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from scipy import signal

from scipy import misc

import numpy as np

import matplotlib.pyplot as plt

import sys

# Parameters

P e e s Sie S s R RS A
tStep =20.0
tStep = tStep/1000.0

gpboooog
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0000
pptoiop =1/1.96 # Characterization data from 10/28/15.
See PP2I0OP_10.28.xlsx
pptoiopOffset =1.75 # Characterization data from 10/28/15.
See PP2I0P_10.28.xIsx
smROIfind =100.0 # Raw (PP) smoothing for purposes of
peak-finding [ms].
smROIfind = (smROIfind/1000.0/tStep) # Now number of elements.
smROIl =30.0 # ROI smoothing for purposes of peak-
finding [ms].
smROI = int(smR0O1/1000.0/tStep) # Now number of elements.
boxROI =9 # Boxcar detection length (best if odd-
numbered).
smPuls = 200.0 # Smoothing prior to finding flow through
differentiation [ms].
smPuls = int(smPuls/1000.0/tStep) # Now number of elements.
smPulsPeak =300.0 # Smoothing for purposes of peak-
finding [ms].
smPulsPeak = int(smPulsPeak/1000.0/tStep) # Now number of
elements.
boxPuls =9 # Boxcar detection length for peaks (best if
odd-numbered).
. OCUTST S Y W
# Subroutines
B oo oo
def smooth(x, window_len=11): # Simple boxcar smoothing
function.

w = signal.boxcar(window_len)
smooth = np.convolve{w/w.sum(),x,mode="same")
return smooth

def deltaV(P, sex):
OoO0o0oo0oo0oao
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0000

coef = np.arange(3, dtype=np.dtype('d’)) #dtype('d") = double precision
floating point.

coef[0] =-8.03 * pow(10, -3)

coef[1] = 4.87 * pow(10, -3)

coef[2] = 3.90 * pow(10, -5)

volume =0

if sex == ‘male":

volume = 6500

elif sex == 'female":

volume = 5900

return (volume * (coef[0] + coef[1] * np.log(P) + coef[2]*P])

def peakfind(data, smoothLen, tStep, window_len=7): # Differentiate, find
Zero-crossings.

data = smooth(data, smoothLen) # Returns positive-going and
negative-going *indicies™*.

data = np.gradient(data, tStep) # data: vector to be analyzed.
peaksPositive = np.empty(0) # smoothLen: boxcar smoothing
length pre-differentiation.

peaksNegative  =np.empty(0) # tStep: used by differentiation
(gradient) function.

avg = np.mean(data[0:window_len]) # window_len: length of window
in which to sense polarity change.

it = np.nditer(data, flags=['f_index'])

while notit.finished:

if (itindex+1) + window_len + smoothLen > data.size: # Do not crash the limit of
the data vector, and...

break # .. don't analyze data within the last smoothing
length. Such data are often spurious.

newavg = np.mean(dataf[itindex:itindex+window_len])

ifit.index >= smoothLen: # Don't analyze data within the first

smoothing length. Such data are often spurious.

goboooog
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ifavg * newavg < 0:

ifitf0] < 0:

peaksNegative = np.append(peaksNegative, (itindex + window_len/2)-1)

elifit[0] > O:

peaksPositive = np.append(peaksPositive, (itindex + window_len/2)-1)

avg = newavg L
ititernext()

return peaksPositive, peaksNegative

def meanPeaktoPeak(data, posPeaks, negPeaks):

posPeakValues = np.empty(0)

negPeakValues = np.empty(0)

foriin range(0,posPeaks.size):

posPeakValues = np.append(posPeakValues, data[posPeaks[i]]) 20
for i in range(0,negPeaks.size):

negPeakValues = np.append(negPeakValues, data[negPeaks[i]])

return np.absolute(np.mean(posPeakValues)) + np.absolute(np.mean(negPeakValues))

def meanDeltaV(data, posPeaks, negPeaks):

posPeakValues = np.empty(0)

negPeakValues = np.empty(0)

for i in range(0,posPeaks.size): %
posPeakValues = np.append(posPeakValues, data[posPeaks[i]])

for i in range(0,negPeaks.size):

negPeakValues = np.append(negPeakValues, data[negPeaks[i]])

return np.absolute(np.mean(posPeakValues)) - np.mean(negPeakValues)

