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Abstract

Research on cardiopulmonary coupling relationship was a hot topic of many scholars, and played
an important role in the clinical testing and treatment of many diseases. The accuracy and stabili-
ty of the results will be seriously affected by the non-stability time series, when joint entropy me-
thod analyzes a single electrocardiogram signal or respiratory signal. In this paper, based on the
research of original joint entropy, we obtain the coupling state between the cardiovascular system
and respiratory system, through coupling analysis of electrocardiogram and respiratory signals,
which are collected from 20 volunteers in basic condition and music condition, and find that music
can modulate cardiopulmonary coupling relationship. Furthermore, this paper, decomposing the
electrocardiogram signal by using the empirical mode decomposition method and then coupling
calculating with respiratory signal by using joint entropy, shows that the results of joint entropy
have similar distribution trend under different intrinsic mode functions of electrocardiogram
signal in the analysis of cardiopulmonary coupling relationship. And the experimental results
show that effect of coupling and distinguishing is more significant and it is more acute and sensi-
tive to capture the change of dynamic information of the signal, when using joint entropy under
the empirical mode decomposition. Therefore, it can reflect the music modulation on the cardi-
opulmonary coupling relationship effectively, and provide a valuable reference to further re-
search on coupling relationship and the application in clinical medicine.
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DA RXRPARE NS FE R AR, ESMORIRRRNAGT P REEZEEM. F
FRE—HTOHRESRERRES, ASGRNERENREESZIFIERERERNE. &
XHERFRS BT R E, BEx 20605 BEERERRSNE FRE T 10 B BF S PR ESH#
ITRE ST, BRLNEEFRENFR ARG FKBAEERARS, BERHEFRINELHEERER
RIERIER . A, ACMASLRESSFEROBERESHITAHRE, Bit—PERBRERSPRE
SHTHSE, RIOHRE KRR H B BN R KO B BB T X AERKES, FHLE
ZRRY], EARESTET RS HRBAIEENRSEANMX MR, RESS. BMEhHRE
SHRFEMEBHEN, ATTHE KRB TR NGRS R RRREEIER, AU GRS 8
ERRNBFMEREZ KN ARE—BERFMENSS.
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1. 5|8

NEBRE R EREG B/ RS, — 85 MR RE 51 R R[] O B 11
RE N “ZHREIIREEE” ), U AR S E RIS SR A EEE L DI AEPIK
WE, ODHCEE RO RRZ WAERE . FEKR12]. H2, XS ICR WA R R L0 R
T 585 15 28 1) AR A DA ST FH SRon 17 448 90 11 245 060 7 205 R B 458 ) R A LA B BRI, 3 RO AR s %
EEHARM G TTE, #— PRI E R &R, T IR N RS B B P E AR A il R B
HEME .

ECG (electrocardiogram) B0 FL ], LM A KA &5 IR EE R EZ WA B LU
WO IEDS A I GBI R, AT LA ) &M R, AR S AR I Co L2 40 A R A i R DA %
O f LERTIRESSHPRIL[3]. ECG FERFABE T A AH 2 V2 IS, 00 I AR Tl e S B2 R A 5
HAHRZEMSEMA4], T HEFOETFR LIRS EOEHANSENE. TR0 N AsBRAS
M RGN EE AR IR —, A AARREIRIIRE . RO I AT DL IR BT 7 PR s DA Ao I
EETBALSIHIA  T H AT LA T AR T A e, MM AT LR AT X REVR T o WRIRCIR L A 2 AR5 1B
FEER PRI RE . SRR AR LI RS AR, E A o R A 2L 58 b A
FHEREAEM. MG RGP R G2 8] 1) A FEA TAE R S B AL L Co it R (19 7T RARYCofifi 38
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HAEH), AHXT B 50070 S T B WIS S OR U LA I~ S g BRI, KO B 5 5RFIR(E
FIRAE — AT AT, 45 B0 MUETE I RGO R 40 2 (R RE & VR RDIRES ) 58 oA #ERi P AAR E PE 6]
RAN N FRGE TR G R R EHGEE NS L 2 FH TR, TR, O & I A K
PRI AT MG 7 RO b e A T BB R [7], 5 e B RRAS U (8] HAIE 16 9T S Lo it 52 95 A5 T T

