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i  F O A R R R N 1 = ARk S LEDRE B 44 HD G HL i 4615 42

[0077]  FE—ANSZita ol , 42 Hl 2R 40 E H5 — AN b 3B 2% L SR HRAE RGeS, OF H XX/ &
FHUSBII AT Al (AR AN ) o $28 5] 284038 A] LA FE — AN LUK Mg T GRS ), T8
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B N1TAR R T HRER O A 3AT I 40 B x Ay HRE B o B A 5 1 3634 BE 8 K X R
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[0090]  #E—AMUERY SEHERIT , 2 HKriging BVEHHAT N4 , 18 F ML 480 10A% I 2% 1 6 I 55 5
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/NI AR T I AT F Y A T VR R A THE B AN ] B 2R R A ) Ao A AR SO B g
BRI E G, I B BIRGE F P X RERE W X JELan B s BEAT HE BRI L 55 1 S PR N 4
XA B 24 1 45 R TEAE 5 AT AL o B LATR T 7 461 A 3 o A% SR A L6 138 B) 7E i 1]
JUT & —4E0, 7ixih b 22V X & TEZ W B S 7 28 (R, A TAEY
J7 1 A7 #1400, 7EX77 1) B RLI4009 S48 ) o

(00911 Sy 7 {75 i oiC 4 (1) ML ¥R 1140 ML 4 7 5 D 52 0 T AL , A FR AR 1 200 L R R AE 32
BB 28 , H AT LUK I 76 B AT (marker) , 4R J5 TE B0 55 B 078 1L 4 1148
TR 26 B (S WELVELT) AE— AN 515 T, FRAE FR B B 2842 B 15 (4l
wn, G S — AN AR LI ER I B ) FRR I s B & e HE T iR I A B L
[0092] K157~ tH 7 FH T IR ik 2 BOSE He 28 (1) 4 10 8] 22 200 1) 7~ = < T 1673 tH & e
14205 I 1500 B . =ANFRIC (202,204 H1206) FH T — A48 58 (19 34 X 3K 20811 &
Mo B RRIC 202 F R H 52 B W BE 56 A T - 5 AR 206 FH Ok 1 e MG I 22 i 5t (B A
B o 55 = kR0 204 F R 8 52 WA T8 2 o AR 1T (20220481206 ) AT DL AT AT B, (H SR 2 2R
B, KON E AR IR 5 X AT Fr A R o 8 7 35 28 1 U0 I R AE SR U A, S /N IR R £
B FH AR 1202, 204F1206 (Z WLIE16) , PRIE 4 4R 15 205 AT EAT =LA — N5 15
A BB T IXARAEZ A, T % A P e A A HAth AR o WA 20 84E AR AR B
DA 375 48 M U B % AR IEAEM T4

[0093]  fE—ANskgtf b, 8 3h B AR T R ) A T U7 (i R A & 6 AT 4ab 2
BAF120 1% 8RR e o vF A P B R 3 s & (o, B R L8 a4, 9F Ha _ B
[ S W F R A AL TR A L 2 R AR L U T S R A .

[0094] B 1775 HFH T H — A il S 0 A 4 1 R v PR (g R P AL AR B 1 2) 1 T v
220 HE ] o 7 25 SCH BT B IR AR RS B b, SRR 7 AT 77 220 (AR RS R ] o ] LA ER A , FiT
PEPLAT ARG A AR Q] PRAT AR B 1K 78 B — AN+

[0095] ¥y, 7520 9222 (Gl Ab 2 AR 24 ) B K F B0 3R R TR 401 SREUEE G250
A REATAETE IR S5 2532 1) o AR , T SR BT B0 4 FH T [0 A S B A/ DU 5 e 1 o7 L 0l
TR AN s F7 58040 o A B A 1 270] D[R] IR SRASEAr B VR L R s (9, DA 3Hz [ B ) , BA
B g A AN ) (7 B (1) VT BE A —2EL 6 A7 Aor B A A 0 A

[0096] Ay 1 M HEVEREHL 228 T 10 5 ¥ IR AR 25 45 A e I AR BRI R bR 1 — 2 50
(00971 {E 2098230, B SR EUERAE (140 , Bt R AE SR U B 28 ) AR5 , 75 25 TR 2320k
SRPRE LT B A% S 2 L6 47 B I 67 B « 52 I IS, 78 20 BR23 0% 1 4 5 = W o B0CHRE ok S
B 5 M IR232 BT FRAT I AL I 25 00 A7 B B8 5 L 38 24 A o 7 25 B8 236 , Xof W S5 114 B 5 13
A7 A (it £ AR 14 R HIRKriging 55 ) o A A B8 7T 48 2 B R o B AR, O
ORGP R/ B B SR R T S IR R s S R B % (i, E45.205) , G
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15FE 16 T o

[0098] 7RV, 7520 PR 224 %] Bl S B HE AT RFWGE 75 S8 o SR i, 72D R 226 i R 12 3))
N 75 DL AE 2D SR 228 EUASEE VB o 1 I8 P8 AR R 22 B AT D B 22471226 .

(00991  FERII8Fr R PLE T ik rh , 122 FH R 35 B T P e 75 o LEDRE 514456 P I 12 3 Y
B A A LEDBE ZA4F J3 B (1) A SBECH o 98 25 (W 730 ) o 3 7= AR R e 75 ARV 1 A
T PN PR P PR 7 e — AN B K1 (] o SR i 3 e — MO 9 0 T 4 BN ARSI D R A
RN FE AT IRV X FVE R T RCE R, P RSV RAEPPGS S I & IS B o

[0100] G 18FT7N , K F AR 10 A L AI2 X 35k i AH G 75 15 24 A R vk B AR X 3803 1
W 7, 3K A I Ik B A 7 2 B A 7 92 R SR

[0101] XTIy v 5 , R Ak B XKL Ja w515 B, F HARIC I 75 A 3 A
BN X I LS e (A ] o 6T UM 7 3%, P38 5k 1 X 48 L RN 2% 7= o B i » 13 T B bR BdiE
s (3) 2 WU ANBE J5 1 BT A P I e 75 R A 1) 54 J8 e Py Ak s 34k g S AT PN 4
XXX X3 1) I A TEAT T, DA AR B R AN LED 64K B AT SR S AR AR, X
25 R AT IR E I8, DL 25 B m g e

[0102] &I 192 1508 75 RIS 1E A Z AF S 1 [ 1SR I vk J7 V2= ey FER 45 Wi 2 £ b 2% 11, 1% 348 07
I A T DA 25 BB 52 11 4 T8 AT B 1 JE 5% 0 75 I N2 5 45 5 b o N FH R R Y R
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PRI E S A B 2002 LLAB A B 5 7 BB T3 v (R e e 92 ) il 2 1

[0103] XTI L9 AN 20 Ffr 7 (1) A 2 e 197 ity 28 P, A0 28 4 AE AT TS 0L (1) LED 3K ) 15 5 1) At
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[0104] K21 FIEI 222 BoR 5 AR AT P T R B AR L X = ALEDER Z 15 5 LA T |
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PEFRA 45 B 5, R 210 sOR T 220 K 1. 5s A2 AT 1 B I e A i g SR T IE = S
Wk P Y55 25 ok P Tt P i o 3K S TR TR HH 7 AR R (1 W 75 S S T VA 25 B s P Wi 75 7 T A2
BRI
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13



