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Overview 
 

The synchronized video system project is a report on all the different aspects of 
the system investigation and development.  
 
The project has been carried out in the Institute of Geomatics research centre. 
The synchronized video system has been designed and it has purchased all 
the different elements that it is composed.  
 
In the document it is explained the makeup of the hardware and the software of 
the synchronized video system.  
 
The synchronized video system has been tested and some synchronized video 
has been recorded. 
  
It is also made some experiments to check out the characterization of the 
system. Therefore, some synchronism results have been taken out. 
 
The synchronized video system project has generated a paper and a 
presentation of this system in the Geomatic Week / GLOBALGEO congress. 
  
In brief, the main objective of the synchronized video system project is to 
document all the system development and the system characteristics. 
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SECTION 1. INTRODUCTION 
 
 

1.1. Institute of Geomatics 

 
The Institute of Geomatics (Fig. 1.1) is a public non-profit consortium made up 
of the Autonomous Government of Catalonia and the Technical University of 
Catalonia. This research centre was founded on September 30, 1997 and it 
started its work in 1999. At present, this research center is in the campus of 
Castelldefels (Barcelona, Spain) (Fig. 1.2). 
 

 
 
 

Fig. 1.1 Institute of Geomatics logo 
 

 
The Institute's mission is the promotion and development of Geomatics, through 
applied research and teaching. Geomatics refers to the disciplinary set of 
sciences and technologies that deal with the study, acquisition, storage, 
organization, analysis, management and use of geographically-referenced 
spatial information. All Geomatics disciplines include cartography, 
photogrammetry, remote sensing, geodesy, topography, geographic information 
systems, civil engineering, and Geomatics engineering and geographic 
modeling. 
 
Contemporary Geomatics is a unique combination of our century's rapid 
technological development, together with new disciplines from the mid 20th 
century, which continue to grow. 
 

 
  

Fig. 1.2 Photograph of the Institute of Geomatics building 
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The IG is a unique research center of its kind in Barcelona area, whose main 
activities include basic research, applied research, technology and knowledge 
transfer activities and projects, teaching, specialized training, courses and 
conferences as well as the organization of congresses and other scientific 
dissemination events. 
 
In short, the Institute is involved in applied research, experimental development 
and specialized education. Its aim is to promote intellectual, social and 
economic benefits in society. 
 
The Institute has a series of HW and SW resources that can be used to perform 
this research activity. One of these resources is known as TAG (Trajectory 
Actitude and Gravimetry) its principal SW function is to synchronize the GPS 
time with data acquired from different geodesy sensors. 
 

1.2. The Videomapping project 

 
Since year 2008 until 2009, the Institute of Geomatics has been involved in the 
development of a project named Videomapping. 
 
The Videomapping project consists on developing a video projecting system 
onto virtual 3D cartographic scenes. To achieve this, it is necessary to 
synchronize multimedia (video) and georeferenced information (time, position, 
velocity and attitude or tPVA) to build a virtual view of the territory. 
 
The Videomapping project has been supported as a PROFIT project by the 
Spanish Science and Technology Ministry (FIT-350200-2007-18) and the 
Department of Universities and Information Society of the Catalan Government 
through CIDEM agency (RDITSIND07-1-0244). 
 
There have also been other companies and agencies collaborating in this 
project. GeoVirtual was the main coordinator of the project; CRV-UPC was 
involved in the development of the graphic projection algorithms; and Art 
Informatic, that performed as video systems consultants in this project. 
 
The main role of the Institute of Geomatics in this project has been the design 
and implementation of a remote sensing system. The aim of this hardware and 
software system is to acquire, synchronize and control a video camera that is 
synchronized with a series of georeferencing (navigation) instruments. 
Therefore, the image acquired by the video camera needs to be associated in 
real time with the time (GPS time) just at the moment that is generated. This is 
very important for a correct projection of video in 3D scenes. 
 
It is crucial to note that not only is necessary to determine when the image of 
the video is generated; it is also important to capture its position, velocity, and 
the direction of every image acquired. This can be achieved in post mission, 
when the GPS time can be used to associate the image with the navigation 
solution that has been got after processing the data from the several navigation 
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sensors. Therefore, the position, velocity and attitude angles of every image 
frame can be estimated in post mission.  
 
There are some commercial systems that already perform this feature with 
video data, synchronizing video with GPS time. For example, for real time 
projection of video for graphic rally games [9], for video synchronization with 
seismic and acoustic data [10], for video synchronization with infrared sensor for 
blind person’s applications [11] and for open synchronization systems [12].   
 
However, these commercial systems are too bulky to be implemented in a small 
platform (like an UAV) or to be wearable, or they do not have the accuracy or 
the data that was needed to perform video projection. 
 
The possibilities of the synchronized video system are extended; they are not 
reduced only to video projection applications, as they can also control in real 
time the situation of traffic, forest fires, following up natural disasters and similar 
applications. 
 
 Then, a new system has to been developed. This TFC consists on the design, 
development and performance testing of this system, the synchronized video 
system. 
 

1.3. Basic definitions 

 
Remote Sensing is basically remote perception, a method that allows to obtain 
information from an object or surface through the analysis of the data received 
by sensors. It is based on the concept that each object or area issues energy in 
the electromagnetic spectrum, depending on the nature and the radiation that it 
receives. The reflected energy that it receives makes this object or surface 
distinguishable from another. All radar, video cameras and infrared sensors use 
remote sensing to generate information about objects. In this particular context, 
a video camera is used as remote sensor. 
 
Mapping is the mathematical relationship in which each element of a given set 
is associated with an element of another set, transforming the points of one 
space into the points of the same or another space. In other words, this is 
simply creating a map. 
 
In this context, Videomapping means representing a real space of the earth by 
recording a georeferenced video on a virtual map and correlating the different 
images to create a 3D representation. 
 
GNSS Navigation: GNSS navigation operates with a constellation of satellites 
from which it receives the signals to locate the position of an object on the earth 
(Fig. 1.3). This position is made up of the geographic coordinates of that point, 
such as altitude, latitude, longitude and time. With these four parameters it is 
possible to represent the navigation of the object. Please note that this 
document refers to GNSS and not to GPS. This is because the GPS is included 
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within a more general system that it is the GNSS in which, Glonass, future 
Galileo, Compass and other future systems are included. 
 

 
 

Fig. 1.3 GNSS constellation 
 
 
In the context of this project, the GNSS is combined with the INS (Inertial 
Navigation System), in order to compose a system known as INS/GNSS. With 
this hybrid system the disadvantages of each component are compensated with 
the advantages of the other one. This results in better precision for the 
navigation results, additional navigation data (attitude angles) and an improved 
system availability when the satellites are not visible [4], [5], [6]. 
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SECTION 2. SYNCHRONIZED VIDEO SYSTEM 
 
 

2.1. Requirements 

 
When a new system is designed, a series of requirements has to be fulfilled.  A 
summary of these requirements is shown below: 
 

 This system should be modular, flexible, open and experimental. 

 It should be small, light, compact and portable. So, it can be used on 
difficult and restricted platforms such as UAVs. 

 The system has to be resistant to moderated levels of vibrations and 
shocks. 

 The system has to support the video images acquisition and the video 
images saving procedure in real time. 

 The system should have to be able to synchronize every frame with the 
GPS time in real time. 

 This system should be highly flexible because it has to support video, (as 
in this project), but also it should be able to support other sensors such 
as metric cameras, LIDAR and etcetera. 

 The video frame rate should be 25 frames per second. 

 This system should be implemented in LINUX RTAi operating system for 
real time applications. 

 
 

2.2. Conceptual Design 

 
In the Videomapping project, the Institute of Geomatics had to implement a 
GNSS synchronized video system. The advantage of using GNSS time (GPST) 
as the reference time is that it is an economical way to have a time reference 
that is uphold by an atomic clock. Besides that, the satellite signal can be 
received everywhere. The only requirement is that the system needs a GNSS 
receiver to receive the satellite signal and transform it into a precise reference 
system. An additional advantage is that the GNSS signal can also be used to 
position the images. Then the GNSS system is used as spatial and time 
reference. Because of the reasons explained in the section 1, the GPST is 
referred as the GPS time from now in the synchronized video system document.   
 
The synchronized video system needs to acquire and synchronize the video 
frames with the GPS time, so it is important to correlate every image of the 
video camera and to associate it with the GPS time. It is important to receive 
the precise moment in which the image has been generated. In the context of 
the Institute of Geomatics, this new system that synchronizes video with GNSS 
system is known as the inVIDEO. 
 
First of all, to implement this new system, a new design for the device has to be 
made. The inVIDEO has to be able to control, acquire and synchronize the 
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video camera with a GPS server time device (miniTAG). It is necessary to 
create a communication between the miniTAG and the inVIDEO by a C 
programming code.  
 