def meanPeakPos(data, posPeaks):

posPeakValues = np.empty(0)

for i in range(0,posPeaks.size): 10
posPeakValues = np.append(posPeakValues, data[posPeaks[i}])

return np.absolute(np.mean(posPeakValues))

def drawPlot(title, xlabel, ylabel, x, y):

plt.figure(figsize=(10,10))

goboooog
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plt.title(title)

pltminorticks_on()

pltxlabel(xlabel)

pltylabel(ylabel)

plt.plot(xy, 'k', linewidth=2.0)

ax = plt.gca()

ax.tick_params(axis="'both', which="major',width=1, length=10)
ax.tick_params(axis="'both’, which="minor',width=1, length=>5)
def oPlot(x,y, color="r"):

pit.plot(x,y, color, linewidth=2.0, markersize = 16.0)

def printUsage():

print "Usage: ./iopanalyze.py datafile sex plot”

print “plot is either yes or no, if plot == yes, every plot will be drawn to the screen.”

print "sex must be male or female.”

# Main Routine

# Acquire input parameters 'dataName’, 'sex’, and boolean 'drawplots’.

" n

if _name__=="_main_":

iflen(sys.argv) |=4:

printUsage(]}

sys.exit()

sex = sys.argv[2]
dataName = sys.argv[1]
drawplots =False
ifsysargv[3] =="yes™

drawplots =True

elif sys.argv[3] =="no"

drawplots = False

# Optional OPP input (with data parsing)

gboooood
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OPP = False

print "

OPPinput = raw_input(“"Do you wish to calculate the OPP? (Y/N)? "}
if OPPinput =="Y" or OPPinput =="y":

badinput = True

while badInput == True:

systolic = raw_input("Please enter the Systolic Blood Pressure: ")
try:

systolic = float(systolic)

badInput = False

except:

print ("Improper format. Please try again.")

badlnput = True

while badlnput == True:

diastolic = raw_input("Please enter the Diastolic Blood Pressure: ")
try:

diastolic = float(diastolic)

badInput = False

OPP = True

except:

print ("Improper format. Please try again.")

# Load PP data and synthesize time data.

PPdata = np.loadtxt(str(sys.argv[1]), dtype=np.double)
time = np.linspace(0.0, PPdata.size*tStep, PPdata.size)
# Detect ROL

slope = np.gradient(smooth(PPdata,smROIfind), tStep)
roileft = np.argmax(slope[10:slope.size-10]) + 0.5/tStep
roiright = np.argmin(slope[10:slope.size-10]) - 0.5/tStep

# Truncate raw PP Data.

oooooao

10

20

30

40

50



(35) JP 6963822 B2 2021.11.10
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dataROl = PPdata[roileft:roiright]
tROI = time[roileft:roiright]

# Convert raw PP to IOP.

dataROI = dataROI - pptoiopOffset

dataROI *= pptoiop

# Fit linear and cubic line to ROI, find mean 10P.

coef = np.polyfit(tROl, dataROl, 1)

meanlOP = coef[1] + coef[0] * time[(roileft+roiright) /2]
meanlOPvec = np.full(dataROl.size, meanIOP)

coef = np.polyfit(tRO], dataRO}, 3)

cubic = np.poly1d(coef)

# Flatten ROL

dataROlzero = dataROlI - cubic(tROI)

# Find peaks in the flattened zero-based IOP data (A).

pksPosA, pksNegA = peakfind(dataROlzero, smROl, tStep, boxROI)

# Compute pulsatile amplitude (PA).

pulseamplitude = meanPeaktoPeak(dataROlzero, pksPosA, pksNegA)
# Add mean 10P back

dataROladded = dataROlzero + meanlOPvec

# Compute pulse rate.

pulsetime =0

if pksPosA.size >= pksNegA.size:

pulsetime = (tROI[pksPosA[pksPosA.size-1]] - tROI[pksPosA[0]]) / (pksPosA.size - 1)

elif pksPosA.size < pksNegA.size:

pulsetime = (tROI[pksNegA[pksNegA.size-1]] - tROI[pksNegA[0]]) / (pksNegA.size - 1)

pulserate =60.0 / pulsetime

# Convert 10P to change in volume and calculate mean peak-to-peak pulsatile deltaV

and Net Pulsatile Flow.

deltaVdat = deltaV(dataROladded, sex)

pulsevolume = meanDeltaV(deltaVdat, pksPosA, pksNegA)
netPulsFlow = pulsevolume * (pulserate /60.0)

goboooog
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goooaog
# Differentiate deltaV to get the instantaneous rate of volume change {(which is the

instantaneous blood flow).

deltaVdatSmooth =smooth(deltaVdat,smPuls) # Smooth the input signal
(deltaVdat) before differentiation.

pulsFlow = np.gradient(deltaVdatSmooth,tStep) # Differentiate the
smoothed signal to obtain flow.

