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By standing upon the shoulders of giants*

*|saac Newton
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YTto BHYTPU WI-FI apanTepa

3.1. 1lac Dual-Band 2x2 RF Application
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Figure 1. Dual-Band MIMO 2x2 Solution—RTL 8812AU-CG (11ac 2x2 MAC/BB/RF + PA)
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Injection mode Monitor mode
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MHOXECTBEHHbIU MPUEM

Maket 1 Maket 2 Maketr 3 Maket 4

Kapta O CRC CRC

Kapra 1 CRC
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WFB-ng

—[RX: drone mavlink]

—[TX: drone video]

pkt/s pkt Flow: 953 kbit/s -= 1.7 mbit/s
sent 193 90525
udp 128 60061 [ANT] pkt/s Injection [us]
fec_t oo 00X 183 4 = 20 = 89
drop B o
trunc (3 JC]

kbit/s -= ©.2 kbit/s FEC: 1/4
MCS BW [ANT] pkt/s
120 0000
120 0001

RSSI [dBm]
-22 < -21 < -18
-30 < -29 < -28

SNR [dB]

pkt/s pkt Flow:
recv 4 173
udp 1 35 Freq
fec r B 3 5805
lost B 3 5805
d_err B 26
LED B e

—[TX: drone mavlink]

pkt/s pkt Flow: 144 kbit/s -= 295 kbit/s
sent 27 11519
udp 13 5546 [ANT] pkt/s Injection [us]
fec_t [ Jc] 00XX 27 7 < 37 = 119
drop B e
trunc oo

—[RX: drone tunnel]

kbit/s -= 0.0 kbit/s FEC: 1/2
MCS BW [ANT] pkt/s
1 20 0000
1 20 0001

RSSI [dBm]
-22 < -19 < -18
-30 < -29 < -28

SNR [dB]

pkt/s pkt Flow:
recv 3 861
udp 1 357 Freq
fec r B 12 5805
lost g 31 5805
d err B o
LED B e

—[TX: drone tunnel]

pkt/s pkt Flow: 0.0 kbit/s -= 8.4 kbit/s
sent 2 1300
udp 1 523 [ANT] pkt/s Injection [us]
fec_t e o ROXX 2 16 < 60 < 1085
drop e e
trunc oo
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Radio Links and Video Links management in Ruby
| a u by Ruby continuously tracks the radio link quality by measuring dbm
Best Radio Link Conditions .5|gnal_. radio ping quality, retransmissions, Iostlpacfkets, |nt.erf|.erepces Worst Radio Link Conditions

in order to compute a global more accurate Radio Link Quality indicator

< Radio Link Quality

Based on radio link conditions, the following parameters are continually adjusted with the single purpose to maintain a
consistent video link (albeit with a lower quality or increased latency) even in the worst radio conditions:

Highest Radio Modulation Scheme Lowest Radio Modulation Scheme
Radio Modulation Scheme
QAM-16 QAM-4 QPSK BPSK
802.11ac - VHT MCS, SNR and RSSI

a0 oun | ™ FomeTioo] oun | ™ owmeTioon] o | ™ [oomeaoow] o | ™

VHT I

0 BPSK 172 6.5 7.2 2 -82 135 15 5 79 293 325 8 -76 585 65 1 -73
1 QPSK 172 13 14.4 5 -79 27 30 8 -76 585 65 1" -73 117 130 14 -70
2 QPSK 3/4 195 217 9 -77 405 45 12 -74 878 975 15 71 1755 195 18 48
3 16-QAM 172 26 28.9 1" -74 54 60 14 -71 117 130 17 -68 234 260 20 65
4 16-QAM 3/4 39 433 15 -70 81 90 18 67 1755 195 21 -64 351 390 24 -61
5 64-QAM 2/3 52 57.8 18 66 108 120 21 -63 234 260 24 -60 468 520 27 -57
6 64-QAM 3/4 58.5 65 20 65 1215 135 23 62 2633 2925 26 59 5265 585 29 -56
7 64-QAM 5/6 65 722 25 -64 135 150 28 61 2925 325 31 -58 585 650 34 -55
8 256-QAM 3/4 78 86.7 29 -59 162 180 32 -56 351 390 35 -53 702 780 38 -50
9  256-QAM 5/6 31 -57 180 200 34 -54 390 4333 37 -51 780 866.7 40 -48