The host controller computer, the inVIDEO, has to be created. This new PC has 
to be small, light, portable and robust. First, each part of the inVIDEO computer 
has to be purchased piece by piece, choosing the most suitable (and available) 
CPU, power module, solid state drive and frame grabber. Moreover, to 
complement and make the inVIDEO sturdy, an external case has to be chosen 
and mechanized in order to install the host computer. In addition to this, the 
device needs to be standardized, and it is also necessary to choose and buy 
the different input and output connectors of the host computer and to 
mechanize them too. 
 
In order to make a synchronized video system with all these characteristics, a 
standard format of PC modules called PC/104 is used. This format is an 
embedded industrial standard computer which defines a form factor and a 
computer bus that is functionally compatible with ISA bus PC standard. PC/104 
is intended for specialized embedded computing environments where 
applications depend on reliable data acquisition, often in an extreme 
environment. The PC/104 form factor allows building customizable systems by 
stacking the specialized modules as they are needed. The standard size of 
PC/104 boards is 90.17 × 95.89 mm. There are several variants of PC/104 
formats; the one that has been implemented in the inVIDEO is the PC/104-plus 
(PC/104+). This adds support for the PCI bus, in addition to the ISA bus of the 
PC/104 standard (Fig. 2.1). 

 

 

Fig. 2.1 PC/104-plus form overview 
 
 

In order to create the synchronized video system, it is selected and purchased a 
low-cost video camera to acquire image frames. It is important to design and 
build the housing and the mechanic adaptation of this video camera to the host 
computer. 
 
It is necessary to create the software of the new host system, the inVIDEO. It 
needs to control the miniTAG and the video camera, synchronize the images 



Synchronized video system  7 

 

frames with the GPS time and save them into disk, making the system run 
automatically. The finality is to create the inVIDEO internal program. 
 
It is dispensable to create a communication from the inVIDEO to the video 
camera so the system can control, acquire, synchronize and save the image 
frames automatically.  
 
A suitable design for the synchronized video system has to be created in order 
to carry out all the requisites. Once the design is implemented the next task is to 
choose all the different necessary components correctly at the same time 
considering the quality and price. The Videomapping project has been assigned 
a maximum budget of 3000€. Therefore it is required to contact with different 
dealers to get a wide set of offers to compare and buy the different components 
of the synchronized video system. An important effort is to choose the most 
suitable components, while taking into account the requisites and the price 
factor.  
 
 

2.3. Elements of the Synchronized Video System 

 

2.3.1. MiniTAG 

 
The Institute of Geomatics has been developing and using a system that is 
called miniTAG or mTAG (Fig. 2.2). This system is an evolution of the older 
system TAG (Trajectory Attitude and Gravimetry) [2], [3]. As it has already been 
mentioned, this device is the GPS time server. It is connected to the GPS 
receiver and to several navigation sensors, such as an IMU a magnetometer 
and a barometer. 
 
The miniTAG main function is to acquire data from the different sensors and to 
have them synchronized to the GPS time. 
 

 
 

Fig. 2.2 The miniTAG in two perspectives 
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The mTAG has to be connected to the inVIDEO. So, a communication port has 
to be implemented in order to establish the data transfer between the mTAG 
and the inVIDEO. In this case, the USB port is the selected one. The application 
involved fits an input port at the mTAG, which is vital to receive the requests of 
instants of time from the inVIDEO. 
 
 

Basic characteristics of the miniTAG 
 

 It works under Linux Kernel 2.6 (Debian 5.0) operating system. The Linux 
operating system is used to optimize the system as it needs to function in 
real time. The system programming language is C. 

 Its internal function is to synchronize the GPS time received from the 
GPS receiver with the internal clock periodically. While its clock is 
synchronized, it gets information from all the sensors and saves every 
measurement with its respective GPS time in real time (Fig. 2.3). 

 

 
 

Fig. 2.3 The miniTAG output sample 
 
 

 The miniTAG is composed of several PC/104+ modules. The CPU 
module is a Versalogic Cheetah. It has up to 1,6Ghz CPU speed and 1 
GB memory RAM. 

 The miniTAG uses a Solid State Hard disk of 60 GB. 

 For a good synchronization, the miniTAG has a time synchronization 
module integrated within it. This module is called Brandywine SG-104+. It 
uses the GPS time for setting up a very precise time reference. In fact, 
this board is the TAG master clock, one of the most important parts of 
the synchronization system. 

 Another PC/104+ module which the miniTAG is composed is the 
FastCom board, which uses a HDLC/RS485 port interface to receive the 
IMU data. 

 The miniTAG also has a PC/104+ power module, a Tri-M Engineering 
HE-104+. It is a DC/DC converter which allows an input range voltage of 
9V – 28V and the output is +-12V, +-5V, +3.3V. This is used to adapt the 
power to the different modules of the miniTAG system host. 
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 An extra power supply module is integrated for the IMU sensor. It has no 
PC/104 format but it is fixed on an empty PC/104 format bread board. 

 
 

2.3.2. InVIDEO 

 
Another element that the synchronized video system is composed of is the 
inVIDEO. This is the element of the synchronized video system that has been 
developed in this project. 
 
The inVIDEO is the new host computer that controls, acquires, synchronizes 
and saves every image frame from the video camera with the respected time 
tag associated to the GPS time. 
 
The inVIDEO controls the video camera, acquires and saves the image frames. 
It is the controller of the system synchronization. Every time that a new image is 
created, the inVIDEO generates a request signal that is sent to the miniTAG 
device. Then the inVIDEO waits the response and reads the time tag, is to say, 
the number of frame associated with the GPS time. Its final process is to save 
the image frame with the corresponding time tag. 
 
The inVIDEO concept is included within it is known as MAR (Mission Planning 
and Remote sensing). This is because in the future it is intended to have an 
integrated mission plan manager that will be loaded into MAR. This mission 
plan will include several waypoints which will be followed and will activate the 
inVIDEO module if they are correctly executed. At present, the process of 
acquire synchronized video needs to be carried out manually. 
 
The inVIDEO is currently running under Windows 2000 Operating system. First, 
it was intended to run in Linux Ubuntu 8.0 and it was tried to configure the frame 
grabber with the Video4Linux libraries. The frame grabber didn’t work but it was 
supposed to be compatibles. Because of the Linux configuration problems and 
the delivery time project, the project is been developed in Windows 2000 
Operating system. It is planned to be migrated to more efficient Linux Operating 
system in the short term and it is expected that in the mid term it will run under a 
RTOS like RTAi Linux operating system, which would be ideal for working in 
real time applications. 
 
The inVIDEO is composed of several PC/104+ modules, the CPU, the frame 
grabber, the power supply and the solid hard disc. All these modules have been 
grouped and mounted on a stack (Fig. 2.4) making a rugged communication 
interface for data transmission and for power supply. 
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Fig. 2.4 PC/104+ mount structure 
 
 

The inVIDEO system hardware, the several elements that is composed, and the 
inVIDEO system software, the functionality of the main program is explained in 
greater in the inVIDEO section of this document. 

 
 

2.3.3. Video Camera 

 
A video camera is a device that records images at a continuous rate, through a 
CCD sensor converting them into a video signal. A video camera captures 
every image with the light of the visible spectrum.  
 
The sensor lens contains an aperture for light to enter which opens and gathers 
incoming light and focuses on part of a surface. 
 
A typical output of a video camera is an analogical TV system such as PAL 
(Phase Alternating Line), NTSC or SECAM depending on the frame rate and 
the image resolution. Every TV system has a different codification. PAL is most 
commonly used around Europe and in a large part of the world.   
 
The principal characteristics of PAL codification are that it has an image rate of 
25Hz, that is to say, it acquires 25 images per second. Every frame has 625 
lines, (576 active lines). It differs from the NTSC (National Television System 
Committee) system, which works at 30Hz and it has 525 lines per frame, (480 
active lines). In short, PAL video cameras have a better resolution image, but 
NTSC video cameras are more restful for viewers, eyes due to the greater 
frequency, and higher frame rate. 
 
All PAL video systems are compatible with our synchronized video system. The 
camera must simply have an output port of composite video signal. Nowadays 
most of the video cameras have the composite video signal. 
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Fig. 2.5 Sony video camera FC-IX11AP 
 
 

In the synchronized video project, an industrial Sony video camera, FC-IX11AP 
(Fig. 2.5) has been selected. It is an inexpensive video camera that adapts to 
the requirements of this specific application. It has the characteristics of being 
small (39.3 x 44.8 x 65) mm, light 95g, and the pixel quality is 440k (752(H) x 
582(V)), in PAL 460 TV lines. The FC-IX11AP video camera costs 485€.  
  
The video camera has been encased in a plastic box (Fig. 2.6) to protect the 
electronics. Two external industrial connectors were placed at the back of the 
box for interfacing the camera. 
 

  
 

Fig. 2.6 Video camera encased in the protective cover 
 
 
The first connector is a female BNC for video transmission. In order to adapt the 
image transmission correctly, the BNC and the coaxial cable transmission 
impedance must be 75 Ohms. 
 
