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137 | 0.07 1500 | 1.166
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Listing 1 Peak Detection

Peak detectionl
utilizing derivative values

* H K H

from utils import *
import math, sys, os

#### parameter settings
start = 0.012e-3
end = 0.358e-3

threshold = 0.00005 # value for detecting peaks

rise = 0.4e-6 # rise time

pw = 2.80e-6 # maximum pulse width to remove
#H###

filename = sys.argv[1]

xx, yy = loadData(filename)
out_filename = os.path.basename(filename).split(".")[0] + "_pd"

# convert time variables into sample
xinterval = xx[1]-xx[0]

start = int(round(start/xinterval))
end = int(round(end/xinterval))

pw = int(round(pw/xinterval))

rise = int(round(rise/xinterval))
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N =
da =

len(xx)

[0.0]*N # derivative 1list

L=300 # sample numbers for Least square

M= L//2

# prepare fixed constants for Least square(Linear)

X1 = ((L-1)*L)/2
X2 =
D = L*¥X2 - (X1*%2)

((L-1)*L*(2*(L-1)+1))/6

# obtain derivative list

step = N // 100

for i in xrange(M,N-M):

a,b = LS(yy,i-M,L,X1,X2,D)

aal[i] = a

if i % step ==
sys.stdout
sys.stdout

0:

.write("\r:

.flush O

sys.stdout.write("\r100%%

sys.stdout.flush()

# peak detection
start
pulselist = []
while i < end-M:

i =

%s %%"%(int (float(i)/N

completed\n")

# 1l.detect a point that exceeds threshold
if aa[i] < threshold:

i+=1
continue

# 2.scan back to the edge (<rise time)
# x1 is where the pulse starts

for j in xrange(i+l,i+int(rise//2)):

minl = aa[i]
x1 =1
if aa[j] <
minl =
x1l = j

minl:
aaljl
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# 3.do the same thing for the fall side

i = x1 + pw
while x1 + rise < i and aa[i] > -threshold:
i+=-1
# not found
if i == x1 + rise:
continue
# 4.scan forward to the edge(x3)
maxl = aal[i]
X2 = i #pulse ends at x2
for j in xrange(rise):
i+=1
if maxl < aa[i] and aa[i] < minl:
maxl = aal[i]
x2 =1

i=x2+rise
pulselist.append((x1,x2))

# print pulselist
print "found %s peaks" % len(pulselist)

# peak elimination & interpolation
yy2=yyl[:]
for pulse in pulselist:
x0,x1 = pulse[0],pulse[1]
spline(yy2,x0,x1,rise)

# clear untouched region
for i in xrange(end,N):

yy2[i] = O

savefile(xx,yy2, out_filename+".txt")
savefile(xx,aa, out_filename+"_aa.txt")
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Listing 2 Peak Detection2

Peak removal
by examining starndard deviation

H H H K

from utils import *
import math, sys, os

#### parameter settings

# noise deviation range(start->start+L)
start = 1.942E-3

end = 3.58E-4

pw = 1.0e-6 # minimum pulse width

# scan parameters in samples
step = 120

L = 800

#H#HH

filename = sys.argv[1]
XX, Yy = loadData(filename)

out_filename = os.path.basename(filename).split(".")[0] + "_pd2"

# time unit conversion

xinterval = xx[1]-xx[0]

start = int(round(start/xinterval))
end = int(round(end/xinterval))

pw = int(round(pw/xinterval))

M = int(L//2)

N = len(xx)
yy2 = yyl:]

def scanNext(yy,i,pw,L,sd):
# skip a possible peak region (pw +)
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# by scanning the next stable region L
next = n =1 - pw -L + step
min_sd = SD(yy,next,L)*3
next += -int(L/10)
skip =1
while True:
if next < end+L:
next = end+L
break
sd_temp = SD(yy,next,L)*3
if sd_temp < min_sd:
# index n for the region with the minimum sd
min_sd = sd_temp
n = next
next += -int(L/10)
skip += 1
if skip > 20:
next = n
break
return next

# peak detection and interpolation
# scan backward
sd = SD(yy2,start,L)*3

i = start -1
a,b = LS2(yy2,i,L)
i += -step
while end+L < i:
# examine "step" region ahead

p =20

for ii in xrange(step):
v = (yy2[i+ii] - (a*(ii-step)+b))
if v < -sd or sd < v:

p += 1

if p > step * 0.01: # since 3*sd > 99%
# peak found
next = scanNext(yy2,i,pw,L,sd)
a2,b2 = LS2(yy2,next,L)
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# interpolation range

minX = next + L

maxX = i +step

#connection (x0,y0), (x1,yl)
X0 = next + M

yO0 = a2 * M + b2

x1 = i+step + M

yl =a * M+ b

spline_(yy2,x0,x1,y0,yl,a2,a,minX,maxX)

a,b = a2,b2
i = next - step

else:# all the points are within sd®*3, no peak
a,b = LS2(yy2,i,L)
i += -step//2

savefile(xx,yy2, out_filename+".txt")
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Listing 3 Time estimation

