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function [varTheta] = dsnr2fvarmap (snr,varargin);
fricemoments: compute moments of rice R.V. {(approximate} 10
Fusage:
% varTheta = var(angle(z)), in rad. squared
$ for z = complex gaussian, SNR = |mean(z)|~2/var(z)
%.

3Verasonics

4,

% jaf 20jul2009

Kvai = length(varargin);kvai = 1; %use kvai and template below:

BizeSNR=size (snr) ; 20

%allowed SNR range
snrdbMax=100;

snrdbMin] = -30 ;

SNRRANGE = snrdbMax - snrdbMin;

snrdb = 10*logl0{snr(:)‘);
snrBounded = fdim({snrdb, snrdbMin);
snrBounded = min({ snrBounded , snrdbMax - snrdbMin );

Alpha=16;

%pade ratpoly coeffs: -

B3= 1.72e+003;

A= [1 56.5685 1400]; 30
snroffsetdb = 6.0;

f = snrBounded - snroffsetdb;

f2 = £,°2;

denomR = A(3) - A{l)*f2;

denomIminus = A(2)*f ;

denomMag2 = denomR."2 + denomIminus.”2;

Hmag2 = (B3."2)./denomMag2;

varTheta Hmag2.” (Alpha/2);

40
varTheta

I}

reshape (varTheta, aizeSNR} ;

end 355 FI TR T LR TR IHIL LS TRLLLLSY

function z=fdim{x,vy);
$fdim: (€99 f£dim{) function emulation.

Z=X-Y;

z(find (z<0) ) =0;

end %main
Oo0o00o0oao
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function [xMotion,yMotion ,trel,iiQut,iiOutIn2D,statelut ] =
particleFlow6 (vx,vy,displayThreshMap, t,flowParams, ...
BmodeSize, TwoD2ColorSamplingRatic, state) ;
sparticleFlow6- display particle flow based on vector velocity map
% Accounts for 1nf10w1ng particles.
651ngle higtory image page, with tests and constant # particles
gustained
¥signature:
% [xMotion,yMotion ,trel,iiOQut,iiOutInzD ] = particleFlows (
vx,vy,displayThreshMap, &, flowParams)
where:
vx, vy 7 MxN velocity component map
displayThreshMap ~ spatial relative probability map of particle
creation
the folowing are scalar guantities:
t = time index;
flowParams - structure with the following members:
density,displaySensitivity,Nhist
TwoD2ColorSamplingRatio - gset to 1.0 if

where:

density = avg spatial density of new particles

displaySensitivity = scale to particle creation probability
threshold

% Nhist = state higtory buffer size in frames.

GP o0 o o o P @ oO° A8 W0 ol® o a° A

%-

% Outputs: ‘ )

% xMotion,yMotion : cell arrays of X and Y particle position smapshots
in

% trajectory history.

% trel - relative times of history snapshots

% 1i0ut,iiCutIn2D - “lex” position indices of partlcels in colorbox,
and

% image (if differently sized than colorbox).
% John Flynn 9/28/2010

debugln =0;
agserts = 1; %set to check for error conditions
nanFix = 1; %set to fix NaNs in wvx,xy

persistent debugcounter
persistent Mpart Npart

detIndexCompute = 1;

if nargin<8,
persistent s
else
if isempty(state},
state.s = [];
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end
B = state.s;
end

choxSize = size(displayThreshMap) ;
if nargin<g,
BmodeSize=[] ;
end
if isempty (BmodeSize),
BmocdeSize= cbhoxSize;
end

if nargin<7,
TwoD2ColorSamplingRatio=[];

" end

if isempty{TwoD2ColorSamplingRatio),
TwoD2ColorSamplingRatio= 1;

end

zagsumes cbox cannot be bigger/cutside BW
colorboxIsSmaller = “isegual (choxSize,BmodeSize) ;

if colorboxIsSmaller,
cboxX0Offget = round( .
BmodeSize (2)/2 - cboxSize(2)/2*TwoD2ColoxSamplingRatio ) ;
else
cbhboxX0Offset = 0;
end