# Find peaks in the differentiated signal (B).

pksPosB, pksNegB = peakfind(pulsFlow[0:tROl.size],smPulsPeak, tStep, boxPuls)

# Calculate peak net pulsatile flow.

peakNetPulsatileFlow = meanPeakPos(pulsFlow, pksPosB)

print “\n"

01 01 1] ARSI i
print “Mean IOP (mmHg): " + str(np.around(meanlOP,1))
print "Pulse Rate (1/min): " + str(np.around(pulserate,1))

print "Pulsatile Amplitude (mmHg): " + str(np.around(pulseamplitude,2))

print "\n"

print "Net Pulsatile Flow  (uL/s): " + str(np.around(netPulsFlow,2))

print "Net Pulsatile Flow (uL/m): " + str(np.around(netPulsFlow * 60.0, decimals =
0))

print "Peak Net Pulsatile Flow (uL/s): " + str(np.around(peakNetPulsatileFlow, 1))
print “Peak Net Pulsatile Flow (uL/m): " + str(np.around(peakNetPulsatileFlow*60,1))
if OPP:

print "\n"

print "Systolic BP (mmHg): " + str(int(systolic))
print "Diastolic BP (mmHg): " + str(int(diastolic))
print "\n"

meanOPP = 2.0/3.0 * (diastolic + 1.0/3.0 * (systolic - diastolic)) - meanlOP

goboooog

10

20

30

40



(37) JP 6963822 B2 2021.11.10

ooooo
print "Mean OPP (MPP) (mmHg): " + str(np.around(meanOPP,1))

systolicOPP = systolic - meanlOP
print "Systolic OPP (SPP)  (mmHg): " + str(np.around(systolicOPP,1))

diastolicOPP = diastolic - meanlOP

10

if drawplots:

pltrcParams.update({'font.size": 20})

pltrcParams.update({‘axes.linewidth": 2.0}) 20
AddDataName = raw_input("Do you want the datafile name to appear on the plots?
(Y/N)?")

if AddDataName !="Y" and AddDataName != "y":

dataName ="

# Probe Pressure.

drawPlot("Probe Pressure " + dataName , "Time [s]", "Probe Pressure [mmHg]", time,
PPdata) 30
plt.savefig('PP.png’, transparent=True)

# d(PP)/dt.

drawPlot("\n d(PP)/dt" + dataName, "Time [s]", "d(PP)/dt [mmHg/s]", time, slope)
zeroVec = np.zeros(tROl.size)

oPlot(tRO], zeroVec, 'k:")

plt.savefig('d(PP)_dt.png', transparent=True)

# 10P. 40
drawPlot{"\n IOP " + dataName, "Time [s]", "IOP [mmHg]", tROI, dataROI)

oPlot(tROI, dataR0Ol, 'k')

oPlot(tROI, cubic(tROI), 'k:")

plt.savefig('10P.png’, transparent=True)
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# Flattened Zero-Based ROI with peaks annotated.
drawPlot(“Flattened Zero-Based ROl " + dataName, “"Time [s]", '10P [mmHg]', tROI,
dataROlzero[0:tROl.size])
circlesNegX = np.zeros(pksNegA.size)
circlesNegY = np.zeros(pksNegA.size)
circlesPosX = np.zeros(pksPosA.size) 10
circlesPosY = np.zeros(pksPosA size)
foriin range(0,pksNegA.size):
circlesNegX[i] = tROl[pksNegA[i}]
circlesNegY[i] = dataROlzero[pksNegA[i]]
for i in range(0,pksPosA.size):
circlesPosX[i] = tROI[pksPosA[i]]
circlesPosY([i] = dataROlzero[pksPosA[i]]
oPlot (circlesNegX, circlesNegy, ‘kv')

