a Ñ : ã, ¡� Poincaré� � Ñ : ã ½ ? �
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� PoincaréÑ:ã (modified Poincaré plot), T�{
Äk é S� {RRi}� � � � ©, � � S� {dj}
(j = 1, 2, · · · ,N − 1), ,�3��²¡¥± (dj ,
dj+1) ��IIPÑÑ:. Poincaré��Ñ:ã�
N
 RR mÏ���lÑÝ, éëY RR mÏ�C
z�©¯a. TaÑ:ã�½þ©Û, ±©z [14].
JÑ�¥%ª³ÿÝ (measure of central tendency,
CTM) ��L, Ù¥ CTM �½Â�±�:�ÄO
��» r ��S�Ñ:êÓoÑ:ê�'~. Të
ê3�½§Ýþ�±�NÑ:�©Ù5Æ, éèx
<Ú¿É5%åP& (congestive heart failure, CHF)
�öäk�½�«©Uå. �´, CTM O�L§¥
æ^��» r vk�½�IO, �ØÓ�»�(J
k���É; Ùg, æ^ÚO�»S:ê��{, �
À
Ñ:��N©Ù5Æ, cÙ´ÚO�»�	�
Ü©, Ù©Ù/ª��ØUNy3Tëê¥;,	,
CTM �{±�/ÚO, ��Ô�
©Ù�[!&
E, ~X���m��É, ±9�SØÓ�»��
��p�É, lØ|u�[����/�«gÌ
 ²�N�5Æ.

d	, {I DMS úi� Holter XÚ©Û^�
ò Poincaré��Ñ:ã�o���¡� A, B, C, D,
¿ÏLO����Ñ:êÓÑ:oê�z©Ç5
¢y HRV �½þµ� [15]. ©Ù3 A, D ���õ,
`²ÙlÑÝ��, K%ÇCÉ�. �~¤c<�
O�(JA� A + D > B + C. T�{O�{ü,
¿�Ä
ØÓ���'�, ����À
Ó���
SÑ:��:�ål�É, �N�&E�Ø
�¡.

�
�¡[�/�N Poincaré��Ñ:ã�
A5, ·�Ú\ü�½þëê —– «�©Ù�Ú
«�©ÙXê, ^unÜ£ãÑ:�«�©ÙA
5, ¿�éÑ:ã� 4 ���©O?1O�. ÏL
é MIT-BIH ��êâ¥¥�êâ©Û, uyéèx
c�<!èxPc<Ú¿É5%åP&�ök�
�wÍ�«©�J, �ØÓ��(J�¯a5k¤
�É, Ù¥�¯a����±�Ð�NyØÓ)n
¾nG�egÌ ²XÚ�N�A5�Cz.

2 � {

2.1 Poincaré������ÑÑÑ:::ããã���«««���©©©ÙÙÙ���

Xã 1 ¤« Poincaré��Ñ:ã, ÙÑ:��
�7�I�:©Ñ3o���. 3ã¥, ±�:�

¥%, � N �Ó%�, Ù�»�

rk = rmax/N × k, (1 6 k 6 N), (1)

ª¥ rmax �©Û«�����», k, N þ��ê.
ù
Ó%�òÑ:ã«�y©� N �f«�. é
uz���5`, ��uy©
 N �÷�/f«
�. ÚOá3z�f«��Ñ:ê, ¿O�ÙÓ©
Û«�SoÑ:ê�'~��Cq�©ÙVÇ p1,
p2, · · · , pN . ��d Shannon &E��½ÂO�Ñ
:ã�«�©Ù�

DE = −
N∑

i=1

pi log pi, (2)

ª¥, � pi = 1/N �, DE ����� log(N ). �±
@�, DE �N
%am����©S�3Ñ:ã
¥�©ÙA5, DE ��, L²Ñ:3«�¥�©Ù
�þ!, DE ��, K�ª�uA½�©Ù.
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2.2 Poincaré������ÑÑÑ:::ããã���«««���©©©ÙÙÙXXXêêê

