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Binary Heli>

» Started in 201

» Young people
fresh ideas.

» High-tech

» Google integrated

We create sustainable
wireless!
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What to le

» Link feasibili

» Estimating li
capacity.

» Stability in all
circumstances.

» Wireless from th
RF perspective.
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Multi-Zone Co

» High densit
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Wireless is

» RF propagati
be calculated
theory.

» Practice shoul
similar.

» Each location is
different.
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Google Ear

» Satellite Im
(Aerial Map

» Elevation Pr

» Pinpointing
Features

» Streetview

» Location
Accessibility

» 3D landscapes
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Design for !

» Different typ
terrain.

» Different end

» Different
deployments
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» Desired Cover
» Bandwidth Req
» Mobile/Stationa
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Satellite Im

» Terrain Evalu
(Incl. Tree De

» Demographic
Overview

» Obstacle
ldentification

» Land Cover
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Elevation Profile

» Includes land cover
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_| T Radio Link

Azimuth=278.03° Elev. angle=-0.194" Clearance at 0.35km
Free Space=141.6 dB Obstruction=0.9 dB Utban=0.0 dB
PathLoss=145.8d8 E field=34.7dByV/m R level=-109.8dBm

Transmitter

Receiver

‘lesn bl |
Role Slay

Tx system name Ok, =
Tx power 01585 W 22 dBm

Line loss 0548 )
Antenna gain 7.5 dBi 54ded  +|
Radiated power EIRP-079W  ERP=048W
Antenna height (m) s | ] =]

Net

Morgan Beef

|test2

Fole 5

Ry system name | Omniti

Required E Field 495 dBV/m

Antenna gain 75 dBi 5.4 dBd
Line loss 05d8

Rix sensitivity 39811V 95 dBm
Antenna height (m) [25 EliEE
Frequency (MHz)

Minimum [5770 Maximum  [5130

ol

304075 027°5539°E 82 y=
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The killers «

» Diffraction (F

» Diffraction in
fresnel zone

» Reflections and

multipath
» Polarisation » Ra

X\
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Free Space Path LOSS

Free Space Path Loss T 2400 Mz — (ﬁ)z

-----
......................................................................................................

..............................................................................................
................................................................................................

16 km '|£I'> km 26 km 2I5 km 3b km
1 mi 5 mi 10 mi 15 mi 20 mi

Distance



Diffraction

Diffraction of light ===
happens at ever

point in space.
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Fresnel Zones

» Only first 3 affect
signal
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Fresnel Zon

» Diffraction
» Reflection

» Multipath




Diffraction in Fresnel Zone
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Reflections

» Reflections sh
ne avoided

» F1,F3 can be
constructive

» F2, F4 is destru

» Antennas placed
too high can cause
multipath of F2

> Roof

X\
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Multipath F

» Multiple path
interfere
constructively
destructively.

» Can cause sign
fade.

» Fade could be rapi
or over a
day/season
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Interference

» Interference
when anoth
source of E
frequency ra
above the re
sensitivity.

» Channels close to
each other can
interfere.
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The natur

» Rain

» Snow

» Cosmic Burs
» Solar Flares
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The modern en

» Cellphones

» Baby monito

» Pagers

» Radar

» Other wireless

» EMI

» Dirty Power Sources
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Spectral Scan

» The Dude
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Being Safe

» WHO set sa
guidelines.
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Signal Calculator