2005 4F, MR RSEREERR AT AL 24 R, Thomas 5538 X &2 78 I BA I AR 38 — BT A IEA T T
Lafli#E & 3BT J7 ¥2:(Cardiopulmonary Coupling, CPC), 1X & —FllG IR {Z 5 1 ECG 15 5 BE& 5 FE I EVE[9]
IS RE AN F o AR AR 43, Sk B AR AR BE AN IR T 22 R AR R . Hl, 7B EAS
IR i 52 0 41 BT B R B 25 6L ) 3 b e )2 I REFH[10]. BRAR CPC HRIRAIR R, (HEHAAES
— € JRI BRAE o ArAICATUA SO v ECARURE G384 1) RE B SR 80K s CPC B AN R vHEAf (14 115 N B IR (7] 5 17 HL,
CPC 7377 AN B F SR ATE 70 O 2R 8 1 B8 3 BB RIR A o B T FH CPC AT DR & B 7, A 1R Z 1
FKITVEWATT, B A A EZRH O RS & BOR TG AR S T MRS & 0t 07 vE . kil
IRV RIR G R o BB B, RO iR & 23 BT 1) 792K 22 B0 G 70 it sl AR 2 v 3 7 2 45 AR 1) T %
WEFEAC PRI . CoFE ., MRS WA AR S AL, DL SRAS 0O il 2 G0 2 18] ) A2 BEATL A I S 0T 25 3L
AW AN F G0 2 () AH AR FH I OCERFE BE[ 1] 3B BIWFFE N DR G o il 8 52 48 2 18] R A 428 1) A ik
FEREAT AT 2L, BRI 02 i A R [12]. B OIS G 2 A 77, AMERT LA AT 44
FEAN [F) B AR BHRLC BRSO i R G R I Wl o8 2, 36 ] DAH G it i85 RS 3RS B s & DI RRIRAS 1)
AT .

K&K 8 1 g e M B R B KM S A 45 &, N E BRI FH I — A Sk &, JFEaG A
(] 3 27 AN FL AR TR) 3 97 2 T) T H S A AR IS 05, 7T DA B K 30 ) 22 S 2R AR 31 — ML I &5 TR . TG
GG TR BEA R LIRS 5 R I B /1B B, BT R R B B R B I AR S5 [13] .
LU BLAS 43 2 (Empirical Mode Decomposition, EMD)J& — i 8 i) H i MNAS S I AALEE 7%, M1 e
fif A5 5 R AKTEEAE B & I ) ROBERFAEREEAT I, Rl EMD J7ETERRE B nl DR TAR(T 2R BUE 5 1)
Grfi, UHRAES AP RS s F, BRI R LA [14]. BT, EMD J7iEpE R Ealk
AR PR K B A B T AN F ) AR, BanfE B KA AEWES . HUE . shEid s B
TR TG IS S HOR 7 18

ASCR RIS i ECG B9, RN IRANEL S 1 J5UE 5 I AN [R] IR [8] RUZE () J= A AiE 4
o M HRXLEBERAERNSME, ROE 7 —MEahiE. EXRER T, FEATECE R &
[15], 1320REG S SRR & 145 R 2R

2. REBMEZWIRT SR
2.1. BXAKS

1) It I 1 e e 31
P58l 1 5L ) WIS [R5 SR 2% M 07 Tl A 8 2 35 R I (16]. BB — SRk R P10 X, Horh
X ={x0,x, 0, . X0 Xy b o x, BoRES | OB AT BCG 351 X e e RAFF 5 781 S = {5,585, 8,, 5y | »
s,ed (A4=0,1,2,3), BAKHHIHEW IR0 PR,
0: u<xl.s(1+a)u
I: (1+a)u<xl.<oo
()= 2: (I-—a)u<x,<u M

3: 0<xis(l—a)u
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KHi=1,2,3,,u RECBEAIAR T ME, a2 MR SE, BT a=0.05 . H 2 a B 0.04 3] 0.07
AR ARG R . H Y o EUE/NT 0.04 BUKT 0.07, WA BB A B G Fetk . X F 2
SN a WEEBUR I KBS /N, FEAR GG I (8] 7 2 AR 5 IR, S SBANTERMER, Nl
PRI ENE SRR AEE.

