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[Abstract]

Recently, hybrid positioning system combining GPS, vision sensor, and inertial sensor has drawn many attentions to estimate
accurate vehicle positions. Since accurate multi-sensor fusion requires efficient time synchronization, this paper proposes an
efficient method to obtain time synchronized measurements of vision sensor, inertial sensor, and OBD device based on GPS time
information. In the proposed method, the time and position information is obtained by the GPS receiver, the attitude information
is obtained by the inertial sensor, and the speed information is obtained by the OBD device. The obtained time, position, speed,
and attitude information is converted to the color information. The color information is inserted to several corner pixels of the
corresponding image frame. An experiment was performed with real measurements to evaluate the feasibility of the proposed
method.

Key word : Time synchronization, Global positioning system, Vision, Micro electro mechanical systems - inertial
measurement unit, On-board diagnostics.
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Table 1. Key features of BBB.

Processor Soft
AMB335x 1IGHz ARM|  Connectivity o > Vtvl"l";i .

Cortex-A8 S

- 512MB DDR3 RAM
. - Debian
s [l pon
on-board flash storage - Android
- 3D graphics - USB host - Ubuntu
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r Ethernet | Cloud9 IDE on

- NEON floating-point | HDMI Node.]s w/ BoneScript
accelerator library
- 2x PRU 32-bit - 2x46 pinheaders | plus much more
microcontrollers

E 2. HME3 BBBL QIE{H[O[A HHAl
Table 2. Interface types between sensors and a BBB.

Vision
sensor

Sensor GPS MU OBD

Interface USB USB 12C USB
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Fig. 1. Types of sensors and communication methods
between sensors and a BBB.
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Table 4. Color converting table for pixelization.

Integer value Red Green Blue
1 0 0 255
2 0 255 0
3 255 0 0
4 255 0 100
5 255 100 0
6 255 100 100
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Fig. 2. Time synchronization flow. -
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Table 3. Sensor classifications and data types. g
Vision
Sensor GPS MU OBD
sensor
Data Time Im 3 axis-acc. | Speed of
4 Position age 3 axis-gyro. | the vehicle v
Data type double frame double int a3 3. PAF L siEkE MK HO| 2|k
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Fig. 3. Location of converted color information in
the image.
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Fig. 4. Procedure to extract time-synchronization data
from color information.
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Fig. 5. An example to extract synchronization
data from color information.
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Table 5. The product name of utilized sensors.

Sensor GPS Vi MU OBD
sensor
U-Blox Logitech
Product name AEKAT C170 MPU-6050 | ELM-327

a8 7. A" A Y
Fig. 7. Configuration of experiment trajectory.

I8 8 M8 B2

Fig. 8. Experiment environment.
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Table 7. Extracted time-synchronized sensor data from experiment video.

GPS week | GPS time| count ECEF X | ECEFY | ECEF.Z | Accx Accy Acc z gyro_x gyroy | gyro.z speed
1941 371137 0] -3035583| 4048129| 3870191| 0.033497| -0.72976| 9.838581| -0.01225| 0.001598| -0.01332 0
1941 371137 1] -3035583| 4048129| 3870191| -0.00957| -0.71301| 9.781158| -0.01758| 0.004794| -0.00852 0
1941 371137 2| -3035583| 4048129| 3870191| 0.004785| -0.7489| 9.867293| -0.01811] 0.009055| -0.00852 0
1941 371137 3| -3035583| 4048129| 3870191| -0.00957| -0.6843| 9.860115| -0.02184| 0.005326| -0.00746 0
1941 371137 4| -3035583| 4048129| 3870191| 0.031104] -0.72258| 9.807477| -0.01918| 0.009055| -0.00799 0
1941 371137 5| -3035583| 4048129| 3870191| -0.00957| -0.73454| 9.951036| -0.02077| 0.005859] -0.00746 0
1941 371137 6| -3035583| 4048129| 3870191| 0.047853| -0.77043| 10.00846| -0.02077| 0.011718| -0.00692 0
1941 371138 0] -3035583| 4048129| 3870191| -0.00957| -0.73694| 9.905576| -0.02131| 0.006392| -0.01065 0
1941 372079 0] -3032820| 4049590| 3870785| -0.52399| -0.27516| 9.661525| -0.01545| 0.005326| -0.02876 85
1941 372079 1] -3032820| 4049590| 3870785 -0.5527| -043546| 10.01085| -0.02237| 0.006392| -0.03409 85
1941 372079 2| -3032820| 4049590| 3870785| -0.83264| -0.60534| 11.15215| 0001598 -0.01651| -0.02823 85
1941 372331 0] -3035705| 4048014| 3870177| -0.16031| 0411536| 7.807221| -0.01918| 0.056993| 0.060189 37
1941 372331 1| -3035705| 4048014| 3870177 1.02884| -0.34454| 10.08024| -0.14382| -0.06552| 0.043145 37
1941 372331 2| -3035705| 4048014| 3870177 -0.0981| -0.8805| 12.48485| 0.102269| -0.03302| 0.073505 37
1941 372331 3| -3035705| 4048014 3870177] 1.201111| 0.004785| 8.065627| 0.045275| -0.0032| 0.095877 35
1941 372331 4| -3035705| 4048014| 3870177| 1.337492| -0.26319| 9.649562| -0.03516| 0.008522| 0.101736 35
1941 372331 5| -3035705| 4048014| 3870177| 1.079086| -04546| 10.20466| -0.00692| 0.014914| 0.100138 35
1941 372332 0] -3035705| 4048007) 3870184| 1.141295| -0.18184| 9.206922| -0.01971| 0.006924| 0.104932 35
1941 372332 1] -3035705| 4048007 3870184 1.34467| -0.87571| 10.16159| -0.02024| -0.05007| 0.08842 35
1941 372332 2| -3035705| 4048007| 3870184| 0.86614| -044264| 11.78381| -0.02237| 0.023437| 0.102801 35
1941 372332 3| -3035705| 4048007| 3870184| 1.004913| -1.59111] 12.57817| -0.04208| -0.03143| 0.095877 37
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