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Product summary

The Vision-RTK 2 positioning sensor comes with two multi-band GNSS receivers, an
embedded camera, and an IMU, and outputs position, velocity, and orientation information.
Fixposition’s unique sensor fusion enables high accuracy positioning and highly reliable
performance, even in areas with limited GNSS coverage. This combination of technologies
significantly increases reliability and expands the availability of precise positioning in a
compact module. With dimensions of 113 x 130 x 30 mm? and a weight of 420 g, it is
compatible with platforms of many sizes, from small outdoor AV systems and asset-tracking
devices to mid-and large-sized ground robots.
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1 Sensor fusion engine

Vision-RTK 2 incorporatesthe following sensors:

- Multi-bandRTK GNSS Receiver (2x)
- Camera

- Accelerometer

- @yroscope

- Wheel odometry

The embedded fusion engine makes use of the listed sensors to estimate position, velocity,
acceleration and orientation at specific update rates. Figure 1 summarizes the main
components of the sensor:

( B
GNSS Receiver % —
~ 5Hz
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ohservation ime pulse
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Figure 1 Sensor fusion engine schematic
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2 Positioning performance specification

Parameters Condition Value

Solution latency - 50 ms
Horizontal position accuracy At maximum performance 1.0cm +1 ppm
Vertical position accuracy At maximum performance 1.0cm +1 ppm
Velocity accuracy - +0.1 m/s
Velocity with GNSS signal Maximum operational 500 m/s
Velocity in GNSS outages Maximum operational 20 m/s
Attitude accuracy? - <0.4°
Acquisition time? Cold start 25 s

Hot start/reacquisition 2s

Aided start 2s
GNSS outage position offset? Described as a percentage of 2%*4

distance travelled, without wheel

speed data
GNSS outage position offset? Described as a percentage of 0.75%*

distance travelled, with wheel

speed data
Velocity accuracy* Average of GNSS outageand non- | 0.1 m/s

outage

Table 1 Positioning performance of the sensor fusion engine

3 GNSS specifications

The Vision-RTK 2 module includes two multiband GNSS receivers. All four major GNSS
constellations (GPS, GLONASS, Galileo and BeiDou) plus QZSS satellites can be received
concurrently on both receivers. The RTK positioning output is available when combining GNSS
correction data and the received satellite signals.

GPS/QZSS L1C/A, L2C
GLONASS L10OF, L20OF
Galileo E1B/C, E5b
BeiDou B1l, B2l
L1C/A

Table 2 Available GNSS constellation and signals

1Setup with 1m antenna baseline.

2All satellitesat -130 dBm.

3 position/heading offset with respect to distance travelled.

4 Average values taken from random datasets of thousands of kilometers of test data. This data is under the condition of a properly
and rigidly mounted setup with proper initialization and calibration, as well as, very accurate extrensics. Furthermore, this data
assumes the camera has a good unobstructed view and the lighting conditions are sufficient for features to be apparent. The
probability of an error below 5% is 99% with wheelspeed and 98% without, the probability of an error below 2% is 98% with
wheelspeed and 79% without, the probability of an error below 1% is 78% with wheelspeed and 52% without. These numbers
assume a correct implementation of the sensor.
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4 Camera specifications

MIPI camera interface

The Vision-RTK 2 incorporates an image sensor for visual navigation with a 10-bit 1280x800
resolution image array. In addition, the Auto Exposure Control (AEC) and Auto Gain Control
(AGC) are constantly enabled to maintain the image quality regardless of the lighting changes
in the scene.

Parameter | Value ‘
Active array size 1280 x 800 px
Shutter type Global Shutter
Sensor type CMOS
Mono/color Monochrome
Diagonal field of view 125°
Max. cable length 15cm

Table 3 Camera specifications

5 Inertial measurement unit

The Vision-RTK 2 incorporates an inertial measurement unit (IMU) that combines a 3-axis
gyroscope and 3-axis accelerometer.

