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Abstract

Cardiovascular and cerebrovascular diseases are important causes of death
worldwide, threatening the safety of human life. In the United States, one in four deaths
is caused by cardiovascular disease; In China, nearly three-quarters of people have more
or less cardiovascular problems, and cerebral blood flow auto-regulation serves to
maintain normal human physiology as an important biological mechanism. Although
research on cerebral blood flow self-regulation has been enriched in recent years, an
index for quantitative assessment of cerebral blood flow self-regulation ability is
urgently needed as an indication for diagnosing neurovascular diseases.

The brain needs a stable supply of oxygen and hemoglobin. Once the supply is
short, the neural system will undergo irreversible degradation within a few minutes.
Therefore, a mechanism that maintains a relatively constant blood flow in the brain by
regulating the vascular tone of the brain (ie, Cerebral Auto-regulation) is critical to the
health of the neural system. This article mainly explores a quantitative method for
assessing the ability of automatic cerebral blood flow regulation. It is expected that we
can understand the mechanism of human cerebral auto-regulation ability and its
relationship with neuro-vascular disease from a more comprehensive perspective. The
time domain correlation method evaluates the degree of interaction between the two
signals by directly calculating the correlation coefficient between cerebral blood flow
and blood pressure signals; the transfer function method analyzes the gain and phase
difference between the frequency components of the two signals. And coherence to
analyze the extent of the two signals being intertwined; wavelet coherence analysis
extends the signal characteristics to the space-time domain, and can also characterize
the temporal change and coherence of the signal.

This project aim to compare different evaluation algorithms and explore their
strength and weakness, so that we can have a means to establish a universal standard
for quantifying the Cerebral Autoregulation ability of subjects.

In addition, this paper also explores the imaging of blood vessels by diffuse optical
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imaging methods, using the OpenCV library, and implementing the Frangi-Hessian

vessel-ness filter to enhance the linear structure in the image. Combined with
spectroscopy imaging, arterial blood and venous blood can be distinguished. Vascular
imaging devices have begun to take shape by building dual-wavelength light source

imaging systems and building visual C++ programs that implement efficient
visualization via CCD near infrared camera. (/\P95 Times New Roman, 1.5{31T
EB)

Keywords: Cerebral Auto-regulation; Transfer function; Wavelet Coherence; Vessel

Imaging
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MiIEH. WERGREWUHEST, UETHANGERLFHTTEHHG,
FrURE AR —— BT e AR R R B —— R A T — AR A
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i tmX &R R R G EAE L, TARHAFE AR REESE
AR, TURHHENFER. EEAETRERTRAGES. ERAH,
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HAZMEHSITATE T FER L AU R B RRAZ D EE, BREETR.
EMEWERREG R ERENLT, %6 #% KHFinapres i Y4 & F1 &7 5K
ErMEER, BT A EA:

{Fsystolic = Sartery * Psystolic + Fskin 9-1

Fdiatolic = Sartery * Pdiatolic + Fskin
PSyStOllC;FUPdlatollCéJ\%lJ %STA% L{k%}—ijﬁnﬁ%[—g%q uﬁ@ Il:E’Sartery ( Iﬁl% %Eﬁ
D) FFg HEREH A . A7 Ut ESTAM % -

Fsensor = Sartery * Pblood + Fskin 2-2



DL B34 JEMAP:
MAP = (Fystotic T 2 * F giatotic)/3 2-3
42 TEEE1708 th XY, 4 X i JE W M 77 sk F BB T o T 4 xR £
(Mean Absolute Difference, MAD) H7iFfk.
MADEY i 8 2 K .
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MAD(mmHg) ANSI/AAMI SP10 BHS Recommended Grading
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less in Grade B
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5-6 Pass or fail less in Grade A, 5
extremely less in

Grade C and Grade D

4-5 Pass A
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Grade D
=17 Fail Worse than Grade C D
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HIMAD/NTF 78, RTZHERE, HERS. EASTALEESHA SET, &
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BERMEN T WEGPAEALTERNEE. BALDIENFRRE A 2-



