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 ABSTRACT 

 

A system is described for identifying obstacle-free landing sites for a vertical-takeoff-and-

landing (VTOL) semi-autonomous unmanned aerial vehicle (UAV) from point cloud data 

obtained from a stereo vision system. A relatively inexpensive, commercially available stereo 

vision camera system was selected for this study. A “point cloud viewer” computer program was 

written to analyze 3D point cloud data obtained from 2D images transmitted from the UAV to a 

remote ground station. The program divides the point cloud data into sections, identifies the best-

fit plane through the data for each section, and performs an independent analysis on each section 

to assess the feasibility of landing in that area. The program also rapidly presents the 3D 

information and analysis to the remote mission supervisor and facilitates quick, reliable decisions 

about where to safely land the UAV. The features of the program and the methods used to 

identify suitable landing sites are presented in this thesis. Also presented are the results of a user 

study that compares the abilities of humans and computer-supported point cloud analysis in 

certain aspects of landing site assessment. The study demonstrates that the computer-supported 

evaluation of potential landing sites provides an immense benefit to the UAV supervisor. 
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I. INTRODUCTION 

This thesis examines the problem of semi-automated landing of vertical-takeoff-and-landing 

(VTOL) unmanned aerial vehicles (UAV). The research was originally intended for use in 

nuclear forensics, but has other potential applications. In the case of a nuclear incident, the site 

needs to be examined for information. A typical first step in this mission is constructing a new 

map of the terrain using a large scale imaging system. The implementation of such a large scale 

system is beyond the scope of this thesis. The next step is selecting one or more regions of 

interest and sending a UAV to collect detailed forensics information. The UAV may carry a 

tethered sub-vehicle to perform the forensics work. In this scenario, it requires knowledge of the 

ground terrain so that a successful ground sampling operation can occur. Additionally, it may be 

necessary to land the VTOL which also requires an accurate assessment of the landing site. The 

proposed design requires the UAV to transmit its navigation input to a remote base of operations. 

The navigation input would then be analyzed to identify potential landing sites and allows 

management by consent/exception for autonomous landing capability [1]. 

A. Background 

The main focus of this thesis is UAV navigation using stereo vision. The specific challenge was 

to develop a mathematical approach for identifying acceptable landing sites for a VTOL UAV 

and tethered sub-vehicle. This was accomplished by creating a computer program to analyze 

visual data collected at the scene and rapidly identify potential landing sites in a quantitative 

manner. 

The research problem originated in the Unmanned Systems Lab of Virginia Tech’s Mechanical 

Engineering Department. The general research objective was to improve navigation of the UAV 

using the Bumblebee stereo vision system from Point Grey Research, in Vancouver, British 

Columbia, Canada. The technical requirement to solve the problem was a proficiency in 

computer engineering. This led to a partnership between the Mechanical Engineering and 

Electrical & Computer Engineering departments at Virginia Tech. The Bumblebee system 

produces a low quality video signal at night and in low-visibility conditions, so improving the 

video signal or the analysis performed on the signal was a novel research venture. Preliminary 

work explored several avenues including colored structured lighting techniques [2], image 
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segmentation [3], and artificial illumination with visible spectrum light. The general research 

objective was eventually narrowed to a consideration of landing site selection for high-visibility 

conditions. 

Other researchers have considered the use of a VTOL UAV to search for a predetermined target 

[4]. In this previous study, the UAV searched for and found a target that was known a priori to 

the navigation software. The study was not concerned with obstacle detection when landing the 

UAV, or with the suitability of a landing site. The research for this thesis addresses those 

problems. A major consideration with obstacle detection and landing site evaluation is the 

accuracy of the visual information. Fusing Light Detection and Ranging (LIDAR) information 

and stereo range data was investigated as a potential solution [5], but was not pursued here 

because of limited feasibility. The LIDAR system used in the preliminary research required 

between 20 to 40 seconds to capture information about a single scene, and this delay was 

unreasonable given the goals and constraints of the objective. 

The Bumblebee stereo vision system’s software outputs a set of 3D points when it captures 

visual information [6]. This set of points is called a point cloud. One particularly interesting 

avenue of research which applied to landing site selection was the creation of a mesh from the 

point cloud to reconstruct barriers in a scene. Several techniques for constructing a mesh were 

researched, such as [7], but few of the techniques seemed readily applicable to the project. It 

appeared that the mesh approaches would have trouble with noisy (i.e. erroneous) points in the 

point cloud. 

The technique of determining a best-fit plane to sections of the point cloud was chosen over the 

mesh approaches. A best-fit plane is inherently resistant to noise because the noise will not 

drastically affect the properties of the plane. Another benefit of the best-fit plane approach was 

the ease of implementation. Calculating a mesh for a point cloud is a major research field in 

computer engineering and there are many complex solutions to the problem. Calculating a best-

fit plane is considered a solved problem and simple to implement. 

It was clear that a visualization tool would be needed to view the point cloud and the results of 

the analysis. After a review of the available point cloud viewers on the Internet, it was decided 

that creating a point cloud viewer specifically for this project would be beneficial. C++ and 
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OpenGL were chosen to implement this point cloud viewer because they are versatile, freely 

available, and extremely powerful. A preliminary version of the point cloud viewer was 

constructed. It was able to display the points and the best-fit planes, but had no other capabilities. 

The remainder of the research primarily focused on creating additional capabilities of the point 

cloud viewer. These capabilities are described in detail in chapter V. The primary reference for 

constructing the point cloud viewer was [8]. 

After a preliminary version of the point cloud viewer was created, criteria for evaluating the 

suitability of a landing site were developed. These criteria are applied to the best-fit planes and 

used to evaluate the suitability as landing sites. The analysis methods are discussed in chapter 

IV. Techniques for visualization the analysis results were also considered and added to the point 

cloud viewer as the research progressed. These visualization methods are discussed in detail in 

chapter V. 

The question of how well the point cloud viewer cloud helps a mission supervisor became 

relevant in the later stages of the research. It was decided that the best way to answer this 

question was to compose a user study similar to the one developed by Culhane [9]. 

B. Thesis Organization 

This thesis describes the theory behind the stereo vision techniques used in this project, and then 

delves into the application of stereo vision to UAV navigation. Chapter I provides a history of 

how the project evolved and a summary of approaches and technologies that were considered. 

Chapter II describes the theory behind stereopsis, and details the commercially available image 

capture options considered for use in this project. This chapter also distinguishes the methods 

designed specifically to accomplish this project from preexisting methods. Chapter III describes 

the configuration and use of the Bumblebee stereo vision system from Point Grey Research. 

Chapter IV describes the methods used to identify suitable landing sites. This chapter is quite 

extensive as it details how the landing site is broken down into components to be analyzed, and 

the mathematics behind determining the suitability of a landing site. Chapter V describes the 

highlight of this thesis: the point cloud viewer program written specifically to visualize the stereo 

vision information and analysis. The features of the program and the design of the internal code 

structure are described. Chapter VI describes the user study performed in order to quantify the 
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benefit of the point cloud viewer to the mission. Finally, Chapter VII concludes the thesis and 

describes future work. 
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II. STEREOPSIS CONCEPTS AND APPLICATIONS 

Isaac Newton once wrote that “if I have seen further it is by standing on the shoulders of giants.” 

The works of this thesis echo that sentiment. This chapter describes the concept of stereopsis and 

some of the existing applications that made the accomplishments of this project possible, along 

with a description of new contributions. 

A. Stereopsis 

Stereo vision is a well known subject in the scientific community. Stereopsis, or stereo range 

estimation, was first described by Charles Wheatstone over one and a half centuries ago. The 

geometry behind stereopsis is considered solved, but the problem of pixel correspondence is not 

and research on the topic is still being done. 

Stereopsis is the process of deducing 3D information from two or more 2D images of the same 

scene. The images must be obtained from different viewpoints, and the relative location of each 

camera capturing the images must be known to obtain quantitative measurements. 3D 

information can be obtained by finding corresponding locations between points in multiple 

images. This section describes the mathematics and techniques behind stereopsis. Sharkasi 

provides a very complete overview of stereopsis in [10] and much of his information, equations, 

and figure designs are reiterated here. This chapter also draws from [11]. 

1) Camera Model and Calibration 

A mathematical model of the cameras is necessary for stereo range estimation. The most basic 

model is the pinhole camera, which is created by poking a small hole in a thin opaque material. 

This hole is the optical center of the camera and is the origin of the camera’s coordinate frame. 

Light passes through the hole onto an image plane located a distance � behind the focal plane. 
The distance � is known as the focal length. The image that is projected onto the image plane is 
an inverted version of how a human would perceive the scene, so it is convenient to place a 

virtual image plane a distance � in front of the focal plane. The projection of the scene on this 
plane is not inverted. The image plane, focal plane, and virtual image plane are all parallel. The 

� axis is perpendicular to all three planes and passes through the focal point. Figure 1 depicts the 
setup of the pinhole camera and Figure 2 depicts the relevant coordinate frames that apply. 
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Figure 1: A pinhole camera. 
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Figure 2: Axis setup for a pinhole camera and relevant planes. 

The �, �, and � axes compose the left-handed camera coordinate frame. The �′ and �′ axes 
compose the image plane coordinate frame. A mapping exists between all locations in the real 

world and locations in the image plane. The relationship between an object’s location in the real 

world – denoted ���, 
, �� – and the object’s location on the virtual image plane – denoted 
�
��
, 

� – is expressed by the following equations: 
 �
 = � ∙ ��  (1) 

 

 

 = � ∙ 
�  (2) 

 

These equations can be condensed into a single linear transformation when represented in 

projection space: 
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 �� ∙ �
� ∙ 

� � = �� 0 00 � 00 0 1��
�
�� (3) 

 

The left hand side of the previous equation is the homogenous coordinate of a point on the image 

plane, with respect to the image plane’s coordinate frame. The vector ��, 
, ��� is the 
corresponding homogeneous coordinate in the real world, with respect to the camera’s 

coordinate frame. It is convenient to rewrite this single linear transformation into more 

components for use in further derivations: 

 ������ = � ∙ ������� (4) 

 

where ������ is the image plane coordinate and ������� is the real world coordinate. � is a 
3 × 3 matrix known as the camera calibration matrix. Through several simple modifications to 
the calibration matrix, a suitable realistic model of a camera can be constructed from this simple 

pinhole camera model. 

There are two main differences between a pinhole camera and a digital camera that must be 

considered when forming the mathematical model. First, a digital camera contains a light sensor 

to record the picture. This light sensor is called a charged-coupling device (CCD). The second 

difference is that a digital camera uses a lens to bend light to accommodate the focal point of the 

camera. 

The modifications that are made to the calibration matrix account for the CCD properties and 

camera lens geometry. The CCD is an array of photo-sensing elements that lie on the image 

plane. The camera lens bends the incoming light and distorts the image, so a mathematical 

operation must be applied to the image to undo this distortion. 

The calibration matrix modifications that account for the CCD properties are simple. The skew 

of the CCD sensing elements, denoted as ", must be input to the matrix. If the sensing elements 
are not exactly parallel to the focal plane then this will correct it. In many cases, the sensing 

elements are exactly parallel to the focal plane, and " = 0. Additionally, each sensing element in 
the CCD accounts for a single pixel of the image. Thus, the number of pixels per unit length 
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must be input to the matrix. This is known as the magnification value, and can be different for 

height and width, necessitating the composition of two separate variables: 

 #$ = −� ∙ &$ (5) 

 #' = −� ∙ &' (6) 

 

In general, #$ = #'. Inserting ", #$, and #' into the calibration matrix produces part of a 
realistic model. One last modification is necessary for the calibration matrix. For purposes of 

computation it is convenient to place the origin at one of the corners of the image. The points of 

the image can be shifted by inserting the row and column distance of the image plane’s 

coordinate frame to the desired origin. These distances are denoted by () and (* as seen in 
Figure 3. 

 

Figure 3: Camera frame offset. The basis for the design of this image came from [10]. 

With these modifications the calibration matrix becomes: 

 � = �#$ " ()0 #' (*0 0 1 � (7) 

 

After the CCD properties have been accounted for, the distortion caused by the lens geometry 

must also be corrected. The following operations can be applied to the image to correct for radial 

lens distortion: 

 ��+����,�- = () + /����� − ()� (8) 
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�+����,�- = (* + /���0
 − (*1 (9) 

 

 

 

where… 

 /��� = 1 + &2 ∙ � + &3 ∙ � + &4 ∙ � … (10) 

 � = 6�� − ()�3 + 0
 − (*13 (11) 

 

/��� is a Taylor series expansion and the coefficients &2, &3, &4, … are properties of the camera. 
These coefficients are generally documented by the manufacturer of the camera. 

The mathematical model of the camera so far accounts for what are known as intrinsic 

parameters. The extrinsic parameters are added to the model by multiplying the calibration 

matrix by the measured rotation matrix (7) and translation vector (8) of the camera. The fully 
composed model is known as the camera matrix, 9: 

 9 = �[7|8] (12) 

 

The camera matrix 9 replaces the original calibration matrix � in equation (4) to produce the 
proper image coordinates of each pixel: 

 ����,�=��- = 9 ∙ ������� (13) 

 

2) Multiple View Geometry and Rectification 

Epipolar geometry describes the geometric setup of stereo vision. Figure 4 depicts this setup, 

with >? and >@ as the optical centers of two cameras. The virtual image planes can be seen in 
front of the camera focal points. The plane that intersects an arbitrary 3D point � and the optical 
centers of the cameras is called an epipolar plane, and the line that passes through the optical 

centers of both cameras is known as the baseline. 
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Figure 4: Epipolar geometry. The basis for the design of this image came from [10]. 

For the given point �, it is known that the projection point of the left image is A?. This implies 
that the same real world location (as seen from the right camera) must lie along the epipolar line 

(from B@ to A@) in the right image. Thus, by identifying the corresponding point in the right 
image, the 3D real world location of the point can be deduced. 

This procedure of finding corresponding points can be simplified even further by moving the 

virtual image planes so they are coplanar. Once this is accomplished, the epipolar line (from B@ 
to A@) becomes horizontal. That is, the image can be examined a single row at a time, as shown 
in Figure 5: 

 

Figure 5: The final geometric setup of rectified images. The basis for the design of this image came from [10]. 

Figure 6 and Figure 7 show an example scene from the left and right viewpoints of a stereo 

vision camera system that have not been rectified. Figure 8 and Figure 9 show the rectified 

versions of the images, exactly like the setup in Figure 5. 
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Figure 6: Unmodified left image from a stereoscopic 

camera system. 

 

Figure 7: Unmodified right image from a stereoscopic 

camera system. 

 

 

Figure 8: Left rectified image from a stereoscopic camera 

system. 

 

Figure 9: Right rectified image from a stereoscopic camera 

system. 

 

3) Pixel Correspondence 

The main difficulty in stereopsis is identifying correspondences between points in both images. 

As previously mentioned, there are several ways to search for these correspondences. One way to 

do this is to detect image features and then attempt to match features from one image with 

features in the other image. Example features are: intensity, edges (discovered via an edge 

detection algorithm), texture elements, et cetera. Feature-based methods of finding 

correspondences often use high-level abstraction of the scene data, and can lack point data where 

there are few or no features to analyze. 



13 

 

Correlation-based methods of finding pixel correspondence also exist. These methods generally 

make several comparisons and then choose the best match. The camera system used in this thesis 

employs the Sum of Absolute Differences (SAD) metric to correlate pixels, which is a fast and 

parallelizable correlation-based method of finding pixel correspondences. 

The Bumblebee documentation [6] describes the SAD metric with this expression: 

 C��)minC = C��G
H H IJ���K,[� + L][
 + M] − JN�=,[� + L + C][
 + M]I

�3

�OP�3

�3

�OP�3
 (14) 

 

where C��G and C��) are the maximum disparities, Q is the mask size, and JN�=, and J���K, are 
the right and left image arrays. Note that the brackets after JN�=, and J���K, are indexes of arrays, 
and not quantities to be multiplied. This notation is used in computer programming. The mask 

size is the square neighborhood around a given pixel that the algorithm uses to compute a 

correlation value. The distance between the two corresponding pixels for the left and right image 

is known as the disparity. 

The end goal of the correspondence algorithm is to generate a set of 3D points from the given 2D 

images. This set of 3D points is called a point cloud. 

B. Description of Stereo Vision System Options 

Several image capture options were considered for improving the design of the navigation 

system. The factors that were considered include cost, size, and capabilities of the system. Hulin 

and Schüßler [12] present an extensive overview of these considerations, and their description 

was the main source of information for many of the design decisions. 

The first design decision that was made was whether the system should be allowed to emit light 

to enable or improve image capture. Systems that do not emit radiation are typically preferred for 

military applications because they are not easily detectable by the enemy [12]. This was not a 

primary consideration for our design since there was little concern for stealth during the intended 

application of nuclear forensic analysis. The system currently does not emit light, but future 

work could be pursued to add a light source to enable nighttime operation. 
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The next design decision that was made was which spectrum of light to capture. This choice was 

mainly influenced by the cost of the camera system. Systems that capture the visible spectrum of 

light are typically the cheapest [12]. An additional consideration was time-dependence of image 

capture. Images that look different during daytime and nighttime (due to illumination) must be 

processed differently [12]. Some spectra of light can avoid or minimize this problem, such as 

ultraviolet-C. This type of radiation is emitted by the sun, but is completely filtered out by the 

earth’s atmosphere. Thus, images captured using ultraviolet-C cameras look the same regardless 

of lighting conditions but require artificial illumination. Constant lighting conditions would be a 

huge simplification (and advantage) to the image processing techniques, but would incur a steep 

cost. Therefore, visible spectrum image capture was chosen for the design. Visible light image 

capture varies with solar illumination, and as a result the system was confined to daytime 

operation only. 