CON 105877764 A w Bg B 10/35 7

TE ARG RS 1 123 ARG 75 H AN B A B SR B 7 AR B =
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TR BT ) R S o RF BRAE 0 52, AR AT IR IR T SEAURE PP 82 P BB 20 5L, A 45
EANER 38 AT SR HI T SEALE A DA A AL 1) H At n] R AL 2 e 6, (R A AETH AL
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A5 T SAT RS 2 DhRe i 8 BRI AL 5 BLS A T 30T R 5 B BE 1018 G E T AL n] 30
ARG R B AR B T AR 7482 o 0 B = B AR, AS SOt 1 e s s I B 2y
REBR L SE L QBT 5 Rk 50 S 2 A T DU o AT 455 72 D e Bl R 10 22 2 PR A4 10
THEALRGEECE L IR AT SO AT SR e AR 2 L A 4 5 ok se B

[0116] i H., IXSe i SEALRE P45 2 G e v SAL T SR e ARS8 48 AR B ) 3 ] LA
b AEREN 45 T AL B A m] i REAL P 50 % A R O TH AL R B A7 2 b, AR A7l e T
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(o) b FRAR I , AR A 2 BT IR £ 4 3R B il 2 5 (d) i b 3 AR B e B A 35 il T 1 77 4% I
45 R A% S A8 B2 20 ) SRASE AL (] Py 558 B V7 25 B8 R 1 7 AR S R UM, TR ORI iR A R 2
L5 B i S 2H 2 [X 31 2 T P 0 224 ke

[0129] 12 FRAESKHE B L1 FTIR R RS0 b, BT il A2 I8 e 2 A0, B T B ke 1) #E 4H 2R [X IR
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BB ML AT 2 AR IO — AN B ANLED s Hir, Pivadh A% B8 B 27 A0 45 T B oA M e
RLEDE ST DG — N AN R E .

[0130] 13 ARFESCHEWI1 2P R 1 &R G - Horh , Jrik — AN B & ANLEDH [ — N LED L5 4 i
BRSO (660nm) AL A1 (880nm) (1 XU 5t 4 s Her, ik — B2 AN LED S £ 21 B 5))
Fe e i s oo, PR B 4 L BE AR T BN SCVFELOCLED R S a8 MZL AR G LED Bt 2 AE 3L 2
A FRARE B (R A Ak S B 5

[0131] 14 MRFESLHEHI L1 IR I RS0, 45 : B AL St s Hed, B DR J P S i 4
e B 3 s B T A i A s ) A A il

[0132] 15 RAESKHEH] 1 4PTR 1) 2R 5, i Ab BR AR Bt — 2D 4 B O WAL SRR T 3R A5
B USRS R A b B

[0133] 16 #RIESLHEHI 15 TR i RS, Hor, Jrid Ab SR A B it — 2D 4l i | DA o o B A e it
AT A, DA AR BERZH 2R E S B

[0134] 17 ARIESCHEHI 16 ik i R Ge, Horh, P ids A R ASE R AR IC . Rl 42 1 P 8 s 7 A ek
AN A 2 I 70 (R SR, DA TR e SR ae /B T g A S i T v S 15 s A0 o J K0 1)
2R PN BR A A L 8080 25 580, Wi [ B S22 P R R PR AN BRI AN B _E R S 2 4

[0135] 18 MRHESLHE B 16 ik i) R4t , b, Fridt ab BE AR Bl e BN ERCRL A A R
HHEZE A EsnETEA s K.

[0136] 19 ARIESLHEGILAPTIAR RS, Forb , Frad B F P 5 4 e L 0 e Ve AP e A A
A AL SR N I AN A SR 1

(01371 20 ARIESLHEH 1 LIAR RS, Hor , Prif L 3R B — 25 A4« PRI ; ik g
PR LR B NI RE 24 I — B AR AL T 90 MRS I 10 S5 (10 B =4 Pk — A Bk
Z A ICIREE T I JRARAS I 10 3% XA s 25 R IERR T N e

[0138] 21 —fooxes £ (1) B L XX Sl VR T 2 A JEAT S B DU ) TV, A4 « A A I
B e Al 5 4 23 X I T il 5 45 2K 15 P A et 7 70 o I DD 0 AT e ML 0 B )
KA B A S8 AL ZX 305 BRSO PR SIS B O s SR AR IR B 51 55 4B 20 2 X I
P 2 T P2 A A DR PR P A3 88040 5 ZRAT- 5 S 2 ZRIX Sl AH 5 (0 WV A 5 s s DA SO B E S A 8K
A AT B AT RAE , DL IR A% SR I 1) 15 ik B 43 X3 ) 2 T PO 3 >4

[0139] 22 ARHESEHEGI2 1 IR A 7 ik - vy, i A S 25 7 7 A0 TS B D 1 S A X U
SRR ML AT 28 A A ARG — AN B ANLED s S Her , Pl A B 25 50 271 B0 48 4 T S ks )
MLEDJ S DG — B A A

[0140] 23 WRHESLHE B 22 iR 1 T i« Fory, ik — AN B ASLEDH 1 5 — N LED B AE 4 T
BN R G (660nm) FZLAM e (880nm) (1 XUA ST 4 3 1% T3 23— W BAEAELLCLED R 5 &%
ANZLAPYCLED A 5 3 Al AN 2 SR BRI AR A (R B A S 7 3 B AR 20 G LED ¢ S5 & ANEL ARG LED A i
#o

(01411 24 HR 8 S 1] 2 1 ik (14 7 3% 5 3 A0 465 « [R) I I 7 v A 5 B RS 0 4% S s 4

el
[0142] 25 MR HGSLHEBI21 Bk i T 7%, IEALHE  FRBOK B ik A% A5 1 (0 B 8 LA SRAS i
TR A 0 7 B

[0143] 26 M4 SLHE ] 26 BTk ) 5 1%, AL < 0f A B 0 BEAT P 45, DL AR #E A 230 i
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HFAEAE

[0144] 27 . MIPESLHE 26 B iR 1) 73k, For , 347 B 530 34T W 3 10 20 BRE 45 1) BT 3R U
B B B K riging 5%

[0145] 28 R ¥E S 5 26 BT ik (1) 5 v2: , i A0 45 < X Ik 77 2 34 AR I B 1) - AT KA, DA
[F) By SR A s ) 2R B e A A B A B 5 UL A R S8 7R s 794 B s e
H AR A B

[0146] 29 AR 7 LTt 15 26 ik (1) 7712 , i A0 - RSB H 2T BB s DL RO BT iR R A B
K& ek E 4 E

[0147] 30 WRAESLHEHI21 T ik 1 T, i A0FE R AL B P 51, PA SR v 3N s DA
MR Bk FH P i N 328 A SR B B R e A S 2R R A 1 L

[0148]  31.MRHELHEHI21 BTk J5 i e OFE ATk — AN B Z ASHOGIRE TR — B2 4
JCVEFF A1 & SH AL BT ik — AN B 2 A6 IS T 1 JE IR TR BA s DA A A Bk — AN B2
ACUFAL T 5¢ P AR AS I 0 5% B B0 A AE Firik — B2 AN GIR AL T 1 JE IR A I e sk (0 2 s
HH el 2 SRR RR T A R R

(01491  EAR b1 B9 F R 0 5 1V 22 4007, 1% O AN R A2 45 A R A PR it A R B P Y [, 1 A AX
T RN AR R B ) — SR 10 S 451 P 7 A5 150 B o DRI S 2 B, A O B ) VTR 58 4 A ok
TARGUHEARN 5188 F e ST, Rt A BH (4 56 RS FH Pir B BRI 225K R 52, H
PN TR B BIE AR B RN “— D HN A BRAE# U, SRR “— %
AN AR S T ARSI B RN RO, BIRPLIESE ] I S e R B AT S AL
ST RE SRR LA 51 3007 N At 3 F NS, 3 BB RS T A uBCR R b &
BRI A Wb BRI AR O] BT BRI B A 10 R A, FEAR A B T & A BTV
IR H 2 E DTk A A TRzt 2 VA BT e 5 WO B AUR R v o AR S0
WA MR ZER I e F e LR E35U. S, C. 112, 5 7S 2K e AT AR, Al BH afy b s A 5008
‘T E Rid#ZTE.