4em, EEARFIPEWATARFERELAN, MEANFENENR MLRFET
B TomZ THRHMEHEME T, FURMNZNENETFERA ML) LAE
K Bk EagTHE, SBEATRIT T REN B, o Bl 2284, 15 R
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ODn = DPFod 2-7
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HEMTEAMKE SRR ALBRHARN:
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2.2.1 BBMHEXRZELINTE

EG T ¥ %+, Pearsonf % £ % (PCC) , 4 #F fEPearson 1 4 1 % # %
(PPMCC) , RRENEEZMEAUMARWEE. REAH-HAZTEX,
PCCHYSE B R E-1B1Z |8, Hl&xrXFYEEZ B EA T aM&dmEAE, 0%
REARHEMEAAN, - 1RTTLW AKX PCCON ) iz 5 A £ F % H4E
BT . A TREALFFIX, Y, PCCH m TR T

pxy = cov(X,Y)/(oxoy) 2-11

WAL, ERKEBEREACBIVS I ENKAXL R D FAEMEIME. &
Rk R B AT F RATE A Pearsontdl X R4, A4 77 Kk i ERFET, A
B B W 2 B, #F TR R AP R B, 4% BB AE X MR8 47 4 AT A Sx, Dx,
fiMx, F—FUHH = mEFSEEIV A LHFH., £ FRANEA201 &
SLEN3R) BT 3 kT HEAPCC (B4t HE—APCO) o« RERMNHEANMEF
BX b BT R HIPCC R BORT#H, 4 AIFFIE HSx, Dx, Mx, X =AREEMT 4 E,
FREAFHEEMDRETHEAZ B AHEREE.

PASLHEE A, PCCit 45 4 R 4w
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& 2-9 Dx. Sx. Mx iHHELR
ARIEEFENTEE, RNELAERAGEETHTNRK. FEETXA
— AMIRE A 0. 25Hz B & T & A0 8 BT R R R
X = 2cos(2mfyt) + 0(0,1) 2-12
Y =2cos(2nfot + ¢o) +0(0,1) 2-13
HEFfo =025, @o=m/2. t AR AT, BEXHEME H250Hz, B K A6
oer. BRI HZ R R AT R 7%, FoeitE—APCCERFH,



Simulation Signal - [2cos(w0*t)+noise]
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LFEGETHRERA ML ERORN, THEERSEIL, A-180° B #&
-1, TAH90° B, HHEEREL2BLTO0. XE2MBAMXRZELATENEIR,
YRHEETHAMZENIN, THERIAWHERRAKSLBAD, AT RAHE
HEETEIHEAARE, MEFRLAFZAFERT XA, —BAA L TH
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2.2. 2 M M M ik

BRCAH —MNEMR T, MAPERAWM N, Wi ENETEE i,
%M R G HRAE T L it B Ok RAE

R #EReinhard 77 %P, it 5 1% 2| BIMAPFrHbT (5 5 B9 & 3048 B o a0 2 vt
A e ] DLt S5 Bt AL B BB P (£ F8 P (£ LA R 3R X HA I CP
(£) ,MAPXf iz 1 fik i JEABP, HbTAf Rz il i % 3 L CBFV., 7 F —ANK E AN# 5
SR, A AHEGAESPHER AN, SR EAHERE AL K8E = AF
THEERERIN NN B A REE TS (£, S (F) XX EHEAE
es () .

CS(fo) = Z}lz_hw]-CP(fiﬂ.)’ wj = %— ,lf—.zl, h=8 2-14

# B #9AR £ () AR X oh % i £ 48 5
CS(f) = 1CS(f)lexp (i (f)) 2-15

AT X )T — b JE B R Xl
Coh(f) = |CS(|/(Sapp(H)Scrrv(H)/? 2-16

R AERan 77 1200, B oh F k% E R 2-171H

Fyory(f) = 5 FFT(X 07 Yyey) 2-18
PSDxxoryy(f) = F;ory(f)Fxory(f)/fxory 2-19

BENMETHEM L RSB, FERZEHNESE., 74 B HKIE LpHanning
FREMEME . NERHSEREN @ E TR HokF3, REEEHHE.
REREBEIEE, ARIXEFARP - NEAGETHENRETE.