The Bumblebee stereo vision camera system from Point Grey Research is sufficiently small to fit 

on a UAV (it has a mass of 342 grams and a baseline length of 156 millimeters [13]), and is 

relatively low in cost. Thus, it adheres to the constraints of the design. This visible-spectrum 

camera system, shown in Figure 10, was subsequently chosen for the implementation of the 

system. 

 

Figure 10: The Bumblebee stereo vision camera system from Point Grey Research, Inc. 

C. List of Contributions 

The description of Bumblebee parameters, capabilities, and image quality in chapter III is 

preexisting work that was done by Point Grey Research. They have provided a versatile and 
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robust commercial stereo vision system, complete with a software interface. The Bumblebee 

hardware is their design, as is the software used to generate the point cloud. 

The analysis methods applied to the point cloud and the point cloud viewer were created 

specifically for use in this project. The analysis methods determine landing site suitability from 

the point cloud information. The point cloud viewer is a computer program written for the 

purpose of visualizing the results of the analysis performed on the 3D points. Both the point 

cloud analysis and the point cloud viewer were the main contributions of the thesis. 

The point cloud viewer uses OpenGL, which is a modern (and surprisingly easy to use) graphics 

library. This research did not contribute anything to the OpenGL community, but simply used the 

graphics library to construct the program. In addition to that, the design for a basic OpenGL 

program was referenced from [8], and the point cloud viewer contains code from the tutorial 

section of that website. Obviously, the code has been heavily modified to fit the needs of the 

project. 

The user study presented in chapter VI is also a major contribution of this thesis. It was designed 

with the specific intent of showing the improvement in performance provided by the work in this 

thesis. 

  



16 

 

III. DESCRIPTION OF BUMBLEBEE PARAMETERS, CAPABILITIES, AND 

IMAGE QUALITY 

The Bumblebee software uses the Sum of Absolute Differences (SAD) metric to process image 

input and generate a point cloud. Several pre- and post-processing techniques are also utilized to 

enhance image quality and improve the accuracy of the point cloud [6].  

One of the weaknesses of two-camera stereo systems such as the Bumblebee is that the rows of 

coupled images are examined for pixel similarity. This can lead to poor point cloud generation if 

each of the pixels in the row are similar to each other. Figure 11 shows an image in which the 

Bumblebee would typically produce a high-quality point cloud, while Figure 12 shows the same 

image (rotated 90 degrees) in which the Bumblebee would produce a low-quality point cloud. 

 

Figure 11: An image that would perform very well with 

many stereo matching techniques. 

 

Figure 12: An image that would perform very poorly with 

many stereo matching techniques. 

 

All image enhancement techniques provided by the Bumblebee software were enabled for the 

point cloud viewer, including edge detection, validation, and subpixel interpolation. Figure 13 

shows an example scene that is used to demonstrate the difference between having these 

enhancement techniques enabled and disabled. Figure 14 shows the point cloud that was 

generated with all image enhancement techniques disabled, while Figure 15 shows the point 

cloud of the same scene with image enhancement techniques enabled. There is much less noise 

with these techniques enabled. Figure 16 highlights which portions of the point cloud were most 

affected by the image enhancement techniques. The reddish hue in Figure 13 through Figure 16 

is caused by indoor lighting. The Bumblebee was optimized for outdoor lighting conditions at 

the time this data was captured. 
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Figure 13: A scene constructed to demonstrate the effects of the point cloud optimization techniques provided by the 

Bumblebee software. 
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Figure 14: The example scene with no point cloud optimization enabled. 

 

 

Figure 15: The example scene with point cloud optimization enabled. 
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Figure 16: The example scene with no point cloud optimization enabled. The noisy points that were mostly removed by 

the image enhancement techniques of the Bumblebee software are highlighted in green. 

The Bumblebee camera system is capable of capturing images at 640 × 480 or 320 × 240 
resolution. Lower resolution captures require less processing time. The 640 × 480 resolution 
was used in this study.  

As recommended by the Point Grey documentation [6], a depth limit is applied when the point 

cloud is generated. Any points that are perceived to be greater than five meters away from the 

Bumblebee are filtered out. This limit of five meters was selected specifically for this project and 

is hard-coded into the image capture software. 

The Bumblebee can capture images in grayscale or color. Grayscale images take less time to 

process since less data is recorded during the capture operation. Color images, however, improve 

accuracy. Color images were captured for use in this study. 

One avenue of research that was not explored in this thesis was the “region of interest” capability 

of the Bumblebee. Specifying a region of interest allows the observer to generate point clouds for 

selected sections in the scene, thereby shortening the processing time. This capability was not 
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considered a high priority when performing the research for this thesis, and thus was not 

explored in depth. 
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IV. METHODS DEVELOPED FOR IDENTIFICATION OF SUITABLE 

LANDING SITES 

After stereo techniques have been used to generate a 3D point cloud, the resulting range data can 

be analyzed to identify potential landing sites. Using multiple linear regressions on sub-divided 

sections of the visual image, planar sections are identified that may or may not satisfy the criteria 

needed for landing. Intuitively, a suitable landing site must be relatively flat, approximately 

horizontal, and sufficiently large in extent to accommodate the vehicle. Additionally, the site 

should not lie in close proximity to tall obstructions that represent collision hazards. 

This chapter describes the analysis that is applied to the point cloud to evaluate the suitability of 

a location as a landing site. Chapter V describes how this analysis is displayed using a point 

cloud viewer program that was developed specifically for the purposes of this thesis. 

A. Division of the Point Cloud 

The point cloud is divided into sections so that detailed information can be deduced about 

specific areas of the scene. Each 3D point in the cloud is associated with a single 2D point in the 

reference image. The 3D points are partitioned by dividing the reference image into rectangular 

sections. The programmer is able to choose how many sections the reference image is divided 

into. For the work presented in this thesis, the reference image was always divided into thirty 

rows and thirty columns. The numbers of divisions were chosen for their granularity. If the 

divisions are too small then there won’t be enough points per division to compose a meaningful 

best-fit plane. If the divisions are too large then the information about a specific area may not be 

detailed enough to produce reliable conclusions. Each division of the 2D image is examined, and 

a best-fit plane is fit to the corresponding subset of 3D points that are generated from within that 

division. 

B. Best-fit Plane Generation 

After the point cloud is divided into sections, a multiple linear regression is performed on the 3D 

points that were generated from each section. A standard multiple linear regression technique is 

used to generate the planes. A sample section is shown in Figure 17. The � and 
 coordinates 
(horizontal directions) are the independent variables and the � coordinate (vertical direction) is 
the dependent variable. 
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Figure 17: A sample best-fit plane and its corresponding data points. 

Note that the vertical distance from a given point to the best-fit plane is taken to be the error. 

This is not necessarily the same as the minimum distance to the plane, as shown in Figure 18. 

 

Figure 18: Distance a depicts the vertical distance from a selected point to its corresponding best-fit plane, while distance 

b depicts the shortest distance from the point to the plane. 

Given a set of Q points V���, 
� , ���W�O2�  the best-fit plane is found by minimizing the sum of the 

squared errors for the equation � = X� + Y
 + Z for all points. As stated previously, the error is 
measured by the vertical distance between the plane and each point, squared: 
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 [��\��X, Y, Z� =H[�X�� + Y�� + Z� − ��]3
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 (15) 

 

Thus, the problem can be set up using a system of linear equations. Solving for [X, Y, Z]� yields 
the coefficients for the best-fit plane: 
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Once the equation for the best-fit plane is produced, the normal vector Be of the plane is given by 
the coefficients of the equation for the plane: 

 Be = fX, Y, Zg (17) 

 

Information for this best-fit technique was referenced from [14]. 

C. Determining Suitability of a Landing Site 

To evaluate the quality of the landing surface, the gradient of each best-fit plane and the variance 

of gradient between adjacent best-fit planes were considered. If the angular difference between 

the normal vector and the vertical direction in world coordinates is less than a predetermined 

threshold, then that planar section is classified as acceptable for landing (as shown in Figure 19). 

Adjacent planes that have dramatically different orientations indicate uneven terrain or debris, 

and therefore represent areas that should be avoided. In the current implementation, the system 

compares normal directions for each plane with its neighboring planes (as shown in Figure 20), 

and if the average deviation of all the surrounding planes exceeds a threshold, the center plane is 

rejected as unacceptable. Up to eight neighboring planes may be present in the calculation (one 

per each horizontal, vertical, and diagonal neighbor of the current plane, as shown in Figure 21). 
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Figure 19: To help determine the plausibility of a landing site, the normal vector of a given plane can be compared to the 

vertical direction. 

 

Figure 20: To help determine the plausibility of a landing site, the normal vector of a given plane can be compared to the 

normal vector of neighboring planes. 

 

 

Figure 21: There may be up to eight adjacent planes considered in a proximity analysis. 
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To evaluate the concept, the following criterion has been selected: 

 IcosP20Be� ∙ �k1I ≤ 25° (18) 

 

where Be� is the unit normal vector of the L,K best-fit plane, and �k  is the global vertical orientation 
unit vector. 

Additionally, the normal vector of the plane in question is compared to the normal vectors of 

adjacent planes. These comparisons are averaged together, and must be less than or equal to 25° 
or the plane is rejected as unacceptable. 

This threshold method is only one of several that can be implemented and seems to give 

conservative results on the quality of the landing site. 

Statistical measures such as variance and kurtosis can also be used to determine the plausibility 

of a landing site. Kurtosis measures the “peakedness” of the data points relative to the best-fit 

plane. If a plane is fit to data points that have a sharp spike in any direction, it is very likely that 

an obstacle lies within the bounds of the plane. In these cases, the kurtosis calculation is designed 

to mitigate the chances that a landing site will be falsely marked as acceptable for landing. The 

measure of kurtosis for each best-fit plane is calculated and stored when an analysis is run. The 

value for kurtosis is given by the expression: 

 
opqp − 3 (19) 

 

where op is the fourth moment about the mean and q is the standard deviation. 
D. Example Scene 

A model scene was created to test the landing criteria, shown in Figure 22. The full-size model 

was designed to reasonably represent an actual mission site, including two halves of a metal 

barrel, a wooden pallet (near the center), and other scattered metal and wood debris. A ground 

control operator might quickly identify the pallet in the center or the large grassy area in the top 

right of the image as reasonable landing sites, and so the algorithm was tested against this 

supposition. Figure 23 also shows the point cloud data for the scene. 
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Figure 22: An example scene obtained using the Bumblebee 

stereo vision camera system. This image is from the 

Bumblebee’s right camera. 

 

Figure 23: The point cloud of the example scene, obtained 

using images from the Bumblebee stereo vision camera 

system. 

 

In Figure 24, the best-fit planes are overlaid onto the point cloud to evaluate the quality of the 

landing site. Planes that represent acceptable landing regions are colored in green, while 

unacceptable regions are colored in red. In this example, the pallet and grassy area have been 

identified as suitable landing sites, but a false-positive landing site is also indicated at the bottom 

right of the image. Figure 25 shows blue boxes drawn on the 2D image, indicating acceptable 

landing sites, and it is up to the operator to assess which areas are truly acceptable given that 

false positive indications may be present. Future work could focus on the use of statistical (data 

trend) analyses to further eliminate false positive regions. The green/red coloring in Figure 24 

and the blue rectangles in Figure 25 are all automatically generated by the point cloud viewer. 

The green rectangles in Figure 24 are arranged identically to the blue rectangles in Figure 25 but 

may not appear that way due to occlusion and perspective inherent to the 3D view. Best-fit 

planes occasionally overlap with each other, creating the illusion that the best-fit plane in 

question is not rectangular or is arranged differently than its blue counterpart. 
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Figure 24: The example scene’s point cloud with 

overlaid best-fit planes. 

 

Figure 25: The example scene's 2D representation with 

acceptable landing sites indicated by blue boxes. 

 

A simulated helicopter descent profile was created by moving the stereo camera system 

downward while capturing images at three elevations. Images from the reference camera are 

shown in Figure 26 through Figure 31 along with the overlay of acceptable landing sites as 

automatically computed by the system. Note that the suggested sites change somewhat during the 

descent, due to lighting variability and uncertainty in the stereo data. One way of accommodating 

these changes is to keep a memory of previously identified acceptable landing sites and use them 

in a weighted estimate. 
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Figure 26: A simulated descent, at a height of 2.44 meters. 

 

Figure 27: A simulated descent, at a height of 2.44 meters 

with acceptable landing sites overlaid. 

 

 

Figure 28: A simulated descent, at a height of 2.11 meters. 

 

 

Figure 29: A simulated descent, at a height of 2.11 meters 

with acceptable landing sites overlaid. 

 

 

Figure 30: A simulated descent, at a height of 1.42 meters. 

 

 

Figure 31: A simulated descent, at a height of 1.42 meters 

with acceptable landing sites overlaid. 
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V. POINT CLOUD VIEWER 

The point cloud viewer’s primary purpose is to enable visualization of the results of analysis 

performed on the 3D points collected from a scene. It is able to view any 3D point cloud and not 

just point clouds that are generated using the Bumblebee software. The program’s code is 

modular, allowing for components to be used only when needed. It is also written to be easily 

portable to an operating system other than Windows. OpenGL and Windows API are used to 

create the graphical user interface. 

This chapter details the extensive list of features of the point cloud viewer and how to use those 

features. A concise summary of the features is presented for quick reference in Table 1. This 

chapter also examines the internal code structure of the point cloud viewer in detail. Several 

design considerations (such as memory management) are also discussed. The code for the point 

cloud viewer is in Appendix A. 

A. Features 

The point cloud viewer has many features that allow the user to extract extensive amounts of 

information from a scene. It is capable of viewing both 2D and 3D representations of the scene 

(or a combination of the two). It also uses color to convey large amounts of information to the 

user in a graphical (and easily understandable) manner. The user can select portions of the scene 

to acquire more detailed information about a location. Navigation is also available to move about 

the scene so it can be rendered from different viewpoints. 

1) 2D and 3D Representations of the Scene 

The point cloud viewer can render a scene in 2D or 3D, depending on the user’s choice. The 2D 

representation of the scene is simply the rectified image of the Bumblebee’s right camera 

displayed as a flat plane. As the description implies, 2D representation does not express depth 

information but is useful for conveying a summary of the scene. 

With 3D rendering, the point cloud is displayed and the user can optionally display the best-fit 

planes. This rendering mode is useful for debugging and obtaining detailed information about a 

scene. It is also the rendering mode capable of displaying the most diverse amount of 

information because the user can navigate through the 3D point cloud and examine the analysis 

that has been applied to the cloud. Additionally, the user can view the slope and color of the best-
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fit plane to assess the quality of a section of the scene. The importance of a best-fit plane’s color 

is discussed later in this chapter. 

2D rendering is the default when the program is started. The user can switch to 3D rendering by 

pressing ‘3’, and switch back to 2D rendering by pressing ‘2’. In 3D rendering mode, the best-fit 

planes are displayed by default. The planes can be hidden/shown by pressing ‘B’. 

2) Multi-dimensional Representation of the Scene 

When the Bumblebee captures a scene, the point cloud viewer receives a 2D image of the scene 

and the 3D point cloud of the scene. The data is structured such that a mapping between the 

pixels of the 2D image and individual 3D points is preserved. Thus, given any point ���, 
, �� in 
the 3D data set, the corresponding 2D pixel �′��′, 
′� can be found, as depicted in Figure 32. 

 

Figure 32: An abstract example that shows the mapping between a 2D pixel and a 3D point. 

The section on stereopsis in the introduction of this thesis explains how the 2D locations on an 

image correspond to real world locations. The Bumblebee’s right camera is the reference image 

when deriving the 3D point information, which is why it is displayed in the 2D rendering mode 

(instead of the left camera’s image). 

Another example that depicts the mapping between the 2D and 3D representation of the scene is 

shown in Figure 33. The blue rectangle near the center of the image is the bounding box for a 

section of the 2D representation of the scene. All 3D points that were produced from within that 
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bounding box are displayed near the top of the image (which are the same color as the wood 

pallet in the image), with their corresponding best-fit planes (shown in red). 

This “2D/3D overlay mode” can be enabled/disabled by pressing ‘5’. When the program starts 

(in 2D rendering mode) this feature is enabled by default. 

 

Figure 33: An example scene that depicts the mapping between the 2D and 3D representation of the data. 

3) Input and Output of a Data Set 

The 2D and 3D representation of the scene is bundled in a single data set. The program can open 

a data set in two ways. Using the first method, the data set can be opened from a file. The user 

must press ‘I’ and choose the data set to load using the standard “open file” dialog from 

Windows (shown in Figure 34). Using the second method, the user can capture a data set directly 

from the Bumblebee by pressing ‘C’. The camera system must be powered on and connected 

when the program starts for this option to work correctly. 
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Figure 34: The "open file" dialog from the point cloud viewer. 