[0150]  JEARALT 5%

(01511 Jd e 28490 i AN R il 7 23R 22 i VAR , AR A & B IS 5 AL 3R — A5
i 5 o AR AN TR 2E T IR A, AT DAL BRI B 07 SUHHAT (5 5 A ER , 3K AR SO
R AR TS Z BRAR R, 7 HIX 5 5 A0 B B VAR T 5 1 51 H IR AAS B s 18 i
[0152]  %clear all;

[0153] clc;

[0154] 9% 9%
[0155]  %Detect Heart Rate,Perfusion&Sp02

[0156] % 0

[0157] % % Input File

[0158]  %Perfusion=zeros(52,1);

[0159] % for 11=0:51

[0160]  %inputfile

[0161] =strcat(’3.2 _s=10k_t=3s_p=>5000u_duty=2500u_Richard two_sensors_

b

volararm chO=min=offset=2500um _volar arm chl=1cmCTtoCT=offset=0 ",
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num2str(11));

[0162] inputfile=’gen3\gen3rl0’

[0163] samplingRate=10e3;%Sampling Rate in Hz

[0164] period=5He—3;%Period in s

[0165] duty=2.5e-3;%Duty Cycle in s

[0166] totalTime=10;%Total File Time in s

[0167] offsetR=2.5e-3;%Red light offset in s

[0168] offsetlR=0e-3;%Red light offset in s

[0169] transTime=1.2e—4;%Rise/Fall time in s

[0170] % %Heuristics for Peak Detection&Blood Oximetry

[0171]  RED _sens=0.42; %Photodiode sensitivity@660nm in A/V

[0172] IR sens=0.61;%Photodiode sensitivity@880nm in A/V

[0173]  MAX_HEART RATE=220;

[0174]  MIN_SAMP=1/((period*5)*MAX HEART RATE/60);%Fastest heartrate
allowed

[0175] % %Read Input File into Matlab

[0176] sensorselect=3;

[0177]  if sensorselect==1% 5mm

[0178]  [PD1,PD2,PD3,PD4]=textread(inputfile, % f%f%f%f%*[ \n]’,
[0179]  ’delimiter’,’,’);%PDl->central photodiode(Channel 0);PD2->Drive
[0180] signal(Channel 1)

[0181] elseif sensorselect==2% 10mm

[0182] [PD2,PD1,PD3,PD4]=textread(inputfile,’ %f%f%f%f%*[ \n]’,
[0183] ’delimiter’,’,’);%PDl->central photodiode(Channel 0);PD2->Drive
[0184] signal(Channel 1)

[0185] elseif sensorselect==

[0186]  [PD2,PD3,PD1,PD4]=textread(inputfile,’ %f%f%f%f%*[ \n]’,
[0187] ’delimiter’,’,’);%PDl->central photodiode(Channel 0);PD2->Drive
[0188]  signal(Channel 1)

[0189] elseif sensorselect==4

[0190] [PD2,PD3,PD4,PD1]=textread(inputfile,’ %f%f%f%f%*[ \n]’,
[0191]  ’delimiter’,’,’);%PDl->central photodiode(Channel 0);PD2->Drive
[0192]  signal(Channel 1)

[0193] end

[0194] PD 1=-PD 1;

[0195] %if trial==3

[0196]  %PD1=PD1(length(PD1)/2+1:end);

[0197]  %end

[0198]  %Data=DownloadFromDB() ;

18
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[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
period
[0211]
[0212]
[0213]
[0214]
[0215]
samplin
[0216]
[0217]

%PD 1=Data(l:end,1);
%PD2=Data(l:end,2);
No RIR Waves=totalTime/period; % Total#fof RED+IR square waves

% %Noise Cancellation

% % 7
% %1 .single-sided subtraction
% % %

averageRed=zeros(No RIR Waves,1);
averageRedStepl =zeros(No_RIR Waves,1);
averageRedStep2=zeros(No_RIR Waves,1);
averagelR=zeros(No RIR Waves,1);

averageNoise 1 =zeros(No RIR Waves,1);%1 st off portion in each

averageNoise 2=zeros(No RIR Waves,1);%2nd off portion

for i=0:No RIR Waves-—1

for j=1:(duty—transTime)*samplingRate % Average every period
averageRed(i+1,1)=averageRed(i+1,1)+

PD 1(ceil(i*periodksamplingRate+j+offsetR*samplingRate+transTimes
gRate) )

%averagelR(i+1,1)=averagelR(i+1,1)+

PD 1(floor(i*period*samplingRate+j+toffsetlR*samplingRate+transTime*

sampl ingRate));

[0218]
[0219]
[0220]
[0221]
[0222]
samplin
[0223]
[0224]
samplin
[0225]
[0226]

end

%for j=1:(duty/2)*samplingRate % Average every period,no

transition time because LED is already on,changes are very short
%averageRedStepl(i+1,1)=averageRed(i+1,1)+

PD 1(ceil(i*period*samplingRate+j+offsetR*¥samplingRate+transTimex*
gRate));

%averageRedStep2(i+l,1)=averageRed(i+1,1)+

PD 1(ceil(i*period*samplingRate+j+offsetR*¥samplingRate+transTimex*
gRate+floor((duty/2)*samplingRate)));

% %averagelR(i+1,1)=averagelR(i+1,1)+

PD 1(floor(i*period*samplingRate+j+offsetlR*samplingRate+transTimex*

sampl ingRate)):

[0227]
[0228]
[0229]
[0230]
[0231]

%end

for j=1:(period—duty-transTime)*samplingRate%Averaging the off
portion for noise subtraction

%averageNoise 1(i+1,1)=averageNoise 1(i+1,1)+

PD 1(floor(i*periodksamplingRate+j+transTime*samplingRate));
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[0232]
[0233]

averageNoise 1(i+1,1)=averageNoise 1(i+1,1)+

PD1(max(2,floor(i*periodksamplingRate+j+transTime*samplingRate—

(period—duty-offsetR—transTime)*samplingRate))):

[0234]
[0235]
[0236]
[0237]
[0238]
[0239]
[0240]
[0241]
[0242]
[0243]
[0244]
[0245]

%averageNoise 2(i+1,1)=averageNoise 2(i+1,1)+
PD1(floor(i*period*samplingRate+j+(offsetR+duty)*samplingRate));
end
averageRed(i+1,1)=averageRed(i+1,1)/floor((dutytransTime)*
samplingRate);
%averagelR(i+1,1)=averagelR(i+1,1)/((dutytransTime)x*
samplingRate);
%averageRedStepl(i+l,1)=averageRedStepl(i+1,
1)/floor((duty/2)*samplingRate) ;
%averageRedStep2(i+l,1)=averageRedStep2(i+l,
1)/floor((duty/2)*samplingRate);

averageNoise 1(i+1,1)=averageNoise 1(i+1,1)/floor((period-

dutytransTime)*samplingRate); % Use period/2 when using both red and 1R

[0246]

%averageNoise 2(i+1,1)=averageNoise 2(i+1,1)/((period/2-

dutytransTime)*samplingRate);

[0247]
[0248]
[0249]
[0250]
[0251]
[0252]
[0253]
[0254]
[0255]
[0256]
[0257]
[0258]
[0259]
[0260]
[0261]
[0262]
[0263]
[0264]

end

averageRed 1=averageRed-averageNoise 1;

averageRed step=averageRedStep2-averageRedStepl;
Y%averagelR_1=averagelR-averageNoise 2;

averageRed 4=zeros(No RIR Waves/5,1);

averagelR 4=zeros(No RIR Waves/5,1);

for i=1:(No_RIR Waves/5)

for j=1:5

averageRed 4(i)=averageRed_4(i)+averageRed 1((i-1)*5+j);
%averagelR _4(i)=averagelR 4(i)+averagelR 1((i-1)*5+j);
end

averageRed 4(i)=averageRed 4(i)/5;

