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Abstract— This paper discusses the preliminary design and 

implementation of a simultaneous navigation, and mapping 
method for operation of multi-copter unmanned aircraft systems 
(UAS) in forest environments under the canopy.  A data collection 
platform has been developed using a 3DR hexacopter platform 
equipped with laser scanners, cameras, GNSS and inertial sensors 
to observe the environment and used as an input to the SNAM 
methods. Details on this flight prototype are addressed. 
Furthermore, the paper will include preliminary flight test results 
of our hexacopter UAS operating in a forest environment. In 
addition to these discussions, the paper will address some 
application-specific issues, specifically with respect to biological, 
civil engineering and archeological applications.  

Keywords—sensor integration; Global Positioning System; 
inertial navigation; electro-optical sensors; laser range scanners; 
iterative closest point; simultaneous localization and mapping.  

I. INTRODUCTION 

The number of applications for Unmanned Aerial Vehicles 
(UAVs) or UAS (Unmanned Aircraft Systems) is increasing 
every day from higher altitude operations such as surveillance to 
low altitude operations such as agriculture, mapping, deliveries, 
search and rescue and law enforcement. Among the low altitude 
operations, UAS may have to operate in a challenging 
environment in terms of obstacles (e.g. urban, forest) or in terms 
of navigation. This paper focuses on low altitude UAS forest 
operations under the canopy (foliage) to support various types of 
applications, such as search for sinkholes or forgotten mines, 
drainage, and mapping; forestry and biological applications; or 
even archeological applications. In these under-the-canopy 
forest operations, the use of the Global Navigations Satellite 
Systems (GNSS) often results in unreliably position and velocity 
solutions, which, even if available, have a lower accuracy. In 
addition, an absolute global position solution such as GNSS does 
not take into account the typical environment in which the UAS 
operates and can collide with. An alternative solution is 
introduced in this paper, which combines GNSS with a 
simultaneous navigation, and mapping (SNAM) capability. 
SNAM is used instead of Simultaneous Localization, and 
Mapping (SLAM), as prediction of the platform with respect to 
the environment plays a very important role in under the canopy 
operations.   

 A SNAM algorithm has been developed that makes use of 
multiple onboard laser scanners. Since UAS operations are the 
focus, 6 degrees of freedom (or pose) must be estimated from 
available observed environmental features that change as a 
function of platform altitude. Improvement of algorithm 

observability by intentional motion patterns such as height 
changes and roll and pitch motion will be addressed. The 
proposed SNAM algorithm is, furthermore, aided by low-cost 
inertial measurement unit that helps in the feature association 
process and the filter’s prediction phase. Where available, GNSS 
measurements will be screened for quality and included in the 
solution, so the obtained map of the environment can be geo-
referenced in a global frame. As the map is built online, conflict-
free trajectories must be established in addition to the intentional 
motion, to avoid the trees while mapping the forestry 
environment or performing other missions at hand. 

 

Figure 1. Multi-copter operating in the target environment. 

A data collection platform has been developed using a 3DR 
multi-copter platform. The platform has been equipped with 
laser scanners, cameras, GNSS and inertial sensors to observe 
the environment and as an input to the SNAM methods. All data 
collection software as well as parts of the algorithms have been 
implemented in the Robotic Operating Systems (ROS) on an 
onboard embedded processor 

To enable operation of UAVs at any time in any 
environment, a precision navigation, attitude, and time 
capability is required that is robust and not solely dependent on 
GPS. In aerial robotics, an estimate of a platform’s 6 degrees-
of-freedom (6DOF) is required: 3D position (x,y,z), attitude 
(φ,θ) and heading (ψ). To improve availability and guarantee 
continuity of service in GPS-challenged environments, GPS can 
be integrated with an IMU [1] or improved by increasing its 
sensitivity by using external data sources (i.e. assisted GPS). To 
achieve this in the absence of GPS, many alternatives to GPS 
may be considered and have been investigated. Some of which 
include (i) the integration of laser scanners and/or imagery with 
an inertial sensor [1], (ii) the use of signals of opportunity [2], 

978-1-5090-2042-3/16/$31.00 © 2016 IEEE 739
Authorized licensed use limited to: University of Calgary. Downloaded on April 09,2026 at 06:41:42 UTC from IEEE Xplore.  Restrictions apply. 