[M,N]=gize (vx);

if “isequal ([M,N],size(vy)) | "isequal([M N],cboxSize),
[M,N] ,size(vy)
[M N],cbhbox8ize
error (‘sizes incorrect’)

end

if nanFix,
nindl=find (isnan(vx));
vx{nindl)=0.0;
nind2=find{isnan (vy));
vy (nind2)=0.0;

if asserts,
if “isempty (nindl) |~isempty (nind2)
disp([mfilename,’: condition number excess. ’])
end
end
end
if asserts,
foundnans = 0;
if any{isnan(vx(:)))
foundnans=foundnans+1;
end
if any(isnan(wvy(:)))
foundnans=£foundnans+1;
end.
if any(isnan(Mpart(:}))
foundnans=foundnans+1l;
end
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if any{isnan (Npart{:)))
foundnans=£foundnans+1;

end

if foundnans~=0,
disp([mfilename,’:assert:foundnans=‘,num25tr(foundnans)])
if debugOn:Q,

keyboard

end

end

end

textract params from struct:

density = flowParams.density ;

rejectSensitivity = flowParams.displaySensitivity ;

Nhist = flowParams.Nhist ;

if Nhist "= 1, error(‘only single history Nhist==1 allowed’),end

velocityScale=flowParams.velocityScale;

%find flow locations for this frame:

$subset of x,y positions which are flow:
flowind=find( displayThreshMap ~=0);%flowlist:
NumFlow = length(flowind) ;

[Mflow,Nflow] «=ind2sub{ [M N],flowind);

NumParticlesInFrame=round (density*NumFlow) ; ¥number of particles used

if isempty(Mpart),
Finit:
¥randomize selection of flow indices
[7,tempind] =sort (rand {1, NumFlow)) ;
%a random selection from flow indices to use as particles.
tempind=tempind (1:NumParticlesInFrame) ;
Mpart=Mflow (tempind) ;
Npart=Nflow (tempind) ;

end

partind =sub2ind([M,N], round (Mpart) , round{Npart)};

if isempty(parting),
[xMotion, yMotion, partind, Mpart,Npart, iiOut,ii0utIn2D, trel]l =deal ([]

); ; :

return

end

%current particles: - - - - - - - - - - - - - -
spropagate all current particles:

MpartNew = Mpart - velocityScale*vy( {(partind{:)));
NpartNew = Npart + velocityScale*vx( (partind{:)}));

$tquantize positions to indices
iMpartNew = round{MpartNew) ;
iNpartNew round (NpartNew) ;

%check if new positiocns gtill in cbox

particlesOut = ...

iMpartNew<1 | iMpartNew>M | iNpartNew<l | iNpartNew>N ;
outind = find(particiesQuk);

%remove particles which are out of chox, from list:
iMpartNew(outind) = {];
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iNpartNew(outind) = [];
partind{cutind) = {];

gcheck if new particles still in flow;

newind =gub2ind(([M,N], iMpartNew, iNpartNew) ; $convert row,col to index
detMap = displayThreshMap (newind) ;

detind = find(detMap™=0); %these in flow regions

missind = find(detMap==0); %these are out of flow regions
fremove particles which are out of flow region,, from list:
iMpartNew(misgind) = [];

iNpartNew({migsind} = [];

partind(missind) = (];

NumPartRemaining = length(iMpartNew) ;

NumQutflow = length(outind) + length{missind):;

S TE LI TIPS
{immigrant) particles: - - - - - - _ - _ _

tpropagate (backwards) all current particles:

% did they come from outside box or flow region?

