Sigm&raph

DataGraphng and Analysis Software

Copyright©19972017 Dr. Sidi HAMADY
http:/mwww. hamady.org
sidi@dhamady.org



SigmaGraph

Coriternits

1. Install..

2. chk;‘StartGwde
21 Importing andaanalymng ﬁata

211
212
213
214
215
216

3. Help ToPiCs....mmmmmmevrrrree

B N R R E e R AR AN R R EE TN AN OO

AR e e RT3 AR A YA

H]
F]
F
:
w

N s LT T T TR

Importing data...

Creating:a I:mé/Scatte?*&raph

Fitting...- At A8 A A8 A 1 A A A e s e
Addmgfrron Bars

i

Exporting=Graph....

Auto ExportData and Gfaph
2.2 Plotting Tunctlfm .

3.1 Working Wlth Da“l;asheei e e

311
3.12
313
3.14
3.15
3.1%6
3.1.7
3.18
3.19
3.110
3.111

3.21
3.22
3.23
3.24
3.25
3.256

3.7  Saving/OpeMing dOCUNTENL. ramrcrccccrerrrraammmmmsnanmmrrreccneeersesaaaanasanns
3.8 Working with the Mathematical ConS6Ie....mmmcccccccccrersrmrrrmaanaan

Creatingza datasheet....
Column-praperties...

H

Inserting, Appendmgandﬁeieﬂng columns

Cfaatmseﬂes
SEUHTY COMMN Y EIEES. ... et evrerree s s s arrrne e e snrmrnee s s srsrnn s s s s s s s s wwrns s 64w wwmmnss s 2 mmnmnn

ST ZC (RS (Te3Sm 0] (0] 111 S

AN = 17T 1S T 0] K00 ][] .o OSSR
Y =S 0 o - DS USRS

IMPOTHNG AASCHAABLA. ... e eeereee e e e errrme e e sesrcrees s essrns s e s sammiree s s s ammes s s awmcrs s s 2 awmrss s s ammrrss s sammmrnes
(@010} V7 £ s (<ol - 1 = VOSSOSO
3.2 WOrking With GrEaDN ....uvvemevrrrernccrrrmssmanesssssmmmmrenrnne s ses snsansssssnnaanmmn

Cfeawgrapwaddmme

Cfopy/Pastagrapfrformat

Teﬂ’mtates V= Y= =T OSSN

Addmg Line} Rectannge or E:lhpsa

B ETOT BAES. s snanseercrccrererssssannns sasammmmm e s e s saaansass san s e e £0 s 42 4222000220 0n
3.5 Exporfing Datee and Graph. . cccccerrreeiiimmmmmamrrecreeereeesnsmamman

3.9 SigmaGaph SCTPTG . .umwwwcccccccrrrerrsnanmamanmanammmmrenrrcccreressanaanasssaaan

391
392
393
3.94

http://www.hamady.org

RETETEIIER ettt s e s e £ s e 4+ s 4 4 e s e e
SO XAIMIBERS e ettt et e e s s a e« 44 s s s w4 w4 e+ 22
FAVOTIEES MBRREICL. .. v et eeerrr s s s rses e n e s s+ a4 s ammrr s s 8wt s s

R A LI LRI LT

10 10 10 00 00 00 PO N N N ~N ~N Ot BN NS

H

SR—

R———L 0

L
.10
e 12
12
13
13
13

15
w15
15
15

—————K <)

SR
e 18

.28
.29



http://www.sidi.cc/

- |
N

SigmaGraph

http://www.hamady.org

SigmaGraphs a data plotting and analysis softwadesigned to bdightweight, reliable and easyo use.
SigmaGraph runs on Windows Xfstaand Windows 78/10. SigmaGraploffers almostall the functionality
needed by scientists and engineeeslitabledatashees (column propertiescreate series, set column values
by using any mathematical expremsj showcolumn statstics, import/export from/to ASCII file, mask and
unmask cells, printing, efg.scientific graphingwith a complete controlof the graph(line/symbol style,
colors, fonts, legends, axis properties, grid, tick, labels, scale,saatn log/linear scalezoom in/out, copy
format to another graphexport as image, printinggraph templatesetc.); curve fitting (24 models including
linear, polynomial, exponential, Gaussi@up to 5 peaks)Lorentzian(up to 5 peaks)PearsonVl|, logistc,
power, etc.) error bars (percentage, costant or any user defined datajirawing tools (line, rectangle,
ellipse); mathematical console powerful scripting engine customizable script editor with syntax

highlighting,code completionetc

A For portable version (sigmagraph_portablewindows.zip), unzip in any location (USB key for example)

and run SigmaGraph.ekethe bin directory.

A For setup version (sigmagraph_setupwindowsmsi), simply doubleclick on the setup file and it will

install SigmaGraph.
The SigmaGraph package contaime executablesn the bin directory:
T SigmaGraph.exemain SigmaGraph component

1 SigmaConsole.exanathematicatonsole.
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2. QuickStartGuide
2.1 IMPORTING AND ANALNBI DATA

2.1.1 IMPORTING DATA

Clickthe Wpentbutton (in the main toolbarpndselect the fileto be imported.

The Import ASCII dialog appears, giving you the possibility

(i) Toselect the delimiter (TAB, SPACE)or
(i) Toset the number ofowsto skip at the beginning
of the file

(i) To setthe number of rows to read from the file

HH Import ASCT
File Mame: M:\TCAD\Examples\data. txt

File Info:  Size: 756 B, Created: 156/02/2014 22:03:04, Modified: 16/02/2014 22:03:04

ASCII Delimiter Rows to skip

SPACE - [v]

|| Read Titles oK ] [ Cancel

(iv) To select whether or not to read titles into th

datasheet.

When readypress\®K1o import the file content into a new datasheet.

