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[bookmark: _Toc469646891]Physical layer protocol 
The physical layer protocol specifies the physical properties at the bottom of the communications. As follows: 
Standards: TTL level and full duplex mode; 
Baud rate: 115,200bps;
Data bit: 8;
Stop bit: 1;
Verification: 	None; 
Flow control: None. 
[bookmark: _Toc469646892]Application layer protocol 
[bookmark: _Toc469646893]Frame format 
	Frame header 
	the starting of the communications frame with one byte [ 55]; 

	Data length 
	Total byte of all command length in the address and command frames with one byte; 

	Address 
	No. of communication object address with one byte; 

	[Unvarnished transmission identification] 
	Optional; used for the APP figure or digital information transfer; 1-gneral transmission, and 5-full unvarnished transmission. Other commands are not equipped with such identification. 

	Command field 1 
	Command byte1 
	Data in the command frame with two bytes; 

	
	Data segment 1 
	Data byte in the command field;

	Digital section 2 
	The same as the command field 1; 

	……
	……

	Digital section N 
	The same as the command field N; 

	EOR verification 
	EOR verification byte with address byte, data length and all command bytes; 

	Frame footer 
	The ending of the communications frame with one byte and specified data [F0] 

	Remarks 
	In case of no particular statement, in the protocol documents, the byte order of all variable transmission with multi-bytes shall be carried out from the low to the high byte in turn with low byte in the front. 


Examples: (Note: the following data in the forms are hexadecimal coding) 
	0x55
	06
	01
	01
	Data bit 1-4 
	XOR
	F0

	Frame header 
	Data length 
	Address 
	Command byte 
	Data segment 
	Verification 
	Frame footer 


[bookmark: _Toc469646894]Communication protocol 
[bookmark: _Toc469646895]Plane side -> load 
[bookmark: _Toc469646896]Load control 
	55
	06
	03
	15
	Data1
	Data2
	Data3
	Data4
	Check
	F0

	Frame header 
	Number length 
	Address 
	Command byte 
	Working mode 
	Azimuth velocity 
	Elevation velocity 
	Load roll 
	Verification 
	Frame footer 


Explanation of meaning of data is as follows: 
	Working mode 
	Data1(bit3~bit0)
	01(0001):Azimuth, pitching and roll image stabilization modes; 
02(0010):Azimuth, pitching and roll FPV modes; 
03(0011):Azimuth, pitching and weak roll servo modes; 
00(0000):No-operation, default 

	
	Data1(bit7~bit4)
	00(0000): No-operation, default 
01(0001) : It means load back in 

	Azimuth velocity 
	Data2
	Set azimuth movement velocity (velocity value: 0-+255   still at 128) 

	Elevation velocity 
	Data3
	Set elevation movement velocity (velocity value: 0-+255   still at128) 


Description: The flip-over type sending of control instructions is used for the load on the plane side. 
[bookmark: _Toc469646897]Load reception flight control state feedback 
Load reception flight control state feedback is acquired from plane side, and the plane side sends it to the load every 200ms. 
	55
	05
	03
	1B
	Data1
	Data2~Data18
	Data19~30
	Data31~Data36
	Data37~Data38
	Check
	F0

	Frame header 
	Number length 
	Address 
	Command byte 
	Positioning type 
	GPS information 
	Attitude information 
	Magnetometer 
	 Air pressure 
	Verification 
	Frame footer 


The definition of specific byte of data segment is as follows: 
	Data1 
Positioning type 
	Data1 ( 1 byte) 
	uint8_t    0-1: No positioning; 2:2D positioning; 3: 3D positioning 

	GPS information 
	Data2~Data5
	Signed integer, Lat: Longitude value ° (WGS84)*1E7, with low byte in the front 

	
	Data6~Data9
	Signed integer, Lon: Latitude value ° (WGS84)*1E7, with low byte in the front 

	
	Data10~Data11
	Unsigned short integer, Alt: Height (m)*1E1, with low byte in the front 

	
	Data12~Data13
	Signed short integer, ground X velocity, (m/s)*100m with low byte in the front 

	
	Data14~Data15
	Signed short integer, ground Y velocity, (m/s)*100m with low byte in the front 

	
	Data16~Data17
	Signed short integer, ground Z velocity, (m/s)*100m with low byte in the front 

	
	Data18
	Unsigned byte, number of visible satellites, 255 means invalid by default. 