%averagelR 4(i)=averagelR 4(i)/5;

end

% % %
% %2.double—-sided subtraction

% % %

averageNoise Red= (averageNoise l+averageNoise 2)./2;%Average the

off portion on two sides of one on portion

[0265]
[0266]

averageNoise IR=(averageNoise 1(2:end)+averageNoise 2(1l:end 1))./2;
averagelR 2=zeros(No RIR Waves,1);

20
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[0267] averageRed 2=averageRed—averageNoise Red;

[0268] averagelR 2(1:end-1)=averagelR(1:end-1)-averageNoise IR;

[0269] averagelR 2(end)=averagelR(end)-averageNoise 2(end);%Llast period of
1R uses single—-sided subtraction

[0270] %% %

[0271]  %3.interpolation subtraction

[0272] %% %

[0273]  %Noise raw=zeros(total Time*samplingRate,1);%Store the

[0274]  low-pass—filtered off portion continously

[0275]  %x Noise=zeros(floor(offsetRksamplingRatetransTime

[0276] samplingRate)+floor(offsetlRksamplingRate(

[0277]  offsetR*samplingRate+

[0278] (duty+transTime)*samplingRate))*No RIR Waves,l);%coordinates of
Noise raw

[0279]  %x Noise x=0;

[0280] %Noise raw 0=zeros(totalTime*samplingRate,1);

[0281] %

[0282] % for i=0:No RIR Waves—-1

[0283] % for j=1:periodksamplingRate

[0284] % if(((j<=offsetRksamplingRate)&&(j>transTime*samplingRate))

[0285] || ((j> (offsetR*samplingRate+(duty+transTime)*samplingRate))&&(j<=

offsetlR*samplingRate))) % load off portion to Noise raw

[0286]
[0287]
[0288]
[0289]
[0290]
[0291]
[0292]
[0293]
[0294]
[0295]
[0296]
[0297]
[0298]
[0299]
[0300]

%Noise raw 0(floor(i*period*samplingRate+j))=
PD1(floor(i*period*samplingRate+j));

%end

%end

% end

%

%order=>50;%Pre—low pass filter for spline interpolation
%cutoff=200/samplingRate; % Cut off frequency=100 Hz
%yl=firl(order,cutoff,” low );
%PD1_LPF=filtfilt(yl,1,Noise raw 0);

%

%for i=0:No_RIR Waves—1

%for j=1:period*samplingRate
%if(((j<=offsetR*samplingRate)&&(j>transTime*samplingRate))
|1 ((j>(offsetR¥samplingRate+(duty+transTime)*samplingRate))&&(j<=

offsetlR*samplingRate)))% load off portion to Noise raw

[0301]

%x Noise x=x Noise x+1;
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[0302]
[0303]
[0304]
[0305]
[0306]
[0307]
[0308]
[0309]
[0310]
[0311]
[0312]
[0313]

%Noise raw(x Noise x)=

PD1 LPF(floor(i*period*samplingRate+j));
%

%

x_Noise(x Noise x)=floor(i*period¥samplingRate+]);
end

%end

%end

%

%

%Noise=

interpl(x_Noise,Noise raw(l:x Noise x),l:samplingRate*totalTime,’

spline’ );%Noise interpolation

[0314]
[0315]
[0316]
[0317]
[0318]
[0319]
[0320]
[0321]
[0322]
sampl
[0323]
[0324]

%PD N=PDl1-Noise’ ;

%

%

%averageRed 3 1=zeros(No RIR Waves,1);

%averagelR_3 1=zeros(No RIR Waves,1);

%for 1i=0:No RIR Waves—-1%Average data in each square wave period
%for j=1:floor((duty—transTime)*samplingRate)
%averageRed 3 1(i+l,1)=averageRed 3 1(i+1,1)+

PD N(floor(i*period¥samplingRate+j+offsetR*samplingRate+transTimex*

ingRate));

%saveragelR 3 1(i+l,1)=averagelR 3 1(i+1,1)+
PD N(floor(i*periodksamplingRate+j+offset]lRksamplingRate+transTime*

samp lingRate)):

[0325]
[0326]

%end
%averageRed 3 1(i+1,1)=averageRed 3 1(i+1,1)/(floor

((dutytransTime)*samplingRate)):

[0327]  %averagelR 3 1(i+l,1)=averagelR 3 1(i+1,1)/(floor((dutytransTime)*
samplingRate) )

[0328] %end

[0329] %averagelR 3 1(end)=averagelR 3-1(end-1);%Abandon the last one of
[0330] IR 3 to eliminate error caused by interpolation

[0331] % %Create a Low—pass and Filter Waveforms

[0332] averageRed=averageRed 1;% 1, 2, 3, 4 corrcspond to single—sided
[0333] subtraction,double—sided subtraction,interpolation subtraction&

[0334] average of every 5 points

[0335] averagelR=zeros(length(averageRed 1),1);
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[0336]
[0337]
[0338]
[0339]
[0340]
[0341]
[0342]
[0343]
[0344]
[0345]
[0346]
[0347]
[0348]
[0349]
[0350]
[0351]
[0352]
[0353]
[0354]
[0355]
[0356]
[0357]
[0358]
[0359]
[0360]
[0361]
[0362]
[0363]
[0364]
[0365]
[0366]
[0367]
[0368]
[0369]
[0370]
[0371]
[0372]
[0373]
[0374]

order=100;

cutoff=10/(1/period) ;
y=firl(order,cutoff,” low ):
x=filtfilt(y,1,averageRed);
z="Filtfilt(y,1,averagelR);
[dec,lib]=wavedec(averageRed,2,”db 10" );
a2=wrcoef(’a’ ,dec,lib,” db10",2);
%Perfusion(11+1)=mean(x);

%end

% %End of Loop

% %Pre-LPF for interpolation

% %order=100;

% %cutoff1=40/(1/period);

% %yl=firl(order,cutoffl,” low );

% %x1="filtfilt(yl,1,averageRed);

% %zl="filtfilt(yl,1,averagelR);

%

% % freqz(y)%view filter

% %

numavg=100;

runavg=ones(1,numavg)/numavg;
x_avg=rfiltfilt(runavg,1l,averageRed);

7z _avg=filtfilt(runavg,l,averagclR);
%X=Xx—X_avg;

%z=7-7_avg;
time=(1:No_RIR Waves)/(No RIR Waves)*totalTime;
% %
%Red LED

% %
figure;

subplot(2,1,1)

hold on;
plot(time,averageRed*1E3,” -k’ ,” linewidth’ ,2);
plot(time,x*1E3,” -1’ ,” linewidth’ ,2);

plot(time,x _avg*lE3,”-b",” linewidth’ ,2);

hold off;

ylabel(’Recived Signal[mV]’,” fontsize’ ,14,” fontweight’ ,” bold’ )
xlabel(’ Time[s]’ ,’ fontsize’ ,14,” fontweight’ ,” bold”)
set(gca,” linewidth’ ,2,” fontsize’ ,10,” fontweight’ ,” bold’ )

23



CON 105877764 A w Bg B 20/35 Tt

[0375]
[0376]
[0377]
[0378]
[0379]
[0380]
[0381]
[0382]
[0383]
[0384]
[0385]
[0386]
[0387]
[0388]
[0389]
[0390]
[0391]
[0392]
[0393]
[0394]
[0395]
[0396]
[0397]
[0398]
[0399]
[0400]
[0401]
[0402]
[0403]
[0404]
[0405]
[0406]
[0407]
[0408]
[0409]
[0410]
[0411]
[0412]
[0413]

legend(’Red LED’ ,”Red LED(LPF)’,” Running Average’,
"Orientation’ ,” horizontal’)

title(’Red LED’,’ fontsize’ ,14,” fontweight’ ,” bold’ )

box on;

heart beat RED=x-x avg;

wavelet RED=a2-smooth(a2,200);