The user can save a data set by pressing ‘O’. The scene is saved as a portable pixel map (PPM). 

The file name is determined by the timestamp of when the data were captured. 

4) Selection 

The user is able to click on a plane to acquire detailed information about a rectangular section of 

the scene. This works in both 2D and 3D rendering modes. When the user clicks on the plane, it 

will turn blue to indicate that it has been selected. Detailed information about the most recently 

selected plane is displayed in the title bar of the program. By default, “sticky” selection is 

enabled – so that each plane that is selected will be colored blue. The user can disable sticky 

selection by pressing ‘T’, thereby only allowing one plane, at most, to be selected at a time. 

Figure 35 depicts a scene with two planes selected and detailed information about the most 

recently selected plane in the title bar. While in 2D rendering mode, the user can press ‘M’ to 

select all planes that qualify as landing sites (thereby coloring those planes blue). 
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Figure 35: An example of selection and detailed plane information in the point cloud viewer. 

5) Navigation 

The user is able to examine the point cloud from any viewpoint. Moving the camera about the 

point cloud to obtain a different viewpoint is known as navigation. Navigation is accomplished 

by either using the mouse or the keyboard. The keyboard and mouse input that affect the view 

are described in Table 1. To reset the view to its default position, the user can press ‘0’ (zero). 

6) Mouse and Keyboard Input Commands 

Table 1 presents a summary of all the input commands to the point cloud viewer. 

Table 1: Summary of input commands for the point cloud viewer. 

Input Sequence Effect 

2 Renders the scene as two-dimensional. 

3 Renders the scene as three-dimensional. 

5 Toggles the “3D overlay” feature for two-dimensional rendering mode. 

With this option enabled, planes that are selected in the 2D view will 

have their corresponding 3D points overlaid on the scene. This feature 

has no effect in 3D rendering mode. 
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B Hides/shows the best-fit planes. Only applicable in 3D rendering 

mode. 

I Causes the program to display an “open file” dialog box, allowing the 

user to open a scene from a file. 

C Captures a scene from the Bumblebee. The scene is automatically 

displayed to the viewer. 

O Outputs the scene to a PPM file. The file name is the same as the 

timestamp of when the image was taken. 

M Selects all planes that are qualified as acceptable landing sites. 

Applicable to 2D view only. 

T Toggles sticky selection. Applicable in both 2D and 3D rendering 

modes. 

Left/right arrow key Translates the points in the x direction. 

Up/down arrow key Translates the points in the y direction. 

Z Translates the points in the positive z direction. 

X Translates the points in the negative z direction. 

D Affects the yaw of the scene in the negative direction. 

A Affects the yaw of the scene in the positive direction. 

S Affects the pitch of the scene in the negative direction. 

W Affects the pitch of the scene in the positive direction. 

E Affects the roll of the scene in the negative direction. 

Q Affects the roll of the scene in the positive direction. 

0 (zero) Resets the view to the default (that is, the origin). X, Y, Z, roll, pitch, 

and yaw of the scene are all set to 0. 

F1 Sets the best-fit planes to be colored according to slope.  

F2 Sets the best-fit planes to be colored according to the average angular 

difference of the surrounding planes. 

F3 Sets the best-fit planes to be colored according to binary threshold 

values. (That is, planes that are designated as viable landing sites are 

colored as green, and all other planes are colored red.) 

F4 Sets the best-fit planes to be colored according to kurtosis. 

Left mouse button Affects pitch and yaw of the scene. 

Left mouse button while 

holding down shift 

Affects pitch and roll of the scene. 

Right mouse button Affects x and y translation of the scene. 

Right mouse button while 

holding down shift 

Affects x and z translation of the scene. 

Mouse wheel (middle mouse 

button) 

Affects the z translation of the scene. 

B. Code Structure and Code Interface 

The point cloud viewer was written in C++, with responsibilities divided among several classes. 

Figure 36 depicts a class diagram of the point cloud viewer. The following is a breakdown of the 

responsibilities of each class/structure: 
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1) The Cloud Structure 

The Cloud structure contains the most essential data for the point cloud viewer and performs all 

of the analysis that is applied to the cloud. Some of the more notable contents of the Cloud 

structure are: 

• An array of points (containing the 2D and 3D coordinates of each point, and color 

information) 

• The rectified right-camera image of the scene 

• A two-dimensional array, containing pointers to the best-fit planes 

The programmer can load data into a Cloud structure by opening a file, or by directly capturing 

the data from the Bumblebee. In the first case, if the programmer decides to load the cloud data 

from a file, the programmer must call Cloud::Open. The Open function attempts to open a 

portable pixel map (PPM) image with embedded 3D point information. Essentially, the user 

opens a 2D and 3D representation of the scene from the same file. In the second case, if the 

programmer decides to capture data directly, the Cloud structure must be passed to the global 

Bumblebee object. The Bumblebee object grabs data from the camera system and fills the Cloud 

structure. 

 



 

Figure 36: 

 

 

36 

: Class diagram of the point cloud viewer program. 
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Once data is loaded into the Cloud structure, the programmer can perform an analysis on the 

Cloud by calling Cloud::ComposeGrid. The function divides the point cloud into sections and 

performs a multiple linear regression on each section. The programmer must provide the number 

of desired rows and columns. The function then compares the resulting best-fit plane’s normal 

vector with the vertical direction and the surrounding planes’ normal vectors. These comparisons 

are performed within the Cloud::MultipleLinearRegression and 

Cloud::ProximityEvaluation functions. Figure 37 depicts the entire program’s function call 

sequence. More specifically, Figure 38 depicts the function call sequence of the cloud analysis 

function, Cloud::ComposeGrid. The results of the analysis are stored within the Cloud::Planes 

array. 
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Figure 37: The flow of execution for the point cloud viewer program. 
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Figure 38: The flow of execution for the analysis of a point cloud. 

It should be noted that the analysis of the cloud is highly parallelizable, if calculation speed 

becomes more of a concern for future work. The program could be easily modified to use 

OpenMP or MPI to greatly decrease overall calculation time. 

After the analysis is complete, the point cloud viewer displays the results to the screen using 

OpenGL. The programmer is able to choose several visualization options when displaying the 

data. Resulting analyses can be displayed individually or in combination. For example, the 

programmer can choose to display the slope of the planes’ normal vectors relative to the vertical 

direction, as shown in Figure 39. Alternatively, as seen in Figure 40, the programmer can set a 

threshold for certain attributes of a plane and display all the planes that meet the criteria as (for 

instance) green and all other planes as red. The captions of Figure 39 and Figure 40 explain the 

visualizations in detail. 
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Figure 39: A point cloud with best-fit planes overlaid. The planes are colored according to their slope (in comparison to 

the vertical direction). Flat planes appear lighter, while steep planes appear darker. 

 

Figure 40: A point cloud with best-fit planes overlaid. The planes are colored according to their slope (in comparison to 

the vertical direction). In this particular case, a steepness threshold of 25 degrees was chosen. All planes that have a slope 

of less than or equal to 25 degrees are colored green, while all other (steeper) planes are colored red. 
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2) The BumblebeeCamera Class 

The BumblebeeCamera class is designed to oversee the responsibilities of configuring and 

operating the Bumblebee. These responsibilities include configuring the camera system when the 

point cloud viewer is first started, capturing data with the camera system, and passing captured 

data back to a Cloud structure. 

Only one instance of this class is allowed to exist in the entire program. This single instance has 

global scope, and is guaranteed to be unique because the class’ constructor, copy constructor, 

and assignment operator have private scope. The camera system is initialized in the 

BumblebeeCamera’s constructor. The programmer is able to access the class through the global 

Bumblebee pointer, which must be initialized with the InitializeBumblebee function. Once 

initialized, the programmer can capture a scene using the Bumblebee::Capture function. 

3) Secondary “Container” Structures 

The PPMImage structure is responsible for encapsulating a two-dimensional image and all its 

properties. The class is able to read and write a portable pixel-map (PPM) file to the file system. 

Care was taken to ensure the image format is cross-platform. 

The Point structure is used to contain point information. The x, y, and z members of the 

structure denote the point’s location in 3-space. The i, j, and d members of the structure denote 

the row, column, and disparity (respectively) of the corresponding pixel in the right rectified 

image of scene. Because the same structure contains both the 2D and 3D location of the point, an 

inherent mapping is preserved between all points. If the location of a valid point is known in 2-

space, the corresponding 3-space point can be found. The converse is also true. 

The Plane structure’s job is to encapsulate all the analysis results for the scene, such as how 

steep the plane is and the measure of kurtosis of the plane’s fit to the points. The bounds of the 

plane are defined using points P1 through P4. 

The Texture structure is meant to contain all the information necessary for OpenGL to texture 

an object. Its contents are essentially a stripped down version of the PPMImage class (and in fact, 

the texture class is constructed using a PPMImage object by calling Texture::Compose). It 

contains a texture identifier, the texturing data, and the height and width of the data. 
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The Cam structure contains the camera system’s location and orientation when viewing the data 

in the point cloud viewer. The coordinate system is relative to OpenGL world coordinates. 

The Vector structure is used for internal vector calculations, such as finding the dot product 

between two vectors. 

The HitList structure is responsible for recording which plane was clicked on (when the user 

left clicks). The user can click on additional planes, which are subsequently added to the hit list, 

depending current on the mode of operation of the point cloud viewer. 

4) Selection 

OpenGL provides facilities for polygon selection. These facilities were utilized in the point cloud 

viewer’s Selection function. First, selection mode is enabled with a call to glRenderMode. 

Next, the portion of the scene that the user clicked on is drawn to a separate buffer called the 

“selection view”. OpenGL subsequently identifies which polygon was clicked on when 

glRenderMode is called again and the render mode is set back to its original state. 

After the polygon that was clicked is identified, it is added to a “hit list”. The hit list is 

specifically designed to keep track of which polygons have been selected. If sticky selection is 

disabled then there is a maximum of one polygon on the list. The program checks the hit list and 

colors those polygons blue when the scene is rendered. 

5) Texturing 

Texturing is the capability to overlay a 2D image onto a 3D polygon. The point cloud viewer 

employs texturing when drawing the 2D representation of the scene. In this case, the point cloud 

viewer draws several flat planes and overlays the Bumblebee’s right camera image onto the 

planes. This presents the 2D representation of the scene in the same way it would be viewed with 

a conventional picture viewer. When the 2D representation of the scene is drawn it looks like a 

single plane textured with the Bumblebee’s right camera image, but this is not the case in reality. 

In fact, multiple planes are drawn so that the user can select a specific section of the 2D 

representation of the scene. 



43 

 

C. Memory Management Considerations 

Calculation speed was emphasized in the design of the point cloud viewer. The system is 

designed to do all analysis on a standard desktop computer, so trade-offs for speed are made in 

favor of memory size. 

The Cloud and PPMImage structures both allocate dynamic memory. As a result, their 

constructors, destructors, assignment operators, and copy constructors have all been overloaded 

so that both classes avoid the deep-copy problem and are easily manageable. When designing the 

code, Standard Template Library (STL) classes were considered (for containing the point data) 

but ultimately rejected because most of the STL functionality was not needed and would inhibit 

speed performance. The assignment operators and copy constructors of both classes were 

thoroughly tested and contain no known problems. 

D. Informal Speed Test 

An informal speed test was conducted to obtain a quantifiable estimate of how much processing 

time the point cloud viewer requires to analyze a data set. Several data sets of varying size were 

used in the test. The selected data sets constitute typical data set sizes for the system and were 

opened from the hard drive (as opposed to direct capture with the Bumblebee). 

The test was conducted using a “release” build of the application (as opposed to a “debug” build) 

to avoid performance decrease caused by debug-symbols in the executable. The test was 

performed on a standard desktop computer running Windows Vista with a 2.66 GHz processor 

and 2 GB of RAM. The point cloud viewer was compiled using Microsoft Visual Studio 2008.  

The results are shown in Table 2 and Table 3. The explanation of the headers for Table 2 and 

Table 3 is as follows: 

• “Number of points” is the number of 3D points contained in the point cloud. 

• “File size” is the collective size of the portable pixel map and the associated 3D point 

cloud. 

• “Open time” is the amount of time required to read the file from the hard drive. 

• “Analysis time” is the amount of time required to perform the analysis on the data set. 
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Table 2: Results of an informal speed test of the point cloud viewer. 

Number of divisions: fifteen rows and fifteen columns 

Number of points File size (bytes) Open time (milliseconds) Analysis time (milliseconds) 

68110 4,390,337 1109 63 

95994 5,715,149 1515 125 

120612 7,150,345 1875 297 

214971 11,581,554 3203 828 

 

Table 3: Results of an informal speed test of the point cloud viewer. 

Number of divisions: thirty rows and thirty columns 

Number of points File size (bytes) Open time (milliseconds) Analysis time (milliseconds) 

68110 4,390,337 1093 235 

95994 5,715,149 1500 438 

120612 7,150,345 1875 985 

214971 11,581,554 3219 3265 

 

The results indicate that calculation duration generally increases with more row and column 

divisions. Calculation duration also increases with the number of points contained within the data 

set. 
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VI. USER STUDY 

One of the notable strengths of the point cloud viewer is its ability to quantify the slope of a 

surface. An experiment was performed to compare surface angles estimated by humans with 

those determined by the point cloud viewer. The comparison quantifies the increase in accuracy 

that can be attributed to the use of the point cloud viewer. The hypothesis was that humans make 

relatively poor angle estimations. The questionnaire that was used to conduct the study is in 

Appendix B. 

A. Experiment Design 

The experiment consisted of 25 human subjects performing two tasks. The first task required the 

participant to sequentially view six 2D images (Figure 41 through Figure 46) and estimate the 

angle from the horizontal plane of a slanted wood pallet in each image. The scene is always 

presented from a bird’s-eye view, and the pallet is slanted at a different angle in each image. The 

view that was presented to the participants was monocular, and not stereoscopic. No specific 

amount of precision was requested from the participants for the angle estimations. The camera 

system was perfectly level when each scene was captured, but this information was not explicitly 

conveyed to the participants. 

The second task simultaneously presented the participant with three images of the wood pallet 

and required the subject to select the image with the pallet at the flattest angle. There was no 

time limit for providing answers in either task. 

It is true that the human participants were at a disadvantage because they were presented with a 

monocular view of the scene while the computer was able to work with stereoscopic information. 

However, a remote operator would only have monocular view available so the disadvantage is 

realistic. (3D display technology such as a stereoscopic headset would remove this disadvantage, 

but such hardware is expensive and adds unnecessary complexity to the project.) 

The true angle of the wood pallet was measured to compare with human estimations and point 

cloud viewer estimations. Trigonometry was used to obtain the true angle, by measuring two 

sides of the triangle formed by the wooden pallet’s slant. 
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The blue tarp beneath the pallet was used to reduce glare created by the overhead lights in the 

room. (Some of the participants wondered why it was there.) The tarp was never explicitly 

mentioned in the experiment. 

This experiment may appear to be trivial; however, the necessity to make rapid judgments on 

visual data during a descent is paramount to the project. 
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Figure 41: Wood pallet tilted at 00.00 degrees. Denoted as 

image B throughout the experiment. 

 

Figure 42: Wood pallet tilted at 04.10 degrees. Denoted as 

image E throughout the experiment. 

 

 

Figure 43: Wood pallet tilted at 13.07 degrees. Denoted as 

image F throughout the experiment. 

 

 

Figure 44: Wood pallet tilted at 15.89 degrees. Denoted as 

image A throughout the experiment. 

 

 

Figure 45: Wood pallet tilted at 21.29 degrees. Denoted as 

image D throughout the experiment. 

 

 

Figure 46: Wood pallet tilted at 26.52 degrees. Denoted as 

image C throughout the experiment. 
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B. Results 

The hypothesis was: human estimates of the slope of a surface pictured in a 2D image and 

viewed from above will be less accurate than the stereo based slope estimates for the same image 

using the point cloud viewer. The data that was collected from the experiment confirmed the 

original hypothesis. The results also indicated that humans perform better at comparing multiple 

angles than simply estimating quantitative angles. 

Each image was assigned a label that is unrelated to the pallet’s slope. The mapping between the 

label and the angle (which was not presented to participants of the study) is detailed in Table 4. 

These labels are used for convenience throughout the study. 

Table 4: The label of each image used in the user study and the corresponding orientation of the woodn pallet. 

Label Angle 

Image A 15.89 

Image B 00.00 

Image C 26.52 

Image D 21.29 

Image E 04.10 

Image F 13.07 

 

Table 5 shows the results of the user study. The correct answer of each question is included in 

the first row of each column for quick reference. 
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Table 5: The results of the user study. All angles are in degrees. 