	Attitude information 
	Data19~Data22
	4-byte floating-point number, with low byte in the front, roll radian 

	
	Data23~Data26
	4-byte floating-point number, with low byte in the front, pitch radian 

	
	Data27~Data30
	4-byte floating-point number, with low byte in the front, yaw radian 

	Geomagnetic information 
	Data31~Data32
	Signed short integer, X magnetic field, milli Tesla, with low byte in the front 

	
	Data33~Data34
	Signed short integer, Y magnetic field, milli Tesla, with low byte in the front 

	
	Data35~Data36
	Signed short integer, Z magnetic field, milli Tesla, with low byte in the front 

	Air pressure information 
	Data37~Data38
	Signed short integer, absolute pressure (hectopascal), with low byte in the front 


[bookmark: _Toc469646898]Load -> plane side 
[bookmark: _Toc469646899]Load attitude feedback 
Load real-time feedback, load attitude information, feedback period 200ms 
	55
	08
	05
	1A
	Data1-4
	Data5
	Data6-Data8
	Check
	F0

	Frame header 
	Number length 
	Address 
	Command byte 
	Load angle 
	0-The camera is not connected. 
1 -The camera is connected. 
	Load type, version data 
	Verification 
	Frame footer 


The definition of specific byte of data segment is as follows: 
	Data1-Data2
	Current track angle of pan-tilt 
	Unit angle, int16 (- 45°~45°, with 0 meaning zero position) 

	Data3
	Current track angle of pan-tilt 
	Unit angle, int8 ( 0°~36°, with 0 meaning zero position) 

	Data4
	Current roll angle of pan-tilt 
	Unit angle, int8 (- 128°~127°, with 0 meaning zero position) 

	Data6
	Loading type 
	01:001 load 02:002 load 
03:003 load 04:  Infrared camera 

	Data7-Data8
	Load program version number 
	Return int type, with low byte in the front 
[0-9]. [0-9]. [0-9] for example, return 111, the version is 1.1.1; return 567, the version is 5.6.7. 


[bookmark: _Toc469646900]Plane side -> camera (tailgating load) 
[bookmark: _Toc469646901]Camera menu setting 
	The camera control instruction triggers the enabling sending, and is sent to the camera through the load: 
	55
	08
	04
	17
	Data1-3
	Data4-6
	Check
	F0

	Frame header 
	Data length 
	Address 
	Command byte 
	Menu setup 
	Option parameters 
	Verification 
	Frame footer 


	The data classification and meaning are as follows: 
	Data1
	Camera mode 
	00: Video mode 01: Photo mode 
02: Picture recording mode 03: Feedback mode 

	Data2
	Mode menu 
	Defined as the different modes of menu Item 

	Data3
	Menu options 
	Defined as the option setting of the menu. 

	Data4~6
	Option parameters 
	Defined as the instruction of user operation. 


The data details and meaning are as follows: DATA1==0 is mode 0, meaning video mode, with details shown in the table below. 
	DATA1 mode 
	DATA2 submenus 
	DATA3 Menu options 
	DATA4 parameter I 
	DATA5 parameter II 
	DATA6 parameter III 

	0 - video setting mode 
	Videoresolution 0
	(0~9) corresponds to 1080P60,1080P30,720P120,720P60,720P30,960P60,960P48,960P30, 4K2KP30 2028P30, namely, order one-to-one correspondence value 0~9 
	0
	0
	0

	
	Video quality 1
	(0~2)-Sfine,Fine,Normal
	
	
	

	
	Video selftimer 2
	(0~3)-OFF,3s,5s,10s
	
	
	

	
	Pre Record 3
	(0~1)-OFF,On
	
	
	

	
	Video timelapse 4
	(0~3)-OFF,1s,5s,30s
	
	
	

	
	Dual Stream 5
	(0~1)-OFF,On
	
	
	

	
	Digital Zoom 6
	(0~3)-OFF,8X,10X,12X
	
	
	

	
	Video type 7
	(0~1)-MP4,AVI
	
	
	

	
	record video 8
	(0~1)-OFF, On, picture recording and photo taking 
Enter the picture recording state by receiving 1 first and 0 later, and end the picture recording by receiving 1 first and 0 later again. The reason of setting it is repeating the same key. 
	