2.12 QREATINGAINHSCATTERRAPH

To plot the imported data

()  Clickthe Wdd QurveQbutton (or click the Wraph/Add Cun@ |~ ==

menu) and select th& and Yeolumnsto be plotted. You can

e WEs
AutoX [0123...]
change the column properties (and modify the column type

2 NJ righkticlikand chooséPropertie®

(i)  Setthe line and symbol style and color.

(i)  Clickthe Wddbutton. And close the\Add CurvEdialog. You
can choose the curve agdy clickinghe X-Y, XY2, X2Y or X2

Y2 button.

You can modify all the graph properties (curve !
style, colos, fonts, axis, scale, etc.) in the

Wiaph Optiondialog by clickng the Wraph 6
Optiongbutton in the toolbar

Lt e~ - -
symbol - -
Axes: @ XY CXY¥2  OX2Y  Ox2¥2
[ Add ] [ Remove ] [ Close
X2
1.2 1.4 1.6 1.8 2
20
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X

Analysis Window Help
AN 8 8l 8l
Add or Remove Curve i

=

Column-X Column-¥

Curve Properties

Style Size Color
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2.1.3 HTTING
|t T-OO| 7
To analyz¢he curve previously created, you can use 8igmaGraplitting [Noniineor Fiting ]
functionality (in this guide, we are usg the
y( 9 Uy Fit Fitter i . =
Lorentz peak function) [ Fiting Model Parameters | ask and Fiter | riting Optons |

Fitting Interval

() Click the WitQ button and choose the| “™ ° R — 5 :

Model Parameters

Lorentzian model  (or click  the Lnear

Polynomial 2

it : - 2w o
WFitting/Lorentzia®2 menu) Set the fitting ||| | oo+ 1 1

Gaussian - 1 peak

Fitting Parameters

|| »

=5 ERN]

~ & owm

c o4 [}
7 1 1

Gaussian - 2 peaks

number of points to 50.Click the ‘8how Gausean -3 peaks

4 1 'R

=

Fitting Report on Gragbbutton (in order to
a+bx+ex® +dx’

[] Show Report on Graph

print out the fitting resut on the graph

) Iter chiz
win dOW) . [ User defined model
. . . . Indexk {a Fsgrt((b *(x- 1.15)) + (c ®(x - 1.15) F(x ~ Fit Guess -Reset
(i) The model used in thiguide (Lorentz peak [ : : I |

function) has four parameters, b, ¢ and d.
In order to calculate quickly and precisely the best estimation of these parameters valuditinige
algorithm needs an initial guess. Than be done automatically for the Lorentzian model. Sinapibk
the Buessbutton. When doneclickthe WitCbutton.

(i) Press®Kio finish.The fitting curve will be plotted and the parameters values will be printed out on the

graph window.You carview the fitting datasheet by clickindpe Wiew/Fit Datashedinenu.

2.1.4 ADDINCERROBARS

Youcan add error bes to your data:
()  Clickthe Braph/Errors Ba@menu. In the ¥ 9 NNE NJ . -~ = e

dialog, clickthe W Er€and WPixed Valué@buttons. Set the fixed| s
Color: l:l - Column X:
Va.lue to 04 1 Size: Column ¥:

(i)  Choose the error bars line style, size and color. l

(i)  Click¥Applyand close the dialog.

Error Bar Settings =)

- (T Fixed value: 0

Add ] I Remove ] [ Close

The error bars are added to your graph.

2.1.5 EXPORTINGRAPH

You can export graphin EMF Enhanced Metafilpor SVG (Scalable Vector Graphifs)nat: click the
Wile/ExportGrapimenu(or WC A £ S k §, th@Se the &ldye and namendpress@KQ

2.1.6 AUTOEXPORDATAANDGRAPH

SigmaGraphinclude anoption to automaticallyexport data in text file and plot in SVG format when the

document is saved. To enabledisable this option, click thEile/Auto Exportmenu.

http://www.hamady.org 5—\—
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2.2 PLOTTING FUNCTION

To plot a mathematical function

() Create a new document by clickinige WewCbutton in the
main toolbar A new datasheet will be created, with twi
blank columnsRightclickthe first column (A) and choose

Wreate Seri€3Set the range from 0 to ith 0.1 as

Create Series

From: ﬂ

Increment: 0.1

[ To: 1

Multiplier: 1

Ok

] ’ Cancel

increment

(i) Rightclick the second column (B) and choo¥&et [F sctcolumn vValues

Column Value® Write the formula as shown is the
figure, and pres¥ LJLdn@tienWh.Y Q

(i) To plot the function, ight click the second column
(B) and choos&Add/RemoveCurve PressAddand

Functions Constants

Fromrow: 0 Ta:

10

Options

C= | a%sinb)

[Apply

| |

] [ Cancel

thenH Y. Q

http://www.hamady.org
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3.1 WORKING WITBDATASHEET

3.171 CREATING ADATASHEET

To create a datasheet you caither:

() import a data from an ASCII fileClick i K § LISpUtion (in the main #1|/#3 4| 8| B & } il
l Import data from ASCII file E

toolbar) and select the file to be imported@he Import ASCII dialog appearc,

giving you the possibility to select th{&imporascn
delimiter (TAB, SPACE or, fp set the

File Name: N:\TCAD\Examples\data. txt

. . . File Info:  Size: 756 B, Created: 16/02/2014 22:03:04, Modified: 16,/02/2014 22:03:04
number of rows to skip at the beginning ¢

ASCII Delimiter Rows to skip

] [C|Read Titles —— R ——

the file, to set the number of rows to reac
from the file.2 KSy NBI| RRE@

import the file content into a new datasheef\posted noteis associated to the datasheet. To view and
modify it, selecW+ A Sgxk b2 1S Q
(i) create a blank documenby clicking the¥ b Shatfn (orclickW’ C A £ Sneru)SANEw datasheet, with

two blank columns, will be created.