Parameter | Value
Gyroscope full scale range +2000 °/s
Gyroscope sensitivity scale factor 16.4LSB/°/s
Gyroscope noise density 0.0028°/s /VHz
Accelerometer full scale range 116 g
Accelerometer sensitivity scale factor 2048 LSB/g
Accelerometer noise density 65 ug/VvHz

Table 4 IMU specifications
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6 Electrical specifications

6.1 Absolute maximum ratings

Parameter | Symbol | Min | Max | Units
Power supply voltage® Vece -14 40 \%
Digital 10 pin voltage Vio -0.3 3.7 \Y
USB VBUS supplyvoltage Vuss -14 29 \Y
CAN busvoltage(CANH or CANL) Vcan -14 14 \Yj
Output currentof GNSS antenna lcc_rr - 50 mA
Output power of GNSS antenna Pin_rr - 10 dBm
GNSS backup voltage Veckp_gps | -0.5 3.6 \%
Digital 10 ESD Withstand Voltage (IEC 61000-4-2 air | Vepr_ar -25 25 kv
discharge)
Digital IO ESD Withstand Voltage (IEC 61000-4-2 contact | Vee_con -12 12 kv
discharge)
Output supply voltage Visvi - 5.3 \%
Output supply current l+5v1 - 200 mA
Storage temperature range Tste -40 85 °C
Operating temperature range (non-condensing) Tst -30 85 °C
Performance guarantee temperature range Tste 0 50 °C

Table 5 Absolute minimum and maximum ratings®

6.2 Recommended operating conditions

All typical measurementsare performed with Vcc = 5.0V, Vio =3.3V and T = 25 °C, unless
otherwise indicated.

Parameter Conditions Symbol | Min |Typica| | Max | Units
Supply voltage - Ve 4.5 5.0 36 \Y
Suspend mode lcc - 200 - mA
GNSS lcc - 800 - mA
Supply current’ acquisition
GNSS lcc - 1500 200 | mA
acquisition and 0
sensor fusion
Input voltage at USB-C Device mode VusB_vBUS_IN 458 | 5.0 20 \Y;
connector
Start-up threshold input Device mode VusB_VBUS_IN_STA | - 4.75 - \
voltage at USB-C connector RT
Input current at power input - Iv_IN_exT - - 5.1 A
connector

5> Reverse polaritiesprotected (P6SMAJ20ADF Zener diode).
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Input current at USB-C Device mode luse_vBUs_IN - - 3.3 A

connector

Output voltage at USB-C Host mode Vuss_veus_out | - 5.1 - \Y

connector

Output currentat USB-C Host mode luse_vBus_out - - 1.5 A

connector

Input pin voltage range - Vin 0 - 3.3 \Y

Digital 10 pin high level input - Viu 2.45 | - 3.6 \Y

voltage

Digital 10 pin low level input - Vi 0 - 0.8 \Y

voltage

Digital 10 pin high level output | - Von 2.8 - - \%

voltage

Digital 10 pin low level output | - Vol - - 0.7 \Y

voltage

GNSS antennavoltage - Ve _re - 3.2 - \%

Receiver chain noise figure® - NFror - 9.5 - dB

Output current for camera - lcam_serDES - - 0.5 A

serializer/deserializer®

Output current for cooling fan | - IFaN_sv - - 0.2 A

Output current at external - lexT_imu - - 0.1 A

IMU pin

Output current at wheel tick lexT_wr - - 0.1 A

pin

GNSS backup voltage - VBckp_Gps 1.65 | - 3.6 \%

GNSS backup current - lBckp_GPs 40 A

Real-time clock backup battery | - Vv_sckp_RTC 1.2 3.0 5.5 \%

voltage!!

Real-time clock backup battery | Vv_sckr_rtc = 3.0 lv_sckp_rTC - 40 - nA

current Vv

CAN Common Mode Range: - Vem -12 - 12 \Y

normal and silent modes

Time pulse voltage - Vtm_pLs - 3.3 - \Y

Time mark voltage - VTM_MRK - 3.3 - Vv

Reset voltage Drive high to VPWR_SHDN - 3.0 - Vv
shutdown

Table 6 Electrical specifications

6 Stresses beyond those listed under Absolute Maximum Ratings may cause permanentdamage to the device. These are stress
ratings only and functional operation of the device at these or any other conditions beyond those indicated under Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
7 The listed power requirements can vary depending on the firmware version, external circuitry, and operating conditions.