2) FEAEBRIT IR TS P

S BB AN 6] 751 X AR R FE 31 Y o AR4E Schreiber 25 AR H AT BLARALIE, B R UG 1] 2 41 X
HEATAGE S AR 345 B L D 2R [ 17] K 34 )y 2 0l v 25 41286 Bl oy AR AL BE AL (9 25038, SR I 04T 30 4 S i AR H
TR B A B 5k 2 JR GG 8] e 2 A B AREE Y o AR PR 5 FE SR IE B AR 1] 1 Y Ak
g s, 53T BRI S .

3) THEBCA

ST AR T ] 51 X R AR R P41 Y 2 (B S H (X,Y) W RR N

H(X.Y)=-33 p,log p, 2)

S, MBI “ZALT” FUEREAN U (m=n=64), p, REXFHES i MREH Y FHIES
JANRZS (A, j €[1,64]) 1 JLE.
BRA R v B B2 — NP SIS 5 — N T A AR AT, BIRTRoR
H(X,Y)=H(Y)+H(X/Y) 3)

Soh, H(Y) FOR BRI Y OHES, B H(Y)=-3p log, p, » Joft p RAR ¥ 1R j 15
MRS . H(X/Y)FRAE Y s T X A, AR — TR OILE 5 — A7 B 2 A T 0 R
BERET

2.2. BWESS R

EMD Tk — AN HEZ A L AE VA2 1IN 18] FP U REAT 73, 3 B 25 25 SR oA BRAN AR A5 bR 48 (Intrinsic

Mode Function, IMF)FI—/MERERIER, HERIAE 0T @4)XFTR[18]:
s(t)=2 IMF (t)+r(t) (4)

EMD J5 ik 5 il it R 45 00N 4 AP B

1) BEGEHIE R P FIN s(6), IR ARG AN R MM o 8 AH 408 AR AR ARL 1] F = VKRF 254 bR
BN A T R UGS s B UM P42 L.

2) ¥ LA EA T KL IIIEICAE m@), HA m() = [U@) + L(H])2. B FEENEHE ST
BRAGE]—NFHIERE A, RN h(r) = x(2) — m(t)-

3) EASEESE A, a0 SRS AFAE G JR) AR OKAE AN IE ) SR AR MB35 XA T ks 7 31 A
AR R, FEES LRI EE RN FRER, 53] IMF(@) = ().

4) MJELGERS [A] 7 71 2 BRI ANMF 2 IMF &, B 2BRE 1) = x(0) — h(f). S 75 ZH Wiz & &
PR B R /N TR AL 2R EC RGN IHRE, AHFHERSEIT R (HRE IR RS
B R AR E— RO N AR B FIRPEAFRAE, BTDAIA TR EAR S . RIS x(0) = n(0), RSEEE LR
HIR(D~(4), B RIEBIEE IR AR B 2 %A1

23. FERSSRTHRSIE
KA 8 A R T R 8 XOMY iR 0 R BB TSR A — S BARF A1 Y B T ST AR B A NS A 9 45
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[19], AT A FIER & RS AR, (BT A2 PRSI P 91 R BEAT BR S R 5. BT ECG f5 5 AN
W AS SV AP P AIEAT R A A T3, NIMTIEBIRE S I RCR, R XA A FE 5 10 oS .

LIS T HIBRG R, 28 ECG 55 705117 EMD 738201, 72518215 IMF MR, A5
FHiH ECG 15 5 IMF MFIRAS 5 2 AT ER S RO THEL, 3 RIS iS4 R 211,

3. GRS OB THEHBOIIEE S
3.1. LIEHIE

A SCAE F B ECG 15 5 IS 5 I EdEE 3 T PhysioBank ff) Combined measurement of ECG,
Breathing and Seismocardiograms (cedsbd), 1%¥#E FEXF 20 AR E RS AT TR, ElEdEY, 2
R DAEPIG LA F IEAEN, JRORFRERE. ZBIRE IR T2 SH0EdE, G4 2 3 ECG F50 M 11
F) 1 A B AT IR R IRAE 5. 1 5 SCG 55, [ FHIRFEZE N 5000 Hzo ARSCSLERH 20 44
HEEM 1T ECG 5 5 M E S5, Hrh bl 2] b10 £Zid 20 E MEMIRE, 108 b dH; ex*2
A AENT IR APRAS T &9 ml 3 m10, 29 m 4.

