[T

#

O T R T LT LR AT T AT T TR I A T

$

%

0112



# () #+)

| R LT T UL T LTI UL T T

#

O LR T LTI AT

$%$H# &
$

O R T T LR AT T AT T T TTA T

$

%

0112



0112



Abstract

3 $)
$3
4 4 $
5 6
$)
$) 4
$
-
4 $
8 5+6
4 * 5 % 68 $
$) 4
* , 4



$+

5:011

$)

5 (6%)

m6

88 8

5:011 6

5>=76

>=7 $

(






Contents

# PEITTHITEISESSEESESS

SURAERARRRAARARARARARR AR

PIPDIPIPIDIPIPI PP PP DI

) SEEEITEITTISEESSESSH

SRR ARRAANA AR R RN AR AR AR
PPPPP PP PP PTPF PSP S PSP PSP PSP P PP PP PBPEPP SIS PSS

3

# 4 SPSPISITITITITITEIEIESS BRI

AR

?$ PEPPFPFPPFPP PSSP P S B H BB LEPEBIBIPPS S

?$? PSS FSESSE PSS S D B hEB S S

?$0 + SEEFTEISTESS TS S S HHH

?$; ( # $$5SP$SSPPSSIPS S P HHHHIHHHEHIHIIP S PSPPI TS PP P PSS PP S S PSSP PSS PP S P
?$A 4 $PPEPEPTEPTEPS TIPS PPTPPIPPSPSPSPPPPP PP SPS SIS RP B
2B ( $FSPEFESPS PSSP S PSS SRR RN 555

0$ $EEEISSTSS ST TS ST SHTHHHHIHIIIIT S SO ES $
0$?/ # SEEITTTEITEISTHITEIS $STEFTEISTESTEISEESTEETEESSEPEESSESETSTS
0$0 D) $EEEI$SES ERLERRRERLEARRERE AR RARR SRR

0$; 4 $3SESTHSTESSSE ST FHEHHHHEHHH S ST ST SSESS
0$;$? > PETEISSTEIPSTEIS SEIFSTEIISTEIESSEEESSEEESSEEESSSEESBHESSSS
0$;$0/ PETEISSTEISSTEIESS STEISSTEISSTEISSTEISSTEESSSES PSS PEBSS S
0$;$;,  >=7 $ETEIESTEIESTEHS STEISSTEISSTEISSTEISSTEESSSES PSS BEBSSSS
0$A $EEITEISTESS ST S RIS ST LSS ST SES B9

0$AS$? ( $EESTHSS ST ST S HHHHHEHHEHHH S ST ST LSS SS PSSP S TS S SBHY

0$A$0 < , b</6 5> CRAEEARERNEARRE R AR AR AR AR AR



0$AS; ( 3 PEETISTEISTEEESEEPSEISSTEIESTEIESTEESPSEEEPSEEESSEESSSSS BN

0$ASA + 5/ BIESTEIISTES  TIFSTEIISTEISSTEISSTEISPSES PSS BEBSSSSS!
0$AS$B ( ERNLUERRUEREEREAN LA AN U ARSI ERRREARAREARA AR RRR AR AR
0$B #. $$E$$SS SRR AR R AR

os@ 7 # SEEITEHITEISTEITEESEESSEESSEISTESTISTESSEE PSS S PEESSEESE$SSH

0$@%$? % PEP PP PP PPF PP PP P H S SN

SRNRNAARANRNAR AR AR AN
0$@%$0/ =/>=))$$$$355$$355$$5S5SSSS S SBBSSSSSSS

$

€L AL AL AL AL AL LA LA LA A A L
BTV A1V ATV A1V ATV ATV ATY ATY ATV ATY ATV ATY AT ATV ATV ATV AT ATV ATD.

=/ D ( $%% $SEEHESSEISSEEISSTEISSEEESSEEESSSEES DS
$?2( 8 : ERRERRLERE AR R RE AR AR AR AR AR SRR

S0 ¢ SESEISEISIESESSSIIEIIEISSE:

PEEISESES

ST U S S U AR U,
824 ( $OSITITITIIEILS  SHITIISITITITEITITITIISITIISTSISIRISIESS

+$,$0 ( PETEISSTEISSTEISST LSS SSESSSTEISST$SSSES *

$:$; > $ETEISSTEISST TS SSEHHHTHRHS ST LSS SS S8 e

$$A +8 $PEISTHETESES PEEITEISTITEISTESSEI ST PSSP PFESSESS

PESSEES

1$’$A$7 #. $$$$$$$$$$$$$$$$ PIDIPIDIPIDIPIPIDIPIDIPIDP g

$:$A$0 PEPPPFP PP LT P PP P P P F o S

SRRERLRERREEARRNARRARRARRRNARANN NS,
$:$B 3 $STEISSTES ST S S HHPHEEHBPIEREBESSSSE$S

9897/ $ISISISIEIEISTSS S

$EE$

$$BSO7  #  SSSTSIEISISSEH

BSOS TTESSEESSS LSS SS LSS SSSPES S

$A PFPFPFPFEFESESF PP S H IR S PP PP PE PSP PSP PP PP PP PP PP S

5588



$B R N R e e e R e NN

A$ ( 8 +8 $EPPPIPESFIPS S PP PSP THHEBES SIS SS PSS
A$? 35S S S S S S S S S S

N N N $$$$$$
v AJ3 AN ATV ATV AN

A$0 (D 4 ( 8 4 4F
ERRERRARRARARATANANANAAAY SERRRARARAARARRAN
A$0$? #. SRR AR AR AR AR AR AR A
A$0$0( 84 4F SRR EREREUERRARRERRRAREAR AR A AR
AS; 8( $EEISTITITTEITEIS SIFTEITTISTEISTISTEISTEISESSESSESSEBOSSS