The second is an industrial connector “BH19CD” 9 pin female (Fig. 2.7) for the 
camera communication and the input power. The function of the industrial 
connector is to receive the input power of 5V and to communicate to the host 
through the serial port. 
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The video camera has the options of being configured through the serial 
(RS232) communication port.  
 

 
 

Fig. 2.7 Back of the Video camera 
 
 
The video camera has been chosen taken into consideration the industrial 
format, its height, weight and the ease with which it can be controlled by a 
programming interface. 
 
 

2.3.4. GPS receiver 

 
The GPS receiver is a device which is able to capture the satellite signals, 
process them and estimate the position of the respective antenna around the 
surface of the earth. 
 
The GPS receiver calculates its position by precisely timing the signals sent by 
the GPS satellites high above the earth. The receiver measures the transit time 
between each satellite and the receiver, then determines its position by using 
geometry techniques involving the distances between them. The position given 
includes the latitude, the longitude and the elevation. Position calculation can 
differ in 2 or 3 meters in real time without output help. 
 
For the synchronized video system the precision of the clock is crucial, because 
all the data is referenced to the GPS time. Any imprecision in the time will 
create an error in the data sensors. 
 
The receiver used for the synchronized video system is an OEMV-3 (Fig. 2.8) 
from Novatel. This is a geodesic receiver able to work in triple frequency L1, L2 
and L5, but currently works in two, L1 and L2.  
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Fig. 2.8 OEMV-3 receiver (left), the encased GPS receiver (right) 
 
 

The OEMV-3 receiver has two serial COM port communications, one USB port 
communication and an I/O connector. In the I/O there are two important signals 
used in the synchronized video system: The marker and the PPS. 
 
The marker is a digital input signal of the OEMV-3 receiver. This input signal 
can be programmed to order any command to the GPS receiver. For example, 
in the Synchronized video system, there is a synchronization signal that marks 
an instant of time, so it makes it possible to make time petitions to the GPS 
receiver.    
 
PPS (Pulse Per Second) is a digital output signal that is synchronized with the 
GPS time. There is a positive pulse every second that lasts 1ms (Fig. 2.9). The 
PPS signal is ideal for the sensors clock synchronization, in order to measure at 
precisely the same instant of time. 
 

 
 

Fig. 2.9 Oscilloscope PPS signal 
 
 
In order to achieve greater precision, the GPS receiver must capture a few 
minutes in static for a correct initialization of the system. 
 
The OEMV has a program to control and visualize the GPS receiver, which is 
named “GPS solution”. In the program it is possible to visualize the receiver 
state such as the satellites constellation that is being received, the signals 
strength, the position and the GPS time actualized every second. There is also 
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a command window, an interface with the GPS receiver to control it manually by 
sending commands. 
 

The GPS antenna used for the synchronized video system which is also from 
Novatel Company is called the “Novatel 512” (Fig. 2.10). This antenna is for 
high precision applications, it is certified for airborne applications, capturing the 
L1 and L2 GPS band. The dimensions of this antenna are 119 x 76 x 19 mm. 

The output connector of the antenna is the typical female TNC. The cable 
needed for the signal communication is an RG-58 of 50 Ohms of impedance. 

 

 

  
Fig. 2.10 GPS antenna Novatel 512 

 
 

2.3.5. IMU 

 
 An IMU (Inertial Measurement Unit) is the main component of inertial guidance 
systems. It works by sensing motion, using a combination of accelerometers 
and gyroscopes that measure in 3 dimensions: x, y, and z. The IMU gyroscopes 
detect the turns of the IMU and provides attitude angles (pitch, roll and yaw) 
(Fig. 2.11) after these turns have been properly processed. The accelerometer 
detects the IMU displacement. This movement is used to provide position and 
velocity estimations by means numeric integration methods.  
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Fig. 2.11 Pitch, roll and yaw movement 
 
 
A typical downside characteristic of IMUs is that they may suffer an 
accumulated error, they must therefore be correctly calibrated. This calibration 
is performed in laboratory through a series of static and dynamic tests. 
 
The IMU used in the synchronized video system is the Litton LN200 (Fig. 2.12). 
This IMU is typically used for high precision applications and it costs around 
18.000€.  
 

 
 

Fig. 2.12 Northrop Grumman LN200 IMU 
 
 
For the characterization of the synchronized video system it is important to have 
a high quality IMU, with more precision, like LN200 so it is suitable for the 
development of the project. However, for the final application it is intended to 
implement a economical IMU device based on MEMS technology. A MEMS 
IMU may have a cost between 300 € and 2000 € depending on its performance. 
 

 

2.3.6. Other sensors 

 

 Barometer: This is an instrument sensor used to measure the altitude of 
an object above the sea level. This is achieved by taking measurements 
of the atmospheric pressure. The barometer used for the system is a 
Honeywell HPA200W2DB (Fig. 2.13). 
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Fig. 2.13 Honeywell HPA200W2DB 
 
 

The principal disadvantage of this instrument it is the precision of the data 
acquired. The sensor depends on a reference measure of the sea level and a 
correct determination of the surrounding temperature. 
 

 Magnetometer: This is the last sensor instrument used in the 
synchronized video system. It’s principal function is to measure the 
strength and direction of the surrounding magnetic field. It is typically 
used for  calculating the direction of the object by knowing the angle 
respect the north magnetic of the earth  The magnetometer used for the 
synchronized video system is Leica Vectronix model DMC-SX 
e45b45ZNRS (Fig. 2.14). 
 

 
 

Fig. 2.14 Leica magnetometer 
 
 

The principal disadvantage of the magnetometer is that the magnetic field is 
variable and other magnetic elements can interfere to the sensor. In brief, the 
magnetometer doesn’t only measure the earth magnetic field it is also 
influenced by other extern electronic dispositives that affect the surrounding 
magnetic field. 
 
All the sensors data are combined in the post-process using techniques such as 
Kalman filters. In combining all the information in the post-process, the error 
introduced by the sensors is corrected. Every image will be referenced to one 
GPS time, one GPS position, and the direction, velocity and acceleration in the 
three axes. 
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2.4. Integrated system 

 
As it has been previously described, there are several components each of 
which carries out a specific operation in the synchronized video system. 
 

 
 

Fig. 2.15 Synchronized video system schematic 
 
 
In order to make the system run correctly, all the different components must be 
connected as shown in the schematic diagram (Fig. 2.15). 
 
An USB/RS232 protocol communication is used to connect the miniTAG and 
the inVIDEO. A USB-RS232 converter must be used between each device. 
 
Another connection between the miniTAG and the inVIDEO is the request 
synchronization pulse in order to record time. This last connection is from the 
inVIDEO output port of the frame grabber to the miniTAG’s input port of the 
Brandywine module.  
 
The connection between the IMU and the miniTAG takes place through the 
FastCom PC/104+ module of the miniTAG. 
  
The connection between the GPS receiver and the miniTAG is made via USB 
port. 
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The connection between the barometer and the altimeter sensors with the 
miniTAG is RS232 protocol.  
 
Between the inVIDEO and the video camera, there are three lines of 
connection. The first one is the composite video signal, where the video camera 
sends analogical video signal to the inVIDEO. The second line of connection is 
the VISCA control protocol of the video camera. The connection is made using 
RS232 interface. The last line of connection is the power supply which the 
inVIDEO generates and sends to the video camera.  
 
In the laboratory of the Institute of Geomatics, a DC regulated power supply is 
used to power the system. But outside the institute laboratory, two car batteries 
are needed to supply the power system. 
 
To control the miniTAG and the inVIDEO a monitor, a mouse and a keyboard 
are used. By pressing a button on the keyboard it is possible to select either the 
miniTAG or the inVIDEO. 
 
First, in order to run the synchronized video system, the GPS receiver power 
must be switched on. As soon as the GPS receiver is turned on, it immediately 
starts searching for satellites and estimating the GPS time and position. It is 
recommended to leave the GPS receiver switched on for 5 minutes in static to 
achieve optimal precision of the position, before starting to acquire data.  
 
The next element to switch on is the miniTAG. When the miniTAG is switched 
on it sends power to the IMU, barometer and altimeter, then all the sensors are 
turned on. When the miniTAG is initialized, it automatically runs the internal 
program and waits for the user to press the start/stop button to initialize the 
synchronization and acquisition of the data sensors. 
 
When the button is pressed, the miniTAG starts reading the GPS time, and the 
Brandywine module synchronizes with it. Once the miniTAG is synchronized 
with the GPS time, starts getting data from all the connected sensors. The 
miniTAG internal program stops acquiring data when the button start/stop is 
pressed again. So the miniTAG program is based in first synchronize and after 
acquire (Fig. 2.16).  
 

 
 

Fig. 2.16 The miniTAG software scheme 
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The miniTAG works independently from the inVIDEO and the video camera. 
When synchronized video data is required, then the inVIDEO and the video 
camera are used. 
 
