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Fig 1. another purpose of Ground Control

Station
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Remote Control,
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Gimbal Control)
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Fig 2. Structure of Ground Control Station
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GCS [mage protocol | Supported OS
QGround | MAVLink Xﬁ%ﬁ"fggﬂéﬁ
gllgr?ri?enr X MAVLink | Windows only
Pégrl\fer MAVLink Windomz,cLinux,
MavProxy AV Wﬁladc‘?wjfhéri&léx’
Tower MAVLink Android
AndroPilot MAVLink Android

UgCS | MAVLink Wl\i,}“a%‘?wghg&‘éx’
gggféey | MAVLink| ~ Web Ul
Paparazzi UBX Windoxl\x//[sé,cunux,
DIl GO 05%%%“ Android, i0S

i Protocol

Table 1. Open Source Ground Control Station

3.2 84 Z2EZ dF

MAVLinkE ¢ 2& dlo]8 £ Header<
o] &3 & A FAl o] B g (Micro Air

Vehicle Communication Protocol)® PX4,
Pixhawk, APM, Parrot AR.Drone Z#Z9]
Hgste] we HAEE FI  HAFH
ZIEFo|T,

MAVLink®] #{7l FZ& CANEAI9 SAE
AS-4 2FS Fxsto] THEo7 PO F Table
2.8t Zol & IHe HA BbytelAd HU
263Bytes ¢ Wol 2l 4 UEE HAHo
Atk MAVLinke 7]&] A3zl 4 W20
ofit et AHEAE ke s e
A g A7 W SHA HAME &3
Z2EZo|Y,

MAVLink tolBejels @A 877t d& A%
Aol ZZEYo]oM FFOE ARSIl SloiA
MAVLink®] Aold W&xt ALgs] Ao
HgE Ad4 glol:s =8 AN Al
AT Eg oo AAA AHED 4 Sl
MAVLink Z2EZ 2# ¢ 9] Y& Table 3.9
Ao A

MAVLink Frame (8~263bytes)
LEN | SEQ | SYS COMP | MSG PAYLOAD CKA

Table 2. MAVLink Protocol Frame

Byte Index Content Value

V1.0: OxFE
V0.9: 0x55

Explanation

0 Packet start sign Indicates the start of a new packet

1 Payload length 0-255 | Indicates length of the following payload

Each component counts up his send sequence.

Allows to detect packet loss

ID of the SENDING system. Allows to differentiate MAVs on
the same network

ID of the SENDING component. Allows to differentiate

4 Component ID 0-255 | different components of the same system. e.g. the IMU and
the autopilot.

2 Packet sequence | 0-255

3 System ID 1-255

ID of the message — the id defines what the payload “means”

o MizssplD 0-255 | 24 how it should be correctly decoded.

610 (n+6) Data (Ob’yfss) Data of the message. Depends on the message id.

Checksum(low

(n+7) to (n+8) byte, high byte) ITU X.25/SAE AS-4 hash, excluding packet start sign, so bytes 1..(n+6)

Table 3. MAVLink Protocol Frame Format
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Protocol frame header
SOF | LEN | VER [ SESSION | A | RESO | PADDING | ENC | REST | SEQ | CRC16 | DATA

data  checksum

CRC32

Table 4. DJI Onboard SDK
OPEN Protocol Frame

Byte Index Size (bit)
SOF 0 8

LEN 10
1

Description

Frame start number, fixed to be OxAA

Frame length, maximumn length is 1023 bytes

Version of the protocol

SESSION 5 Session ID used during communication

Frame Type
0: data
1: acknowledgement

A 3 1

RESO 2 Reserved bits, fixed to be 0

The length of addition data added in link layer. It comes

PADDING s from the encryption process

4 Frame data encryption type
ENC 3 0: no encryption
1: AES encryption

REST 3 24
SEQ 8 16
CRC16 10 16

1007 is the
maximum length

Reserved bits, fixed to be 0

Frame sequence number

Frame header CRC16 checksum

DATA 2 Frame data, maximum length 1007bytes

Depends on the -

ez length of the data

Frame CRC32 checksum

Table 5. DJI Onboard SDK
OPEN Protocol Frame Format
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Model | Protocol | Frequency [Tx Power] Range
XBee
-802.15.4 | 802.15.4 2.4GHz 100mW | 7000m
-Pro
XBee-7B| Zig5¢ 9 4GHz 50mW | 7000m
XBee-868 RF 868MHz 315mW 12Km
XBee-900 RF 900MHz 50mW 10Km
SGSO%HS 14331\/[Hz, T—Km—1
-915MHz ypica
LoRaWANLoRaWAN version coming 14dBm base station
in 2016 range
LoRa RF 868 and 915MHZ 14dBm 21+Km
WiFi  |802.11b/g 2.4GHz 0-12dBm | 50m-500m
PWBS0I90]
GPRS Pro 850/900/ 0 Tyvical
and - 1800/1900  |1W800/90 cgl?rier
GPRS+GPS MHz 0 ran
MHz ge
s
Tri-Band UMTS
210011900/ [POZI90
S00MEHz GSM | Typical
3G/GPRS | - Quad-Band | soiang | camier
GSM/EDGE, oW
850/900/1800 range
/1900MHz PGS 1800
PCS 1900
MHz 1W
Bluetooth Blsei%(?th
Low Bluetooth 2.4GHz 3dBm 100m
Energy Smart
Table 6. Low Power wireless
communication specification
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FE d5-& FAAN Y Ve 71EE A ET
dfolM A4 Holy ZAHEELE A=
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e At Foldl BoleE =88 A
F5A71e 5 433MHz =& 900MHzE
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