3.1.2 COLUMNPROPERTIES

To show and set the column properties, righickthe  Fe s =n -
column and choos&ropertieQTheW/ 2 f dzYy t| . = Show: © Label ) Name () Both
appears giving you the possibility to: Format: e[ ol =e |3
(i) To change the columiabel. Yau can select to show e O @Y Oxgr OYEr
column name (A, B, C, and so on), label or both.
[ [ #eey | [ ok ][ cancel |

(i) To change numeric format of the column data. Y¢

can choose between decimal (1000.0) and scientific (1e3). You can also set the formatUptefkiy Q
number of digits before the decimpbint) and suffix{ { dzatu@ber of digits after the decimal point).

(i) To change the column type: X, YEX (Error Baren X) and Err (Error Bars on )

When ready pres¥ ! LJadid &hénW h.YYOu carchange the active column by using the {8ght | « | »

arrows.
3.1.3 INSERTINGAPPENDIN@ND DELETINGOLUMNS

Toinsert a new column after an existing one, rigtiickthe latter and choosél L y & S NIi A re@ bladiy” y Q
column will be createdYou can alsappendcolumns (inserting column after the last one) by tighcking

on any column and choosi! LJLJS y R . To @efetdzaycglan®, rightlickit and choosél5 St S S. O2 f dz

I
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3.14 CREATINGSERIES

You can fill a column with a series of numhdryg setting the ¢

reate Series

initial (Y C N\®alugy,, Incrementt and, if neededa multiplier

m. At indexi (varying from O to fil (n = number of rows)), the

valuey; isgiven byy, = m * y; +41. To createa series, rightlick
the column and selec®Zreate Seri@TheW/ NXB | { Sialdg SNASaOQ

From: ﬂ

Increment: 0.1

E] To:

Multiplier:

1

1

T

[ Cancel

appears, givinggou the possibility to sethe initial valuey,, the increment! and the multiplier m. If you
check theW ¢ Buttdn, the calculation will be stopped whegmreach thefinal (W ¢) 2afde

3.1.5 SETTINGTOCLUMN VALEUES

You can set the column values by using any mathemat
expression. Riy click the columnand chooseW{ S{ /
+ | f a8hatte shown dialog you can set the column value
The colums are alphabetically namedh, B, & (tKe names

are not case sensitiveJ.o set the column valuesvrite down

F Set Column Values

Functions Constants Options

Fromrow: 0 To: 10

C= a%sinb)

[Auply

| [ ok

| | Cancel |

the expression andlick the WpplyGbutton. You can use the dialog menu to quickly include functions and

constants in your expressioRor more details cf. the paragraph on the mathematical console.

3.1.6 STATSTICS GDOLUNMN

To view the column descriptive statistics, rigiickthe [aiae

colum and selectW{ ( I { Ahe (skaBics) dialog| ™™

appears with the standard parameterdlinimum, || wean

Maximum, Sum, Mean, Median, Variance, Stande

Deviation, Variance Coefficient, Root Mean SquzJ 0513150948

(RMS), Skewness and Kurto¥ieu can copy statistics tc
the cipboard by clicking th&’/ 2 HuitofR

3.1.7 ANALYSISONCOLUMN

You canperform some useful calculations on column (e,

integrate, differentiate,average calculate the FFT (Fast Fouri
Transform)or the autocorrelation functiorof a transient signgl
by seécting the Ynalysimenu. You canthen select, in the
Wh dzi LJdz( list, 2ah @xisyh@ column to update with the
calculation results, or create a new column by checking¥e S |
button. To add the integral, derivativeyveragedor FFTcurve to

the graph, check theW! RR

i 2buttBnNNotehét you can

Minimum Maximum Sum
11| [u] 0.864664717 6.054607294
Median Variance Std Deviation
0,554055209 0.632120559 0.080847023 0.284335118
Var, Coeff. RM5 Skewness Kurtosis
0.616826128 -0.712815117 -0.689206264
Copy ] [ oK
Analysis )& |
Operation on colurmn: IFast Fourier Transform 'I
Input Column Output Column New [¥]
[E] &
[C] B - Corr [C] B - Corr

Parameters

Averaging Order:

i

Calculate ]

[ Close

program you owralgorithms by using theSigmaGraph scripting

capabilities

http://www.hamady.org
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SigmaGrapluse a centered difference formula to approximate therivative:

Qw "Qw
[ W

QWX
Forintegration, the trapezoidal rules used

Theaveragingformula used is the following (whera is the averaging order):

do 06 06
ca

ForFFTthe module ( 1| Q@ di 0 Qa ®QQfH @i is calculated and normalized by the number of
points (this number of points shoulak a power of two). The frequency is calculated based on the sampling
period (xstep in second).

TheAutocorrelationfunction is calculated by using the following formula:

YQ w Uz ® u r ®w U

For equispaced measurements, ., ..., W
3.1.8 MASKINGDATA

You can masketected cells in a column (or group of columns) by right clicking
selecting¥ a | .arhe@asked cell will be printexalt in red and the corresponding data wi\
not be plotted or used in fitting. You can invert mask or unmask cells: ciitk the
seleted cells and choos®’ L y @S Ndr Wh ¥ ¥.1 Y& €@n also use thgatasheettoolbar buttons to

performthese operations

3.1.9 SORTINGCTOLUMN

To sort a column, select it, righlickand choosél { 2 NIi (As€ehditmyryd&scendiny
3.1.10 IMPORINGASCIbATA

SgmaGraplgives you two ways to import ASCII dait a datasheet
(i) Importing with options. Select the datasheet to import in, aglick @ & 5| B8 ) | Fit |

[Imp(rt data from ASCII file with options }

WL Y LydttiNIptionQtoolbar button The mporting dialog will ‘_Hﬁ[@]

appears Clicki KS o0NRgasS odzidiz2zy owXQu |yR aStSOi GKS
. . . . . il iport ASCI E. Y s o]