XX R R TAHFE:

CSD,y(f) = Fx(NFy(f)/f s 220
% Hr BB 4
H(f) = CSD,.,(f)/PSD,, 2-21
o T8
Coh(f) = |CSD,,(f)|"/[PSD,.PSD,,| 2-22
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H(f)
He(f)

EEARECLE P THEAZ0R| 1 Z ALk, T LORTELEK
HAAMRR, | AT ELENE LRESETFNARAR. LT R2 1284
FREKZE, WRETEAT0.49, RINMKIANFACTHTHEEEEN (K
TOMERRE) . wREMETHBELTO, AMLMLETEAT N, BALYH
5 THATOR, Eip EAMENEL 2N ELI80° XA WEELS .

A2 VP i R RE A B, AR RGN T0. 5H2 X A . 4 A R R AR X 1]
(LF, 0.06%]0. 12Hz) Ffo & X & (HF, 0.20%]0.30Hz) , fKHX & & [ A =F
THY AR X ], A X AR AR B R iR B XD

TEHEFTEAEGBRELM22 1 RIANGFERGSHER.

o(f) = arctan 2-93
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MAEPO&fETEFELAETAISSE - AFREEWERE., TN,
TEHESFOME02H2M, HEAEZELTINAETE, SEAECLE -
90° , XYM TFXHEMSzZ —AFEH,

2. 2. 3/NE AT HriE

NEAR T ATk T E S E RN (CWT) , CWTHE 4 i [E 771 5
i A G 7 S B ER R Q02RO UK IR R B BT BB AR, K AN, KA R
H Dt SR B[] 5 x (n) By 2 52 B [E] /N R R XA -

WX(n,s) = \/%Zﬁ'_nx(n)a | —m) (5] 2-24
A Fnh bt R, KRG E R R HH R R 2
@2t KN, x(n) /N F 8w A= X A x (n) B A8 X 8 40 ah /N
WES (EH-FHEE) , Ta TRIH:
WXX(n,s) = WX(n, s)WX (n, s) 2-25
/NF BRI FEFWEE (n, ) B — AL B, #ERHEE S x () B E
=) Pkl
K, x(n) Ay (n) BN 28 AR K o 3 = LA -
WX (n,s) = WX(n,s)WY (n,s) 2-26
B, (WX s)&T x)foy ) B THhEEESA, ©ATRAE A
ERTA:

_ _ Im[WXy(n,s)] _
A(p(n, S) = tan l{m} 2-27
RUTETHEN T AT ATE, NERABRRY:
H(n’ S) = w 2-98

[s=1WXX (n,s)]

SREMMABHNFHLT, FTHREENTERDNEIEENTEAEFEE,
Pl BT £ TRENESFHRITE. £ BN |HD, s)| K &x(n) Fo
y(n) Z B AR A 2 4, 25 S B B AR x () Aoy (n) Z Bl B9 AR AL X &

AMUTHEEARBWAETIE, NEXHETHE CFA) B A

IS[s~1WXY (n,5)]|*
s[s—wX@s)|*s-1|w¥ (ns)||

R%(n,s) = 2-29



BAVE 17 B A5 T R DA K F %, XV ET LA X6BKEN L2 4,
A R2B0H2 89 5 F o T &R, FEHRAANK 2-2
R 2-2 NEAVTRNIAEES

X Y
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INERTFTUEREL AT ELRMR LWETEREEXR., 0E
2-14, E—nHPRE— 2 HTREES T2 RHNES, HTFHEEHHK
HFRELTHT. 82, 3. IS RECSFHTLESES, TUER LS
B 0. 26Hz AL EI s AT, YEXWAEMLES A A180° , 90°
0° . #ou%r, RENEHAZMET,ENEE, TUBAMETAEL (KT
0.8M X)) HHr/E, s HARNE L0 EFHTHEEM, HLEFHEIH,

INBAR T AT LA A b BBCE R R AR R, RIEE S AR LW
AW, RN nRE AT PEERNERE,

2.3 KWK EALHT

[ R348 % A 25047 ]
ZREFAN22F L R BN, Stk I8 8Dx/Sx/Mx & 3K
#F 2-3 S1-S5 X BL Dx/Sx/Mx R

