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	Number
	Test items
	Unit
	Technical requirement

	Fibre optic gyroscope indicators

	1
	Zero bias stability at room temperature (10s, 1σ)
	(°)/h
	≤0.2

	2
	Zero bias repeatability at full temperature (1σ)
	(°)/h
	≤0.5

	3
	Zero bias stability at full temperature (100s, 1σ)
	(°)/h
	≤0.5

	4
	Scale factor nonlinearity (1σ)
	ppm
	≤100

	5
	Scale factor repeatability
	ppm
	≤100

	6
	Measurement range
	（°）/s
	±800

	7
	Random walk coefficient
	  (°) /√h
	≤0.02

	8
	Bandwidth
	Hz
	≥200

	Accelerometer indicators

	9
	Bias stability at room temperature (10s, 1σ)
	mg
	≤0.1

	10
	Bias repeatability at full temperature (1σ)
	mg
	≤0.5

	11
	Bias stability at full temperature (10s, 1σ)
	mg
	≤0.5

	12
	Scale factor nonlinearity (1σ)
	ppm
	≤300

	13
	Scale factor repeatability (1σ)
	ppm
	≤300

	14
	Range
	g
	±16

	Navigation indicators

	15
	Initial self-alignment time (static after initial position binding or GNSS is valid)
	min
	≤6

	16
	Heading range
	°
	0~360

	17
	Pitch, roll range
	°
	±90，±180

	18
	Heading accuracy (1σ)
	°
	Initial self-alignment≤1

Pure inertial navigation ≤ 0.2 (1h)

Integrated navigation: ≤0.2 (single antenna)

Integrated navigation: ≤0.2/L (L baseline, dual antennas)

	
	
	
	Dual-antenna GNSS combination: ≤0.2°/L, L is the baseline length

	19
	Pitch and roll accuracy (1σ)
	°
	Initial alignment ≤ 0.1

Pure inertial navigation ≤ 0.1 (1h)

Integrated navigation ≤ 0.06

	20
	Velocity accuracy (1σ)
	m/s
	Pure inertia ≤ 3 (10min)

Integrated navigation ≤ 0.03

	21
	Horizontal position (1σ)
	m
	≤ 1km (10min) (pure inertial)

≤ 2m (single point positioning)

≤ 0.05m (RTK differential positioning accuracy 0.05m)

	22
	Height (1σ)
	m
	≤ 3m (satellite single-point positioning)

≤ 0.05TK differential positioning accuracy 0.05m)

	23
	Data update rate
	Hz
	Fibre optic inertial navigation ≤ 100; 

IMU ≤ 1000

	Others

	24
	Power supply
	V DC
	12~30

	25
	Digital interface
	-
	RS422

	26
	Operating temperature
	℃
	-40~60

	27
	Storage temperature
	℃
	-55~75

	28
	Dimensions
	mm
	70×65×54

	29
	Weight
	g
	350





	Number
	Name
	Requirement

	1
	Power Input
	+12VDC~+30VDC

	2
	Power Ripple (Vpp)
	≤50mV

	3
	Maximum Power Consumption
	＜10W




	Pin number
	Definition
	Description
	Remarks

	1
	VIN
	Power Positive
	Power input, DC12～30V

	2
	GND
	Power Ground
	

	3
	R+
	Receive +
	Serial port 1, user 422

	4
	R-
	Receive-
	

	5
	T+
	Send +
	

	6
	T-
	Send-
	

	7
	R+
	Receive+
	Serial Port 2, User 422

	8
	R-
	Receive-
	

	9
	T+
	Send+
	

	10
	T-
	Send-
	

	11
	DBG-R
	Debugging Receive
	Serial Port 0, Debug 232

	12
	DBG-T
	Debugging Send
	

	13
	GND
	Ground
	

	14-15
	NC
	NC
	NC





Output data format

	No.
	Bytes
	Parameter name
	Parameter type
	Remark

	1
	1
	Frame header 1
	char
	0xeb

	2
	1
	Frame header 2
	char 
	0x90

	3-6
	4
	Timescale
	int
	0-FFFFFFFF

	7
	1
	Operating status word
	unsigned char
	See the following table for state definitions

	8-11
	4
	Body temperature
	float
	Unit: °C

	12-13
	2
	Carrier system x-axis angular velocity
	short
	Unit: °/s (angular velocity unit)

Scaling factor: 0.01

	14-15
	2
	Carrier system y-axis angular velocity
	short
	Unit: °/s (angular velocity unit)

Scale factor: 0.01

	16-17
	2
	Carrier system z-axis angular velocity
	short
	Unit: °/s (angular velocity unit)

Scale factor: 0.01

	18-21
	4
	Carrier system x-axis acceleration
	float
	Unit: m/s2 (unit of acceleration)

	22-25
	4
	Carrier system y-axis acceleration
	float
	Unit: m/s2 (unit of acceleration)

