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22 CALCULATOR FUNCTIONS

22.1 INTRODUCTION

There are several basic calculator functions available in WRAP to assist in many useful
calculations of relevance for spectrum management, radio network planning or just in
general for various radio-technical applications. The calculators reside in the following
windows and tools:

e Edit Station: Satellite Calculations (only available for Class of Station Earth
Station and Space Station)
- Earth station geometry
- Visibility of the geo-stationary orbit
- Antenna noise

e Edit Antenna
- Relationship between antenna gain, parabolic diameter, frequency, beam width
- Gain conversions dBi — dBd - dBv

e  Edit Transmitter
- Occupied bandwidth for defined percentage of power
- Transmitter power within defined frequency limits
- Conversions between EIRP, ERP and EMRP
- Automatic spectrum generation from modulation type

e Edit Receiver
- Intercept point
- Level of intermodulation products
- Noise figure, noise temperature, bandwidth, noise power
- Sensitivity in dBm for defined noise figure, bandwidth, signal-to-noise ratio

J Eﬂ Radio Calculator
Units
- Power
- Voltage
- Spectral density
- Logarithms
- Field strength and power flux density
- Frequency and wavelength
- Frequency bands: MHz and letter designation

Propagation

- Free space loss, frequency, distance

- Okumura-Hata/COST-231 Hata model with selectable parameters
- Field strength, radiated power, distance

- Received power, field strength, frequency

- Earth radius factor for percentage of time
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Traffic

- Erlang B formula
- Erlang C formula

Cables
- Loss as a function of cable type, length and frequency (data stored in WRAPdB)
- Incident/reflected power, VSWR, reflection coefficient, mismatch loss, return loss

o [H Separation Distance
Calculation of minimum frequency separation between a transmitting station and a
receiving station for non-interference based on the transmitter spectrum as defined
in the Edit Transmitter — Frequency Characteristics tab, the receiver selectivity
defined in the Edit Receiver — Frequency Characteristics tab and the receiver sen-
sitivity. This tool is also available in the Divide Allotment — Setup window. For a
given distance [km] separation the calculator gives the minimum frequency separa-
tion. For a given frequency separation the tool gives the minimum distance [km]
between the two stations. The propagation model is selectable. If a propagation
model based on detailed terrain information is selected the minimum distance [km]
can not be calculated. The two stations can either be selected from the database or
from the project.

O | Geographic Calculator
- Coordinate conversions
- Azimuth and distance between two points
- Free space transmission loss between the two points
- Calculation of roughness (Ah), maximum/minimum/median/average heights
within a map-defined area or along a map-defined line.

Refer to reference [B08] for details on the calculation methods.

The following figures are examples of the windows with the calculator functions.
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Edit Station x|

Main | Frequencies | TxEquipment | R Equipment | Space station specific ~ Satelite Calculations |

— Earth Station Geometrny
Long Lat _
St B |1 6°34'09,60" E |5;f°m D040 N Edit I Elevation [deg]: |2D.91 Satelite in sight check: IVisibIe
i ; i ] 39474 63
Satelite Pos: [43553200°E [0'0000.00"N B | Aaimuih [degl: [148.34 Delpes |

E arth station height aboee zea [km]: |0.982 Satellite height above sea [km]: |35?88 Calculate with refraction [

— Yigibility of the Geostationary Orbit

Finimum elevation angle [deag): |5 Lonaitude west limit [deg]: |-4?,83 Lonaitude east limit [deg]: {30,597

— Antenna Noise

Common Parameter Rain Parameter

Frequency [GHz]: |8,1 Elervation angle [deg]: IZD,S E arth station latitude [deg]: |1 B
Yapour densitylgrdm ™3] I?,S Galactic temperature [deg]: |45 Fiain rate 0.01% [mm/h]: |4D

E arth station height [km]: ID,982 s vl it 0% amz
Clear air Moige temperature [K]: |38,58 |?5,4B
Moise temperature [K]: 8,98 Moize pawer [dB[wW/Hz]]: |'21 9.07 Naise power [dB W /Hz]]: |'21 297
ak. | Cancel | Help
Figure 22.1: Satellite calculations.
x|
b aity I Antenna Diagram  Caloulations |
—&ntenna gain
M azimum gain [dBi] |4E Togglel
Lobe width [7] |0.841355
Ciarneter [m] |3.795
Frequency [MHz]| 6500
— Gain conversion
(e B
[dBd] [43.9
[dB+] (412
QK Cancel Spply Help

Figure 22.2: Antenna calculations.
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Edit Transmitter x|

kain I Frequency Characteristicsl Miscellaneousl Digital Modulation  Calculations I

— Docupied bandwith

B2 [%] Im Lower frequency [kHz] |-130,74

Upper frequency [kHz] | 130,74

— Trangmitted power
Lower freq. [kHz] |-40000 Tranzmitted power [dB'W] |10

Upper freq. [kHz] (40000

—Radiated power

EIRF [dBw] [0 ERP [dBw] [-2.1 EMAP [d8w][-4.5

QK I Cancel Apply Help

Figure 22.3: Transmitter calculations.