Once the inVIDEO is turned on, the input power of the video camera is also 
enabled. When the inVIDEO has loaded the Windows Operating system, it is 
necessary to open the executable to run the inVIDEO main program. 
 
If the miniTAG is not synchronized and is not acquiring, the inVIDEO main 
program notifies the error. The inVIDEO controls all the video acquisition and its 
synchronism. So it needs to open up communication with the miniTAG. Once 
the miniTAG responds successfully, the functionality of time server immediately 
starts (Fig. 2.17). 
 

 
Fig. 2.17 The inVIDEO and the miniTAG communication 

 
 
At this point the user needs to introduce the recording time, then the inVIDEO 
starts to acquire video data and make petitions. When it is finalized, it is 
possible to rerecord; in fact, it is possible to record different videos in different 
sections. 
 
In short, the main function of the inVIDEO system is to capture every frame 
image received from the video camera, and immediately send the petition to the 
miniTAG system, in order to receive the GPS time response and to save the 
synchronized image, with the corresponding time tag into a RAW file (Fig. 
2.18).  
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Fig. 2.18 The inVIDEO system function 
 
 

2.5. InVIDEO 

 

2.5.1. Hardware system 

 
The inVIDEO is a low cost system, small and light, able to acquire, synchronize 
and save video frames in real time. As it has been already mentioned above, 
the format of the inVIDEO is PC/104+ because it’s dimensions and weight. 
 
It is required to buy the different elements that compose the inVIDEO. This is a 
demanding operation so it is necessary to achieve a balance between price, 
quality, volume and weight. 
 
First of all, a hard solid state disk has been acquired. A RIDATA Ultra S-Plus 
model (Fig. 2.19) was selected because of its small size - 2.5” in format, its 128 
GB capacity and its SATA interface, which is a much higher data transmission 
than the traditional IDE interface. The RIDATA solid state disk speed can 
achieve up to 300MBPS. 
 
The basic characteristics of this solid hard state disk are that it reads up to 
170MB/per sec and writes up to 105MB/per sec. It costs 199.50€. 
 

 
  

Fig. 2.19 Solid state disk RIDATA Ultra S-Plus 
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It is also important to buy a PC/104+ bread board to integrate the solid state 
hard disk, and keep the form factor of the inVIDEO system.  
 
The next card  purchased is the CPU processor, having in count the PC/104+ 
format and the SATA interface. First of all, a suitable processor is found: a 
CPC1600 from Fastwel at 1.6Ghz, 1Gb Ram, 2 ports SATA, 2 Gigabit Ethernet, 
6 USB ports, ideal for the inVIDEO. It costs around 1,500€, a bit expensive for 
the synchronized video system project.  
 
But there was an inconvenience in purchasing the Fastwel product because 
when it was required, it was not in stock; there was 2 month delay in receiving 
it. Alternatives had to be sought after, and eventually the CPU chosen for the 
project is the MARS-700 (Fig. 2.20).  
 
The basic characteristics of the MARS-700 module are:  500MHz with 1 SATA 
port, 1 IDE port, 6 USB ports 2.0, 1 Ethernet port and 2 COM ports. Its total cost 
is approximately 500€. So this module is cheaper than the Fastwel one, so it 
adapts to the low cost system and reduces the expenses in the project. The 
disadvantage is the reduction of the processor, from 1.6 GHz to 500 MHz. 
 

 
 

Fig. 2.20 CPU MARS-700 top (left), CPU MARS-700 bottom (right) 
 
 
One important module of the inVIDEO is the frame grabber. It is necessary to 
convert the analogical signal from the video camera and convert it to a digital 
signal, in order to save them. 
 
Maintaining the PC/104-plus structure, the Sensoray Frame Grabber 311 (Fig. 
2.21) model is been chosen for the inVIDEO system. Its characteristics are that 
it allows the capture of monochrome and color images from a variety of analog 
video sources into the computer memory RAM. 
 
The frame grabber is designed to work with standard TV signal because it is 
compatible with NTSC, PAL SECAM, CCIR and more standards. It has four 
video signal inputs and every signal is digitalized with two separate 8-bit A/D 
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converters. The frame grabber also has a 8 bit general purpose I/O port that 
can be used for triggering the image acquisition or in our case, for the request 
signal synchronization.  The price of the Sensoray Frame Grabber 311 is 
110.40€. 
 

 
 

Fig. 2.21 Sensoray Frame Grabber 311 
 
 
The last module that completes the inVIDEO hardware is the PC/104+ power 
supply TRI-M HE104+DX (Fig. 2.22). It is a DC/DC converter that provides 
108W power supply, an input range voltage of 9V – 28V and an output of +/-
12V, +/-5V, +3.3V. It is used to adapt the power to the system by the PC/104+ 
bus. It also has output external connectors for using the module with non-
compatible PC/104+ formats. Its cost is 174.90€. 
 

 
 

Fig. 2.22 HE104+DX Power supply 
 
 
In order to make the inVIDEO system sturdy, it is necessary to encase all the 
modules into a box. At the laboratory an ordinary electronics box was re-used 
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for this purpose (Fig. 2.23). Its dimensions are (18x12x14) cm and it weighs 
around 550g including all its connectors. 
 

 
 

Fig. 2.23 The inVIDEO housing system 
 
 
This box therefore includes all the input and output connectors for the inVIDEO. 
It has one military connector for the input power and two output military 
connectors for the output power, so it can supply the video camera and another 
sensor if necessary. It also has four USB ports, one Ethernet port and two serial 
RS232 COM ports of communication. The inVIDEO also has the mouse, 
keyboard and monitor connector to control the system. At the top it has two 
BNC connectors:  the 50 Ohms impedance connector for the synchronization 
signal and the 75 Ohms impedance for the composite video from the camera. 
 
The inVIDEO system (Fig. 2.24) is mounted attempting to give a functional 
design.  
 
At the top it has the MARS CPU, which is the module that gives off the most 
energy. This needs to be placed at the top; ventilation holes have been included 
on the box to control the temperature of the system. 
 
The second module is the Sensoray frame grabber 311. It is communicated 
through the ISA and PCI BUS with the CPU.  
 
In the third scale is the TRI-M power module, also connected to the bus 
channels supplying the frame grabber and the CPU. The power module can 
interfere with the composed video signal, it is important the isolation between 
the two modules. 
 
At the bottom of the inVIDEO system, is placed the solid hard state disk, which 
is not connected to the PC/104+ bus. Its connection is through a SATA link that 
is connected to the CPU. The solid hard state disk is powered by the TRI-M 
module, connected through the output physical connectors.  
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Fig. 2.24 The inVIDEO lateral structure (left), the inVIDEO frontal (right) 
 

 
The encased video camera cables weigh around 350g and the inVIDEO box 
with all its modules, connectors, cables and electronics weigh around 1Kg. So 
in total, the inVIDEO weighs around 1.35Kg.  
 
The total cost of the inVIDEO, including all its modules, connectors and the 
video camera is around 1,719€. 
 
 

2.5.2. Software system 

 
The video camera and the frame grabber have an interface to use its internals 
functions and it needs to be implemented in a C++ program. The advantage of 
the C++ code with respect to the C code is that the software is more modular. 
The disadvantage is that if the program needs to run in real time, the C++ code  
does not optimize the machine code for real time applications as good as the C 
language. However, because the Frame Grabber SDK was implemented in C++ 
the inVIDEO main program was finally made with C++ language. 
 
The video camera is configured once by the VISCA interface. The protocol is 
RS232 interface, communication speed 9.6kbps, data bit 8, start bit 1, stop bit 
0.5 and non parity. The white balance, the exposure mode and the focus are 
automatically configured. When the video camera receives power supply starts 
acquiring images frames with the PAL configuration automatically. And when 
the power is off, it stops acquiring video. 
 
The frame grabber is first proved with the windows software. It is observed that 
at the maximum resolution (768 x 576 pixels) the frame rate is 12fps. It also 
tested the ½ full image scale and didn’t raise the 25fps either. In conclusion the 
frame grabber is configured at ¼ full image scale for acquiring at video PAL 
frame rate. 
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Besides the image resolution, it was also necessary to configure the parameters 
of the frame grabber such as the input signal format (PAL), the input video 
channel (channel 0), the output color format (RGB), etc. 
 
The programming libraries needed for the inVIDEO software program are 
Windows.h, stdio.h, time.h, stdlib.h, process.h, conio.h, math.h, string.h, sx11.h 
and the sx11f.h. The last two libraries are for the communication with the API of 
the frame grabber operating system driver. 
 
The program is divided into three parts: Initialization, main loop and finalization. 
 
 

2.5.2.1. Initialization 

 
In initialization, all the variables are declared and initialized. The most important 
of these are: 
 

 “Double” for the GPS time. 

 “Long int” for the number of frames. 

 “File” for saving the images. 
 