20

oPlot (circlesPosX, circlesPosY, 'k*')

zeroVec = np.zeros(tROl.size)

oPlot(tRO], zeroVec, 'k:")

plt.savefig('FlatZeroROlLpng', transparent=True)

# Flattened ROI. 30
drawPlot("\n Flattened ROl " + dataName, "Time [s]", "IOP [mmHg]", tROI,
dataROladded)

oPlot(tR0O], meanlOPvec, 'k:")

circlesNegX = np.zeros(pksNegA.size)

circlesNegY = np.zeros(pksNegA.size)

circlesPosX = np.zeros(pksPosA.size)

circlesPosY = np.zeros{pksPosA.size) 40
foriin range(0,pksNegA.size):

circlesNegX[i] = tROl[pksNegA[i]]

circlesNegY[i] = dataROladded[pksNegA[i]]

for i in range(0,pksPosA.size):

circlesPosX[i] = tROI[pksPosA[i]]
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circlesPosY[i] = dataROladded[pksPosA[i]]
oPlot (circlesNegX, circlesNegY, 'kv")
oPlot (circlesPosX, circlesPosY, 'k*")
plt.savefig('FlatROl.png/, transparent=True)
# DeltaV.
drawPlot(r'$\Delta$V [$\mu$L] ' + dataName, "Time [s]", r'$\Delta$V [$\mu$L]’, tROL,
deltaVdat)

10

pltsavefig('DeltaV.png', transparent=True)

# DeltaV with peaks annotated.

drawPlot("\n'+r'$\Delta$V [$\mu$L] ' + dataName, "Time [s]", r'$\Delta$V [$\mu$L]’,

tROI, deltaVdat[0:tROl.size])

circlesNegX = np.zeros(pksNegA. size)

circlesNegY = np.zeros(pksNegA.size) 20
circlesPosX = np.zeros(pksPosA.size)
circlesPosY = np.zeros(pksPosA.size)
for i in range(0,pksNegA.size):
circlesNegX[i] = tROI[pksNegAl[i]]
circlesNegY[i] = deltaVdat[pksNegA[i]]
for i in range(0,pksPosA.size):
circlesPosX[i] = tROIfpksPosA[i]]
circlesPosY[i] = deltaVdat[pksPosA[i]]
oPlot (circlesNegX, circlesNegY, 'kv")

30

oPlot (circlesPosX, circlesPosY, 'k*')
pltsavefig(‘'DeltaVannot.png', transparent=True)

# Instantaneous Pulsatile Flow

drawPlot("\n Instantaneous Pulsatile Flow " + dataName,
"Time [s]",

r'$d(\Delta V) /dt$ [$\mu$L/s]’,

tROI[smPuls :tROl.size - smPuls],

40

pulsFlow[smPuls:tROl.size - smPuls])
circlesNegX = np.zeros(pksNegB.size)
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circlesNegY = np.zeros(pksNegB.size)
circlesPosX = np.zeros(pksPosB.size)
circlesPosY = np.zeros(pksPosB.size)
for i in range(0,pksNegB.size):
circlesNegX[i] = tROl[pksNegB[i]]
circlesNegY([i] = pulsFlow[pksNegB]i]]
foriin range(0,pksPosB.size):
circlesPosX[i] = tROI[pksPosB[i]]
circlesPosY([i] = pulsFlow[pksPosB][i]]
#oPlot (circlesNegX, circlesNegy, 'kv')
oPlot (circlesPosX, circlesPosY, 'k"')

zeroVec = np.zeros(tROl size)

oPlot(tROl, zeroVec, 'k:")

plt.savefig('InstPulsFlow.png’, transparent=True)

plt.show()

#!/usr/bin/python
-*. coding: utf-8 -*-
from pyqtgraph.Qt import QtGui, QtCore
import numpy as np
import pyqtgraph as pg
import serial
import signal
import sys, io
from PySide.QtCore import QTime, QTimer
import time, datetime, shutil, os
from PyQt4.QtGui import QPixmap, QApplication
#Signal Handler for CTRL+C
def handler(signum,frame):