Dx Sx Mx
S1 (0° ) -0.0085331 -0.0090681 0.00071935




S2 (-10° ) -0.29114 -0.17628 -0.29333
S3 (0° ) -0.32993 0.44616 -0.0014911
S4 (10° ) -0.15651 -0.21042 -0.17705
S5 (0° ) -0.13909 -0.026901 -0.1227

EWEI, DxEMxRBFEHAHHNAXFR, TSN EDx. MxBr b EHH
Bt & . 740, ReinhardF Wy # xPULI, sAEZRTE, BHIET R EMFDx
EAMIERAWSxE AR A, xRN EEZH MR EMDN, ERBARE,
Dx b i A LA AL . BT 3 B B Mx R Bk ROBECARE /7, % T IE# BICA Mx
Km THEATE, EEmRCAZ BN mMx=1. 0%, AT K BECBFV*IBP
MR B . — MR T, Mx3E 2R T0. 489 E% .

A& RMx R H, #SL, S2MBEST0, #£S2, SAME 4 A H-0.29F7-0. 18,
HPWEURBRT WP, 7R B 2 4 9 B yR % T i JE % S0 B9 IE
mAME . EMI0° EH0C &, MxRBKARFE BB HAE-0.12, FINE
A RXABRENEENEERLEA R DRETRAFERE, XFELHE
TERERE T T
[ % % s 40 A7 ]

H R ESINE, BASIMMx R0, ER2RANAILIEO. 15H2 [ K
T B —ANEE, VR R R R s R . AR T A TO. 48,
KAMTEAREN, Metxt MRS L ER R, g NALEL (-
123° 7 =34° ], FRHAMET %A W R o o T 1R R E 5 R
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REXFE. EXMHERT, @ TORZINEAEA, AQBERN AR RS
TR HE A, EdTCAWMER, EmMEaE e ENRENES . ¥ HSIFS2,
" LUE 10, 15Hz [ B9 AE TIEBR B TP, K TO0. 4T EFRXELRE, Fa
ML Z WO, KRBT RE N T WM g BT RS ER, &TARKR
— RG], REAREARZ A MEER, KW RFER.
ES3. S4. S5 E b, RAKGEEAM THARA AL 4, RAT X LK BT
2 WCAMER . A ST, S3, S5, =ZA-MrB M R#AL T ME, EEFHTHE
PHERA T, RAIT &8 ASCAW R, AMRZEHE A TR L E R,
F—BEBEEWNZ, 7ES4M B EN0. 25H220. SHZ R X 938 35 3% 7 2 —
Fig, XERBT AKREEENRAT, Mo EMELRFEELKAE. #
SUBET, AHRAREHETYE, EFEREANEUENE XK,
[/NEARTF 247
INEAE T E N T A A T A AR LB, TR A& EE
M EAR TR E . FELLE, TEMAMERENNLARNAEZEAKX,
% 2-3 D [Hb02) 3N X AR A HR IR

HE (Hz) HEFESRIYR
0.6 —2 G ED
0.15—0.6 IR
0.05 —0.15 IR 3% 5
0.02 — 0.05 M YRNEVE B)
0.0095 — 0.02 AR S B
0.005 — 0.0095 W R i5 3

MNERTEINEERREFZUERH WA EXR, HLOW R REZM
ERRERA R i E R

WERE 5-109%F, 0. 15Hz[f T N60sF#H —K AW &M T X, X
—EREEMBHRSTRENAETIE LERWELE —BW, FERATEAT
R K Y L R KT R LR S e, AR LR AR TR L, RARE
HEET-90° WAME, TRE, ER/NEFELTLEHAECsZ B LH R
BeE AT EES DN, REETERE, Taa M EsshFTHhA <.