Participant 
Image B 

(00.00°) 

Image E 

(04.10°) 

Image F 

(13.07°) 

Image A 

(15.89°) 

Image D 

(21.29°) 

Image C 

(26.52°) 

Comparison 1 

(Answer = 3) 

Comparison 2 

(Answer = 2) 

1 0 10 20 30 45 45 3 1 

2 0 10 20 10 30 45 3 2 

3 0 3 5 7 15 30 3 2 

4 30 5 30 45 70 75 3 2 

5 10 5 10 20 30 40 3 1 

6 20 10 15 30 3 5 All equal All equal 

7 8 10 12 12 3 5 2 2 

8 5 15 45 20 50 65 3 2 

9 5 0 10 35 20 45 3 2 

10 5 0 5 20 25 30 3 2 

11 0 0 10 10 20 30 3 2 

12 5 0 3 10 18 30 3 2 

13 5 5 20 30 25 40 3 2 

14 0 0 10 45 10 25 3 2 

15 5 5 5 15 15 30 3 2 

16 0 0 20 30 45 70 3 2 

17 0 10 20 20 30 40 3 2 

18 20 12 10 30 5 10 3 2 

19 15 10 10 25 5 10 2 1 

20 10 10 30 30 45 45 3 2 

21 5 0 5 20 25 30 3 2 

22 0 0 0 20 20 45 3 2 

23 15 15 20 30 20 45 3 1 

24 4 0 10 15 20 20 3 2 

25 20 15 15 25 15 20 Not 2 2 

 

The seventh and eighth questions of the user study asked the user to compare multiple images of 

the pallet (while each image had the pallet tilted at a different angle) and choose the flattest one. 

For question seven, 84% of the participants answered correctly. For question eight, 80% of the 

participants answered correctly. This presents a compelling argument that most people can make 

fairly good comparisons when asked to identify the minimum angle. 
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The divergence of the user’s guesses from the true answer is presented in a tabular format in 

Table 6, and in a graphical format in Figure 47. A boxplot was chosen to represent the results of 

the study because it does not make an assumption about the underlying statistical distribution of 

the data. The box encloses the 25
th
 to 75

th
 percentile and is known as the inner quartile range. 

The whiskers enclose the 5
th
 to 95

th
 percentile. The “x” marks represent the minimum and 

maximum deviations, and the dot inside the inner quartile range represents the median. 

Table 6: The divergence of user responses from the true angle. All angles are in degrees. 

Participant Image B 

(00.00°) 

Image E 

(04.10°) 

Image F 

(13.07°) 

Image A 

(15.89°) 

Image D 

(21.29°) 

Image C 

(26.52°) 

1 0.00 5.90 6.93 14.11 23.71 18.49 

2 0.00 5.90 6.93 -5.89 8.71 18.49 

3 0.00 -1.10 -8.07 -8.89 -6.29 3.49 

4 30.00 0.90 16.93 29.11 48.71 48.49 

5 10.00 0.90 -3.07 4.11 8.71 13.49 

6 20.00 5.90 1.93 14.11 -18.29 -21.52 

7 8.00 5.90 -1.07 -3.89 -18.29 -21.52 

8 5.00 10.90 31.93 4.11 28.71 38.49 

9 5.00 -4.10 -3.07 19.11 -1.29 18.49 

10 5.00 -4.10 -8.07 4.11 3.71 3.49 

11 0.00 -4.10 -3.07 -5.89 -1.29 3.49 

12 5.00 -4.10 -10.07 -5.89 -3.29 3.49 

13 5.00 0.90 6.93 14.11 3.71 13.49 

14 0.00 -4.10 -3.07 29.11 -11.29 -1.52 

15 5.00 0.90 -8.07 -0.89 -6.29 3.49 

16 0.00 -4.10 6.93 14.11 23.71 43.49 

17 0.00 5.90 6.93 4.11 8.71 13.49 

18 20.00 7.90 -3.07 14.11 -16.29 -16.52 

19 15.00 5.90 -3.07 9.11 -16.29 -16.52 

20 10.00 5.90 16.93 14.11 23.71 18.49 

21 5.00 -4.10 -8.07 4.11 3.71 3.49 

22 0.00 -4.10 -13.07 4.11 -1.29 18.49 

23 15.00 10.90 6.93 14.11 -1.29 18.49 

24 4.00 -4.10 -3.07 -0.89 -1.29 -6.52 

25 20.00 10.90 1.93 9.11 -6.29 -6.52 
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Figure 47: A boxplot which shows the divergence of angle estimations from the true angle. The box encloses the 25th to 

75th percentile and is known as the inner quartile range. The whiskers enclose the 5th to 95th percentile. The “x” marks 

represent the minimum and maximum deviations, and the dot inside the inner quartile range represents the median. 

 

Image C exemplifies the conclusion of the study quite well. It was the image with the highest 

angle (26.52°) and it has the largest inner quartile range. It is safe to assume that 50% of the 

time, a human cloud makes angle estimations to within ±20° of accuracy (because 20° is the 

inner quartile range for image C). 

It is also interesting to note that 139 of the 150 total responses for angle estimation were a 

multiple of 5. That equates to 92.67% of the responses that were a multiple of 5, which suggests 

that humans have an implicit level of granularity for estimations. It should be noted that the 

participants were not asked to provide a specific level of precision for their answers. 

The tethered payload of the UAV requires a (fairly) level landing site, so it is clear that the lack 

of accuracy in human angle estimations presents a difficult problem. Fortunately, the point cloud 
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viewer is much better at making these estimations. The angles were estimated using the point 

cloud viewer and the results are presented in Table 7. 

Table 7: The point cloud viewer's estimations of the angles presented in the user study. All angles are in degrees. 

Truth Point cloud viewer estimation Divergence 

Image B 00.00 01.51 -1.51 

Image E 04.10 04.13 -0.03 

Image F 13.07 12.89 0.18 

Image A 15.81 15.26 0.55 

Image D 21.29 21.51 -0.22 

Image C 26.52 26.53 -0.01 

 

The point cloud viewer’s estimations were made by loading the scene into the viewer and 

selecting a section of the scene that lay on the pallet. The angle estimation was then recorded 

from the title bar of the application. The point cloud viewer correctly estimated the angle to 

within ±2°. This constitutes an immense increase in accuracy over monocular human estimation. 
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VII. CONCLUSIONS AND FUTURE WORK 

The system described in this thesis is capable of using two 2D images to deduce 3D information 

for identifying potential landing sites for a semi-autonomous VTOL UAVs. The thesis also 

outlines the operation of a point cloud viewer program, which is used to visualize and rapidly 

identify potential landing sites in a quantitative manner. The program’s ability to identify the 

slope of an object was tested against human qualitative assessment of the same task. Significant 

improvement in accuracy of angle estimation was shown when using the program. Overall, the 

work provides a valuable contribution towards improving UAV navigation. 

Possible avenues of research have become evident as a result of this project. As discussed in 

chapter II, capturing images in the visual spectrum requires different image processing 

techniques for different times of day. Images captured during the day must be processed 

differently from those captured at night. The Bumblebee software can partially compensate for 

this difficulty because the camera system’s parameters can be optimized for various lighting 

conditions [6]. Even so, nighttime operation is impossible with the system’s current 

configuration. Future work could focus on ensuring the system can be used under any lighting 

conditions. There are several possible ways to accomplish this. One example would be to use 

artificial illumination (perhaps with high-power light emitting diodes) to ensure that the scene is 

visible. These solutions will inevitably raise other concerns such as power consumption. 

The point cloud viewer was designed with the intention of being used as an endgame application. 

It is a medium that would provide complete control to the mission supervisor. It is clear that the 

program has not yet reached a level of development that is worthy of deployment. It is a beta 

version of sorts – almost all of the functionality is accessed through keyboard commands. Future 

work could focus on honing the design of the user interface to make the application ready for 

deployment. 

Currently, the system will occasionally generate false positive and false negative landing sites. 

Future work could focus on using mathematical methods to better identify landing sites. 

Solutions to all of these issues are feasible. Hopefully there will be some interesting future 

additions to the project. 
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/
/
 
S
h
o
w
 
M
o
u
s
e
 
P
o
i
n
t
e
r
 

 
}
 

 
i
f
 
(
h
R
C
)
 

 
 

 
 

 
 

 
 

 
 

/
/
 
D
o
 
W
e
 
H
a
v
e
 
A
 
R
e
n
d
e
r
i
n
g
 

C
o
n
t
e
x
t
?
 

 
{
 

 
 

w
g
l
M
a
k
e
C
u
r
r
e
n
t
(
N
U
L
L
,
 
N
U
L
L
)
;
 

 
 

 
 

 
/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
R
e
l
e
a
s
e
 
T
h
e
 
D
C
 

A
n
d
 
R
C
 
C
o
n
t
e
x
t
s
?
 

 
 

w
g
l
D
e
l
e
t
e
C
o
n
t
e
x
t
(
h
R
C
)
;
 

 
 

 
 

 
 

/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
D
e
l
e
t
e
 
T
h
e
 
R
C
?
 

 
 

h
R
C
 
=
 
N
U
L
L
;
 
 

 
 

 
 

 
 

 
 

/
/
 
S
e
t
 
R
C
 
T
o
 
N
U
L
L
 

 
}
 

 
i
f
(
h
D
C
 
&
&
 
!
R
e
l
e
a
s
e
D
C
(
h
W
n
d
,
 
h
D
C
)
)
 

 
 

 
 

/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
R
e
l
e
a
s
e
 
T
h
e
 
D
C
 

 
 

h
D
C
 
=
 
N
U
L
L
;
 
 

 
 

 
 

 
 

 
 

/
/
 
S
e
t
 
D
C
 
T
o
 
N
U
L
L
 

 
i
f
(
h
W
n
d
 
&
&
 
!
D
e
s
t
r
o
y
W
i
n
d
o
w
(
h
W
n
d
)
)
 

 
 

 
 

/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
D
e
s
t
r
o
y
 
T
h
e
 
W
i
n
d
o
w
?
 

 
 

h
W
n
d
 
=
 
N
U
L
L
;
 

 
 

 
 

 
 

 
 

/
/
 
S
e
t
 
h
W
n
d
 
T
o
 
N
U
L
L
 

 
U
n
r
e
g
i
s
t
e
r
C
l
a
s
s
(
"
O
p
e
n
G
L
"
,
 
h
I
n
s
t
a
n
c
e
)
;
 

 
 

 
/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
U
n
r
e
g
i
s
t
e
r
 
C
l
a
s
s
 

 
h
I
n
s
t
a
n
c
e
 
=
 
N
U
L
L
;
 
 

 
 

 
 

 
 

 
/
/
 
S
e
t
 
h
I
n
s
t
a
n
c
e
 
T
o
 
N
U
L
L
 

}
 

 /
*
 

T
h
i
s
 
C
o
d
e
 
C
r
e
a
t
e
s
 
O
u
r
 
O
p
e
n
G
L
 
W
i
n
d
o
w
.
 
 
P
a
r
a
m
e
t
e
r
s
 
A
r
e
:
 
 

 
 

 
*
 

 
*
 

t
i
t
l
e
 
 

 
-
 
T
i
t
l
e
 
T
o
 
A
p
p
e
a
r
 
A
t
 
T
h
e
 
T
o
p
 
O
f
 
T
h
e
 
W
i
n
d
o
w
 

 
 

 
*
 

 
*
 

w
i
d
t
h
 
 

 
-
 
W
i
d
t
h
 
O
f
 
T
h
e
 
G
L
 
W
i
n
d
o
w
 
O
r
 
F
u
l
l
s
c
r
e
e
n
 
M
o
d
e
 

 
 

 
*
 

 
*
 

h
e
i
g
h
t
 

 
 

-
 
H
e
i
g
h
t
 
O
f
 
T
h
e
 
G
L
 
W
i
n
d
o
w
 
O
r
 
F
u
l
l
s
c
r
e
e
n
 
M
o
d
e
 

 
 

*
 

 
*
 

b
i
t
s
 

 
 

-
 
N
u
m
b
e
r
 
O
f
 
B
i
t
s
 
T
o
 
U
s
e
 
F
o
r
 
C
o
l
o
r
 
(
8
/
1
6
/
2
4
/
3
2
)
 

 
 

*
 

 
*
 

f
u
l
l
s
c
r
e
e
n
f
l
a
g
 

-
 
U
s
e
 
F
u
l
l
s
c
r
e
e
n
 
M
o
d
e
 
(
T
R
U
E
)
 
O
r
 
W
i
n
d
o
w
e
d
 
M
o
d
e
 
(
F
A
L
S
E
)
 
*
/
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 B
O
O
L
 
C
r
e
a
t
e
G
L
W
i
n
d
o
w
(
L
P
C
S
T
R
 
t
i
t
l
e
,
 
i
n
t
 
w
i
d
t
h
,
 
i
n
t
 
h
e
i
g
h
t
,
 
i
n
t
 
b
i
t
s
,
 
b
o
o
l
 
f
u
l
l
s
c
r
e
e
n
f
l
a
g
)
 

{
 

 
G
L
u
i
n
t
 

 
P
i
x
e
l
F
o
r
m
a
t
;
 

 
 

/
/
 
H
o
l
d
s
 
T
h
e
 
R
e
s
u
l
t
s
 
A
f
t
e
r
 
S
e
a
r
c
h
i
n
g
 
F
o
r
 
A
 
M
a
t
c
h
 

 
W
N
D
C
L
A
S
S
 

w
c
;
 

 
 

 
 

 
/
/
 
W
i
n
d
o
w
s
 
C
l
a
s
s
 
S
t
r
u
c
t
u
r
e
 

 
D
W
O
R
D
 
 

d
w
E
x
S
t
y
l
e
;
 

 
 

 
/
/
 
W
i
n
d
o
w
 
E
x
t
e
n
d
e
d
 
S
t
y
l
e
 

 
D
W
O
R
D
 
 

d
w
S
t
y
l
e
;
 

 
 

 
/
/
 
W
i
n
d
o
w
 
S
t
y
l
e
 

 
R
E
C
T
 

 
W
i
n
d
o
w
R
e
c
t
;
 
 

 
 

/
/
 
G
r
a
b
s
 
R
e
c
t
a
n
g
l
e
 
U
p
p
e
r
 
L
e
f
t
 
/
 
L
o
w
e
r
 
R
i
g
h
t
 
V
a
l
u
e
s
 

 
W
i
n
d
o
w
R
e
c
t
.
l
e
f
t
=
(
l
o
n
g
)
0
;
 

 
 

/
/
 
S
e
t
 
L
e
f
t
 
V
a
l
u
e
 
T
o
 
0
 

 
W
i
n
d
o
w
R
e
c
t
.
r
i
g
h
t
=
(
l
o
n
g
)
w
i
d
t
h
;
 
 

/
/
 
S
e
t
 
R
i
g
h
t
 
V
a
l
u
e
 
T
o
 
R
e
q
u
e
s
t
e
d
 
W
i
d
t
h
 

 
W
i
n
d
o
w
R
e
c
t
.
t
o
p
=
(
l
o
n
g
)
0
;
 
 

 
 

/
/
 
S
e
t
 
T
o
p
 
V
a
l
u
e
 
T
o
 
0
 

 
W
i
n
d
o
w
R
e
c
t
.
b
o
t
t
o
m
=
(
l
o
n
g
)
h
e
i
g
h
t
;
 

 
/
/
 
S
e
t
 
B
o
t
t
o
m
 
V
a
l
u
e
 
T
o
 
R
e
q
u
e
s
t
e
d
 
H
e
i
g
h
t
 

  
f
u
l
l
s
c
r
e
e
n
=
f
u
l
l
s
c
r
e
e
n
f
l
a
g
;
 

 
 

/
/
 
S
e
t
 
T
h
e
 
G
l
o
b
a
l
 
F
u
l
l
s
c
r
e
e
n
 
F
l
a
g
 

  
h
I
n
s
t
a
n
c
e
 

 
 

=
 
G
e
t
M
o
d
u
l
e
H
a
n
d
l
e
(
N
U
L
L
)
;
 

 
 

 
/
/
 
G
r
a
b
 
A
n
 
I
n
s
t
a
n
c
e
 
F
o
r
 
O
u
r
 

W
i
n
d
o
w
 

 
w
c
.
s
t
y
l
e
 

 
 

=
 
C
S
_
H
R
E
D
R
A
W
 
|
 
C
S
_
V
R
E
D
R
A
W
 
|
 
C
S
_
O
W
N
D
C
;
 

/
/
 
R
e
d
r
a
w
 
O
n
 
S
i
z
e
,
 
A
n
d
 
O
w
n
 
D
C
 
F
o
r
 

W
i
n
d
o
w
.
 

 
w
c
.
l
p
f
n
W
n
d
P
r
o
c
 

 
=
 
(
W
N
D
P
R
O
C
)
 
W
n
d
P
r
o
c
;
 

 
 

 
 

/
/
 
W
n
d
P
r
o
c
 
H
a
n
d
l
e
s
 
M
e
s
s
a
g
e
s
 

 
w
c
.
c
b
C
l
s
E
x
t
r
a
 

 
=
 
0
;
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
E
x
t
r
a
 
W
i
n
d
o
w
 
D
a
t
a
 

 
w
c
.
c
b
W
n
d
E
x
t
r
a
 

 
=
 
0
;
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
E
x
t
r
a
 
W
i
n
d
o
w
 
D
a
t
a
 

 
w
c
.
h
I
n
s
t
a
n
c
e
 

 
=
 
h
I
n
s
t
a
n
c
e
;
 