Best Radio Link Conditions Worst Radio Link Conditions

I t u by | Lowest Error Correction Data Highest Error Correction Data
| Error Correction Data i

| 0-20% 20-40% 40-60% 75%

| Fewest KeyFrames Most KeyFrames

| 5 sec 3 sec

1 sec 0.3 sec

Highest Video Bitrate Lowest Video Bitrate

User Selected Video Profile 70% 40%

1.0 Mbps

No Retransmissions Many Retransmissions

All the adjustments result in an overall lower video quality but a consistent video link (no breakups)

Highest Video Quality Lowest Video Quality




‘_0301 2 HDOP. CRUS ® 25 -39 54 dbm -56 dbm -40 dbm 5320 Mhz ..' 0 0
e A:RX B: RX/TX $2: RX Mbps
M 13% 1200Mhz [} 33C M 6% 1200Mhz [ 13C

\VideolDecoder,

anem@ommw
Params: HO!(R1)[250-26]

EC:151111300//10/2/ms)
\*2lseconds 30ms bar,

Sa .

A:RX
B: RX/TX: -56 apgw\1 90hs

GS: 95. ofumm

D: 21614 m S2RX  -d0.dbmjy 0%, 0 kbps Packets/sec ou:
! 080 -3 g Blocks/sec out:
A 5320 Mhz =" o -
o Received reirans:
> Efficiency Stats B 5320 MFT—— e Bad blocks (discarded):
r 4 y } 537 villz 3
) \. ; Unrecoverablesgﬁgkxe{d? dbm
W mAKkm: 164 M B: RX/TX, -56 dbm
: : 0 Mha:
% mA/h: 11023 . A: RX, -54 dbm
95.0 kmh 333 Vv
(4 cells) 1 3' 3 v

Pitch: 2 S 92% 5341 mAh 17.2 A
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Raspberry pi A+
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Openl|PC AIO (all-in-one)




OpenWRHPC

Born for RC Fanatics




Open hardware
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Digital FPV System Latency - Mads Tech* * https://fpvwiki.co.uk/digital-fpv-latency-testing
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THOHUHT KOAEKA

m H.265 co cnancamu
—  MbI XOTUM OTrpaBASiTb B CETb AGHHbIE MOKa MAET readout ceHcopa

m 60/90/120 fps (240 fps AAS TOHOK)
—  0653aTteAbHbIN THOHUHI APanuBeEPOB CEHCOPOB U ISP

m FEC
-  Hanpumep, BoccTaHaBAMBAET 4 naketa n3 broka 12

m butpent kopeka 3aBUCUT OT KEUCA
- MUHUMYM AAS TOHOK
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USB + Android

2B activity_main.xml MainActivity.java 28 AndroidManifest.xml 2B device_filter.xml UsbManager.java

29 |

@0verride
onCreate(Bundle savedInstanceState) {
.onCreate(savedInstanceState)

UsbManager manager = (UsbManager) getSystemService(Context.

(UsbDevice usbDevice: manager.getDevicelist().values()) {
String = usbhDevice.getDeviceName()

Log.e( + usbDevice.getDeviceName())

Log.e( + ushDevice.getManufacturerName())
Log.e( + usbDevice.getProductName())
UsbInterface usbhInterface = findInterface(usbDevice)

UsbEndpoint mOutEndpoint = mInEndpoint =

( nEp = 0; nEp < usbInterface.getEndpointCount(); nEp++) {
UsbEndpoint tmpEndpoint = usbInterface.getEndpoint(nEp)

Log.e( + tmpEndpoint)
(tmpEndpoint.getType() != UsbConstants.

((mOutEndpoint ==
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G2G latency
C userspace
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Open Source community

C uero HauaTb?
m Aliexpress.com
m Ozon.ru


https://github.com/orgs/OpenIPC/repositories
https://github.com/svpcom/wfb-ng/
https://github.com/PetruSoroaga/RubyFPV
https://github.com/gehee

UTto panbLLe?

m Crepeockonnyeckoe BUAEO

m 3ameHa Wi-Fi Ha 5G

m [HOHWHT coBPEMEHHbIX kopekoB AVl n H.266

m Kene30: apanTMBHbIK MOAXOA K MOTPEBAEHUIO MOLLHOCTH
m MIMO everywhere

m CodT: ICNOAB30BAHUE AOMOAHUTEABHON hw akceaepaLumm
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EcAan A XU3HBb nocne Wi-Fi?

433 /868 /915 Mhz 23124125 Ghz 5.8 Ghz
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