#

# Main

#

from utils import *
import math, sys, os

#### parameter settings
# valid range
end = 1.942e-3

# t® time constant
t®0 = 2.177e-6

# length of the trajectory
L = 1.308

# length of the det
Ldet = 0.30

# length from where ions start to det
L0 =L * 0.8139

# range for obtaining starndard deviation
sd_start = 1.942e-3
sd_end = 1.945e-3

# define the level below -sd*c_sd as zero
c_sd =1

13e-6
16e-6

minPeriod
maxPeriod

# sum from n cycle
startN = 0

55



endN = 120
scanSample = 300
#HEHH

filename = sys.argv[1]
xx, yy = loadData(filename)

out_filename = os.path.basename(filename).split(".")[0] +

# time unit conversion
xinterval = xx[1]-xx[0]
end = int(round(end/xinterval))

sd_start = int(round(sd_start/xinterval))
sd_end = int(round(sd_end/xinterval))

minKt = int(minPeriod/xinterval)
maxKt = int(maxPeriod/xinterval)
kt® = int(t®/xinterval)

N = len(xx)

# pre-process
sd = SD(yy,sd_start,sd_end-sd_start)

# list to store the result
NN=(maxKt-minKt)

cc = [0.0]*NN

xx2 = [0.0]*NN

for k in xrange(NN):
kt = k + minKt # offset for list cc,xx

# number of terms (yy[kt] +...+ yy[endN*kt] )
#endN = int((N-kt®)//kt)-1

# possible velocity and time offset
v = L/(kt*xinterval)

tl = LO/v

KO = int(tl/xinterval) + kt®

#scanSample = int(round(kt*Ldet/L))
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startl = -int(scanSample//2)

endI = int(scanSample//2)

for i in xrange(startI,endI):
rr = 0.0

prev = yy[i+startN*kt+K0]

count = 1

# sum up peaks

for j in xrange(startN+1,endN):
1 = i+j*kt+K0

if 1 > end:
break
y = yyl[l]

# if the value is below the threshold,
# it’s not a peak
if y < -sd*c_sd:

rr = 0

break

# if the value exceed the previous value + sd
# it could be an overlapped peak, so cut it down
elif y <= prev+sd:
rr +=y
prev =y
else:
rr += prev
count += 1
cc[k] += rr/count
cc[k] /= (scanSample)
xx2[k] = (kt)*xinterval

savefile(xx2,cc, out_filename+".txt")
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Listing 4 Utility functions
import re, sys, math

# Linear Least square
def LS(yy,i,L,X1,X2,D):
Y1,XY = 0,0
for k in xrange(L):
Y1 += yy[k+i]
XY += yy[k+i] * k
a = (L *XY - X1*Y1)/D
b = (X2*Y1 - XY*X1)/D
return a,b

#calculate X1,X2,D each time
def LS2(yy,i,L):
Y1,XY = 0,0
X1 = ((L-1)*L)/2
X2 = ((L-1)*L*(2*(L-1)+1))/6
D = L*X2 - (X1%**2)
for k in xrange(L):
Y1 += yy[k+i]
XY += yy[k+i] * k
a (L *XY - X1*Y1)/D
b (X2*Y1 - XY*X1)/D
return a,b

# standard deviation
def SD(yy,start,L):
#prepare constants for Least squares(Linear)
X1 = ((L-1)*L)/2
X2 = ((L-1)*L*(2*(L-1)+1))/6
D = L*X2 - X1%%*2

a, b = LS(yy,start,L,X1,X2,D)
mean = 0
sd = 0

for j in xrange(L):
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mean += yy[j+start] - (a*j + b)
mean /= L-1
for j in xrange(L):
sd += (yy[j+start] - (a*j + b) ) **2
sd = math.sqrt(sd/L)
return sd

def spline(yy,x0,x1,L):
X1 = ((L-1)*L)/2
X2 = ((L-1)*L*(2*(L-1)+1))/6
D = L¥X2 - (X1%¥2)

al,bl
a2,b2

LS(yy,x0-L,L,X1,X2,D)
LS(yy,x1,L,X1,X2,D)

#3-order Spline interpolation
il = x0-int(L//2)

i2 = x1+int(L//2)

yl = al*int(L//2) + bl

y2 = a2*int(L//2) + b2

h = i2-i1
A =yl
B = al

temp = (y2 - yl - B*h)
C = (3*temp/h -(a2-al))/h
DD = (temp/(h**2)-C)/h

for j in xrange(x1-x0):

x = int(L//2)+]

yy[x0 +j] = A+B*x + C*(x**2)+DD*(x**3)
return a2,b2

# with parameters provided
def spline_(yy, x0,x1,y0,yl1,a0,al,minX,maxX):
#3-order Spline interpolation

h = x1-x0
A = vy0
B = a0

temp = (yl - y0® - B*h)
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C = (3*temp/h -(al-a0®))/h
DD = (temp/(h**2)-C)/h

for j in xrange(minX,maxX):
X = j-x0
yy[j] = A+B*x + C*(x**2)+DD*(x**3)

# File
# load file
def loadData(filename):
file = open(filename,"rU")
separator = "\t"
xx = []
yy = [l

try.:
for line in file:
try:
a re.split(separator,line)
X float(a[0])
y float(a[l])
except ValueError:
pass
else:
XX .append(x)

yy .append(y)

finally:
file.close()
return xx, yy

# save file

def savefile(xx,yy, filename):
file = open(filename,"w")
separator = "\t"

for i in range(len(xx)):
line = ‘xx[i]‘ + separator + ‘yy[i]l‘ + "\n"
file.write(line)

file.close()
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