%heart beat RED=wavelet RED;

% %Detect Heat Beat Peaks FAIL 202C VERSION

% temp=sign(diff(heart beat RED));

% % temp=sign(diff(x(order+numavg/2:end-numavg/2-1)));
% temp2=(temp(1:end—1)—temp(2:end))./2;

% loc=find(temp2~=0);

% loc=[1loc(1l);loc(find(diff(loc)>MIN_SAMP/2)+1)];
%peaksl =loc(find(temp2(loc)>0))+1;

%peaksl =peaksl(find(heart beat RED(peaksl)>0));
%valleysl=1oc(find(temp2(loc)<<0))+1;
%valleysl=valleysl(find(heart beat RED(valleysl)<<0));
Y%peak detection that actually works:

peaks=[1;

widthp=50;

for j=1:totalTime/period

if heart _beat RED(j)==max(heart beat RED(max(1l,jwidthp):
min(totalTime/period, j+widthp)))

peaks(end+1)=j;

end

end
valleys=[1];
widthv=50;

for j=1:totalTime/period

if heart beat RED(j)==min(heart beat RED(max(1l,jwidthv):
min(totalTime/period, j+widthv)))

valleys(end+l)=3j;

end

end

diffzs=[];

widthd=25;

diff hb=diff(heart beat RED);

for j=1:totalTime/period-1

if ab s(diff hb(j))==min(abs(diff hb(max(1, jwidthd):
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[0414]
[0415]
[0416]
[0417]
[0418]
[0419]
[0420]
[0421]
[0422]
[0423]
[0424]
[0425]
[0426]
[0427]
[0428]
[0429]
[0430]
[0431]
[0432]
[0433]
[0434]
[0435]
[0436]
[0437]
[0438]
[0439]
[0440]
[0441]
[0442]
[0443]
[0444]
[0445]
[0446]
[0447]
[0448]
[0449]
[0450]
[0451]
[0452]

min(totalTime/period—1, j+widthd))))
diffzs(end+1)=7j;

end

end

killthese=[];

for j=1:numel(diffzs)

for k=1:numel (peaks)

if abs(diffzs(j)-peaks(k))<<25
killthese(end+1)=j;

end

for k=1:numel(valleys)

if abs(diffzs(j)-valleys(k))<<25
killthese(end+1)=j;

end

end

end

peakspacing(j)=min(abs(diffzs(j)-peaks)):
valleyspacing(j)=min(abs(diffzs(j)-valleys));

end
diffzs(killthese)=[1;
peakspacing(killthese)=[1;

%clean up peaks/valleys to make them match 1:1

delp=L[];
for i=1:length(peaks)-1
valid=0;
for j=1:length(valleys)

if peaks(i+l)>valleys(j)&&peaks(i)<<valleys(j)

valid=1;
break
end

end

if valid==08&kheart_beat RED(peaks(i+1))<heart beat RED(peaks(i))

delp(end+1)=i+1;
elseifvalid==
delp(end+1)=i;
end

end
peaks(delp)=[1];
delv=[];
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[0453]
[0454]
[0455]
[0456]
[0457]
[0458]
[0459]
[0460]
[0461]
[0462]
[0463]
[0464]
[0465]
[0466]
[0467]
[0468]
[0469]
[0470]
[0471]
[0472]
[0473]
[0474]
[0475]
[0476]
[0477]
[0478]
[0479]
[0480]

for i=1:1length(valleys)-1

valid=0;

forj=1:length(peaks)

if valleys(i+1)>peaks(j)&&valleys(i)<peaks(j)
valid=1;

break

end

end

ifvalid==0&&

heart beat RED(valleys(i+l))>heart beat RED(valleys(i))
delv(end+1)=1i+1;

elseif valid==0

delv(end+1)=1;

end

end

valleys(delv)=[1;

%finish of cleanup
mdiffzs=median(heart beat RED(diffzs));

mpeaks =median(heart _beat RED(peaks));
mvalleys=median(heart beat RED(valleys));
secondpeak=(mdiffzs—mvalleys)/(mpeaks—mvalleys);
peakspacing=median(peakspacing):
valleyspacing=median(valleyspacing);
subplot(2,1,2)

hold on;
plot(time,heart beat RED*1E3,”—k’,” linewidth’ ,2);
%ylim([-1.51.5])
plot(time(peaks),heart beat RED(peaks)*1E3,” or’,” linewidth’ ,2,’

markersize’ ,12);

[0481]

plot(time(valleys),heart beat RED(valleys)*1E3,”ob’,” linewidth’ ,2,’

markersize’ ,12);

[0482]

plot(time(diffzs),heart beat RED(diffzs)*1E3,” og’,” linewidth’ ,2,’

markersize’ ,12);

[0483]
[0484]
[0485]
[0486]
[0487]
[0488]

hold off;

ylabel(’ Heart Beat[mV]’ ,’ fontsize’ ,14,” fontweight’,” bold”)
xlabel(’ Time[s]’ ,’ fontsize’ ,14,” fontweight’ ,” bold”)
set(gca,” linewidth’ ,2,” fontsize’ ,10,” fontweight’ ,” bold’ )
box on;

Heart Rate RED=1length(peaks)/(time(end)-time(1))*60;
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[0489]
[0490]
[0491]
[0492]
[0493]
[0494]
[0495]
[0496]
[0497]
[0498]
[0499]
[0500]
[0501]
[0502]
[0503]
[0504]
[0505]
[0506]
[0507]
[0508]
[0509]
[0510]
[0511]
[0512]
[0513]
[0514]
[0515]
[0516]
[0517]
[0518]
[0519]
[0520]
[0521]
[0522]
[0523]
[0524]

% % %

% % 1R LED

% % %

Y% figure;

%subplot(2,1,1)

%hold on;
%plot(time,averagelR*¥1E3,” -k’ ,” linewidth’ ,2);
%plot(time,z*1E3,” -’ ,” linewidth’ ,2);

%plot(time,z avg*1E3,”-b’,” linewidth’ ,2);

%hold off;

%ylabel (’Recived SignallmV]’,” fontsize’ ,14,” fontweight’ ,” bold’)
%xlabel ( Time[s]’ ,” fontsize’ ,14,” fontweight’ ,” bold’)
%set(gca,’ linewidth’ ,2,” fontsize’ ,10,” fontweight’ ,” bold’)
% legend(” IR LED’ ,” IR LED(LPF)’ ,” Running Average’,
"Orientation’ ,” horizontal’)

%title(” IR LED" ,’ fontsize’ ,14,” fontweight’ ,” bold”)
%box on;

%

%heart beat 1R=z-z avg;

%

% %Detect Heat Beat Peaks

% temp=sign(diff(heart beat 1IR));

% % temp=sign(diff(z(order+numavg/2:end-numavg/2-1)));
% temp2=(temp(1l:end-1)-temp(2:end))./2;

% loc=find(temp2~=0);

% loc=[1loc(1);loc(find(diff(loc)>MIN SAMP/2)+1)];
%peaks2=1loc(find(temp2(loc)>0))+1;

% peaks2=peaks2(find(heart beat 1R(peaks2)>0));
%valleys2=1loc(find(temp2(loc)<<0))+1;
%valleys2=valleys2(find(heart beat I1R(valleys2)<<0));
%

%subplot(2,1,2)

%hold on;
%plot(time,heart beat IR*1E3,” -k’ ,” linewidth’ ,2);
%ylim([-1.51.5]);
%plot(time(peaks?2),heart beat IR(peaks2)*1 E3, or’,” linewidth’,2,’

markersize’ ,12);

