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ABSTRACT: 
 
A synchronization controlling method of multi-sensor integrated is proposed in this paper. The method is put forward to control many 
sensors of landborne pavement profiling system(LPPS), such as GPS, gyroscope, laser-rangefinder, laser scanner, digital camera, 
accelerometer, wheel encoder and so on. These sensors are divided into several independent sub-systems according to measurement 
functions, such as pavement roughness, rut depth, crack, macro-texture, road geometric parameter, pavement facility and so on. And 
these sensors can work in independent and synchronization situation by the requirement of pavement management. Several 
controllers are designed for LPPS. A controller named time(main) synchronization controller uses sensors such as GPS receiver, 
wheel encoder, event logger and crystal oscillator to build uniform time datum (UTC) and spatial datum (WGS84), and road linear 
reference coordinate is built also. To improve position and orientation precision, the dead-reckoning system which consists of 
gyroscope and distance measurement instrument is used. On the other side, each subsystem has its own controller. These controllers 
have these functions, 1) Supplying power to workstation and sensors of subsystem; 2) Receiving time and spatial data and signal 
from time(main) controller, and then transforming it into command signals which is according to time interval or distance interval 
and to control the sensors in the subsystem; 3) Transforming low frequency signal into high frequency signal to improve the time and 
spatial resolution. According to these Synchronization controlling methods, the pavement profiling system can accomplish pavement 
testing and measurement functions and can establish inter relationship among the data of multi-sensor. The synchronization 
controlling methods researched in the paper have been tested in SmartV system, and it has been used in many pavement management 
bureaus in China successfully. 
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1 Introduction 
Landborne pavement profiling system (LPPS) is important 
equipment for pavement maintenance and management. The 
system applies optical, mechanical, electrical, computing and 
“3S” technologies comprehensively. It uses vehicle as platform, 
and integrates advanced sensors such as high resolution 
line-scan camera, GPS/DMI/GYRO position and orientation 
system (POS), and some other instruments, for example 
computer, synchronous controlling unit. The comprehensive 
system can get all the data such as pavement image, pavement 
geometric parameter, stereo-photo of front-view, roughness and 
rut automatically during the time when the vehicle is running. 
 
The operation mode, frequency and precision of the sensors of 
LPPS is not same. To fusion the data of the sensors, the time 
datum and spatial datum must be constructed. That means all 
sensors operation by same time coordinate and spatial 
coordinate. To obtain the correct measurement value, all the 
sensors of LPPS must cooperate with each other. That means all 
sensors can be synchronization controlled and must be 
synchronization controlled. There are many methods about 
sensors synchronization control. GPS time service is the most 
familiar method to construct the time datum for mobile mapping 
system (Ren Qiang 2007). 
 
This paper proposes a perfect multi-sensor synchronization 
method for LPPS, and the synchronization method realizes the 
multi sensors to cooperate with each other. Also, the method is 
applied in every generation LPPS successfully. 
 

2 Methods of synchronization control of multi-sensor 

LPPS works in distance interval sampling mode. In this 
working mode, controller is driven by distance-pulse generated 
by wheel encoder. The controller amplifies the distance pulse, 
and transmits to data acquirement system. In data acquirement 
system, the distance pulse controls CCD camera and laser 
scanners to work in synchronization. Synchronization controller 
in data acquirement system also sends pulse related information 
to laser scanner system via RS232 port in real time. This 
information includes pulse start time, serial number, etc. In 
order to be identified, CCD camera data and laser scanning data 
should be stored fusion with this information. When acquiring 
data, the distance pulse should also be transmitted to POS 
system. POS system record the time of data acquiring, then it 
could calculate the position and orientation of vehicle at that 
time point. In this way, data from POS and other sensors could 
be uniformed through time synchronization control system. In 
order to get precise time, GPS (time service type) and high 
stability crystal oscillator is equipped in time synchronization 
control system. The combination of GPS and high stability 
crystal oscillator could generate high precision time (10-6s) 
signal for synchronization system. The work flow of 
synchronization system is shown in figure 2.1.  
 
As LPPS is mobile measurement system, signal for sensor 
control should be electronic pulse signal but not a command 
instruction. Only in this way, data fusion could be done in high 
precision. Because electronic pulse signal could directly be 
embedded into sensor circuit, and it has high speed as light, the 
system could work in real time. While using data command as 
control signal, it would be delayed in transmission, and it needs 
time for data synthesizing and parsing, so it could only be used 
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in static or nearly-static condition. There is a comparable 
example to illustrate the difference between the two signal 
modes: in track-and-field meeting, the judge records the time 
start when see the gun smoke but not when hear the gun sound. 