ASCI! fileThe file content and info will be displayed. Yd| ... i cosemecee =

Can SeleCt the dellmlter (TAB SPACE OI’ .) Set tr File Info:  Size: 481B, Created: 03/10/2013 15:08:36, Modified: 03/10/2013 15:08:36

0.30.445316 -
0.325 0,477539

number ofrows to skipat the beginning of the file, set| oxoeer:

0.40.871974
0.4250,928764

the number of rows to read from the fileand ®lect 0.45 0.854836

0.4750,964697 -

whether or not toread titlesinto the datasheetYou can

ASCII Delimiter  Mumber of rows  Rows to skip Colunms to import (1;2;3)
select thecolumns to importby entering their indexes|| =~ = ! =B

OK ] ‘ Cancel

(example:1;3 means importing the first and the third

I
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columns) or leaving the default behavior neans import all columns® K Sy

import the selected colums intodatasheet.

(ii)

Importing directly from file. Select the datasheet to importeickW¥ L Y LJ| IR L

NE I

FhaYda LJINE &

toolbar button, and choose the ASCII file to import from. The defe [ Import data from ASCI file |

importing options are used (ASCII separator, rowd fo A.LIX 0

3.1.171 CorPYPASTE DATA

You cancopy/pasteO S f €

az NRgaz

O2f dzvy X

Ctrl+Cor right-click and selecW/ 2).LTé Qaste data, select destination celiswsor column andclick the
Wt | thalb&r®utton (orCtrl+Vor right-clik and select’t )a G S Q

3.2 WORKING WITBRAPH

3.271 CREATEGRAPADDTURVE

When you create &igmaGraphdocument, a blank graph is automatically associated with the datasheet.

When the datasheet is active, you can show or hide the graph by clicking tha 4 B 43| 2| | §

GrapK @olbar button or select’ + A S & k rileNU: TJKAA curve to the graph, selec | Add or Remove Curve |

the column to be plotted anclick the W! RR

button (or right click the column and selec’! RRK w
/ dzNJD8 €elect the WD NJ LIK k | Rfenu)/ WHNIHS ¢

WIRRwSY2¢@S

/| dZNBSQ RALf 213

e 2

and set the curve style (line/symbol), size and color. You

also remove or modify the existing curves by selecting |

plotted column and press th# a 2 Rok Wvé Y Bud@od.Q

Youcan choose tb curve axe by clicking the-X, XY2, X2Y or

X2-Y?2 button.

3.2.2 GRAPHOPTIONS

. 2dz Oy Y2RATE®
the WD NJ LIK dialalij dlick §iei toolbar button or select! D NI LIK Kk t

menu.

http://www.hamady.org

iKS

I NJ LIK

todibdis ==

08 AaB/ft Didmber yudon oK S R
Add/Remove Curve @
Column-X Column-Y
s
AutoX [0123...]
Curve Properties I y R
Style Size Color
Lne: | ——— ~ - -
Symbaol: A - A
Axes: (@) X-Y x-Y2 IX2NY O X242
Add ] [ Remove ] [ Close
O dzNI3

2LIA2Y AT,

[ Show the graph options F

|10
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3.2271 QurRvs
To dange the selected curve legend foraljck the [ &rephoprions . i
p . A Curves |Axes |Sca|e ILines IGeneraIl
Y C 2 hiiio® You can modify also the line, symb e o et ?
style, size and color of each curve. You can add X a C lestanane| [uisiestons] [uusienoe
Curve Properties

drop lines and change their style, size and color. sue s cobr Connect

Line: . - -
To activate the selected curvelickthe W{ & |10 Smbok 0 -

. . . Drop Lines X: - - -E-X-Yl
button (the active curveis used for the fitting for . C e :E::EZ
example). To hide or show curve, prégd A RSk '

. o
To remove the curve from grappress$wS Y.2 4 S 1
You can apply the current curve style to all curves by
clickingthe W! LJLJ & { suttdonf To set tdeNd@réndisyle as the default ostickthe W{ SG & RSTI
button.
3.222 AXs
To change axis propies, select the axispttom (X) memsmms e i
left (Y), top (X2) or right (Y2)To show or hide the| |cumes®= |sce [unes | Geners .
axis, check or uncheck the{ K 2 & buttoR. ¥Gu€an sdectaxs: Oottom  @left  OTp  ORisht (@l show axs
Axis Properties
H H H H H H H | Font Color
modify the axis title, show or hide this title, choose i - B [
font and color. The axis style (color, thickness, a misCoor QN v Thideess 4
. . . rid Major: olor: |, - . il . [
label) can be bechangedeasily. The grid and tick| ‘e - - e P e
[¥] Label GridMinar:  Color: . - 1 [Cerid [[]Tick
options can also be modified by selecting color, g .
O 2 dzy Yoi caiXapply the curreaixis style to athxes
by clickingthe W! LJLJ &! E{iSgat@h.{Té set the

current style as the default onelickthe W{ S i

the axis link formulagkample 1/(2*pi*x) for Bottom
)

| SDuttéhSIF thedpf] digpiit, Qou can optionally enter

axis, or 20*log(y) for the Left axis), and the

% = 9212.352477 L[l.?z?se-s ] J
corresponding value will be display@d the status bar

when the mouse mow&over the graph.

y = 2.2924e-10 Radian NUM

Graph Options

P i

3.2.23 SCAEE

Curves IAxes | Scale |Lines |Genera\|

Select Axis:  (0) Bottom (@) Left

The X and Y scale can be manually entered,

Scale Properties

automatically calculated. For each astfom (X) left

(Y), top (XRor right (Y2) select the range manually From: | 0
(W C N2 D¢ \&al(es) or click th&! ! dzi 2 Juiddh. f
You can use the logarithmic or Linear scéd (ZAIC

