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Working Formulas

In "Building Complex Differential Error Regions”, 30th ANAMET meeting, for
one-port calibration VNA measurements, we concluded that the differentials:

_—RdD —(m —D)2dM — (m —D)dR + Rdm ,

de [M(m — D) + RP

2Z
dz=_<%0_dp can be used for p and Z o
(1-p) uncertainty estimation.

.

Now, two Free Libre Open Source Software tools were developed as complete
replacements of Mathematica 3/4/5/6/7software we used:

- The REGION CLI-Tool, using the Open Watcom FORTRAN F77 Compiler 1.8

- The DERDEI GUI-Tool, using the Open Source Maxima 5.17.1




The ANALYSE tool

The ANALYSE GUI-Tool was
developed using MS VB 3.0
to control our ANA system
via HP-IB and collect the
measurements.
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The REGION tool - 1/5

REGION Input may be the four 4 ANALYSE Output text-files:

W SH.SC - Notepad _|0|X|| % LD.ILD - Notepad _ O] x|

File Edit Format View Help File Edit Format View Help

0932.0000 -0147E-2 +0122E-0 :I

il

0932.0001 -0250E-1 +0449E-1 :I

[

W OP.OC - Notepad _|o|x|| @ ME.ME - Notepad _ 0| x|

File Edit Format View Help File Edit Format View Help

0932.0001 -0140E-2 -0435E-1 :I

3|

0932.0001 -0821E-2 -0155E-0 :I

[

NOTE : Any same name text-files may serve, if they are formatted as follows:

A. For each Data Line, N = Mantissa digit, M = Exponent digit and s = Sign:

Field Length Characters
Frequency in MHz 9 01 - 09
2 spaces 2 10 - 11
Magnitude in dB 8 12 - 19
2 spaces 2 20 - 21
Phase in Degrees 8 22 - 29

Aligned Format

Right SsNNNNEsM

Right SNNNNEsM
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Add one Empty Line after each Data Line




The REGION tool - 2/5

REGION needs the additional text-file INPUT.TXT to compute the Uncertainties

A Sample text-file : & INPUT.TXT - Notepad _|0O0|X]
File Edit Format View Help
0 =l
101
-0.01 0.029 -0.01 2. 2.
1.
[~

Text-file structure

# Data Type Sample Meaning

1 : INTEGER : 0 p—-DER computations
1 Z-DER computations
2 : INTEGER : 101 Number of frequencies
3 : REAL : =-0.01 Short magnitude uncertainty

0.029 Load magnitude uncertainty
-0.01 Open magnitude uncertainty

2. Short argument wuncertainty
2. Open argument uncertainty
4 : REAL : 1. Measurement inaccuracy in LSDs
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The REGION tool - 3/5

REGION : 1st Output text-file : One file for each frequency : NNNNR.TXT

A sample text-file for 932 MHz:

Wl 932R.TXT - Notepad _|0O0|X|
File Edit Format View Help

Text-file structure

0 -0.0975206 -0.4988873 =~
1 -0.1373760 -0.5362607
48 -0.1375091 -0.5361496
1 1 2
2 3 4
24 47 48
1 -0.1653211 -0.0287449
2 -0.5485383 -0.4442475
3 0.4535904 0.5579887
4 -1.8993882 -1.6279224

0
1

N B

= W N -

p coordinates (p',p") 1 : Z

1 to 48

1 to 24

: Min-Max
: Min-Max
: Min-Max
: Min-Max

p-DER vertices (p',p")

segment vertices (N,M)

of p' Real part
of p" Imaginary part
of p Magnitude
of p Argument

48 Vertex, 24 Segment and 4 Min-Max Data Lines to prepare DER and DEI drawing

715




The REGION tool - 4/5

REGION : 2nd Output text-file : One file for each frequency : NNNNA.TXT

A sample text-file for 932 MHz:

W 932A.TXT - Notepad =ik
File Edit Format View Help

1 48 1 -0.1143378 -0.5085294 0.0360526 -2.2688255 -2.2640164 -
2 2 3 -0.1136405 -0.5091087 0.0360526 -2.2640162 -1.7956039

23 44 45 -0.1290650 -0.4937884 0.0360526 -2.9138367 -2.9079981

24 46 47 -0.1283557 -0.4967694 0.0360526 -2.9079981 -2.2688258 r

# S E X Y R Start End

Center Radius Arc in radians

Text-file structure

24 Circular Arc Data Lines to complete DER and DEI drawing
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The REGION tool - 5/5