print "Closing the Application...
ooooon
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pg.exit()
sys.exit(0)
class myMainWindow(QtGui.QMainWindow):
def closeEvent(self,event):
print 'Closing the Application...’
event.accept()
pg-exit()
sys.exit(0)
#app = QApplication(sys.argv)
#Initialize variables
yminRange =2 # Y Axis Range
ymaxRange =50 # Y Axis Range
logBatchSize = 1 # Number of Samples written to Log file in one go
elapsedSecs = 0
num_points=0
log_counter=0
xRange=7
time_sample=0.02  # time of sample 20 ms
num_sample = int(xRange/time_sample)
pressureArray = np.array([0.00]*num_sample)
timeArray = np.arange(0, xRange, time_sample)
msTimeOld =0
#Initialize pyqtgraph objects
qtime = QTime()
app = QtGui.QApplication([])
window = myMainWindow()
w = QtGui.QWidget()
window.resize(800,650)
window.setCentralWidget(w)
btn1l = QtGui.QPushButton('Start’)
btn2 = QtGui.QPushButton('Stop')
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btn3 = QtGui.QPushButton('Save")
btn1l.setMinimumHeight(35)
btn2.setMinimumHeight(35)
btn3.setMinimumHeight(35)
btnl.setMinimumWidth(100)
btn2.setMinimumWidth(100)
btn3.setMinimumWidth(100)

lab1 = QtGui.QLabel(‘File Name")

lab2 = QtGui.QLabel(’'Notes')

lab3 = QtGui.QLabel('Live")

lab4 = QtGui.QLabel( Test')

txtFName = QtGui.QLineEdit()
txtLName = QtGui.QLineEdit()
txtFName.setFixedWidth(200)
txtLName.setFixedWidth(200)
btnGrp = QtGui.QButtonGroup()
radioMale = QtGui.QRadioButton("')
radioFemale = QtGui.QRadioButton(")
btnGrp.addButton(radioMale)
btnGrp.addButton(radioFemale)
empty = QtGui.QLabel(")

layout = QtGui.QGridLayout()

plot = pg.PlotWidget()

xAxis = plot.getAxis('bottom’)
xAxis.setTickSpacing(2, 1) # major tick is Z second
yAxis = plot.getAxis('left')

JP 6963822 B2 2021.11.10
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#yAxis.setTickSpacing(10, 1) # major tick is 10 units, minor is 1 unit.

yAxis.setTickSpacing(10, 1)
plot.setLabel('left’, 'Pressure’, 'mmHg')
plot.setLabel('bottom’, "Time’, "Seconds’)
layout.addWidget(plot,0,0,1,3)
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layout.addWidget(empty,5,0,1,3)

#layout.addWidget(empty,6,0,1,3)
layoutaddWidget(btn1,1,2,2,1)
layout.addWidget(btn2,3,2,2,1)
layout.addWidget(btn3,5,2,2,1)
layout.addWidget(lab1,1,0) 10
layout.addWidget(lab2,2,0)
layout.addWidget(lab3,3,0)
layout.addWidget(lab4,4,0)
layout.addWidget(txtFName,1,1)
layout.addWidget(txtLName,2,1)
layout.addWidget(radioMale,3,1)
layout.addWidget(radioFemale,4,1)

20

curve = plot.plot(clear=True)
w.setLayout(layout)
window.setWindowTitle("Live plot from serial")
window.show()
btn2.setEnabled(False)
btn3.setEnabled(False) 30
try:
#Initialize /open serial port
raw=serial.Serial("/dev/ttyACM0",9600)
#raw=serial.Serial(" /dev/ttyUSB0",9600)
except OSError as e:
printe

40
pg-exit()

sys.exit(0)
#plot.setYRange(yminRange,ymaxRange)
def buttonStartClicked():
global timer, timer2, qtime,msTimeOld,pressureArray, timeArray,num_points,

log_counter,xAxis, fo
0Dooooaon 50
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btnl.setEnabled(False)

btn2.setEnabled(True)

btn3.setEnabled(True)

pressureArray = np.array([0.00]*num_sample)

timeArray = np.arange(0, xRange, time_sample)
#xAxis.setTicks([[(0,'0.(1,").(2,'2").(3.").(4.'4).(5.").(6,'6").(7.").(8."87.(9,').(10,'10").[]
1)

xAxis.setTicks([[(0,'0"),(1,").(2,'2").(3,").(4.'4').(5.").(6,'6").(7.")L.1])