Ó�Xã 1 ¤«Ñ:ã, ±�:�¥%, ��
»� r ��, �X�» r �O\,  u�S�Ñ:
ê�òÅìO\, u´�±��8�z�Ñ:ê�
�» r �O\Cz��. ��þ,�Ç!�
§Ý�A5�±3�½§Ýþ�NT«�SÑ
:�©Ùª³. ¢S?n¥, �» r Ø�UëYC
z, ´^�X�lÑ�5�O. Uì 2.1 !�?n
�{, ±�:�¥%, � N �Ó%�, Ù�» rk Å
?O�, X (1)ª¤«. ÚOá3�» rk S�Ñ:
ê nk, é rk Ú nk �8�z��� rk-nk �'X
�. Ù¥ N ����Ñ:ã¥�:êk', e:ê
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�õ, K N �����AO�, ±¼��p�©E
Ç; e:êØõ, K N �����A~�, ±~�
�¥���y�, Jp��ëY5. �Bu½
þ'�©Û, �ªé¤��æ^��5¼ê[Ü,
Xã 2 ¤«. �±uy, ��þ,ª³�k¯�
ú, ¿�3�²w�=ò:, Ïd, �©æ^�[Ü
¼ê�EÜ��ê�.:

y = a ebx + c edx, (3)

ª¥c�üÜ©¢S´é¡�, �©æ^ Matlab ¥
��[Üóä�?1äN¢y, Ù[Ü(J¥,
�ê¼ê a ebx Ì�£ã�é�²����Ü©,
 c edx KÌ�£ãþ,�Ç�¯�c�Ü©. ò
[Ü���Xê a, b, c, d ½Â�TÑ:ã�«�
©ÙXê.
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2.3 ©©©������OOO���«««���©©©ÙÙÙ���ÚÚÚ©©©ÙÙÙXXXêêê

�Ä� Poincaré��Ñ:ã�o���, �A
/L�
 4 �a��ª: +/+(1 I ��; �L RR
mÏ�ëYO�, �N
%Ç�eü, ��r ²
,¯�'), +/− ½ −/+ (1 II/IV ��; RR mÏ¥
yO�Ú~���O, Ä��±²ï); −/−(1 III
��; RR mÏ�ëY~�, �N
%Çþ,, ��
a ²¹Ä�'). ��ªéAXØÓ�gÌ ²
¹ÄY², Ïd, 3O�«�©Ù�Ú«�©ÙX
ê�, Ì�æ^üÕO�o����g�ëê��
�{.

3 ¢�©Û

3.1 ¢¢¢���êêêâââ

·�ïÄ�êâ5gu MIT-BIH Normal Sinus

Rhythm Database(nsrdb), Normal Sinus Rhythm RR
Interval Databse (nsr2db), BIDMC Congestive Heart
Failure Database(chfdb) Ú Congestive Heart Failure
RR Interval Database (chf2db) o�êâ¥. Ù¥�
) 26 ~èxc�< (²þc#� 34.67 ± 7.37 �),
46 ~èxPc< (²þc#� 65.87 ± 3.97 �),
44 ~ CHF �ö (²þc#� 55.59 ± 11.31 �).
dþãêâ¥¥Ä��,èx<Ú, CHF �ö
� Poincaré��Ñ:ã©OXã 3(a), (b) ¤«.
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ã 3 èx<Ú CHF �ö� Poincaré��Ñ:ã«~
(a) ,èx<Ñ:ã; (b) , CHF �öÑ:ã

ã 3 ¥, Ñ:�7�I�:©Ñ3o���,
�N
gÌ ²XÚN!e�5%Ç�CÉA5.
�*w5, èx<�Ñ:ã©Ù«��2,  CHF
�ö�Ñ:ã«��é8¥,�
�[�/þzù
«�É,·�é1 2 !¥½Â�ëê?1
O�.