A$:$? ( $PFFPPSF P PSSP TS S TS 555 $

A$;$30 > ERLERELERERRRERRR AN N AANAAN LSRR

A$A $$$$$$$$$$$$$$$$$$$ €61 N N N N NN NN N N N NS NN N N N
VARV AT ALV AIVAIN ATV ATY ATV ATV AN AIVAIY ATVATN ATV AT ALY ATNATY D

SESPPSPSPPSPFSPSPPSPTPPSPSPPSPS

ASAS? ( ( PPIIPPESS ST TIPS IHHHHHHHHHHH

SRR

ASAS0 > ( SEEIPSTEISSTEISSTESPEEESPEESSPESSTESS

A$B $PFEPFESFE S PSSP P FHH AR IRIR PSS

B$ 7 > SEEERERRE A I AR AR AR AR AR AR AR AR
B$? FEFPSSSSSSSSSSSSB B P HeHSHHHSNHS
B$0 4 $$ $EITPTISITEPTISEPSSSTE ST EPS SIS SS$S
BS; # 50 ;6 ARSI SRR

BE$?  $SSEIISSTISSTESST PSSP PSEESSSHHSSSS

B$;$0 $53$$5SP$ SIS SIS THEHHHEFHHHEHHHHEHIHS S S

BSA $3$$55P$S PP SIS S FHHHHEHHHEHHHHEHIHS S S S

@$ > =/ #4 G ERRERERERREARR AR AR AR



@$?# 4 G $ EARRAARARAARAIARAARA S SARRAAAANAN,
@%0 N N N R AN TN

@3$08?# |/ ( SITTTHIPSTEIPSS SIFSTEIPSTEISSTEISSTEISPSESPSEESEXTSSSSS!
@$0$0 ( ERLEBELBRREBRREREE A A A EA AN AL RREREBE RN RRRNARRARRAARR AR M
@$08; LSS SR AR A A R A A A A A AR R B B RS A

@$0$;$? # $EEISTHSS ST S S THEHHHIEHHSSES ST LSS ST PSS ST PS S BEBE S

@$0$;$0 > </ < 3PP FFFFSSSSSSSSSSEPPSPSPPSPPLLLEPIPSS:
@%$0%;%;/ 8 <) 2 $EBIPPSIP S SIS B S PSS B P

SRS
@$0$;3A / 4 +8 ($$ SRR AR
@$0$A 7 S S REERNBRERRRRRN AL AR AAN AR LA A ARRBEARRERE AR R RARRR AR AR §
@$03$AS? 7 > ERLERLEREERERAA LA N AARERREREBEARRERRERRARNA R AR AR SRR
@$0$AS0 7 / SRR RRRRA AR AR AR TR
@$03$B ( # $EEITTITISTESHHFHE TSI ST SS TSI ST ST PSS ST ST BBRESES
@%; PEPP PSP PSP PSP PSP P b P TR NN, S P PP P PP P PP P PP P PP PSP P PP PSP P SE P DS

@%A $STEISSTISSTEISSTEI PSS SSTESSSEE$STES

E$ - PSSP FIPPPEP S I PP PSS I PPPPS S FIPP$$ S
E$? < . PSSP FFIPPPEF T TPPPPIIPPEP P FFIPPPES S PPPPSS S PPPPS S S PHBS:
E$0 ; $PFPPSPS PSS 5SS S S S P S P S PP PP P PP T PP PP T PP PP PP PP TS

ES$; 3 . PS$S$5PS ERRRRANARARARARRRARAARANAAR AR AT UANRA AR
2% + FPFEPFEPFEPFE PSP PP S S HHH RN AENAED PSS

#  3HISSEISSEISSEESSEESS

PP IPPIPDIDIDIPIPIPIPIDIPIP

$SS
# 0% PEEITEITTEITEISS $TEISTEETEISTESTEISTESTEE PSS S PSS S PHBS S



# 3 $IPSTHISSTISSTEISSSSHH

heee e e e e e e
BIVAIV ATV ATV ATV ATV ATY ATV ATV ATV ATV ATV ATV ATV ATV ATV ATV B

$$
( - 4F + $PSSEEESS $PSSETTEIESSSSTETSSSSSPIB$SSSSEEHH$4
# 3 +3PSTEIISTIESTEIESSEEESSEEISSTEISSTEESSTESS

$$
+ + $EEEEISEHESS PEEITEISTTTEISTESSI ST S PRRPSESSESS

$SES 8¢

$EEITESSIS ST S S HHHSEPHHHESHPHHHHHHS TS

8¢



List of Tables

) @ =71 B1=711 $33$SSEIESSEEISSEEISSTEISSA
) 0!/ 3 5H@6 ERRERLEERERLEERRERRARN AR AR R RN
) 3 SH@6 HETEISTESTEISTEISEIST$SE$ES @2