W[ A yb8tlor$)Q The numerical format of the axi

@ Linear  (J)Log

To: 0.9

) Top () Right

AutoScale
Format: |Decmal 1000 n

] Absolute Value Pre: 0 Suf: 3
Set as default
-DK -Annuler Appliquer

http://www.hamady.org
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label can be selected (decimal or scientifighd the format prefix ¢t NBh@nber of digits before the
decimal point) and suffiXi{{ dzfu@ber of digits after the decimal point) can be entered. To set the current
style as the default one, click thg{ S G I DuttbhS T I dzf (i Q

i s ——
3.2.24 LNBS “Curves | Axes | sede | nes | General]
You can add hazontal (y = constantpr vertical (x = | ©™== == tre # ] (o] | Fenere
constant) lines to the graph To do so, select style
size, color, position (the-position for vertical line, ses |— ~ s oo | N~
andy-position for horizontal line)line limits (min. and positn: 0 wn: o Max:
max.) and click%! R R®& can change the ling
properties and clickV! LJLdr &efove the line by
clicking theWw S Y Bufiod.Q
3.2.25 GENERADPTIONS
The general options ihade the graph title text, font, [Fc=pn cpten: . ===
color and the maximum points displayed in the grap|| ©= o= [5s T o= -
Toshow or hide the graph title, check or unéhthe = FLCW. [lshow Tite
W{ K2 ¢ buttdn.iTb 8hange the graph or window oo s A
background color, clicknside the rectangle in the —- —- e S 55

512

center for the graph and close to the border fahe
window) and select the color. To set the current sty
as the default oneglickthe W{ SR S F kodtbni Q

3.23 CoPYPASTEGRAPHFORMAT [ ——— (=]=E ‘

Paste Format

With SigmaGraphyou can apply one grapformat (colors fonts, axis
andcurves sty 0 G2 Iy 2 (i KSNJ dickthelgiraph title bay' LIt &  NA I K

, Templates Manager [
and selectV/ 2 LJ& .TBeN3>eledl the graph to modify, rigtlickits |[-
~ grap fy gti Iénneﬂ:ol o ey )
title bar and select’t | & (i S . T@e2chipretioin@t will be applied to e ﬁ
el A i |
the selectedgraph. sl 1
] Dropline ¥ ~ | [[]pefaut
3.24 TEMPLATEMANAGER
2 —8- Datal /F‘

With the SigmaGraphTemplates Manager{ D NJ LJK k ¢ Senlif
you can customize ancge all of thepropertiesof your graphand reuse ||

them very quickly. With this useful feature, you wdlve time by using =

predetermined style(i.e. template)to create anew graph With the

http://www.hamady.org
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Template Manager, you can add, remove or edit up to sixteen templetegringyour needsWhen clicking

the WILILJbé&t@h, the selected template will be applied to the active graph.
3.2.5 ADDING TEXT

To add text to the graplglickthe W! R R tobl8aEhiut®dn and then click somewhere il| T/ 00|

the graph window and enter the text. To modify an existing text, doghtdit. You can
change the text font, colot To movea text, simply select it and move it with the mouséou can reate
superscript or subscript testty using® or _ character. Examplex*2 will be displayed ag® and x_2 will be
displayed as<,. You can use gventhesis if you need more complex expression. Exampi€d/2) will be

displayed ag*?.

3.2.6 ADDINGLINE RECTANGLE-ARLRSE

To add line rectangle or ellips¢o the graph,clickthe ! RRZ [ ¥y &8 wrSi0 (R-Ry 290b8Hah LA S O
button and thenclick somewhere in the graph window, hold down the mouse button and drawlitiee
rectangle or ellipseTo modify an existingem, doubleclickit. You can change the size, style, cofilr,

I NNE g X ten, sihply@s8lect it and move it with the mse.

3.3 QURVEHTTING

SigmaGraphgives you the fitting functionality|# s

Fitting Mode! Parameters | Mask and Filter I Fitting Opﬁunsl

you need in order to analyze data (edata Fttng tervel 7

Curve: B Fitting points: 22

0 1

obtained from experimen). 24 models are ||| v Parameters

Linear | Fitting Parameters

available, including linear, polynomia

exponential, Gaussian(up to 5 peaks)

Palynomial 2

Polynomial 4
Gaussian - 1 peak

fom. | »

= [T

a Fixed [] b
1 1

ko

c o d O

o 1 1

Gaussian - 2 peaks
Gaussian - 3 peaks
4 [ Rl

=

Lorentzian(up to 5 peks) Pearson VI, logistic
L322 6 S NX

a+bx+cx’+dx’

[ show Report on Graph

To perform a curve fitting, select the graph ar

activate the curve W DNJ LIJK h LJ{ A @ry

Tter Chi?

[indexk {2 *sartlp > (e -L1) +(c*x-L19)* & v [ At ] Guess

[ user defined model

right click the curve
Yi OL:I)K @heni BcR the Wb 2 yiaA yg )T

legend and selec

CAUUNY TN
toolbar button, or select! C AgiNorlinéar Fittin@menu. The fitting dialog appears letting you to select the

model, mask or smooth data or set fitting options.