3.2 «««���©©©ÙÙÙ������©©©ÛÛÛ

éþãèxc�<!èxPc<9 CHF �ö
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naêâ©O±� Poincaré��Ñ:ã, ¿é��
�?1«�©Ù� DE �©ÛO�. æ^�êâ�
Ý� N = 5000, �Bu'�, ©Û«�����
» rmax ��Ó�. o����©Ù�Ø��ãX
ã 4 ¤«.

ã 4 «�©Ù�O�(Jã

lã¥�±�*/w�, ���«�©Ù�
�þ���'X�: èxc�< > èxPc< >

CHF �ö. èxc�<� DE ��, L²Ù RR mÏ
����©S��©Ù�©Ñ, %ÇCÉêâ3Ñ
:ã¥¥y�´L�©Ù�ª, ddâUé	.�
¸��«Cz�Ñ¦�U°(��A; “èx” Pc
<� DE þ�²weü, �N
Ù%ÇCÉ5�ü
$. ��@�¤c��Xc#�O�, %9gÌ 
²N!õUÅìeü, Ly�%ÇCÉ5�c#O
\ü$�ª³; ¿É5%åP&�ö� DE þ�

�$, �NÙ%ÇCÉÑ:êâ�8¥u,
A½
�ª, N�E,Ýü$, =gÌ ²é%9N!U
å²w~f.

�Bu½þ©ÛÚ'�����O�(J,
L 1�Ñ
þã©Ù�O�(J�þ�ÚIO�.
éna<+�O�(Jæ^V� t u�?1ÚO©
Û, (JXL 2 ¤«.

dL 1!L 2 ��, éna<+�«�©Ù
�©Û(J�É�wÍ�´1 I �� (t u�(
J p ¿ 0.05), Ùg�1 III ��. 1 II, IV ���
«©ÝK²wü$. Xc¤ã, ©Ù31 I ��S
�:�L RR mÏ�ëYO�, �N
]�%Ç�
~ú, ��r ²,¯�'é. 3T«�S, CHF �
ö!èxPc<Úèxc�<�«�©Ù�¤N
y��É��, ¿�X�r ²N�Üåþ�3�
wÍ�É. ù�8c�ÊH�É�(Ø—–CHF �
ö�r ²É�, ��%9�r ²Üå²weü
�ÎÜ. ,	, eØ©����é����/«�
?1O�, �±uyoN�«©�J²weü, ù
�U´Ï�êþ�õ��Ì��É«��Ñ:é
�ª(J/¤
���Z6. dd�`², ©��
O�±âÑÌ�gñ��{´��k��.

�ïÄæ^�êâ�Ý N é©Û(J�K
�, ©Ol��êâ©�¥��Ó�må:��
�Ý N = 500, 1000, 5000, 10000 � 4 «ØÓ�Ý
� RR mÏêâ¿±� Poincaré��Ñ:ã, ,�
O�����©Ù� DE1—DE4, (JXã 5(a)—
(d) ¤«.

L 1 na<+ 5000 :«�©Ù�O�(J (þ� ± IO�)

aO 1 I �� 1 II �� 1 III �� 1 IV �� Ø©��

èxc�< 2.01 ± 0.37 1.92 ± 0.39 1.86 ± 0.29 1.99 ± 0.39 2.17 ± 0.46

èxPc< 1.47 ± 0.25 1.63 ± 0.35 1.45 ± 0.37 1.67 ± 0.35 1.92 ± 0.39

CHF �ö 0.95 ± 0.39 1.38 ± 0.39 1.15 ± 0.42 1.42 ± 0.40 1.66 ± 0.62

L 2 na<+«�©Ù�� t u�©Û(J

�� Pyoung,old Pold,chf Pyoung,chf

I 7.8305×10−10 1.6370×10−9 1.8990×10−14

II 2.6102×10−3 7.6231×10−3 5.2545×10−6

III 1.1969×10−5 2.4103×10−3 3.1811×10−9

IV 7.1716×10−4 6.3376×10−3 1.3531×10−6

Ø©�� 1.7321×10−2 2.5322×10−2 8.8005×10−4
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ã 5 ØÓêâ�Ýena<+� Poincaré��Ñ:ã«�©Ù�O�(J (a) 1 I ��O�(J; (b) 1 II ��
O�(J; (c) 1 III ��O�(J; (d) 1 IV ��O�(J