The next stage is to start the frame grabber communication. The frame grabber 
routines are controlled via commands. It must be noted that if another program 
is using the frame grabber it will not be possible to establish a communication.  
 
Once the frame grabber communication is established and all the parameters 
are configured, the program detects if the video camera is connected. If the 
frame grabber receives video signal, the initialization process is continued. 
 
To establish communication with the miniTAG, the serial COM port must be 
started. The serial COM port is configured at 56,700 bps, non-parity, 8 data bits, 
1 stop bit and non-flux control.  
  
At this moment the inVIDEO establishes a connection with the miniTAG through 
the COM port, asking if it is ready to make a synchronized acquisition. If the 
miniTAG response is successful, then the inVIDEO asks the user for the 
recording time. 
 
If the user introduces the recording time incorrectly or there is no such space on 
the disk, the program gives the corresponding warning and repeats the petition. 
 
All these different tasks are involved in the initialization process. If any of these 
routines fail, the main program cannot continue and exits, informing on the 
corresponding error. 
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2.5.2.2. Main loop 

 
In the main loop, the inVIDEO commands the miniTAG to start the time server 
function. Then the inVIDEO program captures a video frame from the video 
camera, using the frame grabber routines. For every image frame received, the 
inVIDEO makes a request signal to the miniTAG (the synchronization signal). 
Then the inVIDEO waits the response from the miniTAG and receives the 
corresponding image time tag. The last operation of the main loop is to save the 
image with the corresponding time tag. Initially, the operations of the main loop 
are structured in serial mode (Fig. 2.25). 
 

 
 

Fig. 2.25 Main loop in serial mode 
 
 
The image saving procedure is made in BMP file (Fig. 2.26). An advantage of 
this image format is that it has an excellent quality, without any compression; 
the disadvantage of the BMP image format is the amount of bytes per image.  
 
At the name of the BMP image file it is introduced the number of frame and its 
GPS time. 
 

 
 

Fig. 2.26 Image frame saving procedure in multiple files 
 
 

Another output file of the system is a txt-file in ASCII, where the GPS time and 
number of frame are related. This file is very useful for working with the data 
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information without the image. This file is saved just when the time tag from the 
miniTAG is received. 
 
 

2.5.2.3. Finalization 

 
The finalization part begins when the main loop has passed the recorded time. 
The first stage is to stop the video camera acquiring images. After stopping the 
video camera, the next step is to finalize the serial COM port, the miniTAG 
communication. Finally, the communication with the frame grabber module is 
closed down and the program ends. 
 
 

2.5.2.4. MiniTAG – InVIDEO communication 

 
On the system initialization, the inVIDEO needs to control the miniTAG and 
establish communication between the two systems. This communication takes 
place via serial port COM RS232, as mentioned before. Communication is 
made by sending variables of “char” type. Character “r” means ready, character 
“o” means ok, character “s” means start and character “e” means end. 
 
First of all, the inVIDEO makes a request to the miniTAG, to find out if it is ready 
by sending the “r” character. This really means if the miniTAG is synchronized 
and capturing data from the sensors. If the inVIDEO receives the “o” character 
from the miniTAG, affirmative reply, then asks the user for the amount of video 
recording time to be synchronized. This first communication forms part of the 
initialization process. 
 
When the user has introduced the recording time, the program goes into the 
main loop part of the process. The inVIDEO sends the “s” character notification 
to order the miniTAG start the GPS time server function mode. At this moment 
the inVIDEO starts capturing frames from the video camera. 
 
Once the inVIDEO starts capturing image frames, at every frame received, it 
sends a synchronization signal to the miniTAG. This signal is not sent by serial 
port, but is sent by the frame grabber digital output port. The miniTAG receives 
the signal request by an input pin of the Brandywine module. Then the miniTAG 
sends the GPS time information and the number of frame via serial port COM. 
The inVIDEO reads this time tag. At every request the corresponding time tags 
are written in a “.txt” file and are also saved with the corresponding BMP image.  
 
The main loop is repeated n frames, which means that the inVIDEO captures 
images until it has saved the total number of frames. The total number of 
frames is calculated by the recording time introduced by the user and the frame 
rate acquired. 
 
 

n = Fr * t      (2.1) 
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Fr is the medium frame rate of the video camera at which the frame grabber 
captures image frames. 
 
Once all the frames have been received, the inVIDEO sends an “s” character in 
order to stop the time server mode of the miniTAG. At this point the finalization 
of the system begins and the communications via the serial COM port and the 
image files are closed. 
 

 
 

Fig. 2.27 The miniTAG and the inVIDEO serial COM port communication 
 
 

2.5.2.5. System optimization 

 

2.5.2.5.1 RAW file 

 

Saving images in real time is a critical process, because it is time-consuming.  
To make the system more efficient, first of all the main loop structure must be 
optimized. 
 
First, the recording mode is changed, which means, instead of saving in BMP 
image by image, all the images are saved in one RAW file. The number of 
frames and the GPS time are saved in the same RAW file, according to a 
defined structure (Fig. 2.28). Changing the image frame saving procedure 
makes the inVIDEO system have the advantage of reducing the processing 
time because in this way it only opens and closes one unique RAW file instead 
of opening and closing files at every image. However, the inVIDEO needs a 
post process program to extract the images of the RAW file.  
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Fig. 2.28 Image frame saving procedure in RAW file 
 
 
So, when all the images are saved in one RAW file, it is later necessary to have 
a post process program, the positive aspect is that the time of the writing 
process is reduced.  
 
It is make a statistic to calculate the improvement of time in this method. The 
statistic consists in calculating the process time of adding a counter 200000 
times opening saving and closing every time and to calculate the same process 
but only opening once at the beginning and close it at the end. The first time 
process is around 12 seconds, the second process is around 1 second. The 
statistic is performed in Windows operating system, in C++ program language 
and in debug mode. 
 
 

2.5.2.5.2 Post process program  

 
The RAW file mode needs a post process program to convert the unique file 
into separate BMP files of each image (Fig. 2.29). 
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Fig. 2.29 RAW file to multiple BMP files conversion 
 
 
In the post process program the user needs to specify which RAW file is to be 
converted.  
 
First of all, the post process program makes a verification of the RAW data and 
reads the size of the file to see if the number of bytes is correct. If it is correct, it 
calculates the number of images and starts the main loop. In this loop the BMP 
image is read, in bitmap (82998 bytes), the frame number in “long int” (4 bytes) 
and the GPS time tag in “double” (8 bytes) and every image is saved in a BMP 
file.   
 
The frame number and the GPS time are introduced in the name of the 
corresponding BMP image. When the program finishes converting the RAW file 
to multiple BMP files, it finalizes (Fig. 2.30).  
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Fig. 2.30 Post process program software schematic 
 
 

2.5.2.5.3 Threading mode  

 
To continue optimizing the program, instead of running in serial mode, the main 
loop structure is changed by running a parallel mode. To make these 
modifications, it is necessary to use the C++ threading libraries of the Windows 
operating system. The main program reads the frames from the video camera, 
reads the time tag from the miniTAG and calls the threading functions (Fig. 
2.31). 
 
Therefore the first thread is called just when the inVIDEO receives the video 
frame. This thread is responsible of sending the synchronization signal to the 
miniTAG.  
 
The second thread writes the image frame into the RAW file, while the first 
thread is running. 
 
The third thread is called when the time tag it’s received, less than 1ms after 
sending the synchronization petition. The third thread manages the saving 
process to the disk of the time tag, the frame number and the GPS time. 
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Fig. 2.31 Main loop in threading mode 
 
 
As saving to disk in threading mode may create collision in the file, it is 
necessary to control the writing access to the RAW file. Access to the file can 
be controlled by putting a semaphore at the beginning of thread 2 and thread 3, 
which are the two threads that save to disk.  
 
For creating a semaphore it is necessary to use the MUTEX (Mutual Exclusion) 
libraries in C++ code. MUTEX is used for controlling code fragments that are 
critical sections that cannot be accessed at the same time. 
 
In this way, MUTEX can make a FIFO queue of all the threads that access to 
write operation to disk, making sure that all the data is saved in the correct 
order. 
 
The threading mode has the advantage of making all the processes in parallel 
but it has one inconvenient, that all the processes called in the threading mode 
are slower and the synchronism is worse than in the serial mode. The software 
cannot be optimized further, because of limitations on the delivery time project. 
In addition to this, the HW is too slow for this application; it is restricted by the 
CPU speed. 
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SECTION 3. CHARACTERIZATION OF THE 
SYNCHRONIZED VIDEO SYSTEM 

 
 

3.1. Tests 

 
One of the most important aspects of the project is the characterization of the 
synchronized video system. Once the system is mounted, several acquisition 
tests have to be made to try out the equipment, test it and improve it. The 
equipment has to be tested in different ways and each test has to be repeated 
in order to make statistics. 
 
In the present configuration, the synchronized video system has the following 
characteristics: 
 

 The video format is 192 x 144 pixels. 

 RGB mode, every pixel has 3 bytes. 