"

fo = open("pressure.log
msTimeOld =0

W)

log_counter=0

num_points=0

qtime = QTime()

timer = QtCore.QTimer() %

timer.timeout.connect(update_graph)

timer.start(20} # redraw graph every 20 ms

gtime.start()

timer2 = QtCore.QTimer()

timer2.timeout.connect(read_data)

timer2.start(1) # read data as soon as possible
def buttonStopClicked():

global timer, timer2, pressureArray, timeArray, fo

btnl.setEnabled(True)

btn2.setEnabled(False)

btn3.setEnabled(True)

30

timer.stop()
timer2.stop()
pressureArray.fill(0.0) 40
timeArray.fill(0)
def buttonSaveClicked():

global timer, timer2, pressureArray, timeArray, fo
000000
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btnl.setEnabled(True)

btn2.setEnabled(False)

btn3.setEnabled(False)

timer.stop()

timer2.stop()

pressureArray.fill(0.0)

timeArray.fill(0)

fileName = "/home /pi/instrument/data/" +datetime.datetime.now().strftime("%m-
%d-%Y_%H:%M:%S") +xtFName.text() + txtLName.text() + “.png"

if not os.path.exists('/home/pi/instrument/data/'):

10

os.makedirs(’ /home /pi/instrument/data’)
QPixmap.grabWindow(window.winld(},0,-22,-1,-1).save(fileName, 'png')
fileName = “/home/pi/instrument/data/"+datetime.datetime.now().strftime("%m- 20
%d-%Y_%H:%M:%S")+txtFName.text() + txtLName.text() + ".xt"
fo.close()
shutil.copyfile("pressure.log' fileName)
os.remove('pressure.log’)
def read_data():
global pressureArray, num_points, num_sample, log_counter
line = raw.readline().rstrip('/r/n"}).rstrip() 30
position = line.find('=") # find position of '=' symbol in x
pressure = float(line[position+1:]) # find value in x
if num_points >= num_sample:
pressureArray[:-1] = pressureArray[1:] # shift data in the array one sample left
pressureArray[-1] = pressure
log_counter +=1
if log counter % logBatchSize == 0: 40
log_counter =0
fo.write("\n".join(map(str,pressureArray[num_sample-
logBatchSize:num_sample])) + "\n")

else:
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pressureArray[num_points] = pressure

num_points +=1
log_counter +=1

if num_points % logBatchSize == 0:

fo.write("\n".join(map(str,pressureArray[num_points-logBatchSize:num_points]})

+"\n")
def update_graph():
global curve, elapsedSecs, timeArray, pressureArray, msTimeOld
msTime = qtime.elapsed()
elapsedSecs = msTime/1000
if elapsedSecs > (xRange+1):
s = elapsedSecs
if (msTime - msTimeOld) > 1000:
#xAxis.setTicks([[(0,int(s-11)),(1.").(2.int(s-9)).(3.").(4.int(s-7)),(5.").(6.int(s-
5)),(7."),(8,int(s-3)),(9,"),(10,int(s-1)}],[1])
xAxis.setTicks([[(0,int(s-(xRange+1))),(1,"),(2,int(s-(xRange-1))),(3,"),(4int(s-
(xRange-3))),(5,").(6,int(s-(xRange-5))).(7.")L.0])
msTimeOld = msTime
curve.setData(x=timeArray, y=pressureArray,_callSync="off")
app.processEvents()
#signal handles for keyboard interrupt
signal.signal(signal.SIGINT, handler)
btn1.clicked.connect(buttonStartClicked)
btn2.clicked.connect(buttonStopClicked)
btn3.clicked.connect{buttonSaveClicked)
if _name_ =='_main__":
import sys
if (sys.flags.interactive != 1) or not hasattr(QtCore, 'PYQT_VERSION'):
QtGui.QApplication.instance().exec_()
#usage: python iopanalyze.py Rhonda34mm17mm.txt female/male no/yes
#1/usr/bin/python2.7
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from scipy import signal
from scipy import misc
import numpy as np
import matplotlib.pyplot as plt
import sys
timestep = 20.0 / 1000.0 # 20ms
pptoiop = 16.0/55.0