) Al 3 5H@6 (PEEHSSEISSTISSTEISS LS EPRTESSSESS
) B! $$$3$ ERLEBELEREEARERRERRERRA AR PSR
) @! 8

PPFEPFEPFEPFEPFE PP E DS S S B PP D PSP PP PSP PP PP PP PSP P PE PSP PSP PSS

PSS

) E! ) ? $EEITTEIS ST SIS TS HHHHPPRAIPS ST S B4

) 2!
($FPPPPTTPPPTIPPT TIPS T PP PPPS TIPS PP SIS




List of Figures

?! D 4 ,
$ D $ $ IETEIISTEIPSTEISSTEISSBEISSSEISSSHSs
o+ D
3 5 4 6%

D444% $ $ $ $FPPSPPSPPFPPSP DS BTN PSS

)1
5 6
011063 $3$$P$S$SPSPSS

Al . , 1 1$
) 5 4 6' 8 5 4
4 63 $55PPSSIPESSPPFIPESPPPPSSPPSSSPPSSPIESSS

B! .10 +
ERRERERRRREERRARERRRRERE AN AR AN NN AAN N ANAN N AR

@!) - 4 $# 3
4 4 3, $SSEEEIESSSTEE$$SS ;1

E! ( 3) 3 4
3 ) 2 $+ 3,
$ 3533 PSSS PSS PSS PSSP BN HHHEHHGS

21 ( 4 8
$PEEPEEPESPSSSS $PFEPPEPEPPE PSPPI PSPPI PP PP PSSP SIS

cl)y * 4 3 $) *
* 3 4 FPPPPPPSTPPPSPPPSPPTBPS S PP SSPS.



) %

k8

?1! . 83 : < $

3
$#+ . BITTEIBSA,;
??! # . +8 $ 4
* 5 *?8 * 6% * 8
?0!B?0 © </ < 83
G>HB1 H; $G )=) H1$E=B
H ' -H@O$B <, SEEITTHITEISTESTEISTE ST PSSP SSSPRESSTS
21 8 44
5 86 $$55$ $PSSSEEEIESSSTTEEI$SSSSSEEESS PSS REDSS
?Al56 8 #
$ 8
$) 4
$56 8 4 56'
4 8 .
?B!/ 5 CERRERRERNRERRE AR AR AR
?@! (#. (. +8 $ 4
* 5 *?8 *63$
4 * $ 4 4
4 *
$) 8 k8 k8
4 3 $$$ $SSEHFSSEFSSEEFSSEES ST SSEEES S BRPSESS:



2E! ( 8 8 $)78

0%) 4 4 4
5 64 4 4 4 4
5 4 46$$5PP$SSPPSEPPS P PHBBETSPPPSPPPSSPP S

22156 (8
Bl1l 4 4 4 8
=48 $56 ( 8
$
$56 ( 8
%
4 56%

ERRRERERRRREARRRAIARAAY

2C! + /5'65  2@6
(5'65 26$/ 56 56
56 56 4 8 $PESEPPP PSPPI SPPPSSPPS PP PPP PP EBHES SIS
01!56/ * # 4
$) # 4 . 401) *
% 8 )/# KE21J
011 $56/ * ! (
4 $ ( 4
K?CB J 011 01J *
% 8 )/#$)
( $ PPESEPPPSIPPSTPPS $PPPPSSPPPSSPPSPPSSSP
0?!56 8 #
G $56 8
¢ G
$)
$)
# $ PPESEPP PP TIPS PP PSPPI S PEPB PP PSP



00! 6 8 i< "4

56 5<6$ 6
5>6
5% %$6 4 PEPPSFPPSSEPP PP TIPS PPPSPPPSPPPSSEED IS
0;! ( 4 5
6%) $-

$ SISSTEISSTEIESSE$SSS

NN A NN N

OA! 6 8 . +BE =@ L
M 6 4
M 6 8 M 6
< 4 IN
H?01 $3$SSISSTEPS $SSTEISSTEISSTE$SSEE$S

0B! 6 8 . 8
4 4 4 5 4 46 M 6
5 6M 6 4
4 4 5 4 46 4 5 46 5 ¢
4 $$ESEISTHESESS PEEITESTEISTESSESSTE ST PSS SS LSS S RED!

0@! 4 0B HA2 $)
4 4 4
4 VNN RN AR RNN AN VA NN AN NN NN NN

OE! 6/ 8+ G> =G> $6/ 8+
4 21 m= + 6 < M
5 464 4
4 SRNRARARNARRARNNARNARRN AN RN RN RN AN
02! 6/ 8+ $6/ 8+
4 ?2@1 m= 6:< M 4
4 o 4



5 4 46
4 5  A635SEISTESESSSSSSS THHHHIHITHHIINESSSSEH$S

0C!
$EEHPSTEH$SSE$SE C2
wiyi 4 $ ERRLEERRRRERRERRRARRRRAR AR AR AR BRSNS
;21 ( 8 +8 4 "Bl
4 ?11 4 $) 4
$EETEE$SSSTTES$SS S HHBHHBIIRL S S S SS9
;0! 4 4 ' ' 4
4 $) 4 4
4 4 $)
/ 4 $ SEEHSSEH$SE85$ ?7B
) 4 4 5>=76 , H@'
4 $ 4 4 5>=76 4
$) 4
6 $FPPFFPPIT PP ISP NS
A< 5>=76 H@
4 4 $$5$ $STEHFSSEEFSSEESSSEEESTEES PSS SPPEDSTH$S:
B!+ A
* 4 $$% $FSSETEEISSSSTETESSSTEEEE$SSSSBPRESS LTS
@ (8
Bl1l1 4 4 4 8 =4 8
56 6% ( 8
(5 (6% 4 (
5 6%) 4