	26-29
	4
	Carrier system z-axis acceleration
	float
	Unit: m/s2 (unit of acceleration)

	30-33
	4
	Combined latitude
	Long
	Unit: degrees, positive for north latitude, negative for south latitude, multiplied by 107 when framing

	34-37
	4
	Combined longitude
	long
	Unit: degrees, east longitude is positive, west longitude is negative, multiply by 107 when framing

	38-39
	2
	Combined altitude
	unsigned short
	Add 500 to the positioning result when framing, then multiply by 5, and output after unsigned rounding; (up is positive) multiply the data by 0.2 when using, and subtract 500 to get the altitude

	40-41
	2
	Combined northward velocity
	short
	Unit: m/s (speed unit)

Scale factor: 0.01

	42-43
	2
	Combined eastward velocity
	short
	Unit: m/s (speed unit)

Scale factor: 0.01

	44-45
	2
	Combined celestial velocity
	short
	Unit: m/s (speed unit)

Scale factor: 0.01

	46-47
	2
	Combined roll angle
	short
	Unit: ° (angular unit)

Scale factor: 0.01

	48-49
	2
	Combined pitch angle
	short
	Unit: ° (angular unit)

Scale factor: 0.01

	50-51
	2
	Combined heading angle
	unsigned short
	Unit: ° (angular unit)

Scale factor: 0.01

Range 0-360°, NNE is positive

	52-53
	2
	Check digit
	unsigned short
	Crc checksum, from frame header to before CRC checksum value


Operating status word description
	Bit number
	Working status

	bit0
	0: Alignment 1: Navigation

	bit1~2
	00: Self-alignment;

01: Initial alignment (using binding position information)

10: Initial alignment (using GPS navigation information)

11: Initial alignment (using Beidou navigation information)

No clearing after turning navigation

	bit3~4
	00: Pure inertial navigation information

01: GPS/inertial integrated navigation information

10: BeiDou/Inertial combined navigation information

11: Reserved

	bit5
	Filter status word reserved (no longer forwarded)

Sliding average of 36 (30) points taken at 1000Hz

	bit6
	Plus meter sensor status: 0: normal; 1: faulty

	bit7
	Reserve


















	     Number
	Name
	Quantity

	1
	GI700 fibre optic inertial integrated navigation system
	1

	2
	Satellite antenna
	2

	3
	Guiding RF cable
	2

	4
	Packing box
	1

	5
	Test report
	1

	6
	Instruction manual
	1
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GI700 is a small fiber-optic inertial integrated navigation system developed by BWSENSING, which combines three-axis integrated fiber-optic IMU and satellite navigation for combined navigation. It is used to measure the position, velocity and attitude of the carrier in three directions, and output the angular velocity and acceleration of the three axes at the same time. The fiber-optic inertial navigation system includes a three-axis integrated fiber-optic gyroscope and a three-axis integrated accelerometer. The accelerometer is sensitive to and measures the three-axis acceleration signal of the carrier, while the gyroscope is sensitive to and measures the three-axis angular velocity signal of the carrier. After compensation and solution, the position, velocity and attitude of the carrier are obtained; at the same time, Kalman filtering is used to effectively fuse INS and GNSS information to obtain the optimal estimation of position, velocity and attitude, thereby improving the reliability and stability of the fiber-optic inertial navigation system.








Working Principle





Introduction





Function





Fiber optic inertial navigation can sense the real-time speed, position and attitude information of moving objects in three directions, as well as three-axis angular velocity and acceleration information in a completely independent manner without being restricted by a specific environment or location.





Application





● Spatial stable platform, stable antenna system


● Intelligent navigation and control of shield machines, mining tunneling machines, and coal mining machines





●Railway inspection vehicles, UAV and unmanned ship navigation and control


●Attitude/azimuth reference system, multi-beam attitude sensing





Features and Application Scope





Fiber-optic inertial navigation has the characteristics of small size and light weight. It has built-in high-precision combined navigation solution and digital filtering algorithm. It is particularly suitable for navigation control in vibration environments of various aerial motion carriers such as multi-rotors and composite wings. It has been equipped and installed in more than ten kinds of airborne and missile-borne equipment.





Composition and Function











Fibre optic inertial navigation main components





a) Angular velocity sensitive unit: three-axis integrated fiber optic gyroscope;


b) Acceleration sensitive unit: three-axis integrated accelerometer;


c) Circuit unit: signal detection and processing circuit, navigation computer;


d) Structural body and connectors.





Fibre optic inertial navigation function





a) Self-alignment of heading and attitude;


b) Measurement and output of angular velocity and acceleration;


c) Pure inertial navigation solution outputs heading, attitude, position and speed;


d) Receive satellite navigation information, perform combined navigation solution outputs of azimuth, attitude, position and speed;


e) Built-in barometric altimeter and magnetometer (optional).