Zneed to compute unit-length motion vectors:

vmag=sqrt (vy. 2 + vx."2);

%vmag (vmag==0) =1; %handle zero magnitude case

vyu = vy./vmag ; vxu = vx./vmag ;

%unit-length motion (any motion fxom adjacent pixels to flow pixels)
%using unit motion to find adjacent pixels in dir of flow
MpartInfluxNewU = Mflow + vyu(flowind);

NpartInfluxNewU = Nflow - vxu(flowind);

squantize positions to indices

iMpartInfluxNewU = round(MpartInfluxNewl) ;
iNpartInfluxNewU = round (NpartInfluxNewlU) ;

$check which outside colorbox (therefore inflowing)
particlesInfluxOut = iMpartInfluxNewU<l | iMpartInfluxNewUsM |
iNpartInfluxNewlU<l | iNpartInfluxNewUsN ;
tneed to add original corresponding to these
outIndInflux = flnd(partlclesInfluXOut),
% particles to display
MpartInfluxDisp = Mflow(ocutIndInflux)
- velocityScale*vy (flowind (outIndInflux)) ;
NpartInfluxDisp = Nflow{outIndInflux)
+ velocityScale*vx (flowind (outIndInflux) ) ;
partind3A = flowind(cutIndInflux);

zthese still in colorbox:
%check these for inside flow region
stillinindInflux = find("particlesInfluxout):;

%check which outside flow (therefor inflowing)
newindInflux = sub2ind([M,N],
iMpartInfluxNewU (stillinIndInflux), ‘
iNpartInfluxNewU (stillinIndInflux)) ;$convert row,col to index
detMap = displayThreshMap (newindInflux) ;

outindFlowInflux = find(detMap==0); %these are out of flow regions,
o add

% originals to display list
tdisplay/track subset of new candidate inflow particles:
[",subsetInd)=sort(rand(1l, length(outindFlowInflux))):
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NumInflow = min(NumOutflow,round(density*length(outindFlowInflux)));
subsetInd=subsetind (1:NumInflow) ;

outindFlowInflux = outindFlowInflux (subsetInd) ;

ocutindflowInfluxSub = stillinIndInflux(outindFlowInflux) ;
MpartFlowInfluxDigp = Mflow(ocutindFlowInfluxSuh). ..

- velocityScale*vy(flowind(outindFlowInfluxSub));
NpartFlowInfiuxDisp = Nflow{outindFlowInfluxSub) -

+ velocityScale*vx(flowind(outindFlowInfluxSub));
partind3B = flowind(outindFlowInflux) ;

NnewFromInflow = length(partind3a) + length{partind3RB) ;
it SR At P PR TP T PR TP P A

3replace emigrated particles with newly

%created particles randomly inside flow region:
numToCreate = NumParticlesInFrame -

{NumPartRemaining + NnewFromInflow) ; %account for immigrants
tgenierate new particles somewhere inside f£low region:
[",partind2]=sort (rand (1, NumFlow)) ; *randomize selectien of flow

indices
%a random selection from flow indices to use as particles,
partind2=partind2 (1 :numToCreate) ;
Mcreate=Mflow{partind2) ;
Nereate=Nflow(partind2) ;

Fungquantized peositions:
MpartNew (outind) =[] ; NpartNew (outind)=[];
MpartNew{missind) =[] ;NpartNew (missind}=[];

supdate particle lists
Mpart = clip(
[MpartNew;Mcreate;MpartFlowInfluxbisp;MpartInfiluxDisp ], [1 M]);
Npart = clip(...
[NpartNew;Ncreate;NpartFlowInfluxDisp;NpartinfluxDisp 1, [1 N1);

scull extra particles in mem. (note this is not tracked by iiQut)
maxParticles = round(prod(cboxSize)/2);
NumParticles = length(Mpart);
if NumParticles»maxParticles,
[",thinInd]l=sort (rand (1, NumParticles });
NumThin = NumParticles-maxParticles:
thinInd=thinInd {1 :NumThin} ;
Mpart (thinInd)=[];
Npari (thinInd) =[] ;
End

iiout = [...
partind(:); :
flowind{partind2{:}}; ...
partind3a;
parcind3B(:}];

%outputs:
xMotion-
yMotion

Npart;
Mpart;

)]

1

5
if colorboxIsSmalleyr,
[M2,N2] = ind2sub( [M N], iiout):

10

20

30

40



(41) JP 2014-534852 A 2014.12.25

1i0utIn2D ={sub2ind(BmodeSize, M2, N2+ choxXOffset) };
end

trel=[];
end ¥particle flow synthesis

R E RS E LR R TR
function y = clip(x,bnds);
low =bnds(1);
hi = bnds({2);
10

¥ = min(max{x,low} hi);
end %

oooDao
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function varargout=particleflow demo;

particleflow_demo: Demonstrate use and operation of

the particle flow display algorithm 20
"particleflows.m” for vector doppler data.