Tower MCSs Spatial |Modulation Data rate (Mbit/s) Receive Sensitivity
Tower Output Power Client Output Power 22|dBm index | streams type 20 MHz channel 40 MHz channel 20Mhz | 40Mhz
Cable Loss k Cable Loss 0.5|d 800 ns Gl | 400 ns Gl [ 800 ns Gl (400 ns Gl
Antenna Gain 7.5|dBi Antenna Gain 7.5|dBi MTU | 1500 0 1 BPSK 6.5 7.2 13.5 15-95/-91  |-30/-86
Rx Signal Strength -71.2775 d& Rx Signal Strength -71.2775 dB MCS | ] 1 1 |apsk 13 14.4 27 30|-94/-30 |-90/-86
Receiver Sensitivity -85 dEm Receiver Sensitivity -85 dEm 2 1 QPSK 19.5 21.7 40.5 45|-92/-88 |-89/-85
Signal to Noise Ratio 187.1752 mW Signal to Noise Ratio 1871752 mW/ 3 1 16-0AM 26 28.9 54 60(-88/-84 |-85/-81
22.72248 & 22.72248 & 4 1 16-0AM 39 43.3 81 90|-85/-81 |-82/-78
Fade Margin 15 dB 13.72248|dB Fade Margin 15 dB 13.72248(dB 5 1 64-0AM 52| 57.8 108 120(-80/-76 |-78/-74
] 1 64-QAM 58.5 65 121.5 135|-79/-75 |-77/-73
BPSK 19.34813744 BPSK 19.34813744 7 1 64-0AM 65 72.2 135 150(-77/-73  |-74/-7T1
QPSK 19.34813744 QPSK 19.34813744 3 2 BPSK 13 14.4 27 30|-95/-91 |-30/-86
160AM 8.652750112 160QAM 8.852750112 9 2 QPSK 26/ 28.9 54 60(-94/-90 |-90/-86
640AM 7.312908572 640AM 7.312908572 10 2 QPSK 39 43.3 81 90|-92/-88 |-89/-85
2560AM 4.197200314 2560AM 4.197200314 11 2 16-QAM 52 57.8 108 120(-88/-84 |-85/-81
Normalizer 12 2 16-0AM 78| 86.7 162 180/-85/-81 |-82/-78
BPSK 0.00E+00 BPSK 0.00E+00 k - 13 2 64-0AM 104 115.6 216 240|-80/-76 |-78/-74
QPsK 0.00E+HDO QPSK 0.00E+HDO k - 14 2 64-0AM 117 130 243 270|-79/-75 |-77/-73
160AM 1.42E-09 160AM 1.42E-09 k 0.31622777 15 2 64-0AM 130 144.4 270 300(-77/-73  |-74/-71
640AM 4.95E-03 640AM 4.95E-03 k 0.15430335 16 3 BPSK 19.5 21.7 40.5 45(-95/-91  |-90/-86
2560AM 2.42E-01 2560AM 2.42E-01 k 0.0766965 17 3 QPSK 39 43.3 81 90(-94/-90  |-50/-86
18 3 QPSK 58.5 65 121.5 135|-92/-88 |-89/-85
BPSK 0.00% BPSK 0.00% 19 3 16-0AM 78 86.7 162 180(-88/-84 |-85/-81
QPSK 0.00% QPSK 0.00% 20 3 16-0AM 117 130.7 243 270(-85/-81 |-82/-78
160AM 0.00% 160QAM 0.00% 21 3 64-0AM 156 173.3 324 360(-80/-76 |-78/-74
640AM 100.00% 640AM 100.00% 22 3 64-0AM 175.5 195 364.5 405|-79/-75  |-77/-73
2560AM 100.00% 2560AM 100.00% 23 3 64-0AM 195 216.7 405 450|-77/-73  |-74/-71
LOS Distance Fresnel Zone at Max 3.750656|m 24 4 BPSK 26, 28.8 54 60|-95/-91 |-90/-86
Operating Frequency Fresnel Ground Clearance > 2.250394|m 25 4 QPSK 52| 57.6 108 120/-94/-90  |-90/-86
Noise Floor Return Loss 1.5|S /R 9.542425|dB 26 4 QPSK 78 86.8 162 180(-92/-88 |-89/-85
CCQ Percentage Polarisation Mismatd 15|c.-eg.-rees -0.30112|d 27 4 16-0QAM 104 115.6 216 240(-88/-84 |-85/-81
Multipath Factor Multipath Loss 106.9764|d 28 4 16-QAM 156 173.2 324 360(-85/-81 |-82/-78
Free Space Loss 1 29 4 64-QAM 208 231.2 432 480|-80/-76 |-78/-74
Total Loss 30 4 64-QAM 234 260 486 540|-79/-75 |-77/-73
31 4 64-0AM 260 288.8 540 600(-77/-73  |-74/-71