 
 

 
 

 
 

/
/
 
S
e
t
 
T
h
e
 
I
n
s
t
a
n
c
e
 

 
w
c
.
h
I
c
o
n
 

 
 

=
 
L
o
a
d
I
c
o
n
(
N
U
L
L
,
 
I
D
I
_
W
I
N
L
O
G
O
)
;
 

 
 

/
/
 
L
o
a
d
 
T
h
e
 
D
e
f
a
u
l
t
 
I
c
o
n
 

 
w
c
.
h
C
u
r
s
o
r
 

 
 

=
 
L
o
a
d
C
u
r
s
o
r
(
N
U
L
L
,
 
I
D
C
_
A
R
R
O
W
)
;
 

 
 

/
/
 
L
o
a
d
 
T
h
e
 
A
r
r
o
w
 
P
o
i
n
t
e
r
 

 
w
c
.
h
b
r
B
a
c
k
g
r
o
u
n
d
 

=
 
N
U
L
L
;
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
B
a
c
k
g
r
o
u
n
d
 

R
e
q
u
i
r
e
d
 
F
o
r
 
G
L
 

 
w
c
.
l
p
s
z
M
e
n
u
N
a
m
e
 

 
=
 
N
U
L
L
;
 

 
 

 
 

 
 

 
 

/
/
 
W
e
 
D
o
n
'
t
 
W
a
n
t
 

A
 
M
e
n
u
 

 
w
c
.
l
p
s
z
C
l
a
s
s
N
a
m
e
 

=
 
"
O
p
e
n
G
L
"
;
 
 

 
 

 
 

 
/
/
 
S
e
t
 
T
h
e
 
C
l
a
s
s
 
N
a
m
e
 

  
i
f
 
(
!
R
e
g
i
s
t
e
r
C
l
a
s
s
(
&
w
c
)
)
 

 
 

 
 

 
 

 
 

/
/
 
A
t
t
e
m
p
t
 
T
o
 
R
e
g
i
s
t
e
r
 

T
h
e
 
W
i
n
d
o
w
 
C
l
a
s
s
 

 
{
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
F
a
i
l
e
d
 
T
o
 
R
e
g
i
s
t
e
r
 
T
h
e
 
W
i
n
d
o
w
 
C
l
a
s
s
.
"
,
 
"
E
R
R
O
R
"
,
 
M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
 

 
 

/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

 
 

 
i
f
 
(
f
u
l
l
s
c
r
e
e
n
)
 

 
 

 
 

 
 

 
 

 
 

 
/
/
 
A
t
t
e
m
p
t
 

F
u
l
l
s
c
r
e
e
n
 
M
o
d
e
?
 

 
{
 

 
 

D
E
V
M
O
D
E
 
d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
;
 

 
 

 
 

 
 

 
/
/
 
D
e
v
i
c
e
 
M
o
d
e
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m
e
m
s
e
t
(
&
d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
,
0
,
s
i
z
e
o
f
(
d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
)
)
;
 
/
/
 
M
a
k
e
s
 
S
u
r
e
 
M
e
m
o
r
y
'
s
 
C
l
e
a
r
e
d
 

 
 

d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
.
d
m
S
i
z
e
=
s
i
z
e
o
f
(
d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
)
;
 

 
/
/
 
S
i
z
e
 
O
f
 
T
h
e
 
D
e
v
m
o
d
e
 
S
t
r
u
c
t
u
r
e
 

 
 

d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
.
d
m
P
e
l
s
W
i
d
t
h
 

=
 
w
i
d
t
h
;
 

 
 

 
/
/
 
S
e
l
e
c
t
e
d
 
S
c
r
e
e
n
 
W
i
d
t
h
 

 
 

d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
.
d
m
P
e
l
s
H
e
i
g
h
t
 
=
 
h
e
i
g
h
t
;
 

 
 

 
/
/
 
S
e
l
e
c
t
e
d
 
S
c
r
e
e
n
 
H
e
i
g
h
t
 

 
 

d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
.
d
m
B
i
t
s
P
e
r
P
e
l
 
=
 
b
i
t
s
;
 

 
 

 
 

/
/
 
S
e
l
e
c
t
e
d
 
B
i
t
s
 
P
e
r
 
P
i
x
e
l
 

 
 

d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
.
d
m
F
i
e
l
d
s
=
D
M
_
B
I
T
S
P
E
R
P
E
L
|
D
M
_
P
E
L
S
W
I
D
T
H
|
D
M
_
P
E
L
S
H
E
I
G
H
T
;
 

  
 

/
/
 
T
r
y
 
T
o
 
S
e
t
 
S
e
l
e
c
t
e
d
 
M
o
d
e
 
A
n
d
 
G
e
t
 
R
e
s
u
l
t
s
.
 
 
N
O
T
E
:
 
C
D
S
_
F
U
L
L
S
C
R
E
E
N
 
G
e
t
s
 
R
i
d
 
O
f
 
S
t
a
r
t
 
B
a
r
.
 

 
 

i
f
 
(
C
h
a
n
g
e
D
i
s
p
l
a
y
S
e
t
t
i
n
g
s
(
&
d
m
S
c
r
e
e
n
S
e
t
t
i
n
g
s
,
C
D
S
_
F
U
L
L
S
C
R
E
E
N
)
!
=
D
I
S
P
_
C
H
A
N
G
E
_
S
U
C
C
E
S
S
F
U
L
)
 

 
 

{
 

 
 

 
/
/
 
I
f
 
T
h
e
 
M
o
d
e
 
F
a
i
l
s
,
 
O
f
f
e
r
 
T
w
o
 
O
p
t
i
o
n
s
.
 
 
Q
u
i
t
 
O
r
 
U
s
e
 
W
i
n
d
o
w
e
d
 
M
o
d
e
.
 

 
 

 
i
f
 
(
M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
T
h
e
 
r
e
q
u
e
s
t
e
d
 
f
u
l
l
s
c
r
e
e
n
 
m
o
d
e
 
i
s
 
n
o
t
 
s
u
p
p
o
r
t
e
d
 
b
y
 
y
o
u
r
 
v
i
d
e
o
 
c
a
r
d
.
 

W
o
u
l
d
 
y
o
u
 
l
i
k
e
 
t
o
 
u
s
e
 
w
i
n
d
o
w
e
d
 
m
o
d
e
 
i
n
s
t
e
a
d
?
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
"
,
 
M
B
_
Y
E
S
N
O
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
 
=
=
 
I
D
Y
E
S
)
 

 
 

 
{
 

 
 

 
 

f
u
l
l
s
c
r
e
e
n
 
=
 
F
A
L
S
E
;
 

 
/
/
 
W
i
n
d
o
w
e
d
 
M
o
d
e
 
S
e
l
e
c
t
e
d
.
 
 
F
u
l
l
s
c
r
e
e
n
 
=
 
F
A
L
S
E
 

 
 

 
}
 

 
 

 
e
l
s
e
 

 
 

 
{
 

 
 

 
 

/
/
 
P
o
p
 
U
p
 
A
 
M
e
s
s
a
g
e
 
B
o
x
 
L
e
t
t
i
n
g
 
U
s
e
r
 
K
n
o
w
 
T
h
e
 
P
r
o
g
r
a
m
 
I
s
 
C
l
o
s
i
n
g
.
 

 
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
P
r
o
g
r
a
m
 
w
i
l
l
 
n
o
w
 
c
l
o
s
e
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
S
T
O
P
)
;
 

 
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
 

/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
 

 
}
 

 
 

}
 

 
}
 

  
i
f
 
(
f
u
l
l
s
c
r
e
e
n
)
 

 
 

 
 

 
 

 
 

 
 

 
/
/
 
A
r
e
 
W
e
 
S
t
i
l
l
 

I
n
 
F
u
l
l
s
c
r
e
e
n
 
M
o
d
e
?
 

 
{
 

 
 

d
w
E
x
S
t
y
l
e
=
W
S
_
E
X
_
A
P
P
W
I
N
D
O
W
;
 

 
 

 
 

 
 

 
/
/
 
W
i
n
d
o
w
 
E
x
t
e
n
d
e
d
 

S
t
y
l
e
 

 
 

d
w
S
t
y
l
e
=
W
S
_
P
O
P
U
P
;
 
 

 
 

 
 

 
 

 
 

/
/
 
W
i
n
d
o
w
s
 
S
t
y
l
e
 

 
 

S
h
o
w
C
u
r
s
o
r
(
F
A
L
S
E
)
;
 

 
 

 
 

 
 

 
 

 
/
/
 
H
i
d
e
 
M
o
u
s
e
 

P
o
i
n
t
e
r
 

 
}
 

 
e
l
s
e
 

 
{
 

 
 

d
w
E
x
S
t
y
l
e
=
W
S
_
E
X
_
A
P
P
W
I
N
D
O
W
 
|
 
W
S
_
E
X
_
W
I
N
D
O
W
E
D
G
E
;
 

 
 

/
/
 
W
i
n
d
o
w
 
E
x
t
e
n
d
e
d
 
S
t
y
l
e
 

 
 

d
w
S
t
y
l
e
=
W
S
_
O
V
E
R
L
A
P
P
E
D
W
I
N
D
O
W
;
 

 
 

 
 

 
 

/
/
 
W
i
n
d
o
w
s
 
S
t
y
l
e
 

 
}
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A
d
j
u
s
t
W
i
n
d
o
w
R
e
c
t
E
x
(
&
W
i
n
d
o
w
R
e
c
t
,
 
d
w
S
t
y
l
e
,
 
F
A
L
S
E
,
 
d
w
E
x
S
t
y
l
e
)
;
 
 

/
/
 
A
d
j
u
s
t
 
W
i
n
d
o
w
 
T
o
 
T
r
u
e
 
R
e
q
u
e
s
t
e
d
 

S
i
z
e
 

  
/
/
 
C
r
e
a
t
e
 
T
h
e
 
W
i
n
d
o
w
 

 
i
f
 
(
!
(
h
W
n
d
=
C
r
e
a
t
e
W
i
n
d
o
w
E
x
(
 

d
w
E
x
S
t
y
l
e
,
 

 
 

 
 

 
 

/
/
 
E
x
t
e
n
d
e
d
 
S
t
y
l
e
 
F
o
r
 

T
h
e
 
W
i
n
d
o
w
 

 
 

 
 

 
 

 
 

"
O
p
e
n
G
L
"
,
 

 
 

 
 

 
 

/
/
 
C
l
a
s
s
 

N
a
m
e
 

 
 

 
 

 
 

 
 

t
i
t
l
e
,
 

 
 

 
 

 
 

 
/
/
 

W
i
n
d
o
w
 
T
i
t
l
e
 

 
 

 
 

 
 

 
 

d
w
S
t
y
l
e
 
|
 

 
 

 
 

 
 

/
/
 
D
e
f
i
n
e
d
 

W
i
n
d
o
w
 
S
t
y
l
e
 

 
 

 
 

 
 

 
 

W
S
_
C
L
I
P
S
I
B
L
I
N
G
S
 
|
 
 

 
 

 
/
/
 
R
e
q
u
i
r
e
d
 

W
i
n
d
o
w
 
S
t
y
l
e
 

 
 

 
 

 
 

 
 

W
S
_
C
L
I
P
C
H
I
L
D
R
E
N
,
 

 
 

 
 

/
/
 
R
e
q
u
i
r
e
d
 

W
i
n
d
o
w
 
S
t
y
l
e
 

 
 

 
 

 
 

 
 

0
,
 
0
,
 
 

 
 

 
 

 
 

/
/
 
W
i
n
d
o
w
 

P
o
s
i
t
i
o
n
 

 
 

 
 

 
 

 
 

W
i
n
d
o
w
R
e
c
t
.
r
i
g
h
t
-
W
i
n
d
o
w
R
e
c
t
.
l
e
f
t
,
 

/
/
 
C
a
l
c
u
l
a
t
e
 
W
i
n
d
o
w
 

W
i
d
t
h
 

 
 

 
 

 
 

 
 

W
i
n
d
o
w
R
e
c
t
.
b
o
t
t
o
m
-
W
i
n
d
o
w
R
e
c
t
.
t
o
p
,
 

/
/
 
C
a
l
c
u
l
a
t
e
 
W
i
n
d
o
w
 

H
e
i
g
h
t
 

 
 

 
 

 
 

 
 

N
U
L
L
,
 
 

 
 

 
 

 
 

/
/
 
N
o
 

P
a
r
e
n
t
 
W
i
n
d
o
w
 

 
 

 
 

 
 

 
 

N
U
L
L
,
 
 

 
 

 
 

 
 

/
/
 
N
o
 
M
e
n
u
 

 
 

 
 

 
 

 
 

h
I
n
s
t
a
n
c
e
,
 

 
 

 
 

 
 

/
/
 
I
n
s
t
a
n
c
e
 

 
 

 
 

 
 

 
 

N
U
L
L
)
)
)
 

 
 

 
 

 
 

 
/
/
 

D
o
n
t
 
P
a
s
s
 
A
n
y
t
h
i
n
g
 
T
o
 
W
M
_
C
R
E
A
T
E
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
W
i
n
d
o
w
 
c
r
e
a
t
i
o
n
 
e
r
r
o
r
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

  
s
t
a
t
i
c
 

P
I
X
E
L
F
O
R
M
A
T
D
E
S
C
R
I
P
T
O
R
 
p
f
d
=
 

 
 

 
/
/
 
p
f
d
 
T
e
l
l
s
 
W
i
n
d
o
w
s
 
H
o
w
 
W
e
 
W
a
n
t
 
T
h
i
n
g
s
 

T
o
 
B
e
 

 
{
 

 
 

s
i
z
e
o
f
(
P
I
X
E
L
F
O
R
M
A
T
D
E
S
C
R
I
P
T
O
R
)
,
 

 
 

 
/
/
 
S
i
z
e
 
O
f
 
T
h
i
s
 
P
i
x
e
l
 
F
o
r
m
a
t
 
D
e
s
c
r
i
p
t
o
r
 

 
 

1
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
V
e
r
s
i
o
n
 
N
u
m
b
e
r
 

 
 

P
F
D
_
D
R
A
W
_
T
O
_
W
I
N
D
O
W
 
|
 

 
 

 
 

 
/
/
 
F
o
r
m
a
t
 
M
u
s
t
 
S
u
p
p
o
r
t
 
W
i
n
d
o
w
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0
 

  
 

P
F
D
_
S
U
P
P
O
R
T
_
O
P
E
N
G
L
 
|
 

 
 

 
 

 
/
/
 
F
o
r
m
a
t
 
M
u
s
t
 
S
u
p
p
o
r
t
 
O
p
e
n
G
L
 

 
 

P
F
D
_
D
O
U
B
L
E
B
U
F
F
E
R
,
 
 

 
 

 
 

 
/
/
 
M
u
s
t
 
S
u
p
p
o
r
t
 
D
o
u
b
l
e
 
B
u
f
f
e
r
i
n
g
 

 
 

P
F
D
_
T
Y
P
E
_
R
G
B
A
,
 

 
 

 
 

 
 

 
/
/
 
R
e
q
u
e
s
t
 
A
n
 
R
G
B
A
 
F
o
r
m
a
t
 

 
 

b
i
t
s
,
 
 

 
 

 
 

 
 

 
 

/
/
 
S
e
l
e
c
t
 
O
u
r
 
C
o
l
o
r
 
D
e
p
t
h
 

 
 

0
,
 
0
,
 
0
,
 
0
,
 
0
,
 
0
,
 
 

 
 

 
 

 
/
/
 
C
o
l
o
r
 
B
i
t
s
 
I
g
n
o
r
e
d
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
A
l
p
h
a
 
B
u
f
f
e
r
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
S
h
i
f
t
 
B
i
t
 
I
g
n
o
r
e
d
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
A
c
c
u
m
u
l
a
t
i
o
n
 
B
u
f
f
e
r
 

 
 

0
,
 
0
,
 
0
,
 
0
,
 
 

 
 

 
 

 
 

 
/
/
 
A
c
c
u
m
u
l
a
t
i
o
n
 
B
i
t
s
 
I
g
n
o
r
e
d
 

 
 

1
6
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
1
6
B
i
t
 
Z
-
B
u
f
f
e
r
 
(
D
e
p
t
h
 

B
u
f
f
e
r
)
 
 
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
S
t
e
n
c
i
l
 
B
u
f
f
e
r
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
N
o
 
A
u
x
i
l
i
a
r
y
 
B
u
f
f
e
r
 

 
 

P
F
D
_
M
A
I
N
_
P
L
A
N
E
,
 

 
 

 
 

 
 

 
/
/
 
M
a
i
n
 
D
r
a
w
i
n
g
 
L
a
y
e
r
 

 
 

0
,
 

 
 

 
 

 
 

 
 

 
 

/
/
 
R
e
s
e
r
v
e
d
 

 
 

0
,
 
0
,
 
0
 

 
 

 
 

 
 

 
 

 
/
/
 
L
a
y
e
r
 
M
a
s
k
s
 
I
g
n
o
r
e
d
 

 
}
;
 

 
 

 
i
f
(
!
(
h
D
C
=
G
e
t
D
C
(
h
W
n
d
)
)
)
 