(iii) and beacon-based navigation (i.e. pseudolites, UWB, etc.) 
[3]. The integration strategy addressed in this paper falls under 
category (i) and combines measurements from GNSS, an IMU, 
and multiple 2D laser scanners. GNSS provides measurements 
suited for estimation of the position and the IMU provide 
measurements that can be used to estimate all 6 unknowns. 

  
Two-dimensional (2D) laser scanners have been used 

extensively in robotics to estimate 3 degrees-of-freedom 
(3DOF), ሺx, y, ψሻ for 2D navigation; for example, [5] and [6] 
describe methods that monitor features such as lines or points 
to estimate a platforms 2D position and heading or aid an 
inertial navigator. Alternatively, many research papers have 
addressed laser scanner-based 3DOF SLAM methods such as 
the grid-based SLAM method described in [7] or methods that 
use some form of scan-matching such as the Iterative Closest 
Point (ICP) approach [8]. Specifically, [9] describes a method 
for ground-based SLAM in an outdoor park environment using 
a laser range scanner. In their approach the laser scanner 
observations for each tree are converted to a single point feature 
and then input to an extended Kalman filter (EKF) that has the 
feature locations (i.e. map) modelled as part of the filter’s state 
vector.  

  
Extension to the use of 2D laser scanners for 3D pose of, for 

example, aerial vehicles, has been proposed in numerous 
papers. The method described in [10] uses the aerial platform 
itself to rotate the 2D laser scanner and, assuming a structured 
environment, uses planar feature to estimate the 3D pose 
estimation of the platform. SLAM methods have also been 
developed for 6DOF platform operation such as the methods 
described in [11][12][13] and [14]. For example, in [14] an 
estimate of the horizontal position ሺݔ, ሻݕ  and the platform 
heading ሺ߰ሻ is obtained from a combination of laser scan 
matching and grid-based SLAM using inputs from an IMU to 
level the laser measurements; the height ሺ݄ሻ is estimated from 
a downward pointing laser scanner, and the pitch and roll ሺ߶,  ሻߠ
are obtained directly from the IMU. Parts of this method are 
used in proposed SNAM capability as explained in the next 
sections. 

  
Use of UAV laser range measurements (i.e. LIDAR) for 

under the canopy mapping purposes in a post-processing 
manner has been addressed in [15]. Using the laser 
measurements for actual 3D UAV localization in a forest 
environment has been discussed in [16]. In the latter paper the 
authors propose a method that consists of a front-end and back-
end module. In the front-end module incremental 2D pose 
estimates are obtained using laser scan matching and integrated 
with IMU acceleration and barometric height measurements in 
a Kalman filter to obtain the 3D position estimate. In the back-
end module graph-based optimization methods are used to 
remove the long term drift and obtain an accurate map. This 
method show many similarities to the method used in the paper.  
Other papers have described methods to navigate through a 
forest environment using visual measurement form onboard 
cameras [17] and [18]. 

The method proposed in this paper builds on concepts 
discussed in [12][14] and [16] but extends the operational 
scenario to include the outside environment where GNSS is 
available allowing the inclusion of GNSS measurements. 
Furthermore, two additional low-range 2D laser scanners have 
been included. One scanner is pointing downward and scans in 
the platforms cross-track direction (yz-plane). The second has a 
scan plane that scans at in a slanted direction and lies between 
the scans of the downward and forward scanner laser scanners.  
This installation orientation is illustrated in Figure 2 and aims 
to increase the instantaneous field of view and get a good 
observation of the terrain underneath the canopy. 

  
Figure 2. Installation orientations of the two 3D laser 

scanners 

The next section describes some of the characteristics of the 
operational environment and the resulting constraints on the 
navigator design. Section 3, 4 and 5 will then then describe the 
proposed method. Finally, the platform and preliminary results 
are discussed in Sections 6 and 7.  