$ SHSSES ST ITISSS TS SEEEEESIIIIIIIIISIS S



Acknowledgement

"4
&
<
< o )O
3 4 $<
4 4
$
4 +
$) #' $
4 $
4 4
4 4
4 4
4 $<4 ' 4
4 4

'P 79

+>

$ %



$#

$#

33

(

%9



33

884

??1IN



1. Introduction

1.1 Motivation
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1.3 Specific Aims
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1.4 Differences from published work
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2. Background

2.1 Pulmonary Functional Anatomy
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2.3 Literature Review

2.3.1 Ventilation imaging using MRI
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2.4 Basics of Relevant MRI
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2.4.2 Hyperpolarized (HP) gases (Ventilation Imagin
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2.4.3 Spin Lattice Relaxation
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2.4.4 Contrast agent (Perfusion Imaging)
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2.4.5 Steady state imaging
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Signal for different tissue T1's
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Signal using small TR sequence to get maximum contrast
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2.5 Efficient Acquisition and Reconstruction
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2.6 Quantitative Analysis
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3. Ventilation/Perfusion Imaging — Initial Study
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3.3 Method

3.3.1 Animal Preparation and Surgery

# 4
+ $+ * 4
* AA
- ' #69) 4
@1 = 4 0$180%0
1$1B  * 5B1 ="' /#
AB $ 4 4

A%

5+

$#



Er+ 4] 8

4
+%$ #
5+ # 4 H#6
4 5 # )6
4
4$ #

3.3.2 System Description

< b5K?$1 64 , 83
. 5% $C@11%< M )
$72C2A6$ 4 0$1):18
'G3 'F64 57?
'+#6 % I+)
4 '-6%)
<! 2B$B <, <$#
E 4 $)
$+ 3
, 4 8 8 45G>6%

$( 8

4%/ 4

$ ' +65<
5G3
21 )="%
$?20A5% <
@AS$2 <, </

8E

AC



3.3.3 Ventilation imaging
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3.3.4 Perfusion imaging using DCE-MRI
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4. Improving the Spatio-temporal resolution of DCEMRI
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4.2 IRIS — Interleaved Radial Imaging with Sliding-

Keyhole Reconstruction
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4.2.2 Sliding-window Keyhole Reconstruction
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4.3 Methods-Study in Normal Rats
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4.4 Results

4.4.1 Simulation Study
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4.5 Discussion
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5. Quantitative Imaging of Ventilation
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5.2 Demonstration in rat airway obstruction model
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5.3 Application to asthma model in mice (2D and 3D)
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5.4 Discussion
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6. Ventilation/Perfusion Imaging in Airway Obstruction Model
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6.2.4 Quantitative V/Q
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7. Limitations and Future Work
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Appendix A

Additions to 2dpr.e in scan section
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Appendix B

Sliding Window Keyhole Reconstruction Code

/*

* SwKey IRIS.c

* Changing it for EDR Keyhole Sliding Window ..

* Created by nnm2 on 08/06/2008.

* Copyright 2007 Nilesh Mistry @ CIVM__. All righ

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <string.h>

int main( int argc, char *argv[])
{
char *source, *dest, *base_fname, *vintage_fname;
int opnsi, npts, nframes, Nos_of_Im, dataType;
float tad, toff, pwramp, N;
int headerSize, sh, sr, dataSize, test;
int *RawR,;
int *Rawl;
int *Raw;
short *WholeRaw;
int *WholeRawR;
int *WholeRawl;

char *hdr, opfname][ 2507;
int nfrperlm, Npts_for_core;
int i,], k, ind, fnc, indC;

int ctr;

FILE *in, *out;

if (argc< 13 || argc > 13)
{

printf( “\n\nError calling SwKeySplit -- \nWrong Number of
Input Parameters: Please pass 12 parameters as list ed below\n"
printf( "\NUSAGE: SwKeySplit SourceDirectory DestDirectory

?.C
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BasefName VintagefName opnsi npts nframes tad toff pwramp
headerSize\n" );

printf( "\nSourceDirectory - string indicating full path to
input data\n" );
printf( "DestDirectory - string indicating Destination Raw
File Directory\n" );
printf( "BasefName - Base Filename\n" );
printf( "VintagefName - Vintage Filename\n" );
printf( "opnsi - Nos. of subimages (header)\n" );
printf( "npts - Nos. of points to include in data
(headen\n" );
printf( "nframes - Total nos. of rays acquired (header)\n"
printf( "tad - Total acquisition time (header)\n" );
printf( "toff - Time to acquisre k=0 (header)\n" );
printf( "pwramp - Pulsewidth of the ramp on radial encoding
(headen\n" );
printf( "headerSize - Size of EPIC Header\n" );
printf( "dataType - Data size (4/8)\n\n\n" );
return ( 0);
}