 
 

 
 

 
 

/
/
 
D
i
d
 
W
e
 
G
e
t
 
A
 
D
e
v
i
c
e
 
C
o
n
t
e
x
t
?
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
C
a
n
'
t
 
C
r
e
a
t
e
 
A
 
G
L
 
D
e
v
i
c
e
 
C
o
n
t
e
x
t
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

  
i
f
 
(
!
(
P
i
x
e
l
F
o
r
m
a
t
=
C
h
o
o
s
e
P
i
x
e
l
F
o
r
m
a
t
(
h
D
C
,
&
p
f
d
)
)
)
 
/
/
 
D
i
d
 
W
i
n
d
o
w
s
 
F
i
n
d
 
A
 
M
a
t
c
h
i
n
g
 
P
i
x
e
l
 
F
o
r
m
a
t
?
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
C
a
n
'
t
 
F
i
n
d
 
A
 
S
u
i
t
a
b
l
e
 
P
i
x
e
l
F
o
r
m
a
t
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

  
i
f
(
!
S
e
t
P
i
x
e
l
F
o
r
m
a
t
(
h
D
C
,
P
i
x
e
l
F
o
r
m
a
t
,
&
p
f
d
)
)
 
 

/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
S
e
t
 
T
h
e
 
P
i
x
e
l
 
F
o
r
m
a
t
?
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
C
a
n
'
t
 
S
e
t
 
T
h
e
 
P
i
x
e
l
F
o
r
m
a
t
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
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i
f
 
(
!
(
h
R
C
=
w
g
l
C
r
e
a
t
e
C
o
n
t
e
x
t
(
h
D
C
)
)
)
 

 
 

 
/
/
 
A
r
e
 
W
e
 
A
b
l
e
 
T
o
 
G
e
t
 
A
 
R
e
n
d
e
r
i
n
g
 
C
o
n
t
e
x
t
?
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
C
a
n
'
t
 
C
r
e
a
t
e
 
A
 
G
L
 
R
e
n
d
e
r
i
n
g
 
C
o
n
t
e
x
t
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

  
i
f
(
!
w
g
l
M
a
k
e
C
u
r
r
e
n
t
(
h
D
C
,
h
R
C
)
)
 

 
 

 
 

/
/
 
T
r
y
 
T
o
 
A
c
t
i
v
a
t
e
 
T
h
e
 
R
e
n
d
e
r
i
n
g
 
C
o
n
t
e
x
t
 

 
{
 

 
 

K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 

 
 

 
 

 
 

 
/
/
 
R
e
s
e
t
 
T
h
e
 
D
i
s
p
l
a
y
 

 
 

M
e
s
s
a
g
e
B
o
x
(
N
U
L
L
,
 
"
C
a
n
'
t
 
A
c
t
i
v
a
t
e
 
T
h
e
 
G
L
 
R
e
n
d
e
r
i
n
g
 
C
o
n
t
e
x
t
.
"
,
 
"
P
o
i
n
t
-
c
l
o
u
d
 
v
i
e
w
e
r
 
e
r
r
o
r
"
,
 

M
B
_
O
K
|
M
B
_
I
C
O
N
E
X
C
L
A
M
A
T
I
O
N
)
;
 

 
 

r
e
t
u
r
n
 
F
A
L
S
E
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
F
A
L
S
E
 

 
}
 

  
I
n
i
t
G
L
(
)
;
 

 
S
h
o
w
W
i
n
d
o
w
(
h
W
n
d
,
S
W
_
S
H
O
W
)
;
 

 
 

 
 

 
/
/
 
S
h
o
w
 
T
h
e
 
W
i
n
d
o
w
 

 
S
e
t
F
o
r
e
g
r
o
u
n
d
W
i
n
d
o
w
(
h
W
n
d
)
;
 

 
 

 
 

 
/
/
 
S
l
i
g
h
t
l
y
 
H
i
g
h
e
r
 
P
r
i
o
r
i
t
y
 

 
S
e
t
F
o
c
u
s
(
h
W
n
d
)
;
 

 
 

 
 

 
 

 
 

/
/
 
S
e
t
s
 
K
e
y
b
o
a
r
d
 
F
o
c
u
s
 
T
o
 
T
h
e
 

W
i
n
d
o
w
 

 
R
e
s
i
z
e
S
c
e
n
e
(
w
i
d
t
h
,
 
h
e
i
g
h
t
)
;
 

 
 

 
 

 
/
/
 
S
e
t
 
U
p
 
O
u
r
 
P
e
r
s
p
e
c
t
i
v
e
 
G
L
 
S
c
r
e
e
n
 

 
r
e
t
u
r
n
 
T
R
U
E
;
 

 
 

 
 

 
 

 
 

/
/
 
S
u
c
c
e
s
s
 

}
 

 L
R
E
S
U
L
T
 
C
A
L
L
B
A
C
K
 
W
n
d
P
r
o
c
(
H
W
N
D
 
h
W
n
d
,
 
U
I
N
T
 
u
M
s
g
,
 
W
P
A
R
A
M
 
w
P
a
r
a
m
,
 
L
P
A
R
A
M
 
l
P
a
r
a
m
)
 

{
 

 
s
w
i
t
c
h
 
(
u
M
s
g
)
 
/
/
 
C
h
e
c
k
 
F
o
r
 
W
i
n
d
o
w
s
 
M
e
s
s
a
g
e
s
 

 
{
 

 
 

c
a
s
e
 
W
M
_
A
C
T
I
V
A
T
E
:
 
/
/
 
W
a
t
c
h
 
F
o
r
 
W
i
n
d
o
w
 
A
c
t
i
v
a
t
e
 
M
e
s
s
a
g
e
 

 
 

{
 

 
 

 
/
/
 
L
o
W
o
r
d
 
C
a
n
 
B
e
 
W
A
_
I
N
A
C
T
I
V
E
,
 
W
A
_
A
C
T
I
V
E
,
 
W
A
_
C
L
I
C
K
A
C
T
I
V
E
,
 

 
 

 
/
/
 
T
h
e
 
H
i
g
h
-
O
r
d
e
r
 
W
o
r
d
 
S
p
e
c
i
f
i
e
s
 
T
h
e
 
M
i
n
i
m
i
z
e
d
 
S
t
a
t
e
 
O
f
 
T
h
e
 
W
i
n
d
o
w
 
B
e
i
n
g
 
A
c
t
i
v
a
t
e
d
 
O
r
 

D
e
a
c
t
i
v
a
t
e
d
.
 

 
 

 
/
/
 
A
 
N
o
n
Z
e
r
o
 
V
a
l
u
e
 
I
n
d
i
c
a
t
e
s
 
T
h
e
 
W
i
n
d
o
w
 
I
s
 
M
i
n
i
m
i
z
e
d
.
 

 
 

 
i
f
 
(
(
L
O
W
O
R
D
(
w
P
a
r
a
m
)
 
!
=
 
W
A
_
I
N
A
C
T
I
V
E
)
 
&
&
 
!
(
(
B
O
O
L
)
H
I
W
O
R
D
(
w
P
a
r
a
m
)
)
)
 

 
 

 
 

a
c
t
i
v
e
=
T
R
U
E
;
 

 
 

 
 

 
/
/
 
P
r
o
g
r
a
m
 
I
s
 
A
c
t
i
v
e
 

 
 

 
e
l
s
e
 

 
 

 
 

a
c
t
i
v
e
=
F
A
L
S
E
;
 

 
 

 
 

 
/
/
 
P
r
o
g
r
a
m
 
I
s
 
N
o
 
L
o
n
g
e
r
 
A
c
t
i
v
e
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r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

 
/
/
 
R
e
t
u
r
n
 
T
o
 
T
h
e
 
M
e
s
s
a
g
e
 
L
o
o
p
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
M
O
U
S
E
M
O
V
E
:
 

 
 

{
 

 
 

 
c
o
n
s
t
 
f
l
o
a
t
 
T
r
a
n
s
l
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
 
=
 
5
0
0
;
 

 
 

 
c
o
n
s
t
 
f
l
o
a
t
 
R
o
t
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
 
=
 
2
;
 

 
 

 
s
t
a
t
i
c
 
P
O
I
N
T
S
 
L
a
s
t
P
o
i
n
t
;
 

 
 

 
P
O
I
N
T
S
 
C
u
r
r
e
n
t
P
o
i
n
t
 
=
 
M
A
K
E
P
O
I
N
T
S
(
l
P
a
r
a
m
)
;
 

 
 

 
i
f
(
w
P
a
r
a
m
 
&
 
M
K
_
L
B
U
T
T
O
N
)
 
/
/
 
R
o
t
a
t
i
o
n
 

 
 

 
{
 

 
 

 
 

i
f
(
w
P
a
r
a
m
 
&
 
M
K
_
S
H
I
F
T
)
 
/
/
 
R
o
l
l
 
a
n
d
 
y
a
w
 

 
 

 
 

{
 

 
 

 
 

 
C
a
m
e
r
a
.
p
i
t
c
h
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
y
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
y
)
 
/
 
R
o
t
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

 
C
a
m
e
r
a
.
r
o
l
l
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
x
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
x
)
 
/
 
R
o
t
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

}
 

 
 

 
 

e
l
s
e
 
/
/
 
P
i
t
c
h
 
a
n
d
 
y
a
w
 

 
 

 
 

{
 

 
 

 
 

 
C
a
m
e
r
a
.
p
i
t
c
h
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
y
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
y
)
 
/
 
R
o
t
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

 
C
a
m
e
r
a
.
y
a
w
 
+
=
 
(
L
a
s
t
P
o
i
n
t
.
x
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
x
)
 
/
 
R
o
t
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
e
l
s
e
 
i
f
(
w
P
a
r
a
m
 
&
 
M
K
_
R
B
U
T
T
O
N
)
 
/
/
 
T
r
a
n
s
l
a
t
i
o
n
 

 
 

 
{
 

 
 

 
 

i
f
(
w
P
a
r
a
m
 
&
 
M
K
_
S
H
I
F
T
)
 
/
/
 
Z
o
o
m
 
a
n
d
 
l
e
f
t
/
r
i
g
h
t
 

 
 

 
 

{
 

 
 

 
 

 
C
a
m
e
r
a
.
x
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
x
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
x
)
 
/
 
T
r
a
n
s
l
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

 
C
a
m
e
r
a
.
z
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
y
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
y
)
 
/
 
T
r
a
n
s
l
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

}
 

 
 

 
 

e
l
s
e
 
/
/
 
U
p
/
d
o
w
n
 
a
n
d
 
l
e
f
t
/
r
i
g
h
t
 

 
 

 
 

{
 

 
 

 
 

 
C
a
m
e
r
a
.
x
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
x
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
x
)
 
/
 
T
r
a
n
s
l
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

 
C
a
m
e
r
a
.
y
 
-
=
 
(
L
a
s
t
P
o
i
n
t
.
y
 
-
 
C
u
r
r
e
n
t
P
o
i
n
t
.
y
)
 
/
 
T
r
a
n
s
l
a
t
i
o
n
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
L
a
s
t
P
o
i
n
t
 
=
 
C
u
r
r
e
n
t
P
o
i
n
t
;
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
M
O
U
S
E
W
H
E
E
L
:
 

 
 

{
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c
o
n
s
t
 
f
l
o
a
t
 
Z
o
o
m
S
c
a
l
e
F
a
c
t
o
r
 
=
 
1
5
0
;
 

 
 

 
C
a
m
e
r
a
.
z
 
-
=
 
G
E
T
_
W
H
E
E
L
_
D
E
L
T
A
_
W
P
A
R
A
M
(
w
P
a
r
a
m
)
 
/
 
Z
o
o
m
S
c
a
l
e
F
a
c
t
o
r
;
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
S
Y
S
C
O
M
M
A
N
D
:
 

 
 

 
 

 
 

/
/
 
I
n
t
e
r
c
e
p
t
 
S
y
s
t
e
m
 
C
o
m
m
a
n
d
s
 

 
 

{
 

 
 

 
s
w
i
t
c
h
(
w
P
a
r
a
m
)
 

 
 

 
{
 

 
 

 
 

c
a
s
e
 
S
C
_
S
C
R
E
E
N
S
A
V
E
:
 

 
 

 
 

/
/
 
S
c
r
e
e
n
s
a
v
e
r
 
T
r
y
i
n
g
 
T
o
 
S
t
a
r
t
?
 

 
 

 
 

c
a
s
e
 
S
C
_
M
O
N
I
T
O
R
P
O
W
E
R
:
 

 
 

 
/
/
 
M
o
n
i
t
o
r
 
T
r
y
i
n
g
 
T
o
 
E
n
t
e
r
 
P
o
w
e
r
s
a
v
e
?
 

 
 

 
 

r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

/
/
 
P
r
e
v
e
n
t
 
F
r
o
m
 
H
a
p
p
e
n
i
n
g
 

 
 

 
}
 

 
 

 
b
r
e
a
k
;
 

 
 

}
 

 
 

c
a
s
e
 
W
M
_
L
B
U
T
T
O
N
D
O
W
N
:
 

 
 

{
 

 
 
 
 
 
 
 
 
 
 
 
 
M
o
u
s
e
X
 
=
 
L
O
W
O
R
D
(
l
P
a
r
a
m
)
;
 
 
 
 
 
 
 
 
 
 
 

 
 

 
M
o
u
s
e
Y
 
=
 
H
I
W
O
R
D
(
l
P
a
r
a
m
)
;
 

 
 

 
s
t
r
i
n
g
 
I
t
e
m
I
n
f
o
 
=
 
S
e
l
e
c
t
i
o
n
(
R
e
p
,
 
T
o
g
g
l
e
S
e
l
e
c
t
i
o
n
)
;
 

 
 

 
S
e
t
W
i
n
d
o
w
T
e
x
t
A
(
h
W
n
d
,
 
(
L
P
C
S
T
R
)
I
t
e
m
I
n
f
o
.
c
_
s
t
r
(
)
)
;
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
C
L
O
S
E
:
 

 
 

 
 

 
 

 
/
/
 
D
i
d
 
W
e
 
R
e
c
e
i
v
e
 
A
 
C
l
o
s
e
 
M
e
s
s
a
g
e
?
 

 
 

{
 

 
 

 
P
o
s
t
Q
u
i
t
M
e
s
s
a
g
e
(
0
)
;
 

 
 

 
 

 
/
/
 
S
e
n
d
 
A
 
Q
u
i
t
 
M
e
s
s
a
g
e
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

 
/
/
 
J
u
m
p
 
B
a
c
k
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
K
E
Y
D
O
W
N
:
 

 
 

 
 

 
 

/
/
 
I
s
 
A
 
K
e
y
 
B
e
i
n
g
 
H
e
l
d
 
D
o
w
n
?
 

 
 

{
 

 
 

 
k
e
y
s
[
w
P
a
r
a
m
]
 
=
 
T
R
U
E
;
 

 
 

 
 

/
/
 
I
f
 
S
o
,
 
M
a
r
k
 
I
t
 
A
s
 
T
R
U
E
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

 
/
/
 
J
u
m
p
 
B
a
c
k
 

 
 

}
 

  
 

c
a
s
e
 
W
M
_
K
E
Y
U
P
:
 

 
 

 
 

 
 

 
/
/
 
H
a
s
 
A
 
K
e
y
 
B
e
e
n
 
R
e
l
e
a
s
e
d
?
 