1 The Fitting Model Parameters: you can select the model to use by the fitting algorithm. The model
function is show, with the parameters:a, b, ¢z . IK order to calculate quickly and precisely the best
estimation of these parameters values, the fitting algorithm needs an initial guess. This can be done

automatically forsomemodes O dz& &= [ 2NBy (1 = t S ISKBEK(KIBIHIZPE @ BLJ;

http://www.hamady.org
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button., 2 dz Ol y

asStSou GKS

FAGOUAY I Ayl SNdddchangdé 6 &8 R

the fitting number of points (usually few times the data number of pointghen doneclickii K S A &Q

button. The fitting cuve will be plotted and the parameters values will be printed out on the graph
CA GG Ay JbutioSisiheétked)2 Y DNJ LK Q

window (if theW{ K2 &

You can also define and use your own fitting mod€lick theBR A (i [7user sefined moae
button to show the usedefined modelsvindow: = .
Fit Fitter: User defined models 0 S
[Indexk -]
V Enter the name of your fitting Name |y~
model oy Function Parameters #:
CdzyOuArzy > & *sart((b * (- 1.15) +(c* (x - 1.15) * (x - 1.15))
V Define the number of the fitting &/ da RUS
parameters (between 2 and 6); % gb < s::iﬁ:;;’;j:f:: ——
V Enter the fitting function ¥x - a 2 b 1
f ( x , aThdfitidy parameters ‘ : f
are nameda, b, ¢, d, and so on; Update | [ add | [ Remve | [ ox
V Enter the derivativedf/da) expression;
V Give the parameters default/starting values;
V Click theW! PiRton; .

V Select parameter b and enter the derivative df/db)

expressionand thenc, d, and so on.

V  Click the¥ LJR IbiittBrXo save the fitting model;

a4

Parameters default values

h =

V ClickH Yt@closethe userdefined models winda and return to the fitter main window.

Now you can select your fitting model from the list and use it.

1 Mask and Smooth before performing curve
fitting, you can mask, smooth and/or subtractin
a baseline from the data. To select the fittin
range in thedata (and then mask the data outsid
this range), give thestart (¥ C NyEand@he end
(W ¢) Zdlues for XRangeand check theWa | a
button. To smooth the data, enter the smoott
order (high number means more smooth) and

check theW{ Y 2 Butiok.(To subtact a baseline

http://www.hamady.org

Fit Fitter E. M [
Fitting Model Parameters| Mask and Filter | Fitting Options
?
Data mask
Curve: B Points # 11
X-Range
From: 0 To: 1 Mask []
Baseline & Filter
Savitzky-Golay
yo: 0 Slope: 0 Filter order: 2
Baseline [ Filter []
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(y = y0 + slope*x) from the curve, enter the line parameters (yO and slope) and cheék thed St A y ¢

button.

When ready, click th&?. | & St A y Sutten tq

perform calculations

1 You can set som#tting algorithm options like the
maximum number of iterations, the relative anc

absolute tolerancX

Ly Eitkn§ MdoHel Paramete®

i NB & & tRREnish.

The fitting curve will be plotted and the parameters valut

Fit Fitter

==

| Fitting Model Parameters | Mask and Filter | Fitting Options |

Maximum number of iterations

256

Tolerance

1e-009

Fitting Algorithm Parameter
10
Between le-12and 1212

Relative Tolerance

0.001

will be printed out on the graph window. You can view the fitting dhtet by clickinghe Wiew/Fit
51 G aneBudrithe fitting report by clicking¢iew/FitRepor

3.4 ERROABARS

To add error bars to your datalickii KB NJWLIK k 9 NiIN@ NI thel-9NNENER NJ

. didy, glickthai A y 3 &

Y Z2NINIEd\ENIEror bars to the X data or the Y data. You can choose to fix the error value by clicking

0 KSA BSR oAl fi &§ O

2NJ 3A @S

0KS SKENE2ND LHhdtoROIRpset Befixedl &8  Of

or percentage value. You can also select one existing eolamn  [ror 8ar settings

by clicking oriV/ 2 f do¥ W/ 2 fQdani¢ selecting the column| ©xer @var

you want. You can choose the error bars line style, size and ci
When readyclick¥ LJL3in@ dbse the dialog.

3.5 EXPORTIN®ATAANDGRAPH

=)

Style:

Color: I:l -
Size: (1 -

-

@ %ofvalue: 5
I Fixed Value: 0
Column X:

Column Y:

[ add

] [ Remave

| |

Close

To export datasheet content in ASCII,fdelectV CA £ S k 9 HnediNhiooss theifile @n@K

Youcan export graphin EMF Enhanced Metafilpor SVEScalable Vector Graphidermat by clicking the

WFile/ExportGrapimenu SigmaGraplinclude anoption to automatically export data in text file and plot in

SVG formatvhen the document is saved. To enablamable this option, click thEile/Auto Exporinenu.

3.6 PRINTING
To print a datasheet or graph, selégtC A f SmenuN&kligkih@Wt Ntholbdr Button.

3.7 SAVING O PENINGDOTUMENT

To save the active document (datasheet, graph, note, and so on), seleédbdvé@mnenu orclickthe Bave

toolbar button (or CTRL4STheSigmaGraptile extension isid.

To open &SigmaGraphdocument, select! C A f Smrehual3kEKXheW h LISg/bar button (orCTRL+D

http://www.hamady.org
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3.8 WORKING' WITH-ETHATHEMATICACONSOEE

SigmaConsolas an advancethathematical consolelt SUppOrts (e wisou

GKS vYz2ail

evaluate an expression, simply write it, usiggerators (+ * / *),

s e =]

File Edit WView Functions Constants Options Help

02YY2y YR dzASTdz |sx0a

0.025852
5

Nansiekems 1| S & &
BlE[Dn
[+] (=) (e) (=)

parenthesis and mathematical functions and press ENTER. Yol - EEE
i)W

also use the numeric keypdd enter numbers and operators. Yol

can set variables (with any nemserved name), using

JB)(e) =)

fundamental constants, etc. Th&igmaonsolemenu dgves you an easy way tose the software

functionality.