/I argv[0] - points to the program name
/I ASSIGN INPUT ARGUMENTS TO CORRESPONDING VARIABLES
source = argv|[ 1];

dest = argv][ 2];

base fname = argv| 3];
vintage_fname = argv|[ 4];

opnsi = atoi(argv| 5]);

npts = atoi(argv[ 6]);

nframes = atoi(argv| 71);

tad = atof(argv| 8]);

toff = atof(argv| 9));

pwramp = atof(argv[ 10));
headerSize = atol(argv| 11));
dataType = atoi(argv| 12]);

printf( “\nVersion 2.1\n" );

/*

printf("short = %d\n",sizeof(short));

printf("int = %d\n",sizeof(int));

printf("long = %d\n",sizeof(long));
*/

/I INITIAL CALCULATIONS

/I Nos. of rays per image

nfrperlm = nframes/opnsi;

Nos_of Im = 2*opnsi - 1;

/I ALLOCATE MEMORY

?A]
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hdr=( char *) malloc(headerSize);

printf( “\nDataType = %d\n" ,dataType);
/ldatasize in #of bytes
if (dataType== 4)

/Ishort *WholeRaw; //Pointer to 2 bytes of data
dataSize = npts*nframes; /I npts * nframes

WholeRaw = ( short *)malloc(dataSize* sizeof (short )* 2);
WholeRawR = ( int *)malloc(dataSize* sizeof ( int ));
WholeRaw! = ( int  *)malloc(dataSize* sizeof (int ));

Raw =( int *)malloc(dataSize* sizeof (int )* 2); //*2 was
done for datatsize to compensate for Long
/I Malloc allocates only 1

byte hence we need to include the size of the datat ype during
allocation
RawR = ( int *)malloc(dataSize* sizeof (int ));
Rawl = ( int  *)malloc(dataSize* sizeof (int ));
}
else
{

int *WholeRaw; //Pointer to 4 bytes of data
int *WholeRawR;
int  *WholeRawl,;

dataSize = npts*nframes* sizeof (int ); /I npts * nframes
*nos_of _bytes_per_number * 2 (real and Imaginary p arts)
WholeRaw = ( int  *)malloc(dataSize* 2);
WholeRawR = ( int *)malloc(dataSize);
WholeRawl = ( int  *)malloc(dataSize);
Raw =( int *)malloc(dataSize* 2);
RawR = ( int *)malloc(dataSize);
Rawl = ( int  *)malloc(dataSize);
}
[lprintf("\nSize of data %d... \n", dataSize*2/data Type); /[Here
datasize/2 = nos. of datapoints to read
1
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if ((in =fopen(source, “rb" ))== NULL
{

printf( "\n\n Cannot open source file. Check the source
path\n\n" );
exit( 0);
}

sh = fread(hdr, sizeof (char ), headerSize, in);
printf( "\nRead %Id bytes of the header... \n" , sh);
/I Data is read in RIRIRIRIRIRI... format after the header (R -
Real, | - Imaginary)
if (dataType == 4)

printf( "\n%d\n" ,dataSize);
/I Read in Real and Imaginary hence 2*dataSize
sr = fread(WholeRaw, sizeof (short ), 2*dataSize, in);

else

sr = fread(WholeRaw, sizeof (int ), 2*dataSize, in);

3

printf( "\nRead %Id bytes of the data... \n" , SI);
fclose(in);

/[Distributing the Input Data in the Real and Imagi nary Parts
ctr = 0;
for (i= 0;i<dataSize; i++)

WholeRawR[i] = WholeRaw/[ctr];

WholeRawl[i] = WholeRaw[ctr +17];
ctr+=  2;
1
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/I SLIDING-WINDOW KEYHOLE
1

* * * * * * * *
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N = nfrperlm/M_PI,
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/I Npts_for_core = Npts_for_raw

Npts_for_core = floor(N/opnsi) + floor(npts*toff/t ad) +

floor(npts*pwramp/( 2*tad) );

printf( “\nNumber of Points for Core: %d\n" ,Npts_for_core);

1
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ind= 0;
for (i= 0;i<Nos_of Im; i++)

{

/I RESET EVERYTHING TO ZERO - SO THAT WE DON"T HAVE
THE CORE POINTS THAT ARE NOT TO BE FILLED
for (j= 0; j< dataSize; j++)

{
RawR([j] = 0;
Rawl([j] = 0;
}

/I For Individual time-points
if ((i% 2)==0)

[printf("\n%d",i);

if (i< 9)
{
fnc = sprintf(opfname, "%5/%s.000%d" ,dest,
base frame,i +1);
printf( "\n%s" , opfname);
} else
fnc = sprintf(opfname,
"%s/%s.00%d" ,dest,base_fname,i +1);
printf( "\n%s" , opfname);
}
out = fopen(opfname, "whb" );
test = fwrite(hdr, sizeof (char ), headerSize,out);
[lprintf("\n%d" test);
/*
ind =0;
for (k=i; k<nframes; k=k+opnsi)
{

for (j=0; j<npts; j++)

RawR([ind*npts + j] = WholeRawR[k*npts + j];

?A;
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*/

Rawl[ind*npts + j] = WholeRawl[k*npts + ];
}
ind ++;
printf("index = %d\n",ind);

/I CORE
indC=ind,;
for (k=indC; k<nframes; k=k+opnsi)
{
for (j= 0;j< Npts_for_core; j++)
{
RawR[k*npts + j] = WholeRawR[k*npts + jJ*opnsi
Rawl[k*npts + j] = WholeRawl[k*npts + j]*opnsi
}

indC++;