 
 

{
 

 
 

 
k
e
y
s
[
w
P
a
r
a
m
]
 
=
 
F
A
L
S
E
;
 

 
 

 
 

/
/
 
I
f
 
S
o
,
 
M
a
r
k
 
I
t
 
A
s
 
F
A
L
S
E
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

 
/
/
 
J
u
m
p
 
B
a
c
k
 

 
 

}
 



6
4
 

   
 

c
a
s
e
 
W
M
_
S
I
Z
E
:
 

 
 

 
 

 
 

 
/
/
 
R
e
s
i
z
e
 
T
h
e
 
O
p
e
n
G
L
 
W
i
n
d
o
w
 

 
 

{
 

 
 

 
R
e
s
i
z
e
S
c
e
n
e
(
L
O
W
O
R
D
(
l
P
a
r
a
m
)
,
H
I
W
O
R
D
(
l
P
a
r
a
m
)
)
;
 
 
/
/
 
L
o
W
o
r
d
=
W
i
d
t
h
,
 
H
i
W
o
r
d
=
H
e
i
g
h
t
 

 
 

 
r
e
t
u
r
n
 
0
;
 

 
 

 
 

 
 

 
/
/
 
J
u
m
p
 
B
a
c
k
 

 
 

}
 

 
}
 

  
/
/
 
P
a
s
s
 
A
l
l
 
U
n
h
a
n
d
l
e
d
 
M
e
s
s
a
g
e
s
 
T
o
 
D
e
f
W
i
n
d
o
w
P
r
o
c
 

 
r
e
t
u
r
n
 
D
e
f
W
i
n
d
o
w
P
r
o
c
(
h
W
n
d
,
u
M
s
g
,
w
P
a
r
a
m
,
l
P
a
r
a
m
)
;
 

}
 

 i
n
t
 
W
I
N
A
P
I
 
W
i
n
M
a
i
n
(
 

H
I
N
S
T
A
N
C
E
 

h
I
n
s
t
a
n
c
e
,
 

 
 

/
/
 
I
n
s
t
a
n
c
e
 

 
 

 
 

 
H
I
N
S
T
A
N
C
E
 

h
P
r
e
v
I
n
s
t
a
n
c
e
,
 

 
/
/
 
P
r
e
v
i
o
u
s
 
I
n
s
t
a
n
c
e
 

 
 

 
 

 
L
P
S
T
R
 
 

l
p
C
m
d
L
i
n
e
,
 

 
 

/
/
 
C
o
m
m
a
n
d
 
L
i
n
e
 
P
a
r
a
m
e
t
e
r
s
 

 
 

 
 

 
i
n
t
 

 
 

n
C
m
d
S
h
o
w
)
 

 
 

/
/
 
W
i
n
d
o
w
 
S
h
o
w
 
S
t
a
t
e
 

{
 

 
#
i
f
 
R
E
D
I
R
E
C
T
_
C
O
U
T
 

 
o
f
s
t
r
e
a
m
 
O
u
t
(
"
c
o
u
t
.
t
x
t
"
)
;
 

 
c
o
u
t
.
r
d
b
u
f
(
O
u
t
.
r
d
b
u
f
(
)
)
;
 

 
#
e
n
d
i
f
 

 
#
i
f
 
B
U
M
B
L
E
B
E
E
_
I
N
S
T
A
L
L
E
D
 

 
I
n
i
t
i
a
l
i
z
e
B
u
m
b
l
e
b
e
e
(
)
;
 

 
#
e
n
d
i
f
 

 
t
i
m
e
_
t
 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

  
M
S
G
 
m
s
g
;
 
/
/
 
W
i
n
d
o
w
s
 
M
e
s
s
a
g
e
 
S
t
r
u
c
t
u
r
e
 

 
B
O
O
L
 
d
o
n
e
 
=
 
F
A
L
S
E
;
 
/
/
 
B
o
o
l
 
V
a
r
i
a
b
l
e
 
T
o
 
E
x
i
t
 
L
o
o
p
 

  
/
/
 
C
r
e
a
t
e
 
O
u
r
 
O
p
e
n
G
L
 
W
i
n
d
o
w
 

 
i
f
(
!
C
r
e
a
t
e
G
L
W
i
n
d
o
w
(
"
D
y
l
a
n
'
s
 
P
o
i
n
t
 
C
l
o
u
d
 
V
i
e
w
e
r
"
,
 
6
4
0
,
 
4
8
0
,
 
1
6
,
 
f
u
l
l
s
c
r
e
e
n
)
)
 

 
 

r
e
t
u
r
n
 
0
;
 
/
/
 
Q
u
i
t
 
I
f
 
W
i
n
d
o
w
 
W
a
s
 
N
o
t
 
C
r
e
a
t
e
d
 

  
w
h
i
l
e
(
!
d
o
n
e
)
 

 
 

 
 

 
 

 
 

/
/
 
L
o
o
p
 
T
h
a
t
 
R
u
n
s
 
W
h
i
l
e
 
d
o
n
e
=
F
A
L
S
E
 

 
{
 

 
 

i
f
 
(
P
e
e
k
M
e
s
s
a
g
e
(
&
m
s
g
,
N
U
L
L
,
0
,
0
,
P
M
_
R
E
M
O
V
E
)
)
 
/
/
 
I
s
 
T
h
e
r
e
 
A
 
M
e
s
s
a
g
e
 
W
a
i
t
i
n
g
?
 

 
 

{
 

 
 

 
 

 
 

i
f
 
(
m
s
g
.
m
e
s
s
a
g
e
=
=
W
M
_
Q
U
I
T
)
 

 
 

 
/
/
 
H
a
v
e
 
W
e
 
R
e
c
e
i
v
e
d
 
A
 
Q
u
i
t
 
M
e
s
s
a
g
e
?
 

 
 

 
{
 

 
 

 
 

d
o
n
e
=
T
R
U
E
;
 

 
 

 
 

 
 

/
/
 
I
f
 
S
o
 
d
o
n
e
=
T
R
U
E
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}
 

 
 

 
e
l
s
e
 

 
 

 
 

 
 

 
 

/
/
 
I
f
 
N
o
t
,
 
D
e
a
l
 
W
i
t
h
 
W
i
n
d
o
w
 

M
e
s
s
a
g
e
s
 

 
 

 
{
 

 
 

 
 

T
r
a
n
s
l
a
t
e
M
e
s
s
a
g
e
(
&
m
s
g
)
;
 
 

 
 

/
/
 
T
r
a
n
s
l
a
t
e
 
T
h
e
 
M
e
s
s
a
g
e
 

 
 

 
 

D
i
s
p
a
t
c
h
M
e
s
s
a
g
e
(
&
m
s
g
)
;
 

 
 

 
/
/
 
D
i
s
p
a
t
c
h
 
T
h
e
 
M
e
s
s
a
g
e
 

 
 

 
}
 

 
 

}
 

 
 

e
l
s
e
 

 
 

 
 

 
 

 
 

 
/
/
 
I
f
 
T
h
e
r
e
 
A
r
e
 
N
o
 
M
e
s
s
a
g
e
s
 

 
 

{
 

 
 

 
/
/
 
D
r
a
w
 
T
h
e
 
S
c
e
n
e
.
 
 
W
a
t
c
h
 
F
o
r
 
E
S
C
 
K
e
y
 
A
n
d
 
Q
u
i
t
 
M
e
s
s
a
g
e
s
 
F
r
o
m
 
D
r
a
w
G
L
S
c
e
n
e
(
)
 

 
 

 
i
f
(
(
a
c
t
i
v
e
 
&
&
 
!
D
r
a
w
S
c
e
n
e
(
R
e
p
,
 
O
v
e
r
l
a
y
)
)
 
|
|
 
k
e
y
s
[
V
K
_
E
S
C
A
P
E
]
)
 
/
/
 
A
c
t
i
v
e
?
 
 
W
a
s
 
T
h
e
r
e
 
A
 
Q
u
i
t
 

R
e
c
e
i
v
e
d
?
 

 
 

 
{
 

 
 

 
 

d
o
n
e
=
T
R
U
E
;
 

 
 

 
 

 
 

/
/
 
E
S
C
 
o
r
 
D
r
a
w
G
L
S
c
e
n
e
 
S
i
g
n
a
l
l
e
d
 
A
 

Q
u
i
t
 

 
 

 
}
 

 
 

 
e
l
s
e
 

 
 

 
 

 
 

 
 

/
/
 
N
o
t
 
T
i
m
e
 
T
o
 
Q
u
i
t
,
 
U
p
d
a
t
e
 
S
c
r
e
e
n
 

 
 

 
{
 

 
 

 
 

S
w
a
p
B
u
f
f
e
r
s
(
h
D
C
)
;
 
 

 
 

 
/
/
 
S
w
a
p
 
B
u
f
f
e
r
s
 
(
D
o
u
b
l
e
 
B
u
f
f
e
r
i
n
g
)
 

 
 

 
}
 

  
 

 
/
/
 
X
,
 
Y
,
 
Z
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
R
I
G
H
T
]
)
 

 
 

 
 

C
a
m
e
r
a
.
x
 
-
=
 
0
.
3
f
;
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
L
E
F
T
]
)
 

 
 

 
 

C
a
m
e
r
a
.
x
 
+
=
 
0
.
3
f
;
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
U
P
]
)
 

 
 

 
 

C
a
m
e
r
a
.
y
 
-
=
 
0
.
3
f
;
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
D
O
W
N
]
)
 

 
 

 
 

C
a
m
e
r
a
.
y
 
+
=
 
0
.
3
f
;
 

 
 

 
i
f
(
k
e
y
s
[
'
Z
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
z
 
-
=
 
0
.
3
f
;
 

 
 

 
i
f
(
k
e
y
s
[
'
X
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
z
 
+
=
 
0
.
3
f
;
 

  
 

 
i
f
(
k
e
y
s
[
'
D
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
y
a
w
 
-
=
 
3
;
 

 
 

 
i
f
(
k
e
y
s
[
'
A
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
y
a
w
 
+
=
 
3
;
 

 
 

 
i
f
(
k
e
y
s
[
'
S
'
]
)
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C
a
m
e
r
a
.
p
i
t
c
h
 
-
=
 
3
;
 

 
 

 
i
f
(
k
e
y
s
[
'
W
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
p
i
t
c
h
 
+
=
 
3
;
 

 
 

 
i
f
(
k
e
y
s
[
'
E
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
r
o
l
l
 
-
=
 
3
;
 

 
 

 
i
f
(
k
e
y
s
[
'
Q
'
]
)
 

 
 

 
 

C
a
m
e
r
a
.
r
o
l
l
 
+
=
 
3
;
 

  
 

 
i
f
(
k
e
y
s
[
'
0
'
]
)
 

 
 

 
{
 

 
 

 
 

C
a
m
e
r
a
.
x
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
y
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
z
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
r
o
l
l
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
p
i
t
c
h
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
y
a
w
 
=
 
0
;
 

 
 

 
 

C
a
m
e
r
a
.
p
e
r
s
p
e
c
t
i
v
e
 
=
 
t
r
u
e
;
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
2
'
]
)
 

 
 

 
{
 

 
 

 
 

R
e
p
 
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
2
D
;
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
3
'
]
)
 

 
 

 
{
 

 
 

 
 

R
e
p
 
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
3
D
;
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
5
'
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
O
v
e
r
l
a
y
 
=
 
!
O
v
e
r
l
a
y
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
P
'
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
T
o
g
g
l
e
P
r
o
j
e
c
t
i
o
n
(
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
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}
 

 
 

 
i
f
(
k
e
y
s
[
'
T
'
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
T
o
g
g
l
e
S
e
l
e
c
t
i
o
n
 
=
 
!
T
o
g
g
l
e
S
e
l
e
c
t
i
o
n
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
B
'
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
S
h
o
w
B
e
s
t
F
i
t
 
=
 
!
S
h
o
w
B
e
s
t
F
i
t
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
#
i
f
 
B
U
M
B
L
E
B
E
E
_
I
N
S
T
A
L
L
E
D
 

 
 

 
i
f
(
k
e
y
s
[
'
C
'
]
)
 
/
/
 
C
a
p
t
u
r
e
 
a
 
c
l
o
u
d
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

 
 

 
 

d
e
l
e
t
e
 
*
i
;
 

 
 

 
 

 
C
l
o
u
d
s
.
c
l
e
a
r
(
)
;
 

 
 

 
 

 
C
l
o
u
d
*
 
C
 
=
 
n
e
w
 
C
l
o
u
d
(
)
;
 

 
 

 
 

 
B
u
m
b
l
e
b
e
e
-
>
C
a
p
t
u
r
e
(
*
C
)
;
 

 
 

 
 

 
C
-
>
C
o
m
p
o
s
e
G
r
i
d
(
3
0
,
 
3
0
)
;
 

 
 

 
 

 
/
/
 
T
e
s
t
 
t
h
e
 
a
s
s
i
g
n
m
e
n
t
 
o
p
e
r
a
t
o
r
.
.
.
 

 
 

 
 

 
C
l
o
u
d
*
 
D
 
=
 
n
e
w
 
C
l
o
u
d
(
)
;
 

 
 

 
 

 
*
D
 
=
 
*
C
;
 

 
 

 
 

 
d
e
l
e
t
e
 
C
;
 

 
 

 
 

 
C
l
o
u
d
s
.
p
u
s
h
_
b
a
c
k
(
D
)
;
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
#
e
n
d
i
f
 

 
 

 
i
f
(
k
e
y
s
[
'
I
'
]
)
 
/
/
 
I
n
p
u
t
 
a
 
c
l
o
u
d
 

 
 

 
{
 

 
 

 
 

k
e
y
s
[
'
I
'
]
 
=
 
F
A
L
S
E
;
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i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
O
P
E
N
F
I
L
E
N
A
M
E
 
o
f
n
;
 
/
/
 
c
o
m
m
o
n
 
d
i
a
l
o
g
 
b
o
x
 
s
t
r
u
c
t
u
r
e
 

 
 

 
 

 
c
h
a
r
 
s
z
F
i
l
e
[
1
0
0
0
]
;
 

/
/
 
b
u
f
f
e
r
 
f
o
r
 
f
i
l
e
 
n
a
m
e
 

 
 

 
 

 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
O
P
E
N
F
I
L
E
N
A
M
E
 

 
 

 
 

 
Z
e
r
o
M
e
m
o
r
y
(
&
o
f
n
,
 
s
i
z
e
o
f
(
o
f
n
)
)
;
 

 
 

 
 

 
o
f
n
.
l
S
t
r
u
c
t
S
i
z
e
 
=
 
s
i
z
e
o
f
(
o
f
n
)
;
 

 
 

 
 

 
o
f
n
.
h
w
n
d
O
w
n
e
r
 
=
 
h
W
n
d
;
 

 
 

 
 

 
o
f
n
.
l
p
s
t
r
F
i
l
e
 
=
 
s
z
F
i
l
e
;
 

 
 

 
 

 
/
/
 
S
e
t
 
l
p
s
t
r
F
i
l
e
[
0
]
 
t
o
 
'
\
0
'
 
s
o
 
t
h
a
t
 
G
e
t
O
p
e
n
F
i
l
e
N
a
m
e
 
d
o
e
s
 
n
o
t
 
 

 
 

 
 

 
/
/
 
u
s
e
 
t
h
e
 
c
o
n
t
e
n
t
s
 
o
f
 
s
z
F
i
l
e
 
t
o
 
i
n
i
t
i
a
l
i
z
e
 
i
t
s
e
l
f
.
 

 
 

 
 

 
o
f
n
.
l
p
s
t
r
F
i
l
e
[
0
]
 
=
 
'
\
0
'
;
 

 
 

 
 

 
o
f
n
.
n
M
a
x
F
i
l
e
 
=
 
s
i
z
e
o
f
(
s
z
F
i
l
e
)
;
 

 
 

 
 

 
o
f
n
.
l
p
s
t
r
F
i
l
t
e
r
 
=
 
"
P
o
r
t
a
b
l
e
 
p
i
x
e
l
 
m
a
p
 
(
*
.
p
p
m
)
\
0
*
.
p
p
m
\
0
A
l
l
 
(
*
.
*
)
\
0
*
.
*
\
0
"
;
 

 
 

 
 

 
o
f
n
.
n
F
i
l
t
e
r
I
n
d
e
x
 
=
 
1
;
 

 
 

 
 

 
o
f
n
.
l
p
s
t
r
F
i
l
e
T
i
t
l
e
 
=
 
N
U
L
L
;
 

 
 

 
 

 
o
f
n
.
n
M
a
x
F
i
l
e
T
i
t
l
e
 
=
 
0
;
 

 
 

 
 

 
o
f
n
.
l
p
s
t
r
I
n
i
t
i
a
l
D
i
r
 
=
 
N
U
L
L
;
 

 
 

 
 

 
o
f
n
.
F
l
a
g
s
 
=
 
O
F
N
_
P
A
T
H
M
U
S
T
E
X
I
S
T
 
|
 
O
F
N
_
F
I
L
E
M
U
S
T
E
X
I
S
T
;
 

 
 

 
 

 
/
/
 
D
i
s
p
l
a
y
 
t
h
e
 
O
p
e
n
 
d
i
a
l
o
g
 
b
o
x
.
 
 

 
 

 
 

 
i
f
(
G
e
t
O
p
e
n
F
i
l
e
N
a
m
e
(
&
o
f
n
)
 
=
=
 
T
R
U
E
)
 

 
 

 
 

 
{
 

 
 

 
 

 
 

f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 

i
+
+
)
 

 
 

 
 

 
 

 
d
e
l
e
t
e
 
*
i
;
 

 
 

 
 

 
 

C
l
o
u
d
s
.
c
l
e
a
r
(
)
;
 

 
 

 
 

 
 

C
l
o
u
d
*
 
C
 
=
 
n
e
w
 
C
l
o
u
d
(
)
;
 

 
 

 
 

 
 

C
-
>
O
p
e
n
(
(
c
h
a
r
*
)
(
o
f
n
.
l
p
s
t
r
F
i
l
e
)
)
;
 

 
 

 
 

 
 

C
-
>
C
o
m
p
o
s
e
G
r
i
d
(
1
2
,
 
1
2
)
;
 

 
 

 
 

 
 

/
/
 
T
e
s
t
 
t
h
e
 
a
s
s
i
g
n
m
e
n
t
 
o
p
e
r
a
t
o
r
.
.
.
 

