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ABSTRACT: As a requirement for geocoding of raw hyperspectral line scan imaging data, the 
exterior orientation data set need to be obtained, especially in all-parametric geocoding proc-
esses. Application such those defined within recent technologic project “System for the Mul-
tisensor Airborne Reconnaissance and Surveillance in the Crisis Situations and the Environment 
Protection“, supported by Croatian Ministry of Science, Education and Sports, highlighted the 
need for position orientation system capable to measure and record inertial orientation and GPS 
position data at high frequency. Integration of the PGP imaging spectrograph (pushbroom scan-
ner) system and Position and Orientation System (POS) was requested due to geocoding of raw 
data cube produced by pushbroom scanner. Several approaches were examined and one pre-
sented here was chosen. Integration of hyperspectral imaging scanner, acquisition PC system and 
POS has been achieved by sharing reference PC clock time as common platform. In this digital 
interface configuration, PC clock is continuously updated and corrected by GPS UTC time ex-
ternally provided by 5Hz GPS data and 1PPS signal. Thereafter, both the control and acquisition 
timing of hyperspectral imaging sensor and POS are referenced to PC GPS time. The impact of 
time synchronisation on imaging capabilities and spatial accuracy of such system will be dis-
cussed. Position and Orientation System is based on iMAR iVRU-RSSC, the GPS coupled 
MEMS based Inertial Reference Unit, providing Roll, Pitch, Yaw, GPS Latitude, GPS Longitude 
and GPS Altitude data at maximum frequency of 200Hz, according to general requirement for 
line imaging mode utilization of hyperspectral pushbroom scanner, which states that read-out 
frequency of Inertial Measurement Unit (IMU) should be at least of those of scanner imaging 
frequency, implying that at least one set of mentioned orientation and position data for each line 
scan need to be available. The spatial and dynamic characteristics of chosen POS fulfils all high 
precision hyperspectral imaging application requirements based on ImSpectror V9 pushbroom 
scanner which is currently in use, as far as future high precision-high frequency electro-optical 
sensor requirements. 

 
 

1 INTRODUCTION 

For the first time in Croatia an airborne application of hyperspectral imaging was introduced under 
recent technologic project “System for the Multisensor Airborne Reconnaissance and Surveillance 
in the Crisis Situations and the Environment Protection“, supported by Croatian Ministry of Sci-
ence, Education and Sports (MZOS RH, 2007). Such airborne use of various digital electro-optic 



(EO) sensors, and especially the hyperspectral pushbroom scanner, with its precision imaging spa-
tial and spectral resolution led to definition of the performances for the POS capable to deliver re-
quired precision exterior orientation (attitude and position) data needed to perform Direct Geo-
referencing (DG) of produced scanner lines. Furthermore, the application required integration of 
the subsystems, comprised of pushbroom scanner as core sensor and other sensors (multispectral 
frame camera DunchanTech MS3100, LWIR thermal imaging camera FLIR Photon, VIS video 
camera Sony FCB-IX11AP), and POS gathered in a fully functional and self powered multisensor 
pod controlled by PC based acquisition system. 

 
The application highlighted the need for position orientation system capable to measure and re-

cord inertial orientation and GPS position data at high frequency, according to general requirement 
for line imaging mode utilization of hyperspectral pushbroom scanner (Müller, 2002). The Position 
and Orientation System, is built around chosen tactical-grade MEMS iMAR iVRU-RSSC, rather 
than fully integrated INS/GPS since there is no need for real-time navigation processing for the 
POS.  

 
Integration of hyperspectral imaging scanner, acquisition PC system and Position and Orienta-

tion System (POS) has been achieved by sharing reference PC clock time as common platform, in 
relation to other possible ways which also have been considered (Ding et al., 2008). In this digital 
interface configuration, PC clock is continuously updated and corrected by GPS UTC time exter-
nally provided. Such synchronization allows the control and acquisition timing of hyperspectral 
imaging sensor and POS are referenced to PC GPS time. The impact of time synchronisation on 
imaging capabilities and spatial accuracy of such system is of huge importance.  

2 SUBSYSTEMS 

The Airborne Multisensor System comprises of few subsystems: Position and Orientation System, 
Sensors System and Acquisition/Control System. 