II. NAVIGATING IN FORESTS 

The large variation in types of forest is illustrated in Figure 
3. Pine forests shown in the top-left quadrant are typically more 
structured as the tree does not change its shape in the z-axis.  
Furthermore, the figure shows an example of a flat area with 
tree distributed evenly across the terrain.  

 

 
Figure 3.Various types of forest: Pine (top-left), temperate 
(top-right), tropical (bottom-left), hilly (bottom-right). 

 
Temperate forests, depicted in the top-right quadrant) are a less 
structured as the trees tend to vary along the z-axis. This will 
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have an effect on the feature location within the map as 
illustrated by Figure 4.  
 

 
 

Figure 4. Effect of a “leaning” straight tree on the feature 
location within the map. 

 
The area is typically relatively flat but has a higher obstacle 
density consisting of smaller branches, brush and other foliage 
that may pose a challenge to finding a conflict free trajectory. 
Tropical forests are highly non-structured as the foliage is very 
dense and obstacle avoidance may prove to be challenging as 
shown in the lower-left quadrant.  

 
Figure 5. Effect of the underlying terrain on the sensor 

observations. 
 

Finally, the terrain underneath the canopy may have 
different levels of relief (i.e. the forest maybe located on a hill). 
In that case the hill itself may be observable by the laser scanner 
as the intersection of the laser scan with the hill as depicted by 
 in Figure 5. The height above ground level also change not 
due to a change in platform height, but due to the terrain itself, 
making it hard to distinguish between a change in platform 
height and a change in terrain height without the use of a baro-
altimeter.  

III. METHODOLOGY 

The high-level functional block diagram of our approach is 
depicted in Figure 6. The proposed method for guiding, 
navigating and controlling the unmanned multi-copter consists 
of two main functions: the tactical Guidance Navigation and 
Control (GNC) function and the strategic GNC function [19].    

 
The tactical GNC function makes optimal short-term 

trajectory planning decisions at a high update rate to 
accommodate a possible high speed of operation of the aerial 
vehicle in a potentially cluttered environment. These decisions 
are based on vehicle state (e.g. position, velocity, and attitude) 
updates from the navigation module and a local map of the 
environment. This map describes attributes of the local 
environment as perceived by the sensors that can be used in the 
path planning and collision avoidance process. Example maps 
in the context of this paper are forest maps and time-to-contact 
maps. 

 
The strategic GNC keeps track of the planned and actual 

flight trajectories and provides the pilot with the next 
waypoint(s) that must be reached. In unknown environments, 
the strategic GNC function keeps track of a rough estimate of 
the platform trajectory and associated global map of the 
environment. Based on this information and the goals defined 
by the specific mission (i.e. outdoor/indoor navigation and 
mapping mission), this function will provide the tactical GNC 
algorithms with constraints regarding its path planning 
decisions (i.e. preferred direction of travel, decision between 
multiple similar choices such as doors or windows) and 
associated control behaviors. The global map can be formed 
using various typical SLAM back-end methods like 
composition of the global map from multiple local maps using 
for example Hierarchical SLAM [20] or GraphSLAM methods 
(e.g. [21]).  

 
A block diagram of the tactical GNC navigator and mapping 

method is shown in Figure 7. When GNSS satellites are 
available, the navigator is based on tightly coupled GNSS/INS 
based on the algorithm proposed in [1]. In addition, this 
integration structure will include a baro-altimeter input. This 
addition will allow for calibration of the altimeter in the 
presence of GPS. The GPS/INS estimator uses a separate 
estimator for 3D dynamics (c) and position (d), the former is 
solely driven by carrier-phase measurements. 
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Figure 6.  High-level functional block diagram of the hierarchical guidance, navigation and control function. 

  
 

 
Figure 7.Functional block diagram of the proposed navigation and mapping method.