Receiver SensItiviey

MCS0 -95/-91 MCSO -90/-86
MCS1 -94/-90 MCS1 -90/-86
MCS2 -92/-8 MCS2 -89/-85
MCS3 -88/-84 MCS3 -85/-81
MCS4 -85/-81 MCS4 -82/-78
MCS5 -80/-76 MCS5 -78/-7
MCS6 -79/-75 MCS6 -77/-73
MCS7 -77/-73 MCS7 -74/-71
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Transmit Power ¢

» SA Regulation
» 2.4-2.5Ghz -
(EIRP 100mW)

» 5-6Ghz - 30dE
(EIRP 1000mW)
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Noise Floor

WaiF1 (-3)

2.4 Ghz 2.41 Ghz 2.42 Ghz 2.43 Ghz 2.44 Ghz 2.45 Ghz 2.45 Ghz 2.47 Ghz 2.48 Ghz 2.49 Ghz 2.5 Ghz
(@D 10 s=cond peak (@ current max () current average @ rax at cursor position

-100dbm




Signal to Noise andsEacing

-Adbm

10%
-40dbm

8%
-50dbm
6% -60dbm
70dbm

%

-8dbm ] s

x
-90dbm
-100dbm

2.4 Ghz 2.41 Ghz 2.42 Ghz 2.43 Ghz 2.44 Ghz 2.45 Ghz 2.46 Ghz 2.47 Ghz 2.48 Ghz 2.49 Ghz 2.5 Ghz




Fade Margin

» Choose your MCSs
wisely.

» Allow for a 15dB
fade margin for
stable links

50%
90%
99%
99.9%
99.99%




Required SNR




BER and Packet

» BPSK and QPSK
99.99%

31.99%
4.29%
0.29%

QPSK




16-QAM

99.87%

12.34%
0.87%
0.03%

16 QAM




64-QAM

64 QAM

whr

1.75E-04

2.22E-05
1.69E-06
6.8E-08

87.7%
23.4%
2.01%
0.08%




256-QAM
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33dB
34dB
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» TCP performs poorly.

» TCP Performance: 50%
of UDP

} ScatterEd nOise (a) Chain
» Half-duplex, acks

» Multiple wireless hops
reduce

» TCP performance.
» Small TCP window size




UDP vs TCP

Protocol:
Local UDP Tx Size:

Remote UDP Tx Size:

Direction:

Local Tx Speed: ¥ bps

Remote Tx Speed: vt

Random Data = T | 00 Reset

Radio Name / |MAC Address
User: 4PBHT_SXT... 00:0C:42:F7:65:71

Password: v

Lost Packets: |944
Tx/Rx Current: |0 bps/97.5 Mbps
Tx/Rx 10s Average: | 0bps/92.0 Mbps
Tx/Rx Total Average: |0bps/93.7 Mbps

(CCCARRARCAREL, A LLACERRRR
| iES
B Rx: 97.5 Mobps ” )

Protocol

=l 11D T
al UDFP Ix Size

LOCal U

12
~N
W

Remote UDP Tx

Direction:

TCP Connection Count:

Intefaces Nstreme Dual Access List Registration | Connect List Securty Profiles

Lost Packets:

Tx/Rx Current:
Tx/Rx 10s Average:
Tx/Rx Total Average:

- C udp
1500
1500

receive

20

00:03:37 yes no 0.010 -59/-59

User:

Password:

0

0bps/47.0 Mbps
0 bps/48.7 Mbps
0 bps/47.9 Mbps

+|

Utime AP |W..|Last Activit.. Tx/Rx Signal .. | Tx/Rx Rate
240.0Mbps/240.0...

v

v

[ S

unning...

BRx: 47.0 Mbps ll”””””l”IHHIHH'”I“MH”IHH”I




SXT to Omnitik

5.783012308
4887537964
2.8051733

160AM
640AM
2560AM

14.52627166
12.2769403
7.046276751

()
Tower Output Power 22|dBm Client Qutput Power 14(dBr
Cable Loss 0.5|dBi Cable Loss 0.5|d
Antenna Gain 71.5|dBi Antenna Gain 16|dBi MTU 1500
Rx Signal Strength -70.7775 dE Rx Signal Strength -62.7775 dB MCS a
Receiver Sensitivity -85 dBm Receiver Sensitivity -85|dBm
Signal to Moise Ratio 83.6081 Signal to Noise Ratio 527.5314
19.22248 o8 27.22248 B