3.2. BREKEEY LSS SCIR

M 20 425280 B TR, 43 IEL 1000, 2000, 3000+ 4000, 5000, 6000, 7000 /£, 4 5l#E47 ECG
B9 WG S IBCE R THE, B Rl 1. 182 B,

FHop 1 R EAIRES (b 4) A1 E SRR (m ) A FHK B H ECG P AI[22)1E N — I N (5 5 1
ITERE ST, 18] 2 7R b 401 m AN [A) K B2 (IR IRAS 5 N S — R N (S 5 A R TH

BHE 1. B2 TRV W, FERERRIRAS N AT o g8 R )P S A R BERF (23], B2 ECG B 5
VRS IE 2 WP IRAS 5 B G 0,  FEZERIRPIRAS N B ELE 2 /N T-Wr oy 3 SR BB s (RS AT FI A R
KEERS, ECG {55 IBCE B E AP 5 (R EE 0 I AN e TE A8 10 S 30 35 Ao A A B4 4 1) A ol 4
A

45 . :

—v— BRRE

—A— BEHRUIRES
425 - - |
o a- 1 |

E;**—***” = — J» — A%
375 - il
35 : ! 1 | | | ‘
1000 2000 3000 4000 5000 6000 7000

HAKE (N

Figure 1. The joint entropy of ECG signal at different length series
B 1. FEHCERFFIF ECG [ESHBKE S
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Figure 2. The joint entropy of respiratory signal at different length series
E 2. TEKEFFINIFRIESHRKEE

3.3. KRS BT RS0 HES SR

¥ 20 2523 1 ECG 155 43 MlidAT EMD 7%, /iR f3 211 IMF 43 & v] UAIE 5 (1 SR,
RIGK R RN ECG &Y IMF P8 5 IPIRAE S B G BT RV BT B [24]. UBFEAKE N =
4000 B, THE AR WE 3 Frs.

3 RIR, 24 ECG MRS 5 1 551 K 4000 I, ECG (73 IMF1-IMF7 FIREIRAS S B 065
PR ETHES R . WEP LA, SIEES M T RBCEE AR G RS TR b HIR% /N T
Wty g3 SR m 2. 24 ECG ) IMF1 20 & 5 FIRASE 5 88 & I A B (B R 1, FLRR S I S (0 23
PAFCIRES , AN T HBAR B T 25 SR TR R A4 O iR 5 0% R 7= AE I RE I 1ff ECG ¥ IMF2 73 & 5 IFIRE 5
T I R I 0 P A2 B8 /N, HL IMIF3-IMF7 43 5 AP IR 5 (1 TG 2 005 1 43 9 1 P R RS IR R R AN B i

T IMF1. IMF2. IMF3 28 T @m0 IMF 20 &, e85 TESTFRHGEMMEE, mHOHEES
{1 e A 23 B R R AR I AE o R BB LRI , R E R 2 A PR [ 18], it LA B R F WP IAS
55 ECG {551 IMF1. IMF2. IMF3 4y &7 53T B A it 5250,

ST, BUIX 20 DMEEAS A R B (R4S 5 F0 BECG 15 5 HIFEFI[26], 2R 5 ¥ ECG 4123 3l #E4T EMD
OMRIE, THEERAS S5 ECG S5 IMF1. IMF2. IMF3 2 E[27 B, 45 BunE | fimn.

%1 T, EARFFFAIKE T, BIFCIRE R0 ECG P AI7E 4 EMD 43 J5 18 2] ECG 155 1 IMF 1.
IMF2. IMF3 43853 3l 5% B P FORES N RIRFIRAE 5 AR S T F MBS ME . rTUUE H, 7EHRRIRES
(b ) A7 B 1O RS A R B A /N T o L SR (m 2 &N R IME, Ron 10 RS
AR ZW T B B EAS R0 f B 2 B R R R &3S . JF FLEGE T 14 3 fiongi s, By
ECG 1] IMF1 43 & 5005 58 & B ARG R (& BRI, WP FERE 0B 2 b 22 138 Bl YA 428 1D v A 5 i
& K; 1 ECG ] IMF2 43 & 5 WIS 58 & I (& B 2 5 /M