The dynamics estimator is a complementary Kalman filter 
(CKF) with error state vector: 

 
ଵܠ  ൌ ሾܞߜ௡ ૐ௡௕ߜ ௜௕௕࣓ߜ  ௕ሿ (1)܎ߜ

 
where ܞߜ௡is the velocity error in the NED frame, ߜૐ௡௕is the 
miss-orientation vector, ࣓ߜ௜௕௕ is the gyro bias vector, ܎ߜ௕is the 
specific force bias error.  After the CKF update step, the 
dynamic filter error states are fed back to the attitude and 
navigation computation blocks. The measurement vector is 
given by the following error metric: 

 

,ݖ  ൌ ூேௌ௡ܚ∆௝ܐ െ ∆߮௝ ൅ ௝ܽ ൅ ௝ܾ ൅  ௥௖௩௥ (2)ݐߜ
 
where ∆߮௝ is the sequential carrier-phase difference for 

satellite ‘j’∆ܚூேௌ௡ is the change in user position as computed by 
the inertial, ܐ௝  is the transpose of the line-of-sight vector to 
satellite ‘j’, , ௝ܽand ௝ܾare two compensation terms for geometry 
and Doppler change correspondingly [14], and ݐߜ௥௖௩௥ is the 
sequential clock drift error. Note that equation (3) can be 
extended to a “difference-of-difference” measurement by 
taking the difference of the sequential difference of satellite ‘j’ 
and the sequential difference of a key satellite ‘k’. This new 
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difference term will remove the receiver clock drift error from 
the state vector. 

 
The position estimator is a KF whose state vector is given 

by ܠଶ ൌ ூேௌ௡ܚ ൌ ሾݔ ݕ  ሿ் and has an extremely simple formݖ
that includes a forcing function from the dynamics estimator. 

 

 
ூேௌ௡ܚ ሺݐ௠ሻ ൌ ூேௌ௡ܚ ሺݐ௠ିଵሻ൅ ሺݎ݋ݐܿ݁ݒ	݃݊݅ܿݎ݋݂	݊݋݅ݐܿ݊ݑ݂ ሻ (3) 

 
In the absence of GNSS while under the canopy, the 

navigator the estimator can use the outputs of the laser scanners 
to compute the position. In our method, range and angle 
measurements ሺߩ௜, ௜ሻߙ  from the three laser scanners are 
converted three sets of 3D body-frame point cloud points by 
taking into account their lever arms and relative orientation with 
respect to the UAV reference point: ܘ௜,ி௕ ௜,஺௕ܘ ,  and ܘ௜,஽௕   
Whereas the points from the angled and down-ward pointing 
laser scanned are used for terrain and altitude estimation, the 
points from laser F are used for computation of the 2D position 
following the flow shown in Figure 8.  

 

 

Figure 8. 3DOF Position estimator. 

First, the points are converted to a locally-level frame using 
the attitude information from the module (a) in Figure 7. Before 
the actual laser scan matching stage, the point cloud points are 
pre-processed to remove sporadic returns, or points that are 
likely due to brush and ground returns. The remaining points are 
then input to a laser scan matching algorithm based on point-to-
line iterative closest point (ICP) [22] or Generalized-ICP [23]. 
The result of the laser-scan matching algorithm in 2D is estimate 
of translation Δܚො௟௔௦ and incremental rotation Δ ෠߰. This estimated 
can be combined in the dynamics filter by defining a 
complementary error metric: 

,ݖ  ൌ ூேௌ௡ܚ∆ െ ௟௔௦௡ܚ∆  (4) 
 
 Alternatively, tree features can be extracted from the 
processed points and input to an online SLAM algorithm like 
EKF SLAM [9]. In support of strategic GNC all point features 
and incremental poses (i.e. Δ෡rො௅஺ௌ, Δ ෠߰௅஺ௌ ) can be stored in a 
graph like structure and optimized using a linear solver [21].  

Figures 9, 10 and 11 show, respectively, input laser scan point 
cloud, pre-prosed point cloud and extracted tree features. 

Figure 9. Input point cloud – includes clutter from environment 

 

Figure 10. Processed point cloud – reduced clutter. 