/IMANTLE
for (k=i; k<nframes; k++)

{

for (j=Npts_for_core; j< npts; j++)

RawR[k*npts + j] = WholeRawR[k*npts + j];
Rawl[k*npts + j] = WholeRawl[k*npts + ];

/I Converting RawR and Rawl as Raw in RIRIRIRIRI...
ctr = 0;
for (j= 0;]<dataSize; j++)

{
Rawlctr] = RawR([j];
Rawlctr +1] = Rawl][j];
ctr += 2;
if (== 0)
printf( "values: %d %d\n" ,RawR[i], Rawl[i]);
}
test = fwrite(Raw, sizeof (int ), dataSize* 2, out);
[lprintf("\n%d" test);
if (test!l= dataSize* 2)

?A/
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printf( "Something went wrong %ld\n" test);
exit( 1);

}

fclose(out);

ind++;

else /I For time-points that share data

{

/I RESET EVERYTHING TO ZERO - SO THAT WE DON"T HAVE
IN THE CORE POINTS THAT ARE NOT TO BE FILLED
for (j= 0; j< dataSize; j++)

{
RawR([j] = 0;
Rawl[j] = 0;
}
if (i< 9)
fnc = sprintf(opfname,
"%s/%s.000%d" ,dest,base_fname,i +1);
printf( "\n%s" , opfname);
}
else
{
fnc = sprintf(opfname,
"%s/%s.00%d" ,dest,base_fname,i +1);
printf( "“\n%s" , opfname);
}
out = fopen(opfname, "whb" );
test = fwrite(hdr, sizeof (char ), headerSize,out);

[lprintf("\n%d" test);

/I CORE
indC=ind;
for (k=indC; k<nframes/ 2; k=k+opnsi)
{
for (j= 0O;j< Npts_for_core; j++)
{
RawR[k*npts + j] = WholeRawR[k*npts + jJ*opnsi
Rawl[k*npts + j] = WholeRawl[k*npts + j]*opnsi
}

indC++;
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indC=ind  -1;
for (k=nframes/ 2 +indC; k<nframes; k=k+opnsi)
{
for (j= 0;j< Npts_for_core; j++)
{
RawR[k*npts + j] = WholeRawR[k*npts + jJ*opnsi
Rawl[k*npts + j] = WholeRawl[k*npts + j]*opnsi
}

indC++;

/IMANTLE
for (k=i; k<nframes; k++)

{

for (j=Npts_for_core; j< npts; j++)

RawR[k*npts + j] = WholeRawR[k*npts + j];
Rawl[k*npts + j] = WholeRawl[k*npts + ];

/I Converting RawR and Rawl as Raw in RIRIRIRIRI...
ctr = 0;
for (j= 0;]<dataSize;j++)

{
Rawlctr] = RawR([j];
Rawlctr +1] = Rawl][j];
ctr += 2,
if (== 0)
printf( "values: %d %d\n" ,RawR[i], Rawl[i]);
}
test = fwrite(Raw, sizeof (int ), dataSize* 2, out);
lprintf("\n%d" test);
if (test!= dataSize* 2)
{
printf( "Something went wrong %ld\n" test);
exit( 1);
}

?A(
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fclose(out);

} // END of FOR for Nos_of_Images

/I WRITING VINTAGE FILE

1
*kkkkkk
fnc = sprintf(opfname, "%s/%s" ,dest, vintage_fname);
printf( “\nVintage File : %s" , opfname);
if ( (out = fopen(opfname, "w")) == NULL)
printf( "\n\n Cannot open Vintage file to write. \n\n" );
exit(  0);
}
test = fprintf(out, "nnm2 070716\n" );
fclose(out);
1
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/| FREEUP THE ALLOCATED MEMORY
1

* * * * * * *

*kkkkhkk

free(hdr);
free(WholeRaw);
free(Raw);
free(WholeRawR);
free(WholeRawl);
free(RawR);
free(Rawl);

1

* * * * * * *

*kkkkhkk

printf( “\n" );
return ( 0);
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Appendix C

Calibration and Difference Mapping Code

function [m, c, r, V, IntDen] = calibrationV(volMIP , SC)

%% This function takes in a MIP image, and the voxel to mm scaling
factor

%% and returns a scaling factor m to be applied to the individual

slices
%%for volume estimation.

| = limits(voIMIP);

figure; imshow(volMIP,[I( nIC 2) 2));
titte(  'Select point on the left of the trachea’
hold on;

[x,y] = ginput( 1);
X1 =X;

yl=y;

plot(x1,y1, r+);
plot(x1,y1, rs' );
drawnow;

titte(  'Select point on the Right of the trachea’
[x,y] = ginput( 1);

X2 = X;

y2=y;

plot(x2,y2, )

plot(x2,y2, s ),

drawnow;

title(  'Select point on the Right below the earlier select
[x,y] = ginput( 1);

X3 =X;

y3=y;

plot(x3,y3, T+ )

plot(x3,y3, rs' )

drawnow;

(x2-x1)*sc;
(y3-y2)*sc;
pi*(d/  2) 2*h;

d
h
\Y

¢ = [x1 x2 x2 x1];

r=[y2y2y3ysJ;
BW = roipoly(volMIP,c,r);
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% figure; imshow(BW);

h = line([x1 x2 x2 x1 x1],[y2 y2 y3 y3 y2]);

set(h, 'Color' [ 0.65 0.5 0], 'LineWidth' , 2);
saveas(gcf, 'Calibration’ ipg )