# smooth: A simple boxcar average smoothing function.

10

# The first argument is the vector to smooth, the second element (window_len)
# is the size of the boxcar filter.
# mode = 'same' assures that the length of the smoothed vector is the
# same as the vector being smoothed.
def smooth(x, window_len=11):
#s = np.r_[x[window_len-1:0:-1],x,x[-1:-window_len:-1]] 20
i=%
w = signal.boxcar(window_len)
return np.convolve(w/w.sum(),s,mode="same")
def deltaV(P, sex):
coef = np.arange(3, dtype=np.dtype('d")) #dtype('d') = double precision floating point
coef[0] = -8.03 * pow(10, -3)
caef[1] = 4.87 * pow(10, -3) 30
coef[2] = 3.90 * pow(10, -5)
volume = 0
if sex == 'male":
volume = 6500
elif sex == 'female":
volume = 5900
return (volume * (coef[0] + coef[1] * np.log(P) + coef[2]*P)) 40
# peakfind: a peakfinding algorithm that takes a derivitave (DxDy)
# and finds the peaks in the source data by finding polarity shifts (zero-crossings)

# returns a np.array of indicies where source[index] is a peak
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def peakfind(data, window_len=15):

peaksPositive = np.empty(0)
peaksNegative = np.empty(0)
avg = np.mean(data[0:window_len])
it = np.nditer(data, flags=['f_index'])
while not it.finished:
if (itindex+1) + window_len > data.size:
break
newavg = np.mean(datafit.index:it.index+window_len])
if avg * newavg < 0:
if it[0] < O:
peaksNegative = np.append(peaksNegative, (itindex + window_len/2)+1)
elif it[0] > 0:
peaksPositive = np.append(peaksPositive, (it.index + window_len/2)-1)
avg = newavg
it.iternext()
return peaksPositive, peaksNegative
def meanPeaktoPeak(data, posPeaks, negPeaks}:
posPeakValues = np.empty(0)
negPeakValues = np.empty(0)
for i in range(0,posPeaks.size):
posPeakValues = np.append(posPeakValues, data[posPeaks[i]])
foriin range(0,negPeaks.size):
negPeakValues = np.append(negPeakValues, data[negPeaks(i]])
return np.absolute(np.mean(posPeakValues)) + np.absolute(np.mean(negPeakValues))
def printUsage():
print "Usage: ./iopanalyze.py datafile sex plot"
print "plot is either yes or no, if plot == yes, every plot will be drawn to the screen.”
print "sex must be male or female."
if_name__ =="_main_":

if len(sys.argv) != 4:
OoooOoO
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printUsage()
sys.exit(})
sex = sys.argv{2]
drawplots = False
if sys.argv[3] == "yes"™
drawplots = True
elif sys.argv[3] == "no":
drawplots = False
data = np.loadtxt(str(sys.argv[1]), dtype=np.double)
time = np.linspace(0.0, data.size*timestep, data.size)
if drawplots:
plt.figure()
plt.title("Probe Pressure")
plt.minorticks_on()
plt.xlabel("Time [s]")
plt.ylabel("Probe Pressure [mm Hg]")
plt.plot(time,data)
data *= pptoiop
slope = np.gradient(smooth(data,5), timestep)
slopeamp = slope*data
roileft = np.argmax(slopeamp[10:slopeamp.size-10]) + 0.5/timestep
roiright = np.argmin(slopeamp[10:slopeamp.size-10]) - 0.5 /timestep
if drawplots:
plt.figure()
plctitle("d(10P)/dt")
pltminorticks_on()
pltxlabel("Time [s}")
pltylabel("d(PP)/dt [mmHg/s]")
#plt.plot(time, slope[0:time.size])
plt.plot(time, slopeamp[0:time.size])
#plt.plot(time[roileft:roiright], slope[roileft:roiright], 'r)
0oDoooo
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plt.plot(time[roileft:roiright], slopeamp[roileft:roiright], 'r’)
dataRoi = data[roileft:roiright]
timeRoi = time[roileft:roiright]
coef = np.polyfit(timeRoi, dataRoi, 1)
meanlOP = coef[1] + coef[0] * time[(roileft+roiright) /2]
#meanlOPvec = np.full(dataRoi.size, meanlOP)
meanlOPvec = np.ones(dataRoi.size)
meanlOPvec *= meanlOP
coef = np.polyfit(timeRoi, dataRoi, 3)
cubic = np.poly1d(coef)
if drawplots:
plt.figure()
plt.title("IOP")
plt.xlabel("Time [s]")
plt.ylabel("IOP [mm Hg]")
plt.minorticks_on()
plt.plot(time, data)
plt.plot(timeRoi, dataRoi, 'r")
plt.plot(timeRoi, cubic(timeRoi), 'g")
#data = smooth(data, 5)
dataROlzerobased = dataRoi - cubic(timeRoi)
dataROladded = dataROlzerobased + meanlOPvec
if drawplots:
plt.figure()
plttitle("Flattened ROI")
plt.xlabel("Time [s]")
plt.ylabel("Intraocular Pressure [mm Hg}")
plt.minorticks_on()
plt.plot(timeRoi, dataROladded)
plt.plot(timeRoi, meanlOPvec, 'r')