 

Figure 11. Tree feature extraction results. 
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IV. ALTITUDE ESTIMATION 

To obtain an estimate of the height, the downward-pointing 
and slanted laser scanners are utilized. Having multiple laser 
scanners rather than a mirror that deflects part of the forward-
looking laser scanner, not only allows for a better estimate of 
the relative altitude, but also provides cross-track scans of the 
environment below the platform resulting in additional 
information for a 3D map. The terrain under the foliage 
typically has an irregular shape. Both laser scanners could be 
used in a similar fashion as was proposed in [24]: the angled 
laser scanner point cloud will be referenced to the navigation 
frame and used as the reference terrain database; the downward-
pointing laser scanner will then observe part of the same terrain 
a couple of seconds later and generate its own navigation-frame 
referenced point cloud (see Figure 12). Matching of these two 
point clouds will result in an estimate of both the remaining 
horizontal position drift, a good estimate of height, and a rough 
terrain map. The extension of the method described in [24] to 
UAS operation in an under-the-foliage application will not be 
part of the discussion here.  

 

 
Figure 12. Altitude estimation using dual maps. 
 
Instead, the height estimator assumes that the terrain under 

the foliage is partially structured and can be approximated by 
piecewise planar surfaces. The altitude estimator operates on 
data from both the downward and slanted laser scanners. Small 
subsets of these scans are taken from around their respective 
lowest points to form a planar surface that should be 
approximately orthogonal to a projected “plumb line” in the 
locally-level frame (see Figure 13). The normal point on this 
planar surface is assumed to lie at the intersection of the 
perceived floor and the platform’s local-level z-axis, therefore, 
rendering the platforms relative altitude equal to the normal 
distance to the planar surface.  To process the data further, 
possible outliers could be detected by applying more advanced 
detection schemes that make sure that the surface that it is being 
observed is truly a floor surface (i.e. flat lines in each scans 
subset of points). Alternatively, a simple Kalman filter could be 
designed to further reduce the noise and detect outliers by 
screening the filter residuals. 

 
 

 

 

 
Figure 13. Altitude estimation using the planar 

assumption. 

V. HARDWARE SETUP 

The hardware platform and the location of the sensors with 
respect to the platform can be seen in Figure 14. The GPS 
receiver is a U-blox M8T L1 receiver capable of making both 
code-phase and carrier-phase measurements. The IMU is an 
Xsens MTI sensor which makes 3D acceleration, angular rate 
and magnetic heading measurements at an update rate of 
100Hz. The camera consists of a Point Grey FireFly MV color 
camera running at 30 frames-per-second (fps).  

 

 
Figure 14. Hexacopter platform: sensor payload overview.  
 
Finally, three laser scanners are mounted on the platform in 

the configuration shown in Figure 2. The forward-pointing laser 
scanner is a long-range (30m) Hokuyo UTM-30LX and the 
downward pointing laser scanners are both short-range (4m) 
Hokuyo URG-04LX units. The multi-copter is furthermore 
equipped with a PixHawk flight controller, which includes a 
baro-altimeter and gyros.  Using either a RS232 or a USB for 
communication, each of the sensors is connected to a FitPC 
embedded processor, which is mounted just under the main 
sensor stack on the hexacopter. This FitPC contains an Intel 
Atom Z530 and runs the Robotic Operating System (ROS) on 
an Ubuntu operating system. For diagnostic purposes and 
communication with each of the sensors during flight, an 
802.11b wireless connection is established between the FitPC 
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and a ground station. During data collections, all of the desired 
sensor data is recorded on the FitPC, stored in "rosbags", and 
then offloaded to the ground station where ROS and Matlab are 
used to analyze the data. 

VI. PRELIMINARY RESULTS 

Two data collection missions were flown near Athens, Ohio, 
one on 15 April 2015 and one on 23 June 2015. Both missions 
were flown in a temperate forest with some relief in the terrain 
under the canopy. Both flights were performed under varying 
conditions as can be seen in Figure 15 and 16.  

 

 
Figure15. Forest conditions for 15 April flights. 
 

 
Figure16. Forest conditions for 23 June flights. 
 