� � � � � � � � � � 		 
 �� 
 	� 
 �� 
 	� 
 �� 
 	�� �
ã 6 �ÅÄ�á�êâ©ã�1 I ��©Ù�O�(J

·�uy, 3þã�ØÓêâ�Ýe, Ä�¥
y�q�©Û(J. �,, 3êâ�Ý�á��¹
e, é�|êâ��©Û(JIO�k¤O\, ¦
|m«©�JÑkeü.

�Kþ?1 HRV á�©Û~æ^ 5 min �m
�êâ�Ý, Ïd, ·�æ^��CT��� 500
:êâ, ?�Ú*	T�{?1á�êâ©Û�(

J�½5Ú��5. æ^��{�: écã�z
���êâ��þ?1 10 g�ÅÄ�, �� 10 �
�Ý� 500 :�êâ©ã, ,�©ÛO�1 I ��
�«�©Ù�, ¿±�Ø��ã, (JXã 6 ¤«.
dã��, �ã©Û(J�þ�ÚIO�k�½�
ÅÄ, �U�êâ��²59ØÓ�mãS%9
ÄåXÚg��k!Æ�Czk'. �oNó,
naêâ©Û(J���'X!«©§ÝÃ²w
Cz, äk�Ð�½5Ú��5.

3.3 «««���©©©ÙÙÙXXXêêê���©©©ÛÛÛ

æ ^ 2.2 ! ¤ã� � {, é n a � �êâ
� Poincaré��Ñ:ã?1O�¿±�©Ù�.
�Bu'�, é�»?18�z�æ^�Ó�IO.
;.(JXã 7 ¤«.

dã9¢SO�(Juy, na���êâ[
Ü��É�²w/Ny3�éþ,�¯�c�
Ü©, ���'��êXê d �N
�Ì���
þ,ª³. Ïd, e©¥é©ÙXê�'�©Û
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òÌ�±Xê d�IO.

êâ�Ý� N = 5000�, o����©ÙX
ê dØ��ãXã 8 ¤«.

� � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � ��
ã 7 èxc�<!Pc<!CHF �ö� Poincaré��Ñ
:ã;.©Ù�«¿ã

(Üã 7!ã 8 ��, ©ÙXê d�K�, �3
����¥, èxc�<�þ����� (ýé�
��), `²ÙÑ:©Ù��þ,�Ç�é�ú,
�N
Ñ:3T«�S�©Ù��þ!, =%ÇC
É�©Ù�ª��´L, gÌ ²XÚ�N�E,
5�p; ��, CHF �ö�Xêþ��� (ýé��

�), `²ÙÑ:��þ,�Ç�¯, =Ñ:©Ù
�ª�u8¥, �N
%ÇCÉ5�ü$9gÌ 
²N�Uå�²weü. èxPc<�Xêþ� 
uèxc�<Ú CHF �ö�m, �NÙgÌ ²
N�Uå�éèxc�<k¤eü, �´oN�¹
EÐu?uî¾nG�� CHF �ö.

�½þ©ÛÚ'�����O�(J, L 3�
Ñ
þã©ÙXê d O�(J�þ�ÚIO�.
L 4 K�Ñéna<+�Ñ:ã©ÙXê d æ^
V� t u�?1ÚO©Û�(J.