REGION text output files for DEl drawing against Frequency

A. RDEIS.TXT : Rectangular DEIs versus Frequency - Sample text-file:

J RDEIS.TXT - Notepad _ O] x|
File Edit Format View Help

’932.00 -0.0975206 -0.1653211 -0.0287449 -0.4988873 -0.5485383 —0.44424?53

Value Min Max Value Min Max

Real Part Imaginary Part

Text-file structure

B. PDEIS.TXT : Polar DEls versus Frequency - Sample text-file:

) PDEIS.TXT - Notepad _ O] x|
Eile Edit Format View Help

932.00 0.5083295 0.4535904 0.5579887 -1.7638383 -1.8993882 —1.62?9224%

Value Min Max Value Min Max

Magnitude Argument in radians

Text-file structure
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The DERDEI tool - 1/2

Using DERDEI in 4 steps

1 76 xmaxima _||:||£|
File Edit Options Maxima Help
Maxima 5.17.1 http://maxima.sourceforge.net 2l
Using Lisp GNU Common Lisp (GCL) GCL 2.6.8 (aka GCL)
Distributed under the GNU Public License. See the file COPYING.
Dedicated to the memory of William Schelter.
The function bug report() provides bug reporting information.
(%i1) | =
2 7€ xmaxima 3
File Edit Options Maxima Help
Batch File Altth | Open a file to Batch Silently ?| x|
Batch File Silently Alt+o
Save Expressions to File Ctrl+s Look n: IBANAMET j Q7 °Ey
Interrupt Ctrl+g i | |DERDE[MC
Restart & = 0
Input pr t Alt+s I'H'r',rllr;:l:::.u::rla File name: IDEHDEI.MC Upen
4 Exit . Files of type: IMa:cima Files (*.mc,”.mac,”.dem) j Cancel ),
File Edit Options Maxima Help a4 f -
unctions
(811) =
der (filename-xxxxR.TXT, filename-xxxxA.TXT): plots the complex DER | T—-—=7=7—7—77—77
deisRM(filename-deis (RDEIS.TXT, PDEIS.TXT) ,n (number of frequencies),labelx, labely): der
plots the DEIs of Real Part or Magnitude vs Frequency
deisIA(filename-deis (RDEIS.TXT, PDEIS.TXT),n (number of frequencies), labelx, labely): delSRM
plots the DEIs of Imaginary Part or Argument vs Freguency deisIA
deis(filename-deis (RDEIS.TXT, PDEIS.TXT), n (number of frequencies),labelx, labely): eis
plots the DEIS of Real and Imaginary Parts together or Magnitude and Argument deis
together, vs Frequency il
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The DERDEI tool - 2/2

Sample Application : GUI-Output

7é& xmaxima _|Eﬂ3ﬂ

File Edit Options Maxima Help
2l

($i2) der ("D:\\ANAMET\\932R.TXT", "D: \\ANAMET\\932A.TXT") ;

($02)

(%$13) deisRM("D:\\ANAMET\\RDEIS.TXT",101,"f [MHz]","Input Resistance");

(%03)

(%$14) deisIA("D:\\ANAMET\\RDEIS.TXT",101,"f [MHz]","Input Reactance");

($04)

(%$15) deis ("D:\\ANAMET\\RDEIS.TXT",101,"f [MHz]","Input Impedance");

(%05)

($16) deisRM("D:\\ANAMET\\PDEIS.TXT",101,"f [MHz]","Magnitude of RHO");

(%06)

(%$17) deisIA("D:\\ANAMET\\PDEIS.TXT",101,"f [MHz]", "Argument or RHO [rad]"); -
=l

UHF Ground-Plane Antenna

60
£
S a0 g .
z 4 T
EZO E E_
5 5
g =

0

-60
600 700 800 200 1000 600 650 700 750 800 850 900 950 1000
FREQUENCY, MHz f IMHz1
Published DERDEI GUI-Output
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Tool structure and interoperability

REGION structure

Main 7 Basic 4 Support Software Tools
program subroutines subroutines Interoperability
—»FIndDZDY GUI-Input
ANALYSE
—»COEFFIcients SH.SC
LD.LD
—»ORTHOGonal
“ DPIL, OP.OC
—»HALFORthogonal ME . ME
REGION —» INPUT . TXT
»SORT REGION
NNNNA . TXT (101)
—»CIRCULar
NNNNR . TXT (101)
— RECtDEIS RDEIS.TXT
SOrtARCS PDEIS.TXT
—>POlarDEIS—>|:: DERDEI
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Special Polar p-DEls

p" P
0.067 |-
0275
0.025 |- L
(o]
—-.0075
-0.017
-.0425 |- ' I |
-.0386 -.0056 0279 p' -0.063 -0.029 0.009 p'
Case 1: DER includes the Case 2: DER includes the
origin O as an internal point. origin O as a contour point.

Further special cases concern the intersection of a p-DER with the unit-p boundary.
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INPUT REACTANCE X, Ohm

Practical Application of the Software Tools - 1/2

Antenna DER Uncertainty Estimation Comparison
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Practical Application of the Software Tools - 2/2

Antenna Uncertainties versus Frequency
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Thank you for your attention
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