Fade Margin 15 dB dB Fade Margin 15 dB dB

BPSK 12.93120998 BPSK 32.48173088

QPSK 12.93120998 QPSK 32.43173088

QPSK
16QAM
640AM

0.00E+D0
0.00E+D0
6.49E-05
7.89E-02
5.12E-01

BPSK
QPsSK
160AM
640AM
2560QAM

0.00E+00
0.00E+00
0.00E+00
9.42E-07
2.37E-02

0.31622777

0.15430335

== [=[=[=

0.0766965

160AM
640AM
2560AM

0.00%
0.00%
54.12%

100.00%
100.00%

BPSK
QPsK
160AM
640AM
2560AM

0.00%
0.00%
0.00%
1.12%
100.00%

LOS Distance

Moise Floor

_>r\y Helix

nologies

Operating Frequency

CCQ Percentage
Multipath Factor

-105|d

20|

Fresnel Zone at Max
Fresnel Ground Clearance

Return Loss

Polarisation Mismatg 15|

[~ TR~
m m

Multipath Loss
Free Space Loss

Total Loss

107.2775|dB

[=T~1
m m




Omnitik WDS exair

)

L

~

4197200314

2560AM

4197200314

)
Tower Qutput Power 22|dBm Client Qutput Power 22|dBm
Cable Loss 0.5|dBi Cable Loss 0.5|dBi
Antenna Gain 1.5|dBi Antenna Gain 1.5|dBi MTU 1500
Rx Signal Strength -71.2775 dB Rx Signal Strength -71.2775 dE MCS 0
Receiver Sensitivity -85 dBm Receiver Sensitivity -85 dBm
Signal to Moise Ratio 187.1752 mW Signal to Noise Ratio 187.1752 mW
22.72248 B 22. 72248 dB

Fade Margin 15 dB dB Fade Margin 15 dB dB

BPSK 19.34813744 BPSK 19.34813744

QPSK 19.34813744 QPSK 19.34813744

160AM 8.652750112 160AM 8.652750112

640AM 7.312908572 640AM 7.312908572

0.00E+00
0.00E+00

QPSK

160QAM 1.42E-09
640AM 4.95E-03
2560AM 2.42E-01

BPSK
QPsK

160AM
640AM
2560AM

0.00E+00
0.00E+00
1.42E-09
4.95E-03
2.42E-01

0.31622777

0.15430335

=== ==

0.0766965

_>r\y Helix

nologies

Free Space Loss
Total Loss

0.00% BPSK 0.00%
QPSK 0.00% QPSK 0.00%
160AM 0.00% 1604AM 0.00%
640AM 100.00% 640AM 100.00%
2560AM 100.00% 2500AM 100.00%
LOS Distance 1|km Fresnel Zone at Max m
Operating Frequency 5325|Mhz Fresnel Ground Clearance = m
Moise Floor -109|dB Return Loss 1.5|SWR dB
CCQ Percentage 90| % Polarisation Mismatq 15|degrees dB
Multipath Factor 2.5 Multipath Loss dB
dB

107.2775|d

m




SXT to SXT exampie

Tower Output Power

Client Output Power

Cable Loss Cable Loss

Antenna Gain Antenna Gain
Rx Signal Strength Rx Signal Strength
Receiver Sensitivity Receiver Sen:

Signal to Noise Ratio X Signal to Noise Ratio

Fade Margin Fade Margin

43.15199205
49,15199205

BPSK
Qpsk

43.15199205
49.15199205
21.98143909 16Q4M 21.98143909
18.57770677 640AM 18.57770677
2560AM 10.66256414 256QAM 10.66256414