deltaV = deltaV(dataROladded, sex)
0oDoooo
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if drawplots:
plt.figure()
plt.title("delta V [microliters]")
plt.xlabel("Time [s]")
plt.ylabel("delta V [microliters]")
plt.minorticks_on()

plt.plot(timeRoi, deltaV) v
pulsFlow = smooth(np.gradient(deltaV, timestep), 20)
if drawplots:
zeroline = np.zeros(timeRoi.size)
plt.figure()
plt.minorticks_on()
plt.title("d(deltaV)/dt") 20
plt.xlabel{("Time [s]")
plt.ylabel("Pulsatile Flow [microliters/s]")
plt.plot(timeRoi, pulsFlow[0:timeRoi.size])
plt.plot(timeRoi, zeroLine, 'r:")
pulsFlowPos = np.clip(pulsFlow, 0, np.max(pulsFlow))
pulsFlowNeg = np.clip(pulsFlow, np.min(pulsFlow), 0)
totalPulsFlowPos = np.trapz(pulsFlowPos, dx=timestep) 30
totalPulsFlowNeg = np.trapz(pulsFlowNeg, dx=timestep)
avgPulsFlowPos = totalPulsFlowPos / (np.max(timeRoi) - np.min(timeRoi})
avgPulsFlowNeg = totalPulsFlowNeg / (np.max(timeRoi) - np.min(timeRoi))
avgPulsFlow = (np.absolute(avgPulsFlowNeg) + np.absolute{avgPulsFlowPos)) /2
peaksPos, peaksNeg = peakfind(smooth(np.gradient(dataROlzerobased, timestep), 5))
npeakpairs = float(peaksPos.size + peaksNeg.size) / 2
pulsetime =0 40

if peaksPos.size > peaksNeg size:
pulsetime = (timeRoi[peaksPos[peaksPos.size-1]] - timeRoi[peaksPos[0]]) /
(peaksPos.size - 1)
elif peaksPos.size <= peaksNeg size:
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pulsetime = (timeRoi[peaksNeg[peaksNeg.size-1]] - timeRoi[peaksNeg[0]]) /
(peaksNeg.size - 1)
pulserate = 60.0 / pulsetime
pulseamplitude = meanPeaktoPeak(dataROlzerobased, peaksPos, peaksNeg)
pulsevolume = avgPulsFlow / (pulserate/60.0)
print “\n\n"
print "meanlOP: " + str(meanlOP)
print “Pulse Flow: " + str(avgPulsFlow) + " uL/s"
print “Pulse rate: " + str(pulserate)
print "Pulse Amplitude: " + str(pulseamplitude)
print "Pulse Volume: " + str(pulsevolume)
print "\n\n"
if drawplots:
circlesP = np.zeros(peaksPos.size)
circlesPT = np.zeros(peaksPos.size)
circlesN = np.zeros(peaksNeg.size)
circlesNT = np.zeros(peaksNeg.size)
zeroLine = np.zeros(timeRoi.size)
for i in range(0,peaksNeg.size):
circlesN[i] = dataROlzerobased[peaksNeg[i]]
circlesNT[i] = timeRoi[peaksNeg[i]]
for i in range(0,peaksPos.size):
circlesP[i] = dataROlzerobased[peaksPos[i}]
circlesPT[i] = timeRoi[peaksPos[i]]
plt.figure()
plt.title("Flattened Zero-Based ROI")
pltxlabel("Time [s]")
pltylabel(“Intraocular Pressure [mm Hg]")
plt.plot(timeRoi, dataROlzerobased)
plt.plot(circlesPT, circlesP, 'ro")
plt.plot(circlesNT, circlesN, 'ro')
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plt.plot(timeRoi, zeroLine, r:')

plt.show()
sys.exit()
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