 
Fig.2.1 Work flow of Synchronization Controller 

 
The synchronization control system(SCS) of LPPS can work at 
three types of synchronization mode, i.e., active synchronization, 
passive synchronization and time service synchronization. 
 
2.1 Active synchronization 
 
In this mode, SCS send synchronization control signal to 
sensors and computer actively. The signal includes pulse signal 
and the time of pulse signal being generated. After the sensor 
receives the signal, it begins to sampling data and sends this 
data to the data acquiring computer. Once the data acquiring 
computer has received this data, it will register this data with the 
time information which has been sent by the SCS. So 
synchronization data grabbing from multi-sensor is achieved. 
Furthermore, working in this mode, sensor should have the 
capability of receiving trigger pulse. For example, those sensors 
are as follows: CCD cameras with trigger mode, laser scanners 
with external trigger input. 
 
2.2 Passive synchronization 
 
In this mode, SCS receives synchronization work signal from 
sensor passively. When this signal has been received, the SCS 
will record the time of receiving signal by interrupt service 
function of CPU, and send synchronization information to the 
computer. Once the computer has received this information, it 
will register this information with the data which has been sent 
by the sensor. So synchronization data grabbing from 
multi-sensor is achieved. Furthermore, working in this mode, 
sensors should have the capability of sending synchronization 
pulse when they begin or stop sampling data. For example, 
those sensors are as follows: CCD cameras with frame 
synchronization output, laser scanners with synchronization 
pulse output. 
 
2.3 Time service synchronization 
 
In this mode, SCS only sends time information (time data and 
signal of pulses per second (PPS)) to sensor, and doesn’t send 
synchronization control signal to sensor and doesn’t receive 
synchronization work signal from sensor. When the sensor has 
received the time information, it will send data that is fusion of 
sampling data and high precision time to the computer. So, the 
data post-processing is easy when sensor works in this mode. 
But this kind of sensor is a sort of intelligent sensor that has 
complicated structure and is expensive. For example, the 
RIEGLTM laser scanner can receive PPS of GPS and export 
data with UTC time. 
 

3 Design of synchronization control system of LPPS 
 

Synchronization control system is the central neural and 
command center of LPPS. It creates the uniform space-time 
datum, and control all sensors, data collect device and data 
acquiring computers. 
 
In figure 3.1, synchronization control system of LPPS is 
composed of time (main) synchronization controller, laser 
pavement roughness controller, laser pavement rut controller, 
event controller, pavement image-grab controller, front-view 
image-grab controller, laser scanner controller. 
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Fig. 3.1 Synchronization Control System of LPPS 
 
Time(main) synchronization controller creates LPPS space-time 
datum. It receives data from GPS(position and time) and wheel 
encoder, then fuses position data, displacement data and time 
data, provide position, displacement and time synchronization 
information for other controllers. 
 
3.1 Design of time synchronization controller 
 
Time(main) synchronization controller provides space-time 
datum for the LPPS. It binds all modules together with an 
uniform time. To any synchronization controller, the 
transmission of real-time distance pulse and the design of high 
precision clock are most important. If the distance pulses were 
postponed by the synchronization controller, the positioning 
will be delayed, which would result in poor precision in 
measuring. On the other hand, if synchronization controller 
cannot provide time with enough precision, the data fusion error 
will emerge. The relative time of time generation module is 
provided by pulse division of high stability crystal oscillator, 
which is done by CPLD. The absolute time could be acquired 
from this relative time after a calibration with GPS. In the way, 
we could not only synchronize controller time with GPS time, 
but also reduce the dependency to GPS. 
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Fig. 3.2 Principle of time(main) synchronization controller 



 
 

In figure 3.2, time(main) synchronization controller is 
composed of ARM7 serial micro-processor, LCD display, 
keyboard input module, serial communication module and I/O 
module. It’s an entire single-chip application system. In this 
system, time generation module is composed of 10MHz high 
stability crystal oscillator, CPLD and GPS receiver. CPLD 
divides pulse from 10MHz crystal oscillator into PPS and pulse 
per millisecond(PPmS), meanwhile, it calibrates by the PPS of 
GPS. After the calibration, there is a uniform time in 
millisecond level. The crystal oscillator is then responsible for 
maintaining the system time to an acceptable precision until the 
next calibration. 
 