[0525]

%plot(time(valleys2),heart beat IR(valleys2)*1E3,” ob’,” linewidth’,

2, markersize’ ,12):
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[0526]  %hold off;

[0527]  %ylabel ( Heart Beat[mV]’ ,’ fontsize’ ,14,” fontweight’ ,” bold’ )
[0528] % xlabel(’ Time[s]’ ,” fontsize’ ,14,” fontweight’ ,” bold")

[0529] %set(gca,’ linewidth’ ,2,’ fontsize’ ,10,” fontweight’ ,” bold” )
[0530]  %box on;

[0531]  %Heart Rate 1R=1length(peaks2)/(time(end)—time(1))*60

[0532] %% %
[0533] 9% % Sp02
[0534] % % %

[0535] %H heart beat Red peak=

[0536] interpl(peaksl,x(peaksl),l:length(time),” spline’ );% Interpolate the
peak value of heart beat(RED)for whole time range

[0537]  %H heart beat IR peak=

[0538] interp 1(peaks2,z(peaks2),1:length(time),” spline’);% Interpolate the
peak value of heart beat(1R)for whole time range

[0539] %

[0540]  %H heart beat Red valley=

[0541] interpl(valleysl,x(valleysl),l:length(time),” spline’);% Interpolate
the valley value of heart beat(RED)for whole time range

[0542]  %H heart beat IR valley=

[0543] interpl(valleys2,z(valleys2),1:1length(time),” spline’ );% Interpolate
the valley value of heart beat(IR)for whole time range

[0544] %

[0545] 9% % Superposition

[0546] % x2=zeros(length(x1),1):

[0547] % z2=zeros(length(zl),1):

[0548] % for i=2:length(peaksl)-1

[0549] % x2(1:end—(peaksl(i)—peaksl1(2)))=x2(1:end—(peaksl(i)-peaksl1(2)))
[0550]  +x1(peaksl(i)—peaksl(2)+1:end);

[0551] % 22(1:end—(peaks2(i)—peaks2(2)))=22(1:end—(peaks2(i)-peaks2(2)))
[0552]  +71(peaks2(i)—peaks2(2)+1:end);

[0553]  %end

[0554] % x2=x2/(length(peaksl)—2);

[0555] % 72=22/(length(peaks2)—2);

[0556] %

[0557] % %H heart beat Red=filtfilt(runavg,l,H heart beat Red);

[0558] % %H heart beat IR=filtfilt(runavg,l,H heart beat IR);

[0559] %

[0560] 9%
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[0561] %R red=H heart beat Red valley./(H heart beat Red peak);
[0562] %R _1R=H heart beat IR valley./(H heart beat IR peak);
[0563] %

[0564] % R=(log(R red)./log(R_1R))*(RED sens/IR sens);

[0565]  %02=(0.81-0.18.%R)./(0.63+0.11.%R)*100;

[0566] % Sp02=mean(02)

[0567] 9%

[0568] % figure;

[0569]  %hold on;

[0570]  %plot(time,02,” " ,” linewidth’ ,2):

[0571]  %ylabel(’ Sp02’ ,’ fontsize’ ,14,” fontweight’ ,” bold’)

[0572]  %xlabel(’ Time[s]’ ,” fontsize’ ,14,” fontweight’ ,” bold")
[0573]  %set(gca,’ linewidth’ ,2,’ fontsize’ ,10,” fontweight’ ,” bold’ )
[0574]  %y1im([90 110])

[0575]  %box on;

(05761 x—[1;

[0577] hrdata=[];

[0578] pdiff=[];

[0579]  secpeak=[];

[0580] trial=1;

[0581] for trial=1:1

[0582] for filenum=1:1

[0583] for sensorselect=4

[0584] inputfile=[1ir+ num2str(min(trial,2))’ .’ num2str(filenum)];
[0585] inputfile="all+ ;

[0586] % inputfile=["height\bs stoy’ num2str(filenum)];

[0587] multilevel extract;

[0588] hrdata(:,filenum)=heart beat RED;

[0589] dcdata(filcnum)=median(x_avg);

[0590] % ifnnz(x(:,filenum))==0;break;end

[0591]  r(filenum)=Heart Rate RED;

[0592] vs=min(numel(peaks),numel(valleys));

[0593] p2pdata(filenum)=median(heart beat RED(peaks(l:vs))heart beat RED
(valleys(l:vs)));

[0594] en=[]:

[0595] for i=2:numel(valleys)-2

[0596] en(end+1)=sum(heart beat RED(valleys(i):valleys(i+l)). 2);
[0597] end

[0598]  benergy(filenum)=median(en):
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[0599]
[0600]
[0601]
[0602]
[0603]
[0604]
[0605]
[0606]
[0607]
[0608]
[0609]
[0610]
[0611]
[0612]
[0613]
[0614]
[0615]
[0616]
[0617]
[0618]
i));

[0619]
[0620]
[0621]
[0622]
[0623]
[0624]
[0625]
[0626]
[0627]
[0628]
[0629]
[0630]
[0631]
[0632]
[0633]
[0634]
[0635]
[0636]

riset=[];

fallt=[];

if peaks(1)>valleys(1l)
for i=1:vs-1

riset(end+1)=peaks(i)-valleys(i);

fallt(end+1)=valleys(i+1)-peaks(i);

end
else

for i=1:vs—1

riset(end+1)=peaks(i+l)-valleys(i);

fallt(end+1)=valleys(i)—peaks(i);
end

end
risetime(filenum)=median(riset);
falltime(filenum)=median(fallt);

for repeat=1:3

if peaks(1l)<<valleys(1l);peaks(1)=[];end

end
for i=1:floor(numel(peaks)/2)

list pdiff(i)=heart beat RED(peaks(2%i-1))heart beat RED(peaks(2%

end
pdiff(filenum)=median(list pdiff);
secpeak(filenum)=secondpeak;
peakspace(filenum)=peakspacing;
valspace(filenum)=valleyspacing;
medpeak (filenum) =mpeaks—mvalleys;
end

%suffix=".pressure’ ;

%presf=csvread([inputfile suffix]);
%presdata(filenum)=mean((presf(:,2)-.6)/2.8);

end
stoyrt(trial,:)=risetime*.005;
stoyft(trial,:)="falltime*.005;
stoyhr(trial,:)=r;

stoysecpeak(trial,:)=secpeak;

stoypeakspace(trial,:)=peakspace*.005;
stoyvalspace(trial,:)=valspace*.005;

stoymp(trial,:)=medpeak;
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[0637] end

[0638] % stoyfts=stoyft./(min(stoyft’ )’ *[1 1 1 1 1]);
[0639] %stoyrts=stoyrt./(min(stoyrt’ )’ *[1 1 1 1 1]);
[0640] % stoysecpeaks =stoysecpeak./(min(stoysecpeak’ )’ *[1 1 1 1 1]);
[0641] % stoymps=stoymp./(min(stoymp” )’ *[1 1 1 1 1]);
[0642] 9%

[0643] 9%

[0644] % for i=1:3;corrcoef(stoyhr(i,:),stoyrt(i,:))

[0645]  %end

[0646] % for i=1:3;corrcoef(stoyhr(i,:),stoyft(i,:))