MWE 5128 H, ETXEAEREMAAR LW SR XEHT RN, x5F
WMREESTFEENATEAMAKE NP HNE L E— B, RNL
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fES3, S4, S5.E, 0.15Hz[X 8] 948 T P4 Z AT K ko 1E [F B 720. 0THz £ A
ZHECLI RN EATY, TREAEERBHINFRA RN F7 ek HE
HAETKEEEAFRE, NARSERT, LIRS E & iR
7 RE Ay R B T

AERNEENERTFELAERNNEEZERTHRIT, KAARLEHEKE

AMERMEN AR RRESE,

3 BAAFMEREK
3.1 AASMHF KRB RE R

YA ¥ B g (diffuse optical topographic and tomographic, DOT) 2
—HECGANXNEZRG &, wETEENETE, AR “NE” WAEFRE
5 (BNERF A EZANELTREZWES) KRR ARELN R G
W€, ARH S AR T AR RFBHAAN R, A T RS EAF LR A1CCDAR L
[ DA & 8 1A TR A R UR S Bk e R S B o A, B SR R AR AL A
R, B oWERAAEE S B LBANSKERRE.,
ATz, ABREY 98 A 7£390nmE] 700nm 2 8], K 41 4 ok I B ABR A
, (ECCDAFHLHY St 3 v B2 7] LAk 2 ¥ 5B 5 B, Z&E700nmbA_EA77 g (R B8 &
B R T LT DAAR AR B AR R AT LB 4

2.0
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Quantum Efficien
M
8

Wavelength (nm)

& 3-2 B TMVARAL M2S (T) 036M-H2 ik 57 ™"
M 2-4 EFLLE B, A600nmZ|795nmik B, oA Mm% e R AT E T AR
HEAMm, £795mZ 5, TALMHEA DN TR AZHLEARN., AT EHEHF
2|8 fk 5 5 B, FATE FI830nmiEK & 1F A LK.

CCD Camera

— — )

/‘?

Image

Light Source

B 3-3 mERGFEEERE

3.2 ETHEGEAEN I ERMELEMER

K| FlHessian4E [% B 4 Ik 45 A4 3¢ 58 77 % A Frangi & AR ¥, W # fEFrangi-
Hessian i & &% 2B, 781X B A H Frangi JE K #1 — 2 7 % .



% —F K #fHessian%E
Hessian4E [5 o W& & B 4% 09 — B 5 4 A%,

I I
H= [Ixx Ixy] 3-1
yx yy

BT MRS TEREUR, FEEANEGATFELE, BETEE

E}/\j@{%%lo Ixx, Ixy, Iyx, Iyyﬁ]\%[llzb%;r/qj:ZGxx, ny’ ny’ ny%‘ﬁ:{”%’ﬁo

0 0 0 0 0 0
Gx=(1 -2 1), G,=(1 -2 0],
0 0 0 0 1 0

0 1 0 0 1 0
Gy = (0 -2 1), G,y = (0 2 0) 3-2
0O 0 O 0 1 0
% — KA Hessian%E [F iy 7 N 4R AE1H -
IAE—H[=0 3-3

FREINT, N2, EFAISA2, ilo A RER QAED d R E AN
M. WHMHERNZE

R, =2,/2;, S= /R,Z,—Ag 3-4

B AR B Ry, A SHE 72 v I B8 4L

0, if 1, >0
Bo(s) = [A +B = exp (- %)(1 ~exp(-2) 970
=¥, RINRBEREOFERBE WAL K =%
) ¥E—RESAHE, EEF Wi EE/N
2) Mg, BFa—EEFHEERA
3) mME——F M A28 R A, FhE A 2dH KB N
& 3-1 Frangi WKBRTFISH
B A= il N=3
ANLAI A2 AL A28 ML A28 ML A28

ARIBIVEEXME | Apabl, B#Hb AL 0; BHA ABHIT 1; B

BRTHTAERAERR RO BHEEE, RERARGRER, EZEAB
B At L 2 98K B 2 T 9IS DX Sk B 4 4R 4 R, T ORI B 8 B R AL S DX A ) 1F
oY Bl B 20 5 51 R AT i B i AL B T



CATRYTEHGNERTRAEER, cRAN, SWEANKELMRK, HEERFF
Ho CIR/NEE, SHEMBAA, RAEGEILEE K,

Frangi R B EERREM DT EEREANHERIARST, dTEHREF
FEFEAMERNDE, —RWBERNITHENR, BERERE, H7
AWM srBEGHBRERIARLAEENMRELENE R,

FHMEERER:

e e

& 3-4 JFE-Frangi J8¥ Sigma=3. 5. 7. 9. 11

3.3 EUMEHBEE KRN

& 3-5 JE . Boguslaw Obaral®?, Frangi Filtering [Sigma=1~10, Beta=4 ]