IntDen = sum(BW(:).*voIMIP(Y));
%IntDen = std(BW(:).*volMIP(:));

%m = V/ 2824100 ;
m = V/IntDen;
%m = V/mean(volMIP(BW));

clear;
clc
close all;

%%%%%%% %% %% %% %% % %% %% %
%%% READ PROTON IMAGE

cd ~/RESEARCH/EXPERIMENTS/08_02_FEB/ '080211_DCE_AQO/
run_num = 23555;

fov= 55;
xres= 256;

%%%%%% READING DATA

str =

['T" ,int2str(run_num), YT int2str(run_num), 'images/'
um), 't2imp.0001.raw' 1;

fp = fopen(str, o),

im = fread(fp,inf, 'uintl6' );
im = (reshape(im,xres,xres));
fclose(fp);

im = fliplr(flipud(im));

%%%%%%%

%Protonimage = im;

%%%%%%%

h = fspecial( 'disk' , 1);

Protonlmage = imfilter(im,h);

%Protonimage = im;

figure; imshow(Protonimage,[]);

% saveas(gcf, 'PreProtonSlice’ , tif' );
%

?A(
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%

% | = Protonimage,

% figure; imshow(l,[]);

% title(  'Select region in the lung' );
% bw = roipoly;

% close(gcf);

%
% maskim = bw;
% Y%time_series(:,:,ref) = time_series(:,:,ref).*mas Kim;

% mask = maskim;

% save MaskPre.mat mask;

%

%

%

cd ~/RESEARCH/EXPERIMENTS/08 02 _FEB/ '080211 DCE_AO/" ;
run_num= 23577

fov= 55;
xres= 256;

%%%%%% READING DATA
str =

['T" ,int2str(run_num), YT int2str(run_num), 'images/" ,'T' ,int2str(run_n

um), 't2imp.0001.raw' 1;

fp = fopen(str, o),

im = fread(fp,inf, 'uintl6' );
im = (reshape(im,xres,xres));
fclose(fp);

im = fliplr(flipud(im));

%%%%%%%

%Protonimage = im;

%%%%%%%

h = fspecial( 'disk' , 1);

Protonlmage = imfilter(im,h);

%Protonimage = im;

figure; imshow(Protonimage,[]);

% saveas(gcf, 'PostProtonSlicel’ , 'tif' );
%

% | = Protonlmage;

% figure; imshow(l,[]);

% title(  'Select region in the lung' );
% bw = roipoly;

% close(gcf);

%
% maskim = bw;
% Y%time_series(;,:,ref) = time_series(;,:,ref).*mas Kim;

% mask = maskim;
% save MaskPost.mat mask;
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%%%%%%% %% %% %% %% % %% %% %% %% % %% %%
%%% READ HELIUM PRE-PE IMAGES

cd ~/RESEARCH/EXPERIMENTS/08_02_FEB/ '080211_HELIUM_AO/" ;

%strl = 'MCh 2.4ml-hr' :

strl= 'PRE_AO';

%strl = 'Baseline run' ;

%strl = '2dpr'

cd(strl);

run_num= 23569;

ts= 2

ref=1;

alpha=  3; %% Amount of background to be subtracted ..

nosiest estimate
%% increases beyond that.. typical value

fov= 55;
xres= 256;
% zres = 32;

sc = fov/xres;
%scZ = fov/zres;

%% Volume of Each Voxel Considering height of the b
vWox =sch  2;

%%%%%% READING DATA
for ind= 1:ts

str =
['T" ,int2str(run_num), YT int2str(run_num),
um), 't2imp.0001.raw' 1;

run_num = run_num +1;

fp = fopen(str, o)

im = fread(fp,inf, 'uintl6'  );
im = (reshape(im,xres,xres));
fclose(fp);

im = fliplr(flipud(im));
time_series(;,:,ind) = im;

end

?B"
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% %%%%%% Removing background information

% | = time_series(:,:,ref);

% figure; imshow(l,[]);

% title(  'Select region in background to set threshold'
% bw = roipoly;

% thres = mean(l(bw)) + alpha*std(I(bw));

% close(gcf);

%
% maskim = zeros(size(l));
% maskim(I>thres) = 1,

% Y%time_series(;,:,ref) = time_series(;,:,ref).*mas
%

% for ind=  1:s

% | = time_series(:,:,ind);

% thres = mean(l(bw)) + alpha*std(l(bw));

%  maskim = zeros(size(l));

%  maskim(I>thres) = 1;

%  mask_series(:,:,ind) = maskim;

% 9% time_series(:,:,ind) = time_series(:,:,ind).
% end

%%%%%% Removing background information

%time_series(:,:, 2) =time_series(:,:, 2).*maskim;

%%%%%% Calibration of volume and signal intensity
%%%%%% along with clean up of background and scalin
voIMIP = time_series(:,:,ref);

[m, c, r,V, den] = calibrationV(volMIP, sc);

[mn, ¢, r,Vn, denN] = calibrationV(voIMIP, sc);

p=[ 0VVn]
=[ 0 dendenN];

scalel = (m+mn)/ 2

figure; h = plot(xp,yp, o
set(h, ‘'MarkerSize' , 12);
hold on;

h = plot([ 0 8*10e3],[ 0O 8*10e3*scalel], ™),
set(h, 'MarkerSize' , 24, 'LineWidth' , 2);