[0647]  %end

[0648] % for i=1:3;corrcoef(stoyhr(i,:),stoysecpeak(i,:))
[0649]  %end

[0650] %

[0651]  %for i=1:3;corrcoef(stoybps(i,:),stoyrt(i,:))
[0652]  %end

[0653] % for i=1:3;corrcoef(stoybps(i,:),stoyft(i,:))
[0654]  %end

[0655] % for i=1:3;corrcoef(stoybps(i,:),stoysecpeak(i,:))
[0656]  %end

[0657]  %for i=1:3;corrcoef(stoybps(i,:),stoyhr(i,:))
[0658]  %end

[0659] %

[0660] % for i=1:3;corrcoef(stoybpd(i,:),stoyrt(i,:))
[0661]  %end

[0662] % for i=1:3;corrcoef(stoybpd(i,:),stoyft(i,:))
[0663]  %end

[0664] % for i=1:3;corrcoef(stoybpd(i,:),stoysecpeak(i,:))
[0665]  %end

[0666] % for i=1:3;corrcoef(stoybpd(i,:),stoyhr(i,:))
[0667]  %end

[0668] 9%

[0669]  %peaks=[];

[0670] % forj=1:4000

[0671]  %if x(j,filenum)>5e-5&&x(j,filenum)==max(x(max(1l,j75):
[0672]  min(4000,j+75),filenum))

[0673]  %peaks(end+l)=7j;

[0674]  %end

[0675]  %end
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[0676]
[0677]
[0678]
[0679]
[0680]
[0681]
[0682]
[0683]
[0684]
[0685]
[0686]
[0687]
[0688]
[0689]
[0690]
Heart
[0691]
[0692]
[0693]
[0694]
[0695]
[0696]
[0697]
[0698]
Heart
[0699]
[0700]
[0701]
[0702]
[0703]
[0704]
[0705]
[0706]
Heart
[0707]
[0708]
[0709]
[0710]
[0711]

%

%

%

% forj=1:4000

%if heart beat RED(j)>b5e—5&&

heart beat RED(j)==max(heart beat RED(max(1l,j-75):min(4000,j+75)))
%peaks(end+1)=3];

%end

%end

%t=1:4

% figure

%plot(t,stoylbpd,” o’ ,t,stoy2bpd,” o’ ,t,stoy3bpd, o’ )

%axis([.5 4.5 -1 1])

%set(gca,” XTick” ,1:4)

%set(gea,” XTickLabel” ,{’ Rise Time’’Fall Time’’Second Peak Strength’’

Rate’ })

% legend({’ Trial 1’/ Trial 2"/ Trial 3’ })

%title(’ Correlations:Metrics vs.Diastolic Blood Pressure,Henrik’)
%ylabel(’ Correlation Coefficient’)

% figure

%plot(t,stoy 1 bps,” o ,t,stoy2bps,” o’ ,t,stoy3bps, 0" )

%axis([.5 4.5 -1 1])

%set(gca,” XTick” ,1:4)

%set(gea,” XTickLabel” ,{’ Rise Time’’Fall Time’’Second Peak Strength’’

Rate’ })

% legend({’ Trial 1’/ Trial 2"/ Trial 3" })

%title(’ Correlations:Metrics vs.Systolic Blood Pressure,Henrik’)
%ylabel(’ Correlation Coefficient’)

%figure

%plot(t,stoylhr,” o’ ,t,stoy2hr,” o’ ,t,stoy3hr, o’

%axis([.5 4.5 -1 1])

%set(gca, XTick” ,1:4)

%set(gca,” XTickLabel” ,{’Rise Time’’Fall Time’’ Second Peak Strength’’

Rate’ })

% legend({’ Trial 1’/ Trial 2’/ Trial 3'})

%title(’ Correlations:Metrics vs.Heart Rate,Henrik’)
%ylabel(’ Correlation Coefficient’)
function[pointcoords]=rgbfind(filename)

im unfiltered=imread(filename);%[y x rgb]
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[0712]
[0713]
[0714]
[0715]
[0716]
[0717]
[0718]
[0719]
[0720]
[0721]
[0722]
[0723]
[0724]
[0725]
[0726]
[0727]
[0728]
[0729]
[0730]
[0731]
[0732]
[0733]
[0734]
[0735]
[0736]
[0737]
[0738]
[0739]
[0740]
[0741]
[0742]
[0743]
[0744]
[0745]
[0746]
[0747]
[0748]
[0749]
[0750]

%h=fspecial ( gaussian’ ,10,10);
% im=1imfilter(im _unfiltered,h);
im=1im unfiltered;

r=im(:,:,1);

g=im(:,:,2);

b=im(:,:,3);

% image(im);

Y%goal rgh=0,160,170

goalr=0;

goalg=—160;

goalb=170;

tol=50;%goal offset tolerance

match=zeros(size(im,1),size(im,2),2);

for y=1:size(im,1)

for x=1:size(im,2)

if(r(y,x)>goalr+tol) || (r(y,x)<<goalr-tol)...
[ (g(y,x)>goalgttol) || (g(y,x)<goalg-tol)...
|| (b(y,x)>goalb+tol) | | (b(y,x)<<goalb-tol)

%not a match
%match(y,x,:)=[0,0,0];

else

Y%match

match(y,x,:)=[1,0];

end

end

end

numblobs=0;

blob=[];

for y=1:size(im,1)

for x=1:size(im,2)

if match(y,x,l)==

% these matches are already in blobs
if match(y-1,x+2,1)==1
match(y,x,2)=match(y-1,x+2,2);
blob(match(y—-1,x+2,2)).x(end+1) =x;
blob(match(y—-1,x+2,2)).y(end+1)=y;
elseif match(y-1,x+1,1)==1
match(y,x,2)=match(y-1,x+1,2);
blob(match(y-1,x+1,2)).x(end+1)=x;
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[0751]
[0752]
[0753]
[0754]
[0755]
[0756]
[0757]
[0758]
[0759]
[0760]
[0761]
[0762]
[0763]
[0764]
[0765]
[0766]
[0767]
[0768]
[0769]
[0770]
[0771]
[0772]
[0773]
[0774]
[0775]
[0776]
[0777]
[0778]
[0779]
[0780]
[0781]
[0782]
[0783]
[0784]
[0785]
[0786]
[0787]
[0788]
[0789]

blob(match(y-1,x+1,2)).y(end+1)=y;
elseif match(y-1,x,1)==1
match(y,x,2)=match(y-1,x,2);
blob(match(y-1,x,2)).x(end+1)=x;
blob(match(y-1,x,2)).y(end+l)=y;
elseif match(y-1,x-1,1)==1
match(y,x,2)=match(y-1,x-1,2);
blob(match(y-1,x-1,2)).x(end+1)=x;
blob(match(y-1,x-1,2)).y(end+1)=y;
elseif match(y,x-1,1)==1
match(y,x,2)=match(y,x-1,2);
blob(match(y,x-1,2)).x(end+1)=x;
blob(match(y,x-1,2)).y(end+1)=y;
%other matches require new blob
else%if match(y+l,x-1,1)==1
numblobs =numblobs+1;
match(y,x,2)=numblobs;
blob(numblobs).x=x;
blob(numblobs).y=y;

end

end

end

end

merged=zeros(1,numblobs);
figure();image(match(:,:,2)+1);

for y=size(im,1):-1:1

for x=size(im,2):-1:1
ifmatch(y,x,1)==1

% these matches are already in blobs

if(match(y,x+1,1)==1)&&(match(y,x,2)~=match(y,x+1,2))

merged(match(y,x,2))=match(y,x+1,2);
match(y,x,2)=match(y,x+1,2);
blob(match(y,x+1,2)).x(end+1)=x;
blob(match(y,x+1,2)).y(end+1)=y;

elseif match(y+1,x+1,1)==1&&match(y,x,2)~=match(y+1,x+1,2)
merged(match(y,x,2))=match(y+1,x+1,2);

match(y,x,2)=match(y+1,x+1,2);
blob(match(y+1,x+1,2)).x(end+1)=x;
blob(match(y+1,x+1,2)).y(end+1)=y;
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[0790] elseif match(y+1,x,1)==1&match(y,x,2)~=match(y+1,x,2)
[0791] merged(match(y,x,2))=match(y+1,x,2);