3.4. LGRS
M 20 445238 R T, 43 FIEL 1000+ 2000+ 3000 4000+ 5000, 6000, 7000 /&, #47 ECG (25
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Figure 3. The joint entropy of each IMF component of ECG signal and respiratory signal at N = 4000
B 3. N = 4000 B} ECG {5 5% IMF £ EMIEIRESHIEKA1H

Table 1. The joint entropy of the IMF1. IMF2. IMF3 of the ECG signal and the respiratory signal of the sequence at dif-

ferent lengths

%= 1. FEHKEFFIR ECG 5S4 IMF1, IMF2, IMF3 fMEIR{5 SR A1

REAK IMF1 IMF2 IMF3
™) FFRA HIR S F FRA IR F FRE HERMRA
1000 3.2066 £0.2188 2.3475+0.1823 2.1905+0.4213 1.9809 £ 0.4071 2.2542 £0.4018 2.1526 +0.4005
2000 32767 £0.3187 2.6065+0.3179 2.0363 +0.4697 1.891 +£0.355 22702 +£0.4697 2.1748 £ 0.3811
3000 3.5767 £0.3754 2.888 +£0.3412 1.9663 £0.3216 1.8523 +0.3292 2.1367 £0.4604 2.0939 + 0.3462
4000 3.8312+0.3975 3.0441 +0.1687 1.9816 £0.637 1.8762 +0.5774 2.1274 +£0.3822 2.0739+0.2415
5000 3.8491 £0.3748 3.2977 +£0.3735 1.9589 +£0.313 1.81 +£0.3091 2.0731£0.2617 2.0364 +0.2414
6000 3.7939 £ 0.3777 3.298 £ 0.351 1.7102 £0.3952 1.5886 + 0.2024 2.0014 £0.3097 1.9667 +0.2426
7000 3.7939 +£0.3777 3.298 +0.351 1.9486 £0.3196 1.8187+0.3185 1.9815+0.3187 1.9186 +0.2786

PR 0B G A

, HATRWE 4R, #E 1o ECG 551 IMFL 73 8RS 5 &

SR RRIE] 4(b), R T RIRSFEEMPRE I F FIEA RN ECG 155 1 IMF1 7> & [28] 5 W (5

FHIBRANRE

SECLC B2 M, B4 Bl TARR T b R 0 B S ECE RS S, A0 HLAE S AT A
T A PR 0% 2R S RE TR L R (R P T AL P AR IR A8, SRl H 55 S 0 A A fii 5 56 2% B8 1 1
4 R WITE IR I AR T ST Lo iR 15 5 P AOMEL, I8 AE EMD T BRI EL[29], ~FHOIRES

(b ZH) oA 5 AR B SR N T o B RN (m ) M8, SO TR T IERIRES Wity S
ECG {55 FIWEIRAE 5 FOAHSC VRIS, o T35 SRoeh N Aol i & 5% 27 AL R . IR, fF ECG
{551 IMF1 73 & FIFIAS SR G G B1E 5 ECG 15 5 MIFIAE S A8 & I MBS R b BT S 45 R L
B, AVEWAERERPIRSIE 2 F IR, £ EMD R RIS LS 2 K T RIS 0L N E s TH e
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Figure 4. (a) The joint entropy of the ECG signal and the respiratory signal at different length series in two
states; (b) The joint entropy of the IMF1 component of the ECG signal and the respiratory signal at different
length series in two states

4. (a) MHRTSEREKEFTIF ECG FSFMFRIESHEKEE; (b) MMRSETEKEFT
B ECG {5 S8 IMF1 £ E5MIRESHEKEE

L 1

15

FLFRCRZS (9 ECG {5 () IMF 1 4SRRI 12 200 2 i O & 05 8 22 5 5 B 2, 46303 9 7, 76 EMD
TR b R 5 ) 1 225 SR AV P T B, b TR P AR TN L T L) 4(b)EE AR R K BE I ECG
S IMF1 40 5 R (5 2 I A s S 3 — ORI, 408 7E EMD N L& AL BERGR 5 ) (R & 45
PSS, PRI SR S B ER, NS R AT S AR

4. &g

o AR 5 % BT FE R — Tk TR0 R L WP B RL AR BEANA NS HIER, &4 BCG {5 5/
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WEIRAE S AN A ARk, P RO & s EOR E AR NARFEA R AR BUIRES TR OB PR OL, S0k
T RN R BREE . AWEFCRI, TR R KL TR S o BT ROR B T AR EDIRES
TR RANME - TC18 2 SIS — {5 5 RN IR AR IE 2 5 oM  WIR F55 0 FH B 498 EL AL,
ST LIPS AR RS & 45 R BAT RO I — bk, AR AT IR ST . IMHRSAEVR T HUE
ARSI R R R (30]. HF B AT S oAb A 3RS ST & 0 A, S E S g e iR s
BUTLAN, BRI AR TE .