The following mathematicdlnctionsare supported:

exp(x)
In(x)
log(x)
log2(x)
pow(x,n)
sin(x)
cos(X)
tan(x)
asin(x)
acos(x)
atan(x)
sinh(x)
cosh(x)
tanh(x)
abs(x)
sqrt(x)
ceil(x)
floor(x)
int(x)
fmod(x,y)
erf(x)
jO(x)
j1(x)
in(n,x)
yo(x)

http://www.hamady.org

/I exponential

/[ natural logarithm

/[ decimal logarithm

I/l base-2 logarithm

1x"

/1 sine

/I cosine

/I tangent

I arc sine

/I arc cosine

/I arc tangent

/I hyperbolic sine

/I hyperbolic cosine

/I hyperbolic tangent

// absolute value

/I square root

/I ceiling the smallestntegernot less than x
/I floor, the largest integer not greater than x
/I integer part of x

/I x modulo y

/I error function

/I Bessel functiomf x of thefirst kindof order O

/I Bessel functiof x of thefirst kindof order 1

/I Bessel function of x of the first kind of order n

/I Bessel functiomf x of thesecond kindf order 0

I
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y1(x) /I Bessel functiof x of thesecond kindf order1

yn(n,x) // Bessel function of x of the second kind of order n

bern(x) // Bernoulli function: x / (exp(xg 1)

hypot(x,y) /I hypotenuse sqgrt(¥ + )

min(X,y) /I smallest value of x and y

max(X,y) /I largest value of x and y

rand(x) KK NIYR2Y ydzYoSNI 6SGi6SSy n FyR m OATF

time() /I elapsed time in seconds since January 1, 1970

sign(x) /I'signof x (Lifx<0,+1ifx>0and0if x=0)

exp2(x) 12>

log2(x) /' logarithm base 2

cbrt(x) I cubic root

hypot(x,y) I sqrt(x2+y?)

erf(x) /I error function

erfc(x) /I complementary error function

lgamma(x) /I In(gammay(x))

tgamma(x) /I gamma(x)

trunc(x) /[ nearest integer

round(x) /I nearest integer, rounding

rint(x) // rounds thefloating-point to an integer
Constants

P K K

_q /I electron charge

_m /I electron mass

_k /I Boltzmann constant

_h /I Planck constant

_C /I speed oflight in vacuum

_e /I vacuum permittivity

_n /I Avogadro constant
Commands

format short Il set the numerical format to shomteal

format long /I set the numerical format to longeal

format int /l set the numerical format tanteger

help /I show help

exit /I exit the application
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3.9 SGMAGRAPHSCRIPTING

3.9.1 PRESENTATION

SigmaGraphintegratesthe Luascriptinglanguage

H] Script Window - Photovoltaic cell Lo o

which g|ves you the pOSS|b|I|ty mogrammatlca”y File Edit View Search Favortes Run  Options Help
L IELEC RO

control the applicationand program you own||zz 7 - e -~ Temperature(K) .
. 123 1sC = 1e-4 -- Short - circuit current(A)
algorithms Lua was chosen to be embedded inj|z: &e1 =15 - parallel resistance(ohns)
. X i ) 25 RP2 = led4 -- Parallel resistance(Ohms)
SigmaGrapimainly becausef its high speed and||.c 1s1 - 1c-11 - tdeatiey factor for dicde 1
. . B 27 nl=1 -- Ideality factor for diode 2
its relatively smalkize To learn Lugyoucan read ||, 1o - 100 - ssturarion current for diode 2 (2)
- . . . . 29 n2 = 2 -- Ideality factor for diode 2
the official documentationat Lua official website||., .. ... i s < tance (ohms)
. 31 RS2 = 1@ -- Series resist (Ohms =
(httD//WWWIlJaorq/manuaI/) or tUtorIaIS 32 Il =1 -- Cz’i:n: :ai: '-,-:::ffcn’ 1|he nonlinear solver)

33 Vinit = @

To write and run scripppen the&cript Window by ||34  vfin = e.s

35 DV = (Vfin - vinit) / NN

selectng Wiew/Script WindoWmenu (or pressF11 ||=s

37 v ={}

key). The script output will be redirected to thel[ss n - g

. . . 39 12 = {}

Output Window.The SigmaGraph editor supporti{z: for ii = 1, m do -
aq [ I b

syntax highlighting line numbering markers |s e.e7es2 -

(bookmarks), code completion etc. You can

customize all the editor options (font, colors, linj. :

spacing, ...); Menu/Options

With SigmaGraphcripting capabilities, you can eitheontrol the applicationd KN ¢ (G KNBS 2062S0
Dog Data and Plot or write and run you own gener@lurpose Lua program&Vith the Docclass, gu can
accesgdocument specific methods, likaeating, saving, opening or closing documedith the Data class,

you can manipulate datasheet: adding, deleting columns or rows, setting cells

- A E'._EISigmaGl'aph":Datasl’u!et
values, masking/unmaskinQ S f fWith the Plot class, you camrontrol graph a z
adding or removing curves, chgingaxisstyle X ! ’ ’
2 0.5 0393
Note that all theDocmethods are accessible @ataand Plot classes (throw the|| ° 1; E::j
4 . .
inheritance mechanism). 5 2 0865
6 2.5 0918
Note also that all theSigm&onsole mathematical functions are accessibléhen || 7 3 095
. . 8 35 097
script withthe same syntax (cg3.9). , p o052
. . . . 10 45 0.982
In order to useSigmaGraph classes, the first step is to create a class instance:

tD = Data :create() -- create a Data class instance

When class instance created, you can use all the class methods.
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Example The2 f f 2 Ay 3 aAONARLIG o6Aftf ONBDHEISLIKE: YISYR RFATBAKSEK:
with values from 0O to 4.5 with 0.5 step and the second column B by a forniilla@.B versus A curve is then

added to graph:

cls () -- clear the Output Window
tD = Data:create() -- create an instance of the Data class
tD:new("SigmaGraph") -- create a new datasheet named SigmaGraph
x = {
y={
for ii=1,10 do -- filling columns A and B
x[i] =@ - 1)* 05
ylil = 1 - exp(-x[i)
end
tD:set("A", X)
tD:set ("B",y )
tP = Plot:create() -- create an instance of the Plot class
tP:add("A", "B", 1) -- add B versus A curve to the graph, Line style

3.9.2 REFERENCE

3.9.271 MATHEMATICAL FUNCTE®N

With SigmaScript, the math functions are mapped to global functions (e.g. caisersecosor math.cos.