Time(main) synchronization controller receives signals from 
GPS, gyroscope and wheel encoder and it sends analog 
signals(distance pulse, seconds pulse, etc.) and digital signals 
(time) to other controllers as their demands, which achieves the 
synchronization control of all data collection systems. 
 
3.2 Design of Active Synchronization Controller 
 
Among synchronization controllers in LPPS, FVIGC 
(front-view image-grab controller), PIGC(pavement image-grab 
controller), PRMC(pavement rut measurement controller) are 
active synchronization controllers. The sensors of these 
measuring systems are CCD cameras. Generally, the CCD 
camera can work in ASync mode. CCD camera has a control 
port and through which an electric pulse could trigger an 
exposure.  
 
When design the active synchronization controller, the main 
work to do is to generate synchronization control pulse, record 
the pulse time and linear reference position, and send the tick of 
pulse signal to data acquiring computer via RS232 serial port. 
The data acquiring computer fuses the image data and time data, 
namely to mark the image with timestamp. 
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Fig.3.3 Principle of active synchronization controller 

 
Fig.3.3 shows the principle of active synchronization controller. 
This controller is composed of MCU, CPLD, high stability 
crystal oscillator, clock chip, electric selection switch, LCD 
display, keyboard and RS232 com port. The controller receives 
signals from time(main) synchronization controller. These 
signals include distance pulse, PPS, linear referenced position 
and GPS time, etc. As PPS and GPS time(UTC) have been 
calibrated in time synchronization controller and have enough 
precision. Based on these time signals, the controller which is 
the receiver could form its own time datum uniform with that of 
time synchronization controller. Under the control of MCU, 
CPLD divides the pulse generated by high stability crystal 
oscillator according to the control parameters. The pulse output 
to MCU could be distance interval pulses or time interval pulses. 
According to user input parameters, MCU send pulse to electric 
selection switch, and send out the synchronization control signal. 
Meanwhile, this synchronization control signal is marked as an 

interrupt source and sent to an interrupt port on MCU. When a 
control pulse is sent out, the MCU conducts an interrupt, 
records information of time(with precision of millisecond) and 
linear referenced position which should be sent to data 
acquiring computers via RS232 serial port. 
 
3.3Design of passive synchronization controller 
 
Among synchronization controllers in LPPS, LPRMC(Laser 
pavement roughness measurement controller), LSSC(Laser 
scanner synchronization controller) and ERSC(Event record 
synchronization controller) are passive synchronization 
controllers. The main sensor of these measurement systems is 
laser ranger or laser scanner. But they have no control port like 
CCD cameras. So they cannot receive synchronization signals 
from outside. But when collecting data, they could send out a 
pulse(event signal), which could be record by controller. Hence, 
the main work to design a passive synchronization controller is 
to record time tick and linear referenced position of the out 
event, and send them to data acquiring computer via RS232 
serial port in real time. Then the data acquiring computers fuse 
the collect data and time data, marked the acquiring data with a 
time stamp. 
 

PPS

PPm
S

PPM

C
ontrol Info

Event Pulse

D
ata C

able

 
Fig.3.4 Principle of passive synchronization controller 

 
Fig.3.4 shows the principle of passive synchronization 
controller. This controller is composed of MCU, CPLD, high 
stability crystal oscillator, clock chip, optoelectronic isolator 
circuit, LCD display, keyboard and RS232 com port, etc. The 
controller receives signals from time synchronization controller. 
These signals include distance pulse, PPS, linear referenced 
position and GPS time, etc. As PPS and GPS time have been 
calibrated in time synchronization controller and have enough 
precision. Based on these time signals, the controller who is the 
receiver could form its own time datum uniform. Optoelectronic 
isolator circuit generates an interrupt after optoelectronic 
isolation received event signal or pulse signal. The interrupt is 
sent to an interrupt port of MCU. When an event pulse is sent 
out, the MCU conducts an interrupt, records time tick(with 
precision of millisecond) and linear referenced position, and 
send the information to data collection computers via RS232 
serial port. 
 

4 Conclusion 
The synchronization controlling method researched in the paper 
have been tested in SmartV system, and it has been used in 
many pavement management bureaus in China. 
 



 
 

  
 

Fig.4.1 Several LPPS in China 
 
The synchronization controlling method is designed with a 
modularization idea, and it could be flexibly adopt in other 
mobile measuring systems, for example, mobile environment 
surveillance, autonomous vehicle, etc. 

  
 

Fig.4.2 autonomous vehicle of Wuhan university 
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