W I8 B A 2 10 U8 R, R F R AR O L R A S o LR AR AN B o I B e A [l
I R ARAG T A AL AR s B S BeE e 85 ML PP K P 52 B 28 B B A TR 22 X S B, 1 [ 45
SN2 B0 JEE % H B o R EE TSI, A T AN BB (3 1] S5 RIS Bl ST A I L B S 1T K A HL,
bl il 3 JE8 32 A P USRI SR 1 60 i AR M T 0 AR AR A 7 A AR, S oo U R K s 2 ) e 41
R, ORAIE TR S A R AR E AR, XFEIRAG TR R . RO MV R R G, AEAL
JEARZE NS SN FAEPABE F7 O I FOURL AR F AN LA B AT PR T R RN, B S e O AR BEAT T, DAt
R 1 AE A AN B SRR 2 I 23 A R SRR AR R AR AR [32] o 7 T Co MK P fi SR 52 25 2 1 — LE ML
125K AL 2 5T BT T A 2R Wl B I A R R R Y s, e ELIR IR o JIEE R A 22 R
AP i A oo i 6 52 4% PR SR 5K PRSI B, o S 0 1) SR TRV UV B 2 P A1, bt — AR 90 (3 sh 2
DA, MUK, AR, Ol R G HRZ 8% 5 Bk S A LBk 5 s D)2 8% 2 A A A
TWB, I H AR A 0 IS B AP AR A2 BRG] A ,  Eh C SRT ) i S R DA R O
WA

PUAAEE . LERE S B B E RGETEA IR # VIR [33], Hrb A e REUETERT BLt g
5 FINRIRAS AR, NI S LA BT AL A L LIRS . F AR A BB RMER, M
FRPE AR AR AT LR R B2 S22, 6 Efili T 8 M G R Ge 7 AR o 8L AR Kb B S 10 % 1 R P
RSP B A BT R, AR A SRR, MO SSCRE LA F) AE B A BRAR A . A AR
JEA AR5 M (KO F T J it b, R BB £ A5k P £ Co i (K088 & 20 A L, F BRI EMD R ECG 17 46 15 51l 2t
TR JE 132 IMF 7> &, it D 5WIRESETERG MRG0t SR, FEEAT OIS & Ik
BRI TUS s ANAEASIR QPRI S B Lo i & A5 AN A, R AR Ao il 28 S0 5 9K 2 11 ]
YEM, T H2 ECG  IMF1 70 8 50 S SR & I R S B R, ZRICREOVHIR, BIES
JE MR FE o M b, AT DAZR SR IR 5 R A B e 2l ) AR B L

IR A 01— BLASE P A — LR (0 2 T s e i s o KR i 46y o 2 86 7 AR 1) — S B AP A AT BB
BRI 0N E RIS A o 1A SO AT S A AL Lo iR 5 (10 B4R, R ECG {5 5 IS =[RS
RNHATECE T, A3 RIS DR AN DR & . N TAESEIngs 2, A ERH T4%
WAL, B ECG 55 MR IA P I SE AT SRS 0 RS 20 0L IMF 20 &, B IMF 7 & 5 IS
SHHATRG, XFAABERANSRENIE, REHRMRE S TRSISER, BRI
(S N ATE ST 320 1 A AT B bR . JF H, ASSTITR A BB N oK T R — 4L R SR A [ A A
FPRES, BISEAPRAS AT o 35 SR ARAS . BRI, ATE— 2B A SO U5 i 3 HIAE R 97 AL B
AR, fERLLH EDM RIS R O il 5 5 A S5 R 035 B B R AR A . B R
TR 250060 T R BRI [34], 5 B3 25 80 5 F 25 )5 RS 3 EAT X b, 8 n] 45 H 250052 A 1
FEE AR A RO RE o BeAh, T DS BRI ARG L i SR 5 B A2 J L 4 45 22 AN PR B 27 D7 T
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