[0792] match(y,x,2)=match(y+1,x,2);

[0793] blob(match(y+1,x,2)).x(end+1)=x;

[0794]  blob(match(y+1,x,2)).y(end+1)=y;

[0795] elseif match(y+1,x-1,1)==1&match(y,x,2)~=match(y+1,x—1,2)
[0796] merged(match(y,x,2))=match(y+1,x-1,2);

[0797] match(y,x,2)=match(y+1,x-1,2);

[0798] blob(match(y+1,x-1,2)).x(end+1)=x;

[0799] blob(match(y+1,x-1,2)).y(end+1)=y;

[0800] end
[0801] end
[0802] end
[0803] end

[0804] for y=size(im,1):—-1:1

[0805] for x=size(im,2):-1:1

[0806] if match(y,x,1)==

[0807] if merged(match(y,x,2))>0

[0808] while merged(match(y,x,2))>0
[0809] match(y,x,2)=merged(match(y,x,2));
[0810] blob(match(y,x,2)).x(end+1)=x;
[0811]  blob(match(y,x,2)).y(end+1)=y;
[0812] end;end;end;end;end

[0813] blob(find(merged))=[];

[0814] pointcoords=[1];

[0815] for i=1:size(blob,2)

[0816] pointcoords(i,:)=[mean(blob(i).y);mean(blob(i).x)];
[0817] end

[0818] pointcoords=round(pointcoords);
[0819] figure();imshow(match(:,:,1));
[0820] figure();image(match(:,:,2)+1);
[0821]  %+(match(:,:,2)>0)%3

[0822] end

[0823]  function[exppic]=imoverlay(pcs,im,impic)
[0824] pl=pcs(1l,:);

[0825] p2=pcs(2,:);

[0826] p3=pcs(3,:);

[0827] d1=pl(1)-pl(2);

[0828] d2=p2(1)-p2(2);
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[0829]
[0830]
[0831]
[0832]
[0833]
[0834]
[0835]
[0836]
[0837]
[0838]
[0839]
[0840]
[0841]
[0842]
(angle);
[0843]
[0844]
[0845]
[0846]
[0847]
[0848]
[0849]
[0850]
[0851]
[0852]
[0853]
[0854]
[0855]
[0856]
[0857]
[0858]
[0859]
[0860]
[0861]
[0862]
[0863]
[0864]
[0865]
[0866]

d3=p3(1)-p3(2);
sl=pl(1)+pl(2);
s2=p2(1)+p2(2);
s3=p3(1)+p3(2);
[a,v]=max([dl d2 d3]);
[a,t]=min([s]l s2 s3]);
[a,r]=max([s]l s2 s3]);

% hyp=sqrt((pcs(v,1)—pcs(t,1)) 2+(pcs(v,2)-pcs(t,2)) 2);
%adj=sqrt((pcs(v,1)—pcs(r,1)) 2+(pcs(v,2)-pcs(r,2)) 2);

%angle=atand(adj/hyp);

ratio=(pcs(v,1)—pcs(t,1))/(pcs(t,2)-pcs(v,2));

angle=atand(ratio);
hangle=-1%(90-angle) ;

hoffset=(pcs(r,1)-pcs(t,1)-(pcs(t,2)-pcs(r,2))*tand(angle))*cosd

scale=hoffset/size(im,2);
imout=1imresize(im,scale);
padout=ones(size(imout));
padout=imrotate(padout,hangle);
imout=imrotate(imout,hangle);
sp=[0 0];

if hangle<<0

for x=1:size(padout,2)
for y=size(padout,1):-1:1
if padout(y,x)==1

sp=[y xJ;

break

end

end

if sp;break;end

end

else

for y=size(padout,1):-1:1
for x=1:size(padout,2)

if padout(y,x)==1

sp=L[y x1;

break

end

end

36



CON 105877764 A w BA P

33/35 T

[0867]
[0868]
[0869]
[0870]
[0871]
[0872]
[0873]
[0874]
[0875]
[0876]
[0877]
[0878]
[0879]
[0880]
[0881]
[0882]
[0883]
[0884]
[0885]
[0886]
[0887]
[0888]
[0889]
[0890]
[0891]
[0892]
[0893]
[0894]
[0895]
[0896]
[0897]
[0898]
[0899]
[0900]
[0901]
[0902]
[0903]
[0904]
[0905]

if sp;break;end

end

end

offy=pcs(v,1)-sp(1);

of fx=pcs(v,2)-sp(2);
exp=zeros(size(impic));
exppic=exp;

for y=1:size(padout,1)

for x=1:size(padout,2)
xcoord=max(1,offx+x);
xcoord=min(xcoord,size(exp,2));
ycoord=max(1l,offy+y);
ycoord=min(ycoord,size(exp,1));

exp(ycoord,xcoord,: ) =padout(y,x,:);

exppic(ycoord,xcoord,:)=imout(y,x,:);

end

end

image (impic);

hold on
hobject=1image(exppic/255);
hold off

set(hobject,” AlphaData’ ,exp(:,:,1)/2);

end

function[ imdata]=mapData(filename,ploten)
%MAPDATA Summary of this function goes here

%Detailed explanation goes here
temp=csvread(filename);
log_sp02=temp(1,:);

log pressure=temp(2,:);

log x=temp(3,:);

log y=temp(4,:);

clear temp;

vals=[];

log_ x=abs(min(log x))+log x;
log y=abs(min(log y))+log y;
i:();

while i<<numel(log sp02)
i=i+l;

if log sp02(i)<<10
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[0906] log sp02(i)=[];

[0907] log pressure(i)=[];

[0908] log x(i)=[];

[0909]  log_y(i)=[1;

[0910] end

[0911]  end

[0912]  %for i=1:size(log sp02,2)

[0913] grid=zeros(floor((max(log v))/5)+1,floor((max(log x))/5)+1);
[0914]  [X,Y]=meshgrid(1:5:(max(log x)),1:5:(max(log y)));
[0915]  while numel(log sp02)>0

[0916]  i=1,

[0917]  xmatch=find(log x==1og x(i));

[0918] ymatch=find(log y==1og y(i));

[0919] match=intersect(xmatch,ymatch);

[0920] vals(end+1l,:)=[log x(i)log y(i)max(log sp02(match))];
[0921]  %grid(log y(i)+1,log x(i)+1)=max(log sp02(match));
[0922]  log spO2(match)=[];

[0923]  log pressure(match)=[];

[0924]  log x(match)=[];

[0925] log y(match)=[];

[0926] end

[0927]  %plot(sqgrt(vals(:,1). 2+vals(:,2).72),vals(:,3));
[0928] anisotropy=1;%range x/range y

[0929] alpha=0;%angle between axis/anisotropy in degrees
[0930] nu=1;%nu for covariance

[0931] vgrid=[55];

[0932] [kout evar]=vebyk(vals,vgrid,5,anisotropy,alpha,nu,1,0,0);
[0933] for i=1:size(kout,1)

[0934] if(size(grid,2)-1<<kout(i,1)/5)||(size(grid,1)-1<<
[0935]  kout(i,2)/5)

[0936]  continue;

[0937]  end
[0938] grid(kout(i,2)/5+1,kout(i,1)/5+1)=kout(i,3);
[0939] end

[0940] % image(grid);
[0941]  imdata=[];
[0942] if ploten

[0943]  figure();

[0944]  surf(X,Y,grid);
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[0945] else

[0946] imdat=((grid-min(min(grid)))*255/(max(max(grid))
[0947] min(min(grid)))):

[0948] rghdata=1ind2rgb(round(imdat),jet(256));

[0949]  imwrite(rgbdata,”d image.jpg’ ,” jpg’)

[0950] imdata=rgbdata;

[0951]  end

[0952] end
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