2.1 Position and Orientation System 

In case of core sensor, the pushbroom scanner, the application highlighted the need for position 
orientation system capable to measure and record inertial orientation and GPS position data at high 
frequency, according to general requirement for line imaging mode utilization of hyperspectral im-
aging scanner, which states that read-out IMU frequency should be at least of those of scanner im-
aging frequency. Position and Orientation System is built around state of the art, tactical-grade 
MEMS iMAR iVRU-RSSC, so-called Vertical Reference Unit, with integrated internal L1 GPS 
unit and strap-down processor, providing: amongst other data (gravity/earth rate compensated and 
raw acceleration and angular rates), Roll, Pitch, Yaw (or relative Heading), GPS Latitude, GPS 
Longitude, GPS Altitude and GPS Velocity data, at maximum frequency of 200Hz, interfaced with 
PC based acquisition system. 

2.1.1  POS Trigger Time Synchronisation 
Via an internal RS232 interface, the GPS NMEA sequence GPGGA is provided with the leading 
„$‟ allowing the iVRU to detect this data sentence to extract the UTC time of the recent Pulse per 
Second (PPS) rising edge (iMAR, 2007). Then the trigger time is set to this UTC time (seconds of 
week) from the recent PPS (taken from the NMEA sequences). To use this feature the availability 
of the NMEA sequence as well as the PPS trigger was provided by internal 1Hz GPS receiver. 

2.2 Airborne Pushbroom Scanner 

Hyperspectral imaging pushbroom scanner shown in Fig. 1 (modified after Rochester Institute of 
Technology's Digital Imaging and Remote Sensing Laboratory - definition of pushbroom concept, 
2006) is a powerful tool since it delivers imaging spectroscopy data which allows classification and 



change detection of an object matter, measuring its unique spectral characteristics. Today the 
pushbroom scanners are becoming widely used and often replacing the older whiskbroom scanners. 
Airborne use of pushbroom scanning, along with its space use, reveals the full power of imaging 
spectroscopy.  

Actual configuration of ImSpector V9 pushbroom scanner, depending on used vertical binning 
of CCD operation (x1 or x2) and exposure time used (i.e. 50ms), provides the integration time per 
scene line of 129.82ms or 90.32ms, respectively. Thus, predicted spatial resolution along track for 
Zagreb/Jarun Lake campaign was 1.34m. Above mapping geometry depends on height of the air-
craft above ground level (pixel scale factor) which could be obtained from a Digital Elevation 
Model (DEM). Finally, high imaging resolution of pushbroom scanners, both spectral and spatial, 
as in case of ImSpector V9 (i.e. Zagreb/Jarun Lake flight campaign using Bell B206 helicopter had 
produced, in average, the lines 218m long and 1.63m wide, with across track pixel size of 19cm at 
altitude of 750m; in 80 spectral bands with spectral resolution of 4.4nm), requires additional tech-
nology and methods for final exploitation of their produced data, by using mentioned POS and per-
forming the DG. 

 

 
 
Figure 1. Pushbroom Scanner concept (including current configuration specifications of ImSpector V9). 
  

2.3 Acquisition/Control System 

The Acquisition/Control System is a PC based platform running under Windows OS. Simultane-
ously, this System serves as the integration platform for the hyperspectral imaging scanner, other 
electro-optical sensors and Position and Orientation System. Beside its autonomous integration 
tasks, the System is used for the EO sensors acquisition operations (start/stop/recording functions 
etc.), control of the POS, control of the time synchronisation subsystem, and for real-time aircraft 
navigation. Separate software “Recorder” has been developed for the control of the hyperspectral 
pushbroom scanner.  

2.3.1 Acquisition/Control System time synchronisation 
The Acquisition/Control System time synchronisation is done by GPS precision timing. In this 

digital interface configuration, PC clock is continuously updated and corrected by GPS UTC time 
externally provided by 5Hz GPS data and 1PPS signal extracted from NMEA 0183 GGA and/or 
ZDA sentences. This process of PC clock synchronization is achieved by use of precision timing 
software „TAC32Plus“(by Communications, Navigation and Surveillance Systems Inc.). This 
software package, originally designed to work with hardware clocks for NASA high precision tim-
ing purposes, offers a dozen of functions to improve and correct synchronisation issues (Fig. 2).  