Edit Receiver . x|

kit IFlequenc_l,J Characternistics | Miscelaneous EEI|CU|EIUDI‘1S|

r Intercept paint
Order |2 _:l
IM product [dBrm] |-20 IM attenuation [4B] |70 Intercept pt [dBrm] |25

r Intermodulation product

Order 13 =4

Interfering signal [dEm] |-23 Intercept pt [dBm] |25 IM product [dEm] |-113
— Moize

Moise temperature [K] |3200.4 IF bandwidth [kHz] |12 Power [dBm] |-123

Waise figure [dB] |10.428

— Senzitivity
Muoize figure [dE] IS Req. 5/MN 50% [dB] |12 SensitivityS0z[dRm] |-113
IF bandwidth [kHz] |12 Req. 5/MN 90% [dB] |20 Senszitivityd0%[dBm] |-105

0k I Cancel | Apply | Help

Figure 22.4: Receiver calculations.
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Radio Calculator . ] 4|

Units Propagationl Trafficl Eablesl

— Power
Power [W]: |1 3 Power [ri]: I1 3000 Power [dB'w] |11.1334 Power [dBm]: |41.1334
—Yoltage

Impedance [Ohm]: |49.35 Wolkage [uWv]: |1,33 Fower [dBm]: [-104.3 Togglel
Yoltage [dBpW]: |2,4??D3

— Spectral denzity

Spectral dens. [dBw//Hz]: |-67.04 Bandwidth [kHz] |16 Power [dBW] |-25 Togglel
— Logarithms —Frequency bands——————————
® |28 10log(s] I‘I 44716 20lag(x): |28‘9432 Frequency | Band | =
— Field strength and power flux density a 2-52 0 E
Field strength [wh/m]: |501,2 Power flux density [ /m2]: IB,BBBE-U'IU 2:0 4:0 g
Field strenath [dBy/m] [54 Power fus density [dBw//m2} [91,7633 gg : 18-224 >C<
— Freguency and wavelength 124-180 Fu =
18.0-265 K.
Frequency [MHz]: 935 Wavelength [m]: 10,3206 JE5-40.0 Ka LI

oK I Cancel |

Figure 22.5: Radio Calculator — Unit conversions.

Radio Calculator =[]

Units  Propagation |Traffic | Cables'
—Free space

Frequency [MHZ]: 100 Distance [krm]: 1 Transmigsion loss [dB]: |72445 Toggle

i Okumure-Hata

Correction factor relative Urban \OSS—‘

Station Height [m] 100 Antenna Height [m] 1 Emvironment |Dense Urban hd (l_ Use [0 uE
Frequency [MHz]: 1000 Distance [km]: 10 Loss [dB); [153.50 Togole

. Field strength

Distance [krm] 1 Radiated power [dEW] 0 Field strength [dBY/m] IM,BU Toggle
—Received power

Frequency [MHz]: 100 Field strength [dBpyv/m]. [0 Power [dBm]: I‘H7.20 Toggle

— Earth radius factar

Time percentage [%4]: E0 Effective earth radius factor: |1,3

Figure 22.6: Radio Calculator — Propagation.

© WRAP International 22.5 WRAP 0377T



PART 1 — INTRODUCTION AND TUTORIAL

p B p.® WRAP WIN 4.5 USER’S MANUAL
il

ALL YOU NEED FOR SPECTRUM MANAGEMENT

Radio Calculator

=0l x|

LItits I Propagation  Traffic I Eablesl

r Traffic
—Erang B

Grade of gervice [%]: |2 Murmnber of channels:|14 Holding time [g]: |57 Calls per hour: |5‘I g.09 Toggle |

—Erang C
Probability far a call getting a delap [%]: |1 9.3

Grade of zervice [%]: IB Delay time [g]: I8
tean waiting time for all calls [z]: 1,32
Mumber of channels: |35 Halding time [s]: I“3 Calls per hour: I2488,43 M ean walting time for delayed calls [s]  |6.85

Ok I Cancel |

Figure 22.7: Radio Calculator — Traffic (Erlang B, Erlang C).

Radio Calculator

=10l

Units | Plopagationl Traffic  Cables |

L
Dc.;tabase: [wrapde | ceble: [RG 223U =l
Frequency [MHz]: |78 Cable length [m]: |23
Loss[dB) [277
r~ Reflection

vewR: [1.2 Tamdle I
Incident power [ |500
Reflection coefficient: IU,DES4

tizmatch loss [dBT ID,DE49

Return loss [dB: |21

Fieflected power [w]: |4

Figure 22.8: Radio Calculator — Cables.
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Separation Distance Calculator

Transmitting Station: Receiving Station:

Test TH1 Select.. | ITest R4 Select.. |
M argin [dB]: IEI
Fropagation rmodel: ILnngIe_l,J-F!ic:e Select. . |

Distance [km]: 273 Mirimum frequency separation [MHz]: IEI,5
| LCalculate Distance i Calculate Minimum | Statuz: IDiStE'”':E found

Fiezet |

ok |

Figure 22.9: Separation Distance calculator — minimum frequency/distance separation fro non-interference.

Geo Calculator x|
— Positioning
Long Lat S Y
Post. [1572302°E  [ad13 N [e5128907 D Edi.. | Conv.Daum.| SetTuPos |  GetTPos |
Pos2  [153¢4512°E  [F45534TN  [65158157 [fase7455 Edi.. | ComvDaum.| SetRePos |  GetRixPos |

Azimuth Poz 1 - Pos 2 IB'I 2 deg Azimuth Poz 2 - Poz 1 |281 S deg Diztance: |2'| 527 km

— Free Space Lo

Frequency [MHz]: I?‘I 20 Wwiavelength: ID,D42 m Free Space Loz |135,1 dB

— Roughne:

Highest paint |249 m Median: I‘I 06 m Roughness: I‘I 0450 m

Calculate on selected area

Lowest point: |45 m Awerage height I‘I 07.55 m Mumber of points: |831 3

oK |

Figure 22.10: Geographic Calculator.
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