	
	


The data details and meaning are as follows: DATA1==1 is mode 1, meaning photo mode, with details shown in the table below. 
	DATA1 mode 
	DATA2 submenus 
	DATA3 Menu options 
	DATA4 parameter I 
	DATA5 parameter II 
	DATA6 parameter III 

	1 - photo setting mode 
	Photo Multi 0
	[bookmark: _GoBack](0~7)-OFF,AEB,NOISEReduction,
HDR,Collage,Multirame,Portrait,Natural
	0 
	0 
	0 

	
	Photo capture mode 1
	(0~4)-Precise,Precisecont,BurstCont,Burst,Pre capture
	
	
	

	
	Photo size 2
	(0~2)-16M	14M	12M
	
	
	

	
	Photo quality 3
	(0~3)-Auto,Sfine,fine,Normal
	
	
	

	
	Photo selftimer 4
	(0~3)-OFF,3S,5S,10S
	
	
	

	
	Photo time lapse 5
	(0~3)-OFF,2S,5S,10S
	
	
	

	
	PhotoQuickview delay6
	(0~6)-OFF,1s,2s,3s,4s,5s,6s
	
	
	

	
	Photo digital zoom 7
	(0~2)-OFF,4x,16x
	
	
	

	
	take photo 8
	(0)-On
	
	
	

	
	EV index setting 9
	(0~C)0,0.3,0.7,-0.3,-0.7,1,1.3,1.7,2,-1,-1.3,-1.7,-2
	
	
	

	
	ISO setting  10
	(0~8)-Auto,ISO50,ISO100,ISO200,ISO400,ISO800,ISO1600,ISO3200,ISO6400
	
	
	

	
	White balance  11
	(0~5)-Auto,Incandescent,D4000,
D5000,Sunny,Cloudy
	
	
	

	
	Photo format  12
	(0~3)-STD,HARD,SOFT 
	
	
	

	
	Contrast  13
	(0~2)-JPEG,RAW,JPEG+RAW
	
	
	


The data details and meaning are as follows: DATA1==2 is mode 2, meaning the global setting of camera, with details seeing the table below. 
	DATA1 mode 
	DATA2 submenus 
	DATA3 Menu options 
	DATA4 parameter I 
	DATA5 parameter II 
	DATA6 parameter III 

	2 - global setting mode 


	System type 0
	(0~1)- PAL，NTSC
	0 
	0 
	0 

	
	DMF mode 1
	(0~1)- Serial，reset
	
	
	

	
	date time display 2
	(0~3)-OFF,date,Time,Both
	
	
	

	
	Format 3 
	0  (Format SD card) 
	
	
	

	
	Default setting 4
	0 (Restore default settings) 
	
	
	

	
	Power off 5
	(0~2)-OFF, after 3M, after 5M 
	
	
	

	
	Firmware Version 6
	0 (feedback software version) 
	
	
	

	
	State osd (overlapping display of all states) 
	0(0~1)-OFF, On, exceptional picture recording red point and time, photo taking feedback 
	
	
	

	
	HDMI output 
	0(0~1)1080P30,720P60 
	
	
	

	
	Distortion correction 9 
	0(0~1)-OFF,On
	
	
	


The data details and meaning are as follows: DATA1==3 is mode 3, meaning camera feedback mode, with details seeing the table below. 
	DATA1 mode 
	DATA2 
submenus 
	DATA3 Menu options 
	DATA4 parameter I 
	DATA5 parameter I 
	DATA6 parameter III 

	3 - feedback mode 
	Photo 0 photo playback 
	(0~7) - directly skip to the latest photo, serial number positioning (serial number change after deletion), file ID positioning, zoom in, zoom out, delete, download, exit 
	DATA3=1 or 2 means the lowest byte of serial number or ID, 0 for others. 
	DATA3=1 or 2 means the 2nd byte of serial number or ID, 0 for others. 
	DATA3=1 or 2 means the highest (3rd) byte of serial number or ID, 0 for others. 