BPSK 0.00£+00 BPSK 0.00E+00 k -
apsk 0.00E+00 apsk 0.00E+00 k = ((9)
160AM 0.00E+00 16QAM 0.005:00 s Tower Output Power Client Output Power 14|d8m
640AM 5.85E-14 54QAM 5.85E-14 k R
§ Cable Loss Cable Loss 0.5|d
SCE08 2560AM L0 Antenna Gain Antenna Gain 16|dB MTU [ 1500
Rx Signal Strength Rx Signal Strength mcs 0
BPSK 0.00% BPSK 0.00% Receiver Sensitivity Receiver Sensitivity
QPsK 0.00% apsK 0.00% Signal to Noise Ratio . Signal to Noise Ratio
160AM 0.00% 160AM 0.00%
6404M LEEE 640AM T2 Fade Margin Fade Margin
2560AM 97.47% 2560AM 97.47%
LOS Distance Fresnel Zone at Max m PETe=— p— PETre——
Operating Frequency Fresnel Ground Clearance > m 4 oarates sk 4 2araa1o0s
Noise Floor Return Lose | & e 160AM 2039722027 16QAM 2033722827
CcQ Percentage Polarisation Mismatc de 2 .
. . R 64QAM 1.718809162 64QAM 1718309162
Multipath Factor 2 Multipath Loss 8 098550028 2s50aM 098650028
a8 - .

Free Space Loss

Total Loss
BPSK 2.71E-06 BPSK 2.71E-06 k -
QPSK 2.71E-06 QPSK 2.71E-06 k -
160AM 213601 160AM 213601 k 031622777
interfaces Mstreme Dual Access List Registralion |Connect List Securly Profiles sraam o7E0L saaAm o7 0L k DS
2560AM 8.99E-01 256QAM 8.99E-01 k 0.0766965 |

= T | o0 FReset

3.20%
3.20%

BPSK
QpPsK

3.20%
3.20%

Radic Name MAC Address Interface Uptime AP W... Last Activit...| T/ Signal ... | Tx/Fx Rate -

QPBHT_SXT.. 000C42F76571  wanlgat. 000337yes o 0.010 59/59 240, 0Mbps/240.0... i s oAt o
640AM 100.00% 640AM 100.00%
2560AM 100.00% 2560AM 100.00%

LOS Distance
Operating Frequency

Fresnel Zone at Max
Fresnel Ground Clearance >
Raturn Loss [

Noise Floor ds
cca Percentage Polarisation Mismatq a8
Multipath Factor Multipath Loss ds

ds

Free Space Loss
Total Loss

1tem (1 selected)
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Verifying Signals

» Signal Strength
» Fading

» CCQ

» Bandwidth Test

Wireless Tables
Interfaces  Nstreme Dual = Access List Registration | Connect List | Security Profiles
t

Radio Name MAC Address Interface |ptim
D4 0:1 wlan1

Interface <wlan1>

| TxPower Cument Tx Powsr Status | Traffic

Band: [2GHz-N
Frequ 2452 MHz
Registered Clients: |2
Authenticated Clients: |2

Owerall Tx CCQ:

Distance:

Noise Floor: [-99 dBm

Tw/Rx Tx/Rx Frames
54.0Mbps 1553 844/1 41

Simple Mode




Bandwidth Test

Test To:
Protocal:
Local UDP Tx Size:

Remote UDP Tx Size:

Direction:

TCP Connection Court:

Local Tx Speed:

Remate Tx Speed:

Usger:

Password:

Lost Packets:

Toe/Rex Cument:

Tw/Foc 10s Average:
TR Total Average:

0
24 0 kbps/1115.9 kbps
6.0 Mbps/4.7 Mbps

46 Mbps/5 4 Mbps

* bps
* bps
Random Data

[ QES
M Rx: 11159 kbps

stopped

il

O aYoYa
A RS AT A

[=]E3
Test To: |192.168.88.7 Stat |
Protocol: € udp @ tcp
Local UDP Tx Size: [1500 |
Close
Remote UDP Tx Size: | 1500 ‘—'
Direction: |both *

TCP Connection Count: 20
Local Tx Speed:
Remote Tx Speed:

¥ bps
¥ bps

Random Data

User:

Password:

Lost Packets: |0
Tx/Rx Curmrent: |28.5 Mbps/26.8 Mbps
29.3 Mbps/25.6 Mbps

25.0 Mbps/25.4 Mbps

A

Tx/Rx 10s Average:

Tx/Rx Total Average:

Il 7x: 285 Mbps
BRx: 26.8 Mbps

running....




Systems monitor

» Live Heatmaps
» Mobile Heatmaps

» GPS Tracking f;
» Live monitoring
(The Dude)




Thanks for watching »»

paul@binaryhelix.co.za
www.binaryhelix.co.za
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