Furthermore, once the Acquisition/Control System is GPS UTC synchronized, it is possible to 
synchronize other Windows computers to this one (if other Windows computers are on the same 



LAN with the one running this program, it can be easily to synchronize their clocks to the time 
master computer).  

 
 

 
 
 
 
 
 
 
 
 

 
Figure 2. Timing/PC Clock/GPS Rx setup functions most used within “TAC32Plus” software, which are per-
forming vital tasks in synchronisation and integration of all subsystems in the Airborne Multisensor System. 
 

Since the precise timing using GPS is playing vital role in System synchronisation, mentioned 
software has been chosen and used especially due to its unique functions designed to support user‟s 
accuracy improvements. Major functions used to support the timing accuracy achievement are: In-
strumentation offset (various delay definitions), Total 1PPS offset from UTC, UTC correction, Ep-
och offset, Periodic PC Clock update, Threshold definition of PC Clock error, GPS mode (ability to 
use 0-D Nav Mode instead of 3D/2D Nav Modes), Satellite geometry selection (TDOP) and Appli-
cation Type. Finally it offers another unique future; ability to log and track statistics of timing up-
dates/differences.     

3 INTEGRATION ARCHITECTURE 

Schematic overview of integrated POS-Sensors-Acquisition System is shown in Fig. 3. Integration 
and mutual synchronization of hyperspectral imaging scanner, Acquisition/Control System and 
POS has been achieved by sharing reference PC clock time as common platform, in relation to 
other possible ways which also have been considered (Ding et al., 2008). Since the PC clock of the 
Acquisition System is precisely synchronised to GPS UTC time, all peripherals are then synchro-
nised to the reference absolute time. Since the Trigger Time of the POS is also synchronised to 
GPS UTC Time (by using its internal GPS receiver), both the control and acquisition timings of 
hyperspectral imaging scanner and POS are referenced to unique reference GPS Time. The impact 
of time synchronisation on imaging capabilities and spatial accuracy of the System is of vital im-
portance and should be maintained at high level and monitored too. 

 



 
 
Figure 3. Scheme of integration architecture of operational Airborne Multisensor System. 

 
In present configuration, the POS is the master counter source for the control of other EO sen-

sors (multispectral frame camera MS3100 and LWIR thermal imaging camera FLIR Photon; with 
option to more sensors), by using the Sample timer/count module which provides scalable trigger-
ing signals and routing to the EO sensors. However, as the master counter source for POS, the Im-
Spector V9 has been used (opposite direction also available), which provides external trigger signal 
for the POS used to time stamp its IMU and GPS data (POS internal Clock is always running at 
nominal frequency of 200Hz; external triggering is only used for time stamp function). Preliminary 
tests of such synchronisation showed the POS data Sample Time (Time Stamping; no internal 
Clock sampling time) at trigger signal provided by ImSpector V9 is causing the variations of up to 
10ms (mainly due to variations in sampling rate and integration time per scan image of V9).      

4 RESULTS 

The Airborne Multisensor System test flights, using Bell B206 helicopter, have been already per-
formed and the integration architecture proved itself as operational, with POS and hyperspectral 
pushbroom scanner in its core. In Fig. 4 is shown the part of first geocoded hypercube of Jarun 
Lake, produced by ImSpector V9 in fully imaging mode and Position and Orientation System. The 
parametric geocoding has been made in ParGe software (Schläpfer, 2006), in direct georeferencing 
mode without use of Ground Control Points.      

 

 
 
Figure 4. One of 80 wavelength bands of geocoded hypercube of Jarun Lake produced after Zagreb/Jarun 
Lake flight campaign with ImSpector V9 in full imaging mode (Projection: Transverse Mercator; Datum: 
Hermannskögel). 



5 CONCLUSIONS 

Since the 2001, when the hyperspectral imaging spectrograph has been used as the reflectivity 
sample collection tool only (Bajic et al., 2004), today this industrial grade PGP imaging spectro-
graph becomes the fully imaging mode utilized, airborne hyperspectral pushbroom scanner, thanks 
to the use of Position and Orientation System and system integration and configuration made of 
commercial off-the-shelf components, placing it at lower range of system costs, but in upper range 
of hyperspectral imaging capability tools, the first and currently only in use in Croatia.  
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