Sc_time_series = time_series.*scalel;
%Sc_time_series = time_series.*m;

%%%%%%%% %% %%
% Displaying Data

?B(
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figure;

imshow(Sc_time_series(;,:, 2),[D); colormap(jet); colorbar;

saveas(gcf, 'Pre_AQO_slice' , tif' );

figure; imshow(Sc_time_series(:,:, 2),[]); colormap(gray); colorbar;
saveas(gcf, 'Pre_AO_sliceGray' , tif' );

save PreAO_He Sc_time_series;

%%%%%% %% %% %% % %% %% %% %% % %% %% % %% %% %% %% %%

%% Repeat analysis for Post_PE images
cd ../

%strl = 'MCh 2.4ml-hr' ;
strl=  'POST_AO';

%strl = 'Baseline run' :
%strl = '2dpr'

cd(strl);

run_num = 23573;

ts= 2

ref=1;

fov= 55;

xres=  256;

% zres= 32,

sc = fov/xres;
%scZ = fov/zres;

%% Volume of Each Voxel Considering height of the b ox to be
vWox =sch  2;

%%%%%% READING DATA
for ind= 1l:ts

str =
['T" ,int2str(run_num), YT int2str(run_num), 'images/* , T
um), 't2imp.0001.raw' 1;

run_num = run_num +1;

fp = fopen(str, o),

im = fread(fp,inf, 'uintl6' );
im = (reshape(im,xres,xres));
fclose(fp);

im = fliplr(flipud(im));

?B;

Jint2str(run_n



time_series2(;,:,ind) = im;
end

%%%%%% Removing background information
% | = time_series2(;,:,ref);

% thres = mean(l(bw)) + alpha*std(I(bw));

% close(gcf);

%
% maskim = zeros(size(l));
% maskim(I>thres) = 1;

%time_series(;,:,ref) = time serles( ,.,ref).*maskl

% for ind=  1:s

% | = time_series2(:,:,ind);

% thres = mean(l(bw)) + alpha*std(I(bw));

%  maskim = zeros(size(l));

%  maskim(I>thres) = 1,

%  mask_series2?(:,:;,ind) = maskim;

% % time_series(:,:,ind) = time_series(:,:,ind).
% end

%time_series2(:,:, 2) =time_series2(:,:, 2).*maskim;

%%%%%% Calibration of volume and signal intensity
%%%%%% along with clean up of background and scalin
voIMIP = time_series2(;,:,ref);

%m2 = calibration1(volMIP, sc, c,r);

[m2, c, r,V2, den2 ] = calibrationV(volMIP, sc);

[m2n, ¢, r,V2n, denN2 ] = calibrationV(voIMIP, sc);

yp2=[ 0V2V2n];
xp2 =[ 0 den2 denNZ2j;

scale2 = (m2+mz2n)/ 2

figure; h = plot(xp2,yp2, w:
set(h, ‘'MarkerSize' , 12);
hold on;

h = plot([ 0 8*10e3],[ 0O 8*10e3*scale?], ™),
set(h, 'MarkerSize' , 24, 'LineWidth' , 2);

Sc_time_series2 = time_series2.*scale2;
%Sc_time_series2 = time_series2.*m2;
I1 = limits(Sc_time_series(;,:, 2));

12 = limits(Sc_time_series2(:,:, 2));

?B/

*maskim;

g of volume



% I1 = limits(time_series(:,:,
% 12 = limits(time_series2(;,:,

scaling = 11(
scaling = 1;
Sc_time_series2(;,:,

202(  2);

%%%%%%%% %% %%
% Displaying Data

figure;
imshow(Sc_time_series2(;,:,
saveas(gcf, 'Post AO_slice' , tif'

figure; imshow(Sc_time_series2(:,:,
saveas(gcf, 'Post_AO_sliceGray'

save PostAO_He Sc_time_series2;

cd ..

2) = Sc_time_series2(;,:,

2))

2).*scaling;

2),[D); colormap(jet); colorbar;

2),[]); colormap(gray); colorbar;

it );

diff = (Sc_time_series2(;,:, 2)-Sc_time_series(;,:, 2))vWox*  100;
figure; imshow(diff,[ -100 100]); colormap(jet); colorbar;

saveas(gcf, 'Pre_Post_difference’ , 'tif' );

figure; imshow(diff,[ -350 350]); colormap(jet); colorbar;

saveas(gcf, 'Pre_Post differenceLim’ , tif' );

% figure; imshow(Sc_time_series(:,:, 2),] 0 0.15]); colorbar;

% figure; imshow(Sc_time_series2(:,:, 2),] 0 0.15]); colorbar;

rgblm = overlaylmage(Protonimage ",'Sc_time_series(;,:,2)' , 05 [ 1le-9
12( 2)],[ O 1]jet(  256));

figure; imshow(rgbim);

saveas(gcf, 'PreSlice’ , 'tif' );

rgblm = overlaylmage(Protonimage ','Sc_time_series2(;,:,2)' , 05 [ 1le-9

12 2)],[ 0 1] jet(  256));
figure; imshow(rgbim);
saveas(gcf, 'PostSlice’ , 'tif' );

%figure; imshow(mask_series(:,:,
%mask = maskim;
%save Mask.mat mask;

2),1);
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