As the conditions for 23 June were more challenging, only 
data for that day is shown here. Figure 17 shows the GPS least 
squares position estimate from the Ublox M8T receiver. 
Initially, the multi-copter was stationary on the ground as 
indicated by (1) in the figure. The large errors here can be 
attributed to multipath, both specular reflections and 
diffraction from the trees. After take-off, the UAV enters the 
forest. Since the M8T is a high sensitivity receiver and the 
canopy is not completely closed, satellites are still observable, 
though at a much lower carrier-to-noise ratio resulting in 
higher noise levels as can be observed at various points along 
the track (2). Finally, the UAV leaves the forest and flies in 
open-sky conditions at (3). Lower noise is expected and 
observed here. Multipath effects are also reduced due to the 
UAV platform dynamics.  

   
Figure 17. Ublox M8T trajectory. 

 The result of the pre-processing and laser-scan 
matching procedure described in Figure 8, are shown in 
Figure 18. A smooth trajectory can be observed due to the 
many features available in the relatively dense forest.  

 

Figure18. Hexacopter platform: sensor payload overview. 

Figure19. Altitude profiles along the trajectory. 
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Since, no truth reference was available, an absolute 
performance assessment could not be performed. However, the 
path seems consistent with the lower accuracy GPS path. 
Deviations are present in the path due to the large amount of 
clutter in the temperate forest environment as visible in Figure 
15. 

Figure 19 shows the altitude above ground level (AGL) and 
baro-altitude profile along the trajectory obtained from the 
method described in Section 4 

VII. SUMMARY AND CONCLUSIONS 

This paper describes a method for navigation in a forest 
environment. A multi-copter platform equipped with the 
aforementioned sensors has been designed, built and flight-
tested in an appropriate temperate forest environment. 
Preliminary analysis of the collected data shows successful 
estimation of the UAV’s 3D position and attitude with 
corresponding 2D tree maps. To get insight in the absolute 
performance of the algorithms, a truth reference environment 
will be setup in the form of a moderate forest mapped with a 
terrestrial laser scanner.  

 
Current and future work include the development of an 

autonomous real-time flight capability; a terrain mapper based 
on the angled and down-ward pointing laser scanner as eluded 
to in Section 4; more advanced algorithms to reliably deal with 
the natural clutter (e.g. brush, small branches) in the forest 
environment; and a theoretical framework for the collision 
avoidance strategies.  

 
Furthermore, this paper has omitted the use of the on-board 

vision camera, however, an integration method has already been 
developed and its evaluation using flight data will be part of a 
future paper.  

ACKNOWLEDGMENT 

This flight tests are funded in part by the Ohio University 
Russ Legacy Avionics Engineering Center (AEC) Development 
Fund. The team furthermore thanks Jonathan Sowash for letting 
us use various trails on his property for our flight test purposes. 

REFERENCES 

 
[1] Farrell, J. L., GNSS Aided Navigation & Tracking – Inertially Augmented 

or Autonomous, American Literary Press, 2007. 

[2] M. M. Miller, M. Uijt de Haag, A. Soloviev, M. Veth, “Navigating in 
Difficult Environments: Alternatives to GPS – 1,” Proceedings of the 
NATO RTO Lecture Series on “Low Cost Navigation Sensors and 
integration Technology,” SET-116, November 2008. 

[3] M. M. Miller, J. Raquet, M. Uijt de Haag, “Navigating in Difficult 
Environments: Alternatives to GPS – 2,” Proceedings of the NATO RTO 
Lecture Series on “Low Cost Navigation Sensors and Integration 
Technology,” SET-116, November 2008. 

[4] Nüchter, A., 3D Robotic Mapping – The Simultaneous Localization and 
Mapping Problem with Six Degrees of Freedom, Springer, 2010. 

[5] Pfister, S. T., “Algorithms for Mobile Robot Localization and Mapping 
Incorporating Detailed Noise Modeling and Multi-scale Feature 
Extraction,” Ph.D. Dissertation, California Institute of Technology, 2006. 

[6] Soloviev, A.,  D. Bates, and F. van Graas, “Tight Coupling of Laser 
Scanner and Inertial Measurements for a Fully Autonomous Relative 
Navigation Solution,” NAVIGATION, Journal of the Institute of 
Navigation, Vol. 54, No. 3, Fall 2007, pp. 189-205. 