8 Undervoltage lockout threshold,start-up requires VUSB_VBUS_5V_IN > VUSB_VBUS_5V_IN_START.

° Only valid for the GPS L1 band.

10 Runtime-enabled 5.1V output on CSI D3 signals.
" Internal trickle charger allows recharging (for rechargeable 3V Lithium cells only).
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7 Interfaces

The following interface communication options are possible: UART, Wi-Fi, USB-C, Ethernet,
CAN, time pulse and time mark. All the digital I0s have internal pull-down resistors in normal
operationcompliantwith ESD (IEC 61000-4-2 level 4).

7.1 Time pulse

The time pulse function provides a one pulse per second (pps) signal. Once the sensor has
received any GNSS signals information, the 1 pps signal will adjust itself to each second in
time. The raised edge of each pulse will be aligned to the top of GPS time seconds. The duty
cycle is 10 %, meaning that the pulse width is 100 ms. The message is available in the raw
GNSS1 outputon port20010.

~—GPS week:time-of-week X _—GPS week:time-of-week x + 1
3.3V /(&g 1234:10000.000) /" (e.g. 1234:10001.000)
. M
ov
- 100 ms pulse
- 1000 ms period -

Figure 2 Time pulsesignal

7.2 Time mark

The time mark provides an accurate measurement of the time at which a pulse is detected on
the port 20010. The maximum time mark frequency is 5 Hz, that is at most one mark per 200
ms interval.

7.3 UART
Parameter | Symbol | Min | Max | Units
Baud rate Fbaud_rate | 9600 4000000 bit/s
Transmit bit time trbit 1/Fbaud_rate - Tref_clk 1/Fbaud_rate + Tref clk -
Receive bit time trobit 1/Fbaud_rate - 1/(16XTref_cIk) 1/Fbaud_rate + 1/(16XTref_cIk) -

Table 7 Vision-RTK 2 UART specifications
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7.4 Ethernet

The Ethernet MAC interface is provided via a RJ45 connector. The AR8033 Ethernet
transceiver supports IEEE 802.3az standard.

Parameter Condition

IP setup Static and Dynamic

Speed 10BASE-Te/100BASE-TX/1000BASE-T IEEE 802.3
Communication Full-duplex

Cable Discharge | +6 kV CDE protection

Event

Operation Limitedto 140 meters of CAT5 cable

Default IP address 10.0.2.1

Table 8 Vision-RTK 2 Ethernet specification

7.5 USB

A USB2.0 interface is provided via a USB Type C connector. Not recommended as a power
supply.

7.6 Wi-Fi
Parameter Condition
Operation mode IEEE 802.11 ac/a/b/g/n
Band support Dual band 2.4/5 GHz
Default IP address 10.0.1.1
Mode Station and access point

Table 9 Vision-RTK 2 Wi-Fi specifications

7.7 1/0 sensor

The following connected interfaces can be used:

Interface | Measurement | Specification ‘
OBD-II Wheel speed 500000 bitrate
CAN Wheel speed 500000 bitrate
Serial Wheel speed 50 Hz

Table 10 Supported interfaces
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7.8 Default interface settings

Interface Direction Function
Baud rate 115200, 8 bits, no parity, 1 stop bit
Output Fixpositi tput by default
a
UART1 ixposition messages are output by defau
| X Configurable serial wheel speed
npu
P RTCM3 correctiondatainput
Output Port 21000, Fixposition messages are output by default.
Outout Port 20010, raw GNSS receiver 1 output (read-only).The
utpu
TCP/IP P configuration of the receiver cannot be changed.
. Port 20020, raw GNSS receiver 2 output (read-only).The
network (Wi- Output . . ]
. configuration of the receiver cannot be changed.
Fi, Ethernet)
Output Port 23010, raw NTRIP data stream (read-only)
Input/Out
utp / P Port 80 (HTTP) configuration and logging interface
. Port 20010, 1 Hz 10% duty cycle, 3.3V, the configurationcannot
Time Pulse Output
be changed.
Time Mark Input Time signal
CAN Input Configurable wheel speed

Table 11 Default interface parameters
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