Below is a summary of the Lua math functions:

math.abs math.acos math.asin
math.atan math.atan2 math.ceil
math.cos math.cosh math.deg
math.exp math.floor math.fmod
math.frexp math.huge math.ldexp
math.log math.log10 math.max
math.min math.modf math.pi
math.pow math.rad math.random
math.randomseed math.sin math.sinh
math.sqrt math.tanh math.tan

And a summary of the SigmaScript global math functions:

abs acos asin
atan atan2 ceil

cos cosh deg
exp floor fmod
frexp huge ldexp
log log10 max
min modf pi

pow rad random
randomseed sin sinh
sqrt tanh tan
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NB: Lua gives theeperian logarithm the name log and the decimal logarithm is named logl0, as in C

languageMathematicalConsole uses In for neperian logarithm and log for decimal logarithm.

Spedal math functions are include@imath namespace), extending the Lua mathdtions.

Summary of Imath functions and constants:

Functions:
Imath.exp2(x)
Imath.log 2(x)
Imath.cbrt(x)
Imath.hypot(x,y)
Imath.erf(x)
Imath.erfc(x)
Imath.lgamma(x)
Imath.tgamma(x)
Imath.trunc(x)
Imath.round(x)
Imath.isinf(x)
Imath.isnan(x)
Imath.isnormal(x)
Imath.asinh(x)
Imath.acosh(x)
Imath.atanh(x)
Imath.gauss(x,b,c)

Imath.lorentz(x,b,c)

Constants:

2”X

logarithm base 2

cubic root

sqrt(x>+y?)

error function
complementary error  function
In(gamma(x))

gamma(x)

nearest integer

nearest integer, rounding
number is infinite ?

not a number ?

number is normal ?

G(x)=exp( -(x - b)2/2c?)
L(x) = ((1/pi)*c / ((x - b)2+c?)

Universal constants in international units (Sl)

Imath.q
Imath.me
Imath.kb
Imath.h
Imath.c

Imath.na

http://www.hamady.org

Electr on charge (in C)
Electron mass (kg)

Boltzmann constant (J/K)
Planck constant (Js)

Speed of Light in vacuum (m/s)

Avogadro constant (1/mole)
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3.9.22 SIATISTICS FUNCTIONS

The data namespae includes functions to calculate the descriptive parameters of a list of values
perform data fitting and sorting

Minimum (data .min(t) ), Maximum {ata .max(t) ), Sum data.sum(t) ), Mean (lata.mean(t) ),
Median (lata .median(t) ), Variance d{ata .var(t) ), Stamlard Deviation data .dev(t) ), Coefficient of
Variation (lata .coeff(t) ), Root Mean Squarei{ta .rms(t) ), Skewnessd@ata .skew(t) ) and Kurtosis
excessdata .kurt(t) ).

Theformulasused are as below:

Mean N—1 Variance

N-1
1
in Oz=ﬁ2(11—ll)z
i=0 i=0
N-1 N-1 2
1 1
(FZ("%‘ S u)“)f(ﬁg{x;— u)z) ‘— 3

2| =

Skewness Kurtosis

= = 3/2
Skew = (E Z;(’fi - 11)3))’ (ﬁ (i - |I)z) Kurt =

= =0 i=0

All thesedata functions take alia table as argument, with6384maximum number of elements.

Example:

data
cls()
t={1,1,2,3,4,4,5}
m = data .mean(t)
print(m)

With the data module, you can also performata fitting by using the functioriit

pars, chi,iters, msg = data .fit(model, x, y, fpar, ipar, tol, iters)

where:
model is one of the builtin fitting models!Linear", "Poly2", "Poly3", "Poly4",
"Gaussl", "Gauss2", "Gauss3", "Gauss4", "Gaussb5", "Lorentz1", "Lorentz2",
"Lorentz3", "Lorentz4", "Lorentz5", "Pearson”, "EX p", "Exp2", "ExpDec",

"ExpDec2", "Hyperbola", "Log", "Power", "Logistic", "Wave"

x andy are the data to fit

fpar is the fitting parameters tablith the initial values.

ipar (optional)is a table with, for each parameter, value 1 if the parametearying or O if
it is fixed

tol (optional)is the desired relative tolerance (1@y default)

iters  (optional)is the maximum iterations (100 by default)
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The function returns the obtained parametersrs , the chi value, the number of iterationsers

and a messageisgfrom the fitting engine.

Example:

-- Linear
cls()
x={1,1,2,3,4}

y ={2.1,1.8 ,2.9,3.85.2 }
fpar={ 0.1,0.1}
pars,chi,iters,msg
io.write("a =", pars[

Fitting y=a+b*x

X, vy, fpar)
2]," \n")

= data . fit( "Linear",
1],"b =", pars|

Youcan also perfornsort databy using the functiomort :
ts = data .sort(t, asc)
where:

t is the data to sort.

asc = 1 if sort in ascending order or 0 in descending order

The function returns thsortedtablets .

Example:

-- Sorting data
cls()
t={1,8,2,5,
asc=1

ts = data .sort(t, asc)

1,3,9,7}

3.9.23 SGMAGRAPH DATA ANALYSNDAPLOTTING FUNCTEON

The following table summarizes ti®og Dataand Plot methods:

Class Method Purpose Arguments
Doc create() Create an instance o)
of the Doc class
new(name) Create anew In: the new document name
document Out: return the document name
find(name) Find an existing In: the document name
document Out: return the document name
print() Print the current o]
document
save() Save the current o}
document
open() Open ado cument o}
update() Update the current o)
document
close() Close the current o]
document
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