� � �� � �� � �� � �� � �� � � ��
ã 8 «�©ÙXêO�(Jã

L 3 na<+ 5000 :«�©ÙXê d O�(J (þ� ± IO�)

aO 1 I �� 1 II �� 1 III �� 1 IV �� Ø©��

èxc�< −12.51 ± 6.27 −13.28 ± 5.20 −13.60 ± 6.59 −13.16 ± 5.00 −10.18 ± 6.40

èxPc< −22.89 ± 7.22 −18.08 ± 5.45 −23.75 ± 7.82 −18.07 ± 5.35 −13.15 ± 4.27

CHF �ö −40.79 ± 17.87 −25.69 ± 12.40 −34.58 ± 18.58 −28.39 ± 12.83 −29.99 ± 14.97

L 4 na<+«�©ÙXê d O�(J� t u�©Û(J

�� Pyoung,old Pold,chf Pyoung,chf

I 4.5283×10−8 4.6093×10−8 3.4690×10−10

II 5.1002×10−4 4.5954×10−4 1.5510×10−5

III 4.0432×10−7 7.5797×10−4 1.2157×10−6

IV 2.7854×10−4 6.3567×10−6 5.4046×10−7

Ø©�� 2.9501×10−2 5.8166×10−8 7.2699×10−9

� 3.2 ¥é©Ù��©Û(J�aq, na<
+�Ñ:ã©ÙXê�©Û(J�É�wÍ��
´1 I ��, ù�c©¥¤©Û��ÏÚ���(
Ø´���. ,	, eæ^Ø©���O��{, �
üÕO�1 I ���(J�'�, �Jk¤eü, c
Ù´èxc�<ÚPc<�«©�JwÍeü.

�ïÄæ^�êâ�Ý N é©Û(J�K
�,·��éØÓ�êâ�Ý N = 500, 1000, 5000,
10000 ©O?1
O�, ���(Ø� 3.2 !´�
aq�, =©Û(JÉêâ�ÝK�Ø�. �êâ
�Ý�á�, |SO�(J�IO�k¤O�, �
EUk�«©n|êâ.
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4 (ØÚ?Ø

�©é^u%ÇCÉ5©Û� Poincaré��Ñ
:ã�A:?1
ïÄ, ¿JÑ
^u©ÛTaÑ
:ã�ü�½þëê, �éÑ:ã�o���?1
Õá©Û. ÏLéèxc�<!èxPc<Ú CHF
�ön|��êâ�©ÛO�, (JL², �©J
Ñ� 2 �ëêén|êâäk�½�«©�J, c
Ù3Ñ:ã�1 I ��, ©Û(J��É��wÍ.
�âc©�©Û, �±@�, 1 I ���wÍ�Éâ
ÑNy
Pc<Ú CHF �ö�r ²õU~ò½
É��G¹. Ïd, �©JÑ��{�Ð/àw

Ñ:ã�É¥���«O. d	, ²¢��y, T�
{é HRV êâ�Ý��¦¿Øî�, 3�á�ê
â�Ýe=�¼���êâ�aq�©Û�J. Ï
d, T�{�A^u HRVêâ�á�©Û, �´u

��KA^¤�É, läk�½�¢^då.
duêâk�, 8c·�©Û�;¾êâÌ�

5gu CHF �ö. éuÙ¦;.%9;¾ó, æ
^�©�©Û�{¤�(J�èx<�', Ù�É
´Ä¬Ì�Ny3Ù¦���, ?´Ä�|^Ù
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Abstract

Poincaré plot is an important method in nonlinear analysis of heart rate variability(HRV). Based on the modified Poincaré plot,

two arguments–the regional distribution entropy and regional distribution coefficient are put forward for the quantitative description

of the scatter distribution trends in the studied area. And the distributions of the Poincaré plot in the four quadrants are calculated

separately. Through the analysis of the HRV sample data from healthy young people, older people and congestive heart failure(CHF)

sufferers in MIT-BIH database, we find that the two parameters show a significant difference between the groups. Meanwhile, the

analysis results in different quadrants show that the sensitivities of the four quadrants are different, and especially in the first quadrant,

the sensitivity is best. This phenomenon shows that the changes of vagal control function are most significant between healthy people

and CHF sufferers, which is consistent with previous physiological research conclusion. Experimental results also show that the method

can be used for short-term data, and thus is easier to extend to clinical applications.
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