 The image is saved without compression in BMP format, all images in 
one RAW file. 

 Every image, including the frame number and the time tag has 82Kbytes 
of size. 

 
The synchronized video system has been tested in two different modes, under 
static and dynamic conditions. 
 
 

3.1.1. Static test 

 
The static test (Fig. 3.1) is carried out in the Institute of Geomatics laboratory. In 
reality, the static test is a static lab test where the performance of the system is 
tested. The main objective of the static lab test is to verify the integration of the 
system. When all the different elements that the system is composed of, work 
correctly, then the static test is made. In the static test, the video frames are 
constant, which means, the image frame is always recording the same scene so 
there is no movement. 
 

 At the laboratory, the GPS antenna used is situated at the top of the IG 
building, so the signal from the IG’s GPS network is used. 

 The power that supplies the system is provided by the DC regulated 
power supply of 24V, 10A. 

 The miniTAG and the inVIDEO are controlled and visualized by the 
monitor, keyboard and mouse. 
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Fig. 3.1 Static test 
 
 

3.1.2. Dynamic test 

 
The dynamic test (Fig. 3.2¡Error! No se encuentra el origen de la referencia.) is 
carried out inside the campus of Castelldefels (Fig. 3.3). A trolley is used for 
moving all the synchronized video system equipment. To make the dynamic 
test, first of all, it is necessary to make a static acquisition in the initial point, for 
approximately 5 minutes, in order to initialize the INS/GPS system. After 
initialization the movement starts, the velocity of the route is approximately, 
1km/h. The trajectory lasts around 10 minutes, going around the campus and 
returning to the same initial point. At the end a 5 minutes acquisition in static is 
made.  
 

 
 

Fig. 3.2 Dynamic test 
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 At the dynamic test, the GPS antenna used is the Novatel 512. 

 The power that supplies the system is provided by two car batteries of 
12V connected them in serial mode, so it is obtained 24V. It is calculated 
that this batteries can supply the synchronized video system around 2 
hours with all the equipment. 

 The inVIDEO is controlled and visualized by the monitor, keyboard and 
mouse, but not the miniTAG. 

 

 
 

Fig. 3.3 Dynamic trajectory 
 
 

3.1.3. System performance lab tests 

 
When the whole system is tested it’s very important to make the system 
performance lab test, that is to say, characterize the synchronization error. It is 
important to check the reliability of the time tag measured of every image with 
the real instant of time when the image is generated. To check the 
synchronization error two different experiments are made:  
 
The first one is to connect the GPS receiver to an external computer. The 
software receiver program, the Novatel’s GPS solution, must be opened. Then 
the GPS receiver must be configured by using the command line: timesync 
ontime 1. By making this command the GPS receiver is configured to show the 
GPS time at every second on the screen. To carry out the first synchronization 
experiment, the video camera must be pointing at the screen. When the new 
second is updated, the difference of instants of time, between the time tag 
measured and the real time (Fig. 3.4) are compared. The difference of instants 
of time is the synchronization error. 
 
This first experiment is an orientation of the synchronization situation, because 
there is a delay time of the screen refresh of the computer. The synchronization 
resolution is 40ms because the screen refresh is at 25 frames per second. 
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Fig. 3.4 Experiment 1, monitor synchronism 
   
 
The second experiment is more effective at detecting the synchronism. It is 
carried out by using the PPS signal from the GPS receiver. This rectangular 
signal is synchronized with the GPS time; at every new second has a negative 
pulse of 1ms of duration. An electronic circuit on a protoboard is made (Fig. 3.5) 
to invert the PPS signal with a NOR gate and 5 parallel LEDs lighting up for 
1ms at every new GPS second (Fig. 3.6). The delay of the NOR gate is in the 
order of micro seconds so it is has no consideration in the total time error.  
  

 
 

Fig. 3.5 Experiment 2, LEDs synchronization 
 
 

 
 

Fig. 3.6 PPS signal inverted 
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Therefore this synchronization experiment must be performed in a dark room 
and the video camera must be pointing to the LEDs (Fig. 3.7). As in the first 
experiment, when the image LED is on, the instants of time between the real 
time and the time tag are compared, to characterize the synchronization error. 
The synchronization resolution is 1ms, because the duration of the PPS pulse. 
At a speed of 25 frames per second, means that one image of 25 received 
needs to be illuminated. 
   

 
 

Fig. 3.7 Experiment 2, LEDs synchronism illumined 
 
 

3.2. Results 
 

3.2.1. Static and dynamic tests. 

 
When analyzing the results of the static and dynamic tests, there are some 
different conclusions. First of all 15 minutes in static and 15 minutes on dynamic 
are compared. In both cases 22500 frames were received. The static and 
dynamic tests were carried out and compared using the threading mode in the 
main loop. 
 
In the static test, the difference of the GPS time between the last frame and the 
first frame is 916.12 sec (15 minutes and 16.12 seconds) so the real frame rate 
was not 25fps, but approximately 24.56fps. The main program warned that 
there were 2 erroneous video frames that the inVIDEO could not acquire and 
save correctly. 
 
In the dynamic test, the GPS time counted 920.87 sec (15 minutes and 21.87 
seconds) so the real frame rate was approximately 24.43fps. The main program 
warned that there were 10 erroneous video frames that the frame grabber could 
not capture and save.  
 
Some of the time tags received in the dynamics test are erroneous because the 
frame number and the GPS time are repeated. When analyzing the problem, it 
was discovered that the repeated time tags were produced from an erroneous 
communication between the miniTAG and the inVIDEO systems. To be precise, 
the error was in the synchronism pulse sent from the inVIDEO to the miniTAG. 
Sometimes the miniTAG did not receive the request signal because of 
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vibrations and faulty cable connections. This hardware error needs to be 
improved. So if the inVIDEO does not receive a response from the miniTAG, the 
image file is saved with the last time tag registered. 
 

 
 

Fig. 3.8 Examples of three video frames acquired in the dynamic test 
 
 
For the post process data treatment, it is necessary to have the GPS antenna 
position as the reference respect to all the different sensors, including the video 
camera. In this way, it is later possible to correct the different position offsets 
between the GPS antenna and the video camera. 
 
 

3.2.2. Synchronization error 

 
To analyze the synchronization error, different tests are made, changing 
between the serial or threading mode and also changing the acquisition time. 
The two different experiments of the system laboratory test performance are 
made to detect the error synchronization. When analyzing the results a certain 
behavior of the system is detected: 
 
The first effect detected is that during the image acquisition sometimes the 
video camera does not detect the illuminated LEDs (Fig. 3.9), that is to say, the 
synchronization of capturing the LEDs is not detected. The first reason of this 
cause is that sometimes the illumination of the LEDs is generated between the 
finalization of the image and the beginning of the next. The second reason is 
because the inVIDEO is not always acquiring data at 25fps and the illuminated 
image is lost. These two reasons make a visual effect though the LEDs are 
illuminated, the video camera does not detect it. 
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Fig. 3.9 No LED synchronization 
 

 

This aspect shows no synchronization error on the data but it looses information 
for calculating the time and positioning error delay. 
 
The second effect detected is that there are some odd time tags which are 
excessively delayed (Fig. 3.10). It is supposed that this time error comes from 
the operating system of the inVIDEO. It is not prepared for real time process so 
makes some internal functions that delays the video synchronization program 
and acquisition of the data. The error introduced in the time is approximately 
220ms, about 5 frames of difference. 
 
This error is too large for the application, but it is not so critical because during 
10 minutes it only appears 3 times. This type of error is called a blunder and is 
not taken into consideration in making the estimation of the total error time. 
 

 
 

Fig. 3.10 Blunder time tag 
 
 
It is also observed that there is a drift between the GPS clock respect to the 
video camera’s clock (Fig. 3.11). This effect makes the synchronism error 
increase in function of the time. 
 

 
 

Fig. 3.11 Drift between clocks 
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3.2.2.1. Serial mode 

 
On analyzing the frame rate of the serial mode, it is observed that the frame 
rate does not reach the maximum theoretical speed of 25fps. The average 
frame rate of all the different tests made in serial mode is 12.5fps this is the half 
of what is expected (Fig. 3.12). The red line has the slope of the theoretical 
frame rate and the blue line has the slope of the real frame rate. 
 

 
 

Fig. 3.12 Serial mode frame rate 
 
 

At taking out the results of the frame rate statistics of the number of times that 
the different frame rates are received in serial mode, it is obtained a graphic 
which it can be observed the medium frame rate (Fig. 3.13). Its standard 
deviation is 1,98fps. 
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Fig. 3.13 Serial frame rate statistics 
 
 

In the serial frame rate statistics, it is observed that most of the frame rate 
measures are around 11 and 14 frames per second but there are some instants 
that the frame rate decreases. The frame rate it is not stable. This is because 
until the image is not saved to disk, the next image is not captured, so if there is 
a great delay in the saving procedure the frame rate decreases. 
 