Fibre optic inertial navigation function





The mechanical interface of the product is shown in Figure 1:


Dimensions: 70mm×65mm×54mm (length×width×height);


Installation dimensions: 62mm×57mm (length×width), installation holes: Φ4.2mm×4;





�





Figure 1 GI700 fiber-optic inertial navigation system appearance and installation diagram





Indicators





Indicators








Power requirements





Electrical connection interface





Protocols





1) Interface type: RS422 serial interface;


2) Data format: 1 start bit, 8 data bits, 1 stop bit, no parity bit;


3) Data frame format: see each input/output format. When data is transmitted, the low bit comes first, the high bit comes second, the low byte comes first, the high byte comes second.





Data format





Data format





1) Definition of fibre optic inertial navigation coordinates


As shown in Figure 2, the fibre optic inertial navigation uses the East (X) North (Y) Sky (Z) coordinate system:


                                  �


Figure 2 Fibre optic inertial navigation coordinate system





The relationship between the coordinates and the carrier is that the Y-axis is pointing positively to the head of the carrier, in the same direction as the forward direction, the X-axis is pointing positively to the right of the carrier, and the Z-axis is pointing positively to the sky.


2) Fibre optic inertial navigation polarity definition:


(1) Attitude angle polarity


Heading angle: the angle of rotation around the Z-axis, when the Z-axis is pointing up (sky), 0 when the Y-axis is pointing to the geographic north, clockwise rotation is positive, 0~360 change.


Pitch angle: the angle of rotation around the X-axis, when the X-axis is pointing to the right part of the carrier, and the Y-axis is pointing to the head of the carrier, it is positive when the head is lifted up, and it is negative when the head is lowered down, and it varies from ±90.


Roll angle: the angle of rotation around the Y-axis, the Y-axis is pointing to the head of the carrier, the X-axis is pointing to the right part of the carrier, right tilt is positive, left tilt is negative, ±180 changes.


(2) Angular velocity


Pitch angular velocity, that is, X-axis angular velocity, positive direction according to the right-hand rule to determine.


Roll angular velocity, that is, Y-axis angular velocity, positive direction according to the right-hand rule to determine. 


The heading angular velocity, which is the Z-axis angular velocity, is determined by the right-hand rule in the positive direction.


(3) Acceleration


Lateral acceleration, that is, X-axis acceleration, the direction of the arrow is positive.


Axial acceleration, that is, Y-axis acceleration, the arrow direction is positive.


Normal acceleration, that is, Z-axis acceleration, the direction of the arrow is positive.








Installation and dismantling











Requirements





Methods and steps


a) The surface used for fixing the fibre optic inertial navigation requires a flatness better than 0.01mm; 


b) The recommended mounting surface for the fibre optic inertial navigation is made of metal; 


d) The magnetic field strength at the optical fibre inertial navigation mounting position should not be greater than 1 Gauss.


Inspection after installation


Check whether the mounting screws are in accordance with the size of the mounting holes and whether they are firm.





Operating procedures





Inspection before use


Check the appearance of the fibre optic inertial navigation for physical damage such as collision.


Instructions on how to use the product


a) Mount the fibre optic inertial navigation on the carrier and connect the cables correctly according to Table 3;


b) Connect the data according to the communication protocol in 2.6.3.


Notes


a) The fibre-optic inertial navigation should not be operated with frequent power on/off during use, in order to avoid damaging the performance of the fibre-optic inertial navigation and reducing the service life of the product;


b) If the fibre optic inertial navigation works abnormally, it should consult the manufacturer, and it is forbidden to dismantle and repair it without authorization;


c) Fibre optic inertial navigation is a precision instrument, in the process of using and transporting should pay attention to light holding and light putting; 


d) It is necessary to ensure the correct connection of the product input and output signal lines and power supply lines; 


e) In the process of contacting the fibre optic inertial navigation requires anti-static measures; 


f) The magnetic field strength around the location of the fibre optic inertial navigation should be less than 2 gauss.





Transport and storage











Shipping Notes


a) Place the product in the direction shown in the box;


b) Transport by road, rail, air and water is permitted;


c) Ensure that the box is tightly fastened to the carrier and does not move during transport.


Storage conditions, duration of storage and notes 


a) Placement of fibre optic inertial navigation should be stored in the packing box. If placed for a long time, as far as possible to choose the standard atmospheric pressure conditions, ambient temperature of 25 ℃ ± 10 ℃, relative humidity of 30% to 70%, the surrounding magnetic field strength of less than 2 gauss; 


b) The storage period of the fibre optic inertial navigation is 15 years.





Notes





a) Check the appearance of the outer packaging whether there is any physical damage such as collision;


b) Check whether the fibre optic inertial navigation and supporting accessories are complete, see Table 6 for details.


c) When removing the fibre optic inertial navigation, it should be treated with electrostatic protection.











Fibre optic inertial navigation can be customised with different communication protocols, as well as the option of transmitting inertial measurement unit mode, single antenna mode, and dual antenna mode.
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