	
	Video  1 video playback 
	(0~12) - directly skip to the latest video, serial number positioning, file ID positioning, play from start, pause, continue, stop, delete, download, skip to specified time, display progress bar, close progress bar, exit 
	DATA3=1 or 2 means the lowest byte of serial number or ID, 0 for others. 
	DATA3=1 or 2 means the 2nd byte of serial number or ID, 0 for others. 
	DATA3=1 or 2 means the highest (3rd) of serial number or ID, 0 for others. 


[bookmark: _Toc469646902]Camera timing setting 
Send timing instruction for 3 times (without feedback), with transmission period of 20ms.
	55
	08
	04
	18
	Data1-6
	Check
	F0

	Frame header 
	Data length 
	Address 
	Command byte 
	Timing information 
	Verification 
	Frame footer 


	Explanation of timing data is as follows: 
	Data1
	Year, unsigned integer 
	

	Data2
	Month, unsigned integer 
	

	Data3
	Day, unsigned integer 
	

	Data4
	Hour, unsigned integer 
	

	Data5
	Minute, unsigned integer 
	

	Data6
	Second, unsigned integer 
	


[bookmark: _Toc469646903]Camera regular feedback 
Such feedback instruction is sent periodically by the camera to APP terminal through long link, with feedback period of 200ms. 
	55
	08
	05
	06/08/09
	DATA1-DATA6
	Check
	F0

	Frame header 
	Data length 
	Address 
	Command byte 
	Feedback data content 
	Verification 
	Frame footer 


The definition of specific byte of data segment is as follows: 
	Data18
	Regular camera feedback Data1 
	

	Data19
	Regular camera feedback Data2 
	

	Data20
	Regular camera feedback Data3 
	

	Data21
	Regular camera feedback Data4 
	

	Data22
	Regular camera feedback Data5 
	

	Data23
	Regular camera feedback Data6 
	


Camera command word 06 photo playback, 08SD card, 09 photo taking/picture recording, 0x25 feedback firmware version, 0x26 feedback formatting information. The definition of specific byte of data segment is as follows: 
	Camera command 
	Feedback Data1 
	Feedback Data2 
	Feedback Data3 
	Feedback Data4 
	Feedback 
Data5 
	Feedback Data6 
	Remarks 

	Photo playback 06 
	Total number of photos, DATA1 is low byte 
	Ordinal number of current photo, with DATA3 as the low byte 
	◇ Scaling: 
	0 
	Make feedback during the photo playback every 200ms. 

	SD card 08 
	Total capacity M of SD card, with DATA1 as the low byte 
	Current available capacity of SD card, with DATA3 as the low byte 
	Make picture recording for identification or not: 
0 means not picture recording state, while 1 means picture recording state. 
	0 
	Make constant feedback every 200ms 

	Photo taking and picture recording 09 
	Generated file ID, integer low three bytes, with low byte in the front 
	0 
	0 
	0 
	Make feedback after ending picture recording, 6 consecutive frames, every 200ms 

	Feedback firmware version 0x25 
	Major version 1~99 
	Secondary version number 0~99 
	
	
	
	
	Request feedback 

	Formatting feedback 0x26 
	00 successful 
01 Failed 
	
	
	
	
	
	


[bookmark: _Toc469646904]Video playback feedback 
Camera video playback feedback, generated during the video playback through the camera 
	55
	0C
	05
	07
	Data1-10
	Check
	F0

	Frame header 
	Data length 
	Address 
	Command byte 
	Camera video playback 
	Verification 
	Frame footer 


Such feedback is made under the video playback state, every 200ms. Explanation of meaning of data is as follows: 
	Video playback state feedback 
	Data1-2
	Total number of video, with low byte in the front 

	
	Data3-4
	Ordinal number of current video, with low byte in the front 

	
	Data5
	Total time, hour 

	
	Data6
	Total time, minute 

	
	Data7
	Total time, second 

	
	Data8
	Current play time, hour 

	
	Data9
	Current play time, minute 

	
	Data10
	Current play time, second
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