O Ooooo

Generates simulated vector flow data images and invokes the
vector flow display invention “particleflows.m”.

o P of df o o

$john f£lynn 10/13/2011
persistent hspat spnoiseind spnoise

Nframes = 4000;
cmapCFI = grayscaleVDImap;

Mhw= 256;Nbw= 256;

bwsize = [Mbw Nbw]; 30
M=Mbw;N = floor({Nbw/2):

cboxsize = [M NJ;

BW = conv2 (rand (Mbw,Nbw) ,cnes (10) /100, ‘same’) ;

interpFactBW = 1;

$simulate the flow data: .

VXy = .2*kron{exp(2*pi*i*[.13,.8;-.48 , .05]), ones(M/2,N/2));

Vx=real (Vxy) ; .

Vy=imag (Vxy) ;

Vx = filter(ones(33,1)/33,1,filter(ones(33,1)/33,1,Vx));

Vy = filter(ones(33,1})/33,1,filter{ones(33,1)/33,1,Vy) );

Pac=kron([0 1;1,0],ones(M/2,N/2)); _ 40

minvelBin = 5;
maxvVelColorBin=255;
%



partFlowParam.density = 1/10;
partFlowParam.displaySensitivity =
partFlowParam.Nhist = 1 ;
partFlowParam.velocityScale = 1 ;

.3

for k=1l:Nframes,
Mo2 = round(M/2); No2= round(N/2);
Pac=zeros {M,N) ;

(42)

dbox = round{min (M,N)/6* (cos (k/100) *.5+2));
Pac (Mo2-dbox:Mo2+dbox, No2-dbox : No2 +dbox) =1;

[Xh,Yh, trel,indPart,indPartiIN2D ]=

JP 2014-534852 A 2014.12.25

10

particleFlows (Vx,Vy,Pac, k, partFlowParam, bwsize, interpFactBW ) ;

BWk = BW;

choxX0ffset =
detInd = find(Pac™=0);
[ 1i2, jj2 1 = ind2sub( cboxsize,
[1ihIn2D2] = sub2ind{ bwsize, ii2,
if Tisempty{iihIn2D2),
BWk(iihIn2D2) =
end .
BWk (indPartIN2D{1}) =
image (BWk) , colormap (cmapCFI)
drawnow

end

maxVelColorBin;

detInd ); )
jj2+cboxX0ffset );

round( bwsize(2)/2 - choxsize(2)/2*interpFactBW ) ;

128 + 128/2 + minVelBin ;

20

end ¥main ¥EEEEEEEEIRREET I IISLAALLRLTSRLY

function [cmap] = grayscaleVDImap

% Function to create colormap for vector display.

tparse input for alternate map loading

X

[linspace(0,.2,64),

linspace(.2,0,64)},linspace(.25,1,128)];

Zz

[sqrt (linspace (1, .001,128)),...
linspace(.03,.2,128) ];z(end) =
.9%linspace(-1,1,256).72;

1;
Y:

cfimap0l = [x(:),y(:),z{:}];
dopplerSubMap=cfimap0l;

cmap = zeros (256,3);

% load linear greyscale in 1:128
cmap{1:128,1) = (0:(1/127):1})";
cmap(1:128,2) = (0:(1/127):1)‘;

cmap{l:128,3) (0:(1/127):1)';

% load color map in 129:256

cmap{129:256, :) = dopplerSubMap(1:2:256,

end -
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