Selecting all the video images which the LEDs are illuminated, it is known that 
the instant when the image is generated is the new GPS second, with a 1ms 
resolution.  
 
The total time error (Fig. 3.14) is calculated between the difference of the GPS 
time received on the time tag and the exact time visualized in the illuminated 
LEDs of the image received. The theoretical difference time should be 0ms but 
the results of all the different tests made are a total average error of 54.482ms.  
 

 
 

Fig. 3.14 Total time error delay in serial mode 
  
 

3.2.2.2. Threading mode 

 
Analyzing the threading mode, it is observed that the frame rate is very near to 
the maximum theoretical rate of 25fps (Fig. 3.15). The average frame rate of all 
the different tests made is 23.42fps. This frame rate is approximately what it is 
expected. 
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Fig. 3.15 Threading mode frame rate 
 

 
Making statistics of the frame rate in threading mode (Fig. 3.16), it is observed 
that the values are very constant, it has a stable behavior.  
 

 
 

Fig. 3.16 Frame rate statistics in threading mode 
 
 

Observing the frame rate statistics in the threading mode the results are around 
24 and 20 frames per second. Most of the time is running at the maximum 
frame rate but sometimes it decreases to 21 frames per second. The operating 
system is the responsible of delaying the proccessor speed and decreasing the 
frame rate. The standard deviation is 2,61fps.  
 
In the threading mode, the image capture is always continuous, is to say, the 
inVIDEO is always acquiring frames from the video camera, so the system does 
not stop acquiring while is saving the image. This effect of the paralel 
processments make the system become slower and the syncronism between 
the image and the time tag starts to vary. In order to observe this variation, a 
graph is made between the real frame rate and the measured frame rate (Fig. 
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3.17). The measured frame rate is calculated with the difference instants of time 
tags measured and with the difference of frame numer between two iluminated 
video images. The measured frame rate is calculated with the following formula: 
 

       
TT

nn
Frm






'

'
     (3.1) 

 
 

 
 

Fig. 3.17 Threading frame rate VS real frame rate 
 

 
It can be observed from the graph that the frame rate exceeds the theoretical 
25fps showing an incorrect measure. The cause of this error is because the 
time tag is acumulating an erroneous time because of the threading architecture 
as mentioned before.  
 
Therefore, there is a slight difference between the real frame rate and the frame 
rate mesuared, this difference should be 0 in the theoretical case. The 
difference between the real frame rate and the frame rate is represented in a 
new graphic (Fig. 3.18). 
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Fig. 3.18 Difference frame rate in threading mode 

 
 
In the frame rate difference graph,  it is observed that at the beginning there is a 
constance of 3 frames of difference that is acumulating error, but at the end, the 
difference is established, the value is around 0 frames. 
 
Making a calculation that at an acquisition at 25 fps, 1 frame is about 40ms. 
Making the conversion it is represented the total time error graph (Fig. 3.19), 
having in acount the difference frame rate that is acumulating the time error. 

 

 
 

Fig. 3.19 Total time error in threading mode 
 
 

It is observed that the error starts at 50ms (the average delay of the serial 
mode) and increases in function of the time recorded. But this error is 
established at 5400ms when the recording time passes 46 seconds. 
 
 

3.2.3. Positioning error 

 
For the positioning error it is necessary to know all the errors that affect the 
positioning and to make statistics of the total positioning error. 
 
The first error introduced is by Novatel GPS receiver, is about 3.0m of 
resolution in real time and around 5cm in post process. 
 
So, depending on the velocity of the object that carries the synchronized video 
system and depending on the main loop mode, the system will have a 
corresponding positioning error. 
 
To calculate the total error it is necessary to add quadratically all the different 
positioning errors, with the following formulas: 
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       VErEr timesync *      (3.2) 
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GPSsyncTOTAL ErErEr      (3.3) 

 
 
In the serial mode the average error time is about 54.482ms. In the trajectory 
made on the campus at 1Km/h the positioning error introduced by the system is 
about 0.015m of error. So in real time a total positioning error of 3m is obtained, 
it only influences the GPS receptor internal error, and a 0.052m resolution in the 
post process. 
 
In the threading mode the maximum error time when it is stabilized is about 
5400ms. So at the dynamics test speed of 1Km/h, the positioning error 
introduced by the synchronized video system is about 1.5m. So in real time a 
3.35m of positioning error is obtained and 1.5m of resolution in the post 
process. 
 
 
Table 3.1. Positioning error 
 

 Serial mode Threading mode 

Velocity 
(Km/h) 

Post process 
error (m) 

Real time error 
(m) 

Post process 
error (m) 

Real time error 
(m) 

1 0,052240163 3,000038172 1,500833102 3,354101966 

4 0,078514671 3,000610697 6,00020833 6,708203932 

8 0,130989366 3,002442042 12,00010417 12,36931688 

40 0,607416948 3,060466525 60,00002083 60,07495318 

80 1,211743122 3,235092177 120,0000104 120,0374941 

 
 
The positioning error table is calculated depending on the main loop mode 
(serial or threading) on the GPS receiver resolution depending on the 
application (real time or post process) and depending on the velocities of the 
synchronized system; 1Km/h is the velocity of the dynamic test trajectory, 
4Km/h is the velocity of a person walking, 8Km/h is the velocity of a person 
running,  40Km/h the velocity of an UAV and 80Km/h is the velocity of a car.  
 
At taking out the results it is make a conclusion. In the serial mode the 
synchronism error is lower than in threading mode, so it has a better precision 
of the GPS time data with the image file. But in serial mode it is limited to 
12.5fps and in threading mode it is possible to record synchronized video at 
25fps. It is important to remark that the system is experimental and it needs to 
improve in order to obtain better synchronization results. It is planned to 
continue improving the synchronized video system in the near-term future.  
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SECTION 4. CONCLUSIONS AND FUTURE 
DEVELOPMENTS 

 
 
In order to construct a compact synchronized video system destined for 
geomatic applications, it is necessary to have a device such as the inVIDEO to 
control and monitor all the acquisition of data, synchronization with GPS time 
and the image saving procedure. So, for a correct reference of the video images 
it is necessary to communicate with a GPS time and positioning server, like the 
miniTAG. 
 
The main function of the system is to coordinate all the different data from the 
sensors with the purpose of knowing the GPS time, position, velocity and 
direction of every video image. 
 
The georeferenced video system is designed for applications where size and 
weight are an important feature to have into account. By that reason, the 
PC/104+ standard format is used in the conceptual design; because this form 
factor meets these requirements. 
 
The synchronized video system is not reduced only to video projection 
applications, as it could also be used in real time applications as traffic 
reporting, forest fires, following up natural disasters and similar applications. 
 
Currently, there are also systems that introduce GPS time and position to the 
video frames. However, when comparing this system with other existing ones, 
this meets better the size, weight and image timing requirements of the project. 
In addition to this, this system is intended for experimental and academic uses. 
Therefore, it does not intend to compete with other commercial products.  

A series of laboratory and field tests were performed in order to check the 
image acquisition, the image saving procedure and the synchronization 
precision. It should be told that not all the results reached the expected 
requirements.  
 
The main problem which is observed is the saving procedure to disk. It is the 
most time consuming process. Some programming techniques for optimizing 
the saving time process have been implemented, but it is not sufficient. 
 
The total positioning error depends of the velocity of the platform and also of the 
main loop mode (serial or threading). For high velocities a threading mode 
cannot be used, because it introduces greater positioning error. For video 
applications at 25 frames per second a serial mode cannot be also used 
because it reaches the half frame rate. 
 
Therefore, the system needs to be improved in order to reach all the requisites 
of the project. First of all, it is necessary to improve the performance of the CPU 
in order to acquire and save images in real time. It is necessary, to have a new 
PC/104+ CPU with higher processing speed, such as 1 GHz instead of 500 
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MHz, but the memory RAM of 1GB is suitable. Doubling the processing speed it 
will surely improve the frame rate in serial mode. 

Another element of the HW system that needs to be improved is the frame 
grabber since it does not have any type of compression. The images have a 
good quality in BMP format but the size of every image is very high. At a 192 x 
144 pixels resolution, every image size is 82 Kbytes. To increase the image size 
it is necessary to have a frame grabber with any type of image compression by 
hardware such as JPG. Reducing the image size would also reduce the image 
frame save procedure.    

Another improvement that should be performed to the synchronized video 
system is the operating system. Instead of  using windows 2000, it should be 
better to use LINUX or Linux RTAi (RTOS), which are specific for real time 
processes and have better performance that the first one. 
 
For further SW improvement, the synchronized video system also needs to 
improve in several threading techniques. 
 
A future synchronized video system will include a mission plan that will 
automatically enable and disable the video recording in function of the 
conditions of the positioning and orientation of the sensors. 
 
The synchronized video system project was presented in the Geomatic Week / 
GLOBALGEO congress by February of 2009. As a result, a paper and a 
presentation of this system were performed. [1]. 
 