3.4 X450 k5 # fk
3.4.1 T ARYCEHDIUE Z2BA

FRKERE 2-4, E690nmfr E LA MR K& THAM, A OmLE,
LA nETAAM. wRTAER—LE S H A 690nmiZ830nm K IR # 17 B8 4,
REERTHNFERSCSH A D TA LR, WE, &amitiEea,
XHK R E GO AT L — AN REAEm, EXTANRBERENEHT,
BREAFEATH, NZ2FAEXNIHZ, RNOTURAFNEEGT REF4
fr, WA H A .

Imypo, = €1 ¥ Imggg + €3 * IMmgs 3-6

ERERTEIANRABNAERNFE -—TWAFFRNTH, B REHZA
BIXE, ZRMATZEET A, SAFRTH, #avPm, RERINRE
MER, RTRERE T EMITWETF, R%ENFNRELKEL, HHR
P~ R H
[iifE] =5 R e &)

HREAANLBY SN AR L BB, Farduino™ A =X RAFWETET,
Wl ot 5 sl i B A AL, AR E A LB AR . BB KO & B AR,

} |
L T ] comen

[ Uﬁgﬁﬁzﬁo } 1 44(___4447___W47 _____*[lﬁSEF690]

' 4[ Laser-830 ]
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I
& 3-7 FHALEERE Arduino &l 3-8 CW5 XU KIRENR K 3-9 BHIBE RS

3.4.2 XETRZFNEF

AR ook EBKE T ET AR, AEES B RENRFE, T#
Ficsp AR FF R AL

MT R HEE (HFD , FIRE3-9F AR E K AT A F & FUX 0 kB9 1L
B, 1DRZ KB AEAR X B BU B0 B R[] 3 LB B 5

In [6]: log_ ddb = np.logle(ddb/np.mean(ddb))
plt.plot(np.arange(start,end), log ddb, 'r')

out[6]: [<matplotlib.lines.Line2D at ex4126ese>]
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mfra & SlE s
B General
Scan
Open Start Property
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& 3-13 DVP Vessel Finder V1.0 #[H
DVP Vessel Finder V1.0 E # # £ 2 Gk MAPTRAZ, & & T LA
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KENEEFLE, FTHBAEATRERANEAKE, REIAGHEEME,
e, B 4 ot P 5 4 4
BTS20 45 B 394 IDVP Vessel Finder V1.0iC 3.
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AXETNSGBMEEL B Z RARA, FRTHAEHR:

% — ¥ 4 # TSTA M & fo ANIRS 5 % 2| WY CBFVAE &, 18 il = F 4947 77 3%,
FHETHWHEXE, AT E M0 AR mRRE e .

FHAMMAZEM MR EBATHEE, ShnEGET¥EE L 2R B R
K. EREGMABEN O EXAR NI NE, ERFMERAKRALE
B EEA S TR, FEODERNWET LELMN, RIAEE
R, EXMETHEAHEERENEHZNRG, AEHORNRLEHTL
HARBENCARES, %5/ MEfLZE,

WAk, MAREIMENRSE, WFHIERF, TUA TG
CAVEH AT F X FMBEREENEESE, EFTHE LERT04HES
#FE N CAE AR B, & T0. 489 845 2 f P # A8 AL ) IE (B0, 4 2ZCA
AR B, E BB G, WA E O AMRCAZ B A5, /INEAR Tk 1 8 £
WEBER AN, BT B B AT DU R A S XA AR R S AR
1% I
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4.2 ARWHWRERE RE

Fi 9 B R A E

1) & TSTAM & B A LA TR B2, H B0 TG ik BB & K 52 B 45 R B9MAD#)
INFT, BT ERIABESR, ZRAHFERTZ, RINREFIAELANES,
RARARET VB LR HBEFEE LR EEAFRE

2) BRI AH R ELMINIH (National Institute of Health) HYTRE # iR,
FHR L BT S F R K R G A EZ BB ER R . EREA X AKEREF
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