[7] Grisetti, G., C. Stachniss, W. Burgard, “Improving Grid-based SLAM 
with Rao-Blackwellized Particle Filters by Adaptive Proposals and 
Selective Resampling,” Proc. Of the IEEE Intl. Conf. on Robot. 
andAutom., Barcelona, Spain, April 2005, pp. 2432-2437. 

[8] Rusinkiewicz, S. and M. Levoy, “Efficient variants of the ICP 
Algorithm,” Proc. Of Intl. Conf. on 3-D Digital Imaging and Modeling, 
Quebec City, Quebec, May 2001, pp. 145-152. 

[9] J. Guivant, et al., “Autonomous Navigation and Map building Using Laser 
Range Sensors in Outdoor Applications,” Journal of Robotics, Vol. 17, 
No. 10, October 2000, pp. 565-583. 

[10] Soloviev, A. and M. Uijt de Haag, “Three-Dimensional Navigation of 
Autonomous Vehicles Using Scanning Laser Radars: Concept and Initial 
Verification,” IEEE Transactions on Aerospace and Electronic Systems, 
Vol. 46, Issue 1, 2010. 

[11] S. Kohlbrecher, O. von Stryk, J. Meyer, U. Klingauf, “A Flexible and 
Scalable SLAM System with Full 3D Motion Estimates,” Proc. Of IEEE 
Conference on Safety, Security, and Rescue Robotics, 2011. 

[12] S. Shen, N. Michael, V. Kumar, “Autonomous Multi-Floor Indoor 
Navigation with a Computationally Constrained MAV,” Proc. Of IEEE 
Conference on Robotics and Automation, 2011. 

[13] S. Grzonka, G. Grisetti, W. Burgard, “A Fully Autonomous Indoor 
Quadrotor,” IEEE Transactions on Robotics, Vol. 28, Issue 1, 2012. 

[14] E. Dill, “GPS/Optical/Inertial Integration for 3D Navigation and Mapping 
using Multi-copter Platforms,” Ph.D. Dissertation, Ohio University, May 
2015. 

[15] Chrisholm, R. A., et al., “UAV LiDAR for below-canopy forest surveys,” 
Journal of Unmanned Vehicle Systems, 2013. 

[16] Cui, J. Q. et al., “Autonomous navigation of UAV in forest,” International 
Conference on Unmanned Aircraft Systems, Orlando, FL, 2014  

[17] Langelaan, J. and S. Rock, “Towards autonomous UAV flight in forests,” 
Guidance, Navigation and Control Conference, San Francisco, 2005. 

[18] Ross, S., et al., “Learning Monocular Reactive UAV Control in Cluttered 
Natural Environments,” Robotics and Automation (ICRA), 2013 IEEE 
International Conference on, 1765-1772. 

[19] A. Schultz, R. Gilabert, and M. Uijt de Haag, “Indoor Flight 
Demonstration Results of an Autonomous Multi-copter using Multiple 
Laser Inertial Navigation,” Proceedings of the ION ITM 2016, Monterey, 
CA.   

[20]  Estrada, C., J. Neira, J. D. Tardo, “Hierarchical SLAM: real-time accurate 
mapping of large environments,” IEEE Transactions on  Robotics,  Vol. 
21,  Issue 4, 2005. 

[21] Kummerle, R., G. Grisetti, H. Strasdat, K. Konolige, W. Burgard, “g2o: A 
general framework for graph optimization,” Proc. of IEEE International 
Conference on Robotics and Automation (ICRA), 2011.  

[22] A. Censi, "An ICP variant using a point-to-line metric" Proceedings of the 
IEEE International Conference on Robotics and Automation (ICRA), 
2008. 

[23] A. Segal, D. Haehnel and S. Thrun , "Generalized-icp" ,  Robotics: 
Science and Systems V. 

[24] Vadlamani, A. K., Airborne Laser Scanner Aided Inertial for Terrain 
Referenced Navigation in Unknown Environments, Ph.D. Dissertation, 
Ohio University, 2010. 

 

 

746
Authorized licensed use limited to: University of Calgary. Downloaded on April 09,2026 at 06:41:42 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