 
ENVIRONMENTAL ASPECTS 
 
The synchronized video system has been designed having in count the 
environment. The system does not transmit and receive RF signals, so there is 
no power radiation to the space.  
 
The system is an experimental prototype so it has been built by reusing some 
parts available at the IG’s laboratory and by recycling electronic components 
from older machines. 
 
In addition to this , all the components that the inVIDEO is composed of meet 
the RoHS, “Restriction of Hazardous Substances” regulation. The RoHS was 
adopted in February 2003 by the European Union and took effect in 2006. 
RoHS is a normative that restricts certain warning substances in electric and 
electronic machines. In Spain, the RoHS directive works with the RAEE 
“Reciclaje de Aparatos Eléctricos y Electrónicos”. RoHS helps reduce damage 
to people and the environment in third-world countries where much of today's 
"high-tech trash" ends up. The normative has provided immediate health 
benefits to electronics industry workers in prototype and manufacturing 
operations. The principal materials that are restricted lead, mercury, cadmium, 
Chrome VI, PBB and PBDE. All the connectors, PC/104 and other modules, 
boxes, cables expire with the RoHS regulation. 
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The unique components that will contaminate are the two lead-acide batteries 
used for the dynamic test. In the future, once the batteries have finish finish, it 
will be necessary to throw them into special recycle containers. 
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SECTION 6. ABBREVIATIONS AND ACRONYMS 

 
 
Table 6.1. Abbreviations and acronyms 

 

Acronym Definition 

AC Alternating Current 

BNC Bayonet Neill-Concelman 

CCD Charge-Coupled Device 

CIDEM Centro de Inovacion y Desarrollo Empresarial 

COM Serial Port 

CPU Central Processing Unit 

DC  Direct Current 

FIFO  First In First Out 

GNSS Global Navigation System Satellites 

GPS Global Positioning System 

GPST Global Positioning System Time 

HW Hardware 

IMU Inertial Measurement Unit 

IG Institute of Geomatics 

INS Inertial Navigation System 

ISA Industry Standard Architecture 

LED  Light-Emitting Diode 

LIDAR Laser Imaging Detection and Ranging 

mTAG   miniTAG 

MUTEX  Mutual Exclusion 

NTSC   National Television System Committee 

PAL   Phase Alternating Line 

PCI Peripheral Component Interconnect 

PPS   Pulse Per Second 

RAEE  Reciclaje de Aparatos Eléctricos y Electrónicos 

RF Radio Frequency 

RGB   Red Green Blue 

RS232 Recommended Standard 232 

RoHS Restriction of Hazardous Substances 

RTAi Real Time Application Interface 

RTOS Real Time Operating System 

SATA Serial Advanced Technology Attachment 

SECAM Séquentiel Couleur à Mémoire 

SW Software 

TAG Trajectory, Actitude and Gravimetry 

TNC  Threaded Neill-Concelman 

tPVA Time, Position, Velocity and Attitude 

UAV Unmanned Aerial Vehicles 

USB Universal Serial Bus 

VISCA Video System Control Architecture 
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Synchronized video system budget and chronogram 
 
 
Synchronized video system budget: 

 
 

Product Cost 

Video Camera 485,00 € 

Solid State Disk  199,50 € 

CPU 500,00 € 

Frame Grabber 110,40 € 

DC/DC converter  174,90 € 

Connectors, cables and boxes 250,00 € 

TOTAL COST 1.719,80 € 
 
 
Synchronized video system chronogram: 
 
 

Operation DATA Time inverted (h) 

Start of the project 15/09/2008 - 

Synchronized video system design 15/11/2008 120 

Material acquisition 15/12/2008 30 

miniTAG SW communication 15/12/2008 30 

inVIDEO HW mount 15/01/2009 40 

Videocamera HW mount 15/01/2009 15 

inVIDEO SW program 01/03/2009 120 

inVideo SW optimization 01/04/2009 40 

Static tests 01/04/2009 20 

Dynamic tests 15/04/2009 20 

System performance lab tests 01/06/2009 60 

Results and conclusions 15/09/2009 40 

TFC Redaction 01/12/2009 400 

TOTAL time 
1 year, 1 month, 2 

weeks 935 



 

Calculus and graphics 
 
 
Means, variances and standard deviation calculus of the data 
 
In the serial mode and in threading mode it has been made some static lab tests depending on 
the recording time and it has been extract the means, variance and standard deviation of the 
frame rate and the error time. 
 
 
Serial mode tests: 

 
 

Recorded 
time (sec) 

Means 
Fr 

Variance 
Fr 

Standard 
Deviation Fr 

Means Error 
time (ms) 

Variance time 
(ms) 

Standard 
Deviation Error 

time 

10 12,77 1,195 1,092 38,65 81,82 9,04 

60 12,73 1,24 1,11 38,96 30,8 5,55 

120 12,43 0,682 0,826 33,87 44,96 6,7 

300 12,86 1,26 1,12 42,86 135,61 11,64 

600 11,8 2,4 5,76 118,07 32,04 1026,62 

   
 
    

TOTAL Means 
Variance 

Fr 
Standard 

Deviation Fr 
Means error 

(ms) 
Variance error 

time 

Standard 
Deviation Error 

time 

SERIAL 12,518 1,3554 
 

1,9816 54,482 65,046 211,91 

   

 
 
    

Threading mode tests: 
 
 

Recorded 
time (sec) Means Fr Variance Fr 

Standard 
Deviation Fr 

Means Error 
time (ms) 

Variance 
time (ms) 

Standard 
Deviation Error 

time 

10 24,2 2,84 1,686 582 125591,73 354,39 

60 22,07 15,77 3,97 780 53483,72 231,26 

600 24,01 4,81 2,19 5115 3216922,55 1793,57 

   
 
    

Total Means Variance Fr 
Standard 

Deviation Fr 
Means error 

(ms) 
Variance 
time (ms) 

Standard 
Deviation Error 

time 

Threading 23,4266667 7,80666667 2,615333333 2159 1131999,333 793,0733333 
 
 
The standard deviation calculus is made with 1 sigma. 
 
 
Positioning error calculus 
 
For the positioning error it has been considered the synchronism delay obtained on the 
synchronized video system and the positioning error time of the GPS receiver. 



 

 

 Time error (s) 
Serial 0,054482 

Threading 5,4 
 
 

 Positioning GPS receiver error (m) 

Real time 3 

Post  process 0,05 

 
 

It is calculed the positioning error caused by the synchronism delay in function of the velocity. 
 
 

 
 
 

 
Then the total positioning error of the synchronized video system is calculated by adding the 
GPS receiver positioning error. 
 
 

 
 
 

 Serial mode Threading mode 
Velocity 
(Km/h) 

Post process error 
(m) Real time error (m) 

Post process error 
(m) Real time error (m) 

1 0,052240163 3,000038172 1,500833102 3,354101966 

4 0,078514671 3,000610697 6,00020833 6,708203932 

8 0,130989366 3,002442042 12,00010417 12,36931688 

40 0,607416948 3,060466525 60,00002083 60,07495318 

80 1,211743122 3,235092177 120,0000104 120,0374941 
 

Velocity (Km/h) Velocity           (m/s) 
Positioning error serial 

(m) 
Positioning error 

threading (m) 

1 0,277777778 0,015133889 1,5 

4 1,111111111 0,060535556 6 

8 2,222222222 0,121071111 12 

40 11,11111111 0,60535556 60 

80 22,22222222 1,210711111 120 

VErEr timesync *

)(
22

GPSsyncTOTAL ErErEr 



 

 
7.4.3 Positioning error graphics 
 
 

Serial Mode 
 

 
 
In the serial mode it is observed the difference positioning error between the post process and 
the real time GPS receiver error. As the velocity increases the positioning error variance is 
lower. 
 
 

Threading Mode 
 

 
 
 
In the threading mode, the GPS receptor positioning error does not affect to the positioning 
error system, the most problematic is the synchronization error.



 

7.5. Files 

 
7.5.1 Output format file txt 

 
The format of the output “.txt” file has the following structure: 
 
 

Field Structure Data type Size 
(bytes) 

Description Example 

1 <VIDEO> Char 7 Start ID <VIDEO> 
2 Time Double 8 GPS time (sec) 213427.840559 
3 N frame Long int 4 Frame number frame 00000045 
4 </VIDEO> Char 8 End ID </VIDEO> 
5 \r Char 2 End of frame 

(Carriage Return) 
0D 

6 \n Char 2 End of frame 
(Carriage Return) 

0A 

 

<VIDEO> GPS time 1, Frame number 1 </VIDEO> 
<VIDEO> GPS time 2, Frame number 2 </VIDEO> 

… 
<VIDEO> GPS time n, Frame number n </VIDEO> 

 
 
Example:  <VIDEO>213427.840559,00000045</VIDEO> 

<VIDEO>213517.880583,00000046</VIDEO>   
 

 