 
 

 
 

 
 

C
l
o
u
d
*
 
D
 
=
 
n
e
w
 
C
l
o
u
d
(
)
;
 

 
 

 
 

 
 

*
D
 
=
 
*
C
;
 

 
 

 
 

 
 

d
e
l
e
t
e
 
C
;
 

 
 

 
 

 
 

C
l
o
u
d
s
.
p
u
s
h
_
b
a
c
k
(
D
)
;
 

 
 

 
 

 
 

C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
}
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
O
'
]
)
 
/
/
 
O
u
t
p
u
t
 
a
 
c
l
o
u
d
 

 
 

 
{
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i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
i
f
(
!
C
l
o
u
d
s
.
e
m
p
t
y
(
)
)
 

 
 

 
 

 
 

C
l
o
u
d
s
[
0
]
-
>
S
a
v
e
(
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
'
M
'
]
)
 
/
/
 
S
e
l
e
c
t
 
t
h
e
 
a
c
c
e
p
t
a
b
l
e
 
p
l
a
n
e
s
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
t
r
u
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
F
1
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
 
=
 
S
L
O
P
E
;
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
F
2
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
 
=
 
A
V
E
R
A
G
E
_
A
N
G
L
E
;
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
F
3
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
 
=
 
T
H
R
E
S
H
O
L
D
;
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
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}
 

 
 

 
i
f
(
k
e
y
s
[
V
K
_
F
4
]
)
 

 
 

 
{
 

 
 

 
 

i
f
(
t
i
m
e
(
0
)
 
-
 
L
a
s
t
K
e
y
P
r
e
s
s
 
>
=
 
2
)
 

 
 

 
 

{
 

 
 

 
 

 
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
 
=
 
K
U
R
T
O
S
I
S
;
 

 
 

 
 

 
C
o
l
o
r
S
c
e
n
e
(
C
u
r
r
e
n
t
C
o
l
o
r
T
y
p
e
,
 
f
a
l
s
e
)
;
 

 
 

 
 

 
L
a
s
t
K
e
y
P
r
e
s
s
 
=
 
t
i
m
e
(
0
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

}
 

 
}
 

  
f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

d
e
l
e
t
e
 
*
i
;
 

 
K
i
l
l
G
L
W
i
n
d
o
w
(
)
;
 
/
/
 
K
i
l
l
 
T
h
e
 
W
i
n
d
o
w
 

 
#
i
f
 
A
N
A
L
Y
Z
E
_
M
E
M
O
R
Y
 

 
_
C
r
t
D
u
m
p
M
e
m
o
r
y
L
e
a
k
s
(
)
;
 

 
#
e
n
d
i
f
 

 
#
i
f
 
R
E
D
I
R
E
C
T
_
C
O
U
T
 

 
O
u
t
.
c
l
o
s
e
(
)
;
 

 
#
e
n
d
i
f
 

 
r
e
t
u
r
n
 
i
n
t
(
m
s
g
.
w
P
a
r
a
m
)
;
 
/
/
 
E
x
i
t
 
T
h
e
 
P
r
o
g
r
a
m
 

}
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 B
. 

B
u

m
b

le
b

e
e

.h
 

#
p
r
a
g
m
a
 
o
n
c
e
 

#
i
n
c
l
u
d
e
 
"
c
o
n
f
i
g
.
h
"
 

#
i
f
 
B
U
M
B
L
E
B
E
E
_
I
N
S
T
A
L
L
E
D
 

#
i
n
c
l
u
d
e
 
<
t
r
i
c
l
o
p
s
.
h
>
 

#
i
n
c
l
u
d
e
 
<
d
i
g
i
c
l
o
p
s
.
h
>
 

#
i
n
c
l
u
d
e
 
"
c
l
o
u
d
.
h
"
 

#
i
n
c
l
u
d
e
 
<
s
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
<
i
o
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
<
c
t
i
m
e
>
 

#
i
n
c
l
u
d
e
 
<
l
i
s
t
>
 

u
s
i
n
g
 
n
a
m
e
s
p
a
c
e
 
s
t
d
;
 

 #
p
r
a
g
m
a
 
c
o
m
m
e
n
t
(
l
i
b
,
 
"
d
i
g
i
c
l
o
p
s
.
l
i
b
"
)
 

#
p
r
a
g
m
a
 
c
o
m
m
e
n
t
(
l
i
b
,
 
"
t
r
i
c
l
o
p
s
.
l
i
b
"
)
 

 c
l
a
s
s
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
 

{
 

p
u
b
l
i
c
:
 

 
b
o
o
l
 
C
a
p
t
u
r
e
(
C
l
o
u
d
&
 
C
)
;
 

 
f
r
i
e
n
d
 
b
o
o
l
 
I
n
i
t
i
a
l
i
z
e
B
u
m
b
l
e
b
e
e
(
)
;
 

p
r
i
v
a
t
e
:
 

 
T
r
i
c
l
o
p
s
C
o
n
t
e
x
t
 
T
r
i
c
l
o
p
s
;
 

 
D
i
g
i
c
l
o
p
s
C
o
n
t
e
x
t
 
D
i
g
i
c
l
o
p
s
;
 

 
b
o
o
l
 
I
n
i
t
i
a
l
i
z
e
d
;
 

 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
(
)
;
 

 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
(
c
o
n
s
t
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
&
 
B
)
;
 

 
v
o
i
d
 
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
&
 
B
)
;
 

}
;
 

 e
x
t
e
r
n
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
*
 
B
u
m
b
l
e
b
e
e
;
 

#
e
n
d
i
f
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 C
. 

B
u

m
b

le
b

e
e

.c
p

p
 

#
i
n
c
l
u
d
e
 
"
b
u
m
b
l
e
b
e
e
.
h
"
 

 #
i
f
 
B
U
M
B
L
E
B
E
E
_
I
N
S
T
A
L
L
E
D
 

 B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
*
 
B
u
m
b
l
e
b
e
e
;
 

 b
o
o
l
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
:
:
C
a
p
t
u
r
e
(
C
l
o
u
d
&
 
C
)
 

{
 

 
i
f
(
!
I
n
i
t
i
a
l
i
z
e
d
)
 

 
 

r
e
t
u
r
n
 
f
a
l
s
e
;
 

 
C
.
C
l
e
a
r
(
)
;
 

 
l
i
s
t
<
P
o
i
n
t
>
 
P
o
i
n
t
s
;
 

  
T
r
i
c
l
o
p
s
I
n
p
u
t
 
S
t
e
r
e
o
D
a
t
a
;
 

 
T
r
i
c
l
o
p
s
I
n
p
u
t
 
C
o
l
o
r
D
a
t
a
;
 

 
T
r
i
c
l
o
p
s
I
m
a
g
e
1
6
 
D
e
p
t
h
I
m
a
g
e
1
6
;
 

 
T
r
i
c
l
o
p
s
C
o
l
o
r
I
m
a
g
e
 
C
o
l
o
r
I
m
a
g
e
;
 

  
/
/
 
G
r
a
b
 
t
h
e
 
i
m
a
g
e
 
s
e
t
 

 
d
i
g
i
c
l
o
p
s
G
r
a
b
I
m
a
g
e
(
D
i
g
i
c
l
o
p
s
)
;
 

 
/
/
 
G
r
a
b
 
t
h
e
 
s
t
e
r
e
o
 
d
a
t
a
 

 
d
i
g
i
c
l
o
p
s
E
x
t
r
a
c
t
T
r
i
c
l
o
p
s
I
n
p
u
t
(
D
i
g
i
c
l
o
p
s
,
 
S
T
E
R
E
O
_
I
M
A
G
E
,
 
&
S
t
e
r
e
o
D
a
t
a
)
;
 

 
/
/
 
G
r
a
b
 
t
h
e
 
c
o
l
o
r
 
i
m
a
g
e
 
d
a
t
a
 

 
d
i
g
i
c
l
o
p
s
E
x
t
r
a
c
t
T
r
i
c
l
o
p
s
I
n
p
u
t
(
D
i
g
i
c
l
o
p
s
,
 
R
I
G
H
T
_
I
M
A
G
E
,
 
&
C
o
l
o
r
D
a
t
a
)
;
 

 
/
/
 
P
r
e
p
r
o
c
e
s
s
 
t
h
e
 
i
m
a
g
e
s
 

 
t
r
i
c
l
o
p
s
P
r
e
p
r
o
c
e
s
s
(
T
r
i
c
l
o
p
s
,
 
&
S
t
e
r
e
o
D
a
t
a
)
;
 

 
/
/
 
S
t
e
r
e
o
 
p
r
o
c
e
s
s
i
n
g
 

 
t
r
i
c
l
o
p
s
S
t
e
r
e
o
(
T
r
i
c
l
o
p
s
)
;
 

 
/
/
 
R
e
t
r
i
e
v
e
 
t
h
e
 
i
n
t
e
r
p
o
l
a
t
e
d
 
d
e
p
t
h
 
i
m
a
g
e
 
f
r
o
m
 
t
h
e
 
c
o
n
t
e
x
t
 

 
t
r
i
c
l
o
p
s
G
e
t
I
m
a
g
e
1
6
(
T
r
i
c
l
o
p
s
,
 
T
r
i
I
m
g
1
6
_
D
I
S
P
A
R
I
T
Y
,
 
T
r
i
C
a
m
_
R
E
F
E
R
E
N
C
E
,
 
&
D
e
p
t
h
I
m
a
g
e
1
6
)
;
 

 
t
r
i
c
l
o
p
s
R
e
c
t
i
f
y
C
o
l
o
r
I
m
a
g
e
(
T
r
i
c
l
o
p
s
,
 
T
r
i
C
a
m
_
R
E
F
E
R
E
N
C
E
,
 
&
C
o
l
o
r
D
a
t
a
,
 
&
C
o
l
o
r
I
m
a
g
e
)
;
 

 
/
/
 
D
e
t
e
r
m
i
n
e
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
p
i
x
e
l
s
 
s
p
a
c
i
n
g
 
p
e
r
 
r
o
w
 

 
i
n
t
 
P
i
x
e
l
I
n
c
 
=
 
D
e
p
t
h
I
m
a
g
e
1
6
.
r
o
w
i
n
c
 
/
 
2
;
 

 
f
o
r
(
i
n
t
 
i
 
=
 
0
,
 
k
 
=
 
0
;
 
i
 
<
 
D
e
p
t
h
I
m
a
g
e
1
6
.
n
r
o
w
s
;
 
i
+
+
)
 

 
{
 

 
 

u
n
s
i
g
n
e
d
 
s
h
o
r
t
*
 
R
o
w
 
=
 
D
e
p
t
h
I
m
a
g
e
1
6
.
d
a
t
a
 
+
 
i
 
*
 
P
i
x
e
l
I
n
c
;
 

 
 

f
o
r
(
i
n
t
 
j
 
=
 
0
;
 
j
 
<
 
D
e
p
t
h
I
m
a
g
e
1
6
.
n
c
o
l
s
;
 
j
+
+
,
 
k
+
+
)
 

 
 

{
 

 
 

 
i
n
t
 
D
i
s
p
a
r
i
t
y
 
=
 
R
o
w
[
j
]
;
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/
/
 
F
i
l
t
e
r
 
i
n
v
a
l
i
d
 
p
o
i
n
t
s
 

 
 

 
i
f
(
D
i
s
p
a
r
i
t
y
 
<
 
0
x
F
F
0
0
)
 

 
 

 
{
 

 
 

 
 

/
/
 
C
o
n
v
e
r
t
 
t
h
e
 
1
6
 
b
i
t
 
d
i
s
p
a
r
i
t
y
 
v
a
l
u
e
 
t
o
 
f
l
o
a
t
i
n
g
 
p
o
i
n
t
 
x
,
 
y
,
 
z
 

 
 

 
 

P
o
i
n
t
 
P
;
 

 
 

 
 

t
r
i
c
l
o
p
s
R
C
D
1
6
T
o
X
Y
Z
(
T
r
i
c
l
o
p
s
,
 
i
,
 
j
,
 
D
i
s
p
a
r
i
t
y
,
 
&
P
.
x
,
 
&
P
.
y
,
 
&
P
.
z
)
;
 

 
 

 
 

/
/
 
L
o
o
k
 
a
t
 
p
o
i
n
t
s
 
w
i
t
h
i
n
 
a
 
r
a
n
g
e
 

 
 

 
 

i
f
(
P
.
z
 
<
 
5
.
0
)
 

 
 

 
 

{
 

 
 

 
 

 
P
.
i
 
=
 
i
;
 

 
 

 
 

 
P
.
j
 
=
 
j
;
 

 
 

 
 

 
P
.
d
 
=
 
D
i
s
p
a
r
i
t
y
;
 

 
 

 
 

 
P
.
r
 
=
 
(
f
l
o
a
t
)
C
o
l
o
r
I
m
a
g
e
.
r
e
d
[
k
]
;
 

 
 

 
 

 
P
.
g
 
=
 
(
f
l
o
a
t
)
C
o
l
o
r
I
m
a
g
e
.
g
r
e
e
n
[
k
]
;
 

 
 

 
 

 
P
.
b
 
=
 
(
f
l
o
a
t
)
C
o
l
o
r
I
m
a
g
e
.
b
l
u
e
[
k
]
;
 

 
 

 
 

 
P
o
i
n
t
s
.
p
u
s
h
_
b
a
c
k
(
P
)
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

}
 

 
}
 

 
i
f
(
P
o
i
n
t
s
.
s
i
z
e
(
)
 
=
=
 
0
)
 

 
 

r
e
t
u
r
n
 
f
a
l
s
e
;
 

  
C
.
P
o
i
n
t
C
o
u
n
t
 
=
 
(
l
o
n
g
)
P
o
i
n
t
s
.
s
i
z
e
(
)
;
 

 
C
.
P
o
i
n
t
s
 
=
 
n
e
w
 
P
o
i
n
t
[
C
.
P
o
i
n
t
C
o
u
n
t
]
;
 

 
l
o
n
g
 
q
 
=
 
0
;
 

 
f
o
r
(
l
i
s
t
<
P
o
i
n
t
>
:
:
i
t
e
r
a
t
o
r
 
i
t
 
=
 
P
o
i
n
t
s
.
b
e
g
i
n
(
)
;
 
i
t
 
!
=
 
P
o
i
n
t
s
.
e
n
d
(
)
;
 
i
t
+
+
,
 
q
+
+
)
 

 
 

C
.
P
o
i
n
t
s
[
q
]
 
=
 
*
i
t
;
 

  
/
/
 
N
o
w
 
s
e
t
 
t
h
e
 
i
m
a
g
e
 
d
a
t
a
 
o
f
 
t
h
e
 
c
l
o
u
d
 

 
P
P
M
I
m
a
g
e
&
 
I
 
=
 
C
.
I
m
a
g
e
;
 

 
I
.
M
a
x
C
o
l
o
r
 
=
 
2
5
5
;
 

 
I
.
H
e
i
g
h
t
 
=
 
C
o
l
o
r
I
m
a
g
e
.
n
r
o
w
s
;
 

 
I
.
W
i
d
t
h
 
=
 
C
o
l
o
r
I
m
a
g
e
.
n
c
o
l
s
;
 

 
I
.
T
i
m
e
s
t
a
m
p
 
=
 
t
i
m
e
(
0
)
;
 

 
I
.
D
a
t
a
 
=
 
n
e
w
 
G
L
u
b
y
t
e
[
3
 
*
 
I
.
H
e
i
g
h
t
 
*
 
I
.
W
i
d
t
h
]
;
 

 
f
o
r
(
q
 
=
 
0
;
 
q
 
<
 
I
.
H
e
i
g
h
t
 
*
 
I
.
W
i
d
t
h
;
 
q
+
+
)
 

 
{
 

 
 

I
.
D
a
t
a
[
q
 
*
 
3
 
+
 
0
]
 
=
 
C
o
l
o
r
I
m
a
g
e
.
r
e
d
[
q
]
;
 

 
 

I
.
D
a
t
a
[
q
 
*
 
3
 
+
 
1
]
 
=
 
C
o
l
o
r
I
m
a
g
e
.
g
r
e
e
n
[
q
]
;
 

 
 

I
.
D
a
t
a
[
q
 
*
 
3
 
+
 
2
]
 
=
 
C
o
l
o
r
I
m
a
g
e
.
b
l
u
e
[
q
]
;
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}
 

  
r
e
t
u
r
n
 
t
r
u
e
;
 

}
 

 b
o
o
l
 
I
n
i
t
i
a
l
i
z
e
B
u
m
b
l
e
b
e
e
(
)
 

{
 

 
s
t
a
t
i
c
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
 
B
;
 

 
B
u
m
b
l
e
b
e
e
 
=
 
&
B
;
 

 
r
e
t
u
r
n
 
B
.
I
n
i
t
i
a
l
i
z
e
d
;
 

}
 

 /
/
 
T
O
D
O
:
 
M
a
k
e
 
t
h
i
s
 
m
o
r
e
 
r
o
b
u
s
t
.
 
I
f
 
p
a
r
t
 
o
f
 
t
h
e
 
i
n
i
t
i
a
l
i
z
a
t
i
o
n
 
f
a
i
l
s
,
 
t
h
e
n
 
r
e
t
u
r
n
 
w
i
t
h
 
I
n
i
t
i
a
l
i
z
e
d
 
=
 
f
a
l
s
e
.
 

B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
:
:
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
(
)
 

{
 

 
I
n
i
t
i
a
l
i
z
e
d
 
=
 
f
a
l
s
e
;
 

 
/
/
 
O
p
e
n
 
t
h
e
 
D
i
g
i
c
l
o
p
s
 

 
d
i
g
i
c
l
o
p
s
C
r
e
a
t
e
C
o
n
t
e
x
t
(
&
D
i
g
i
c
l
o
p
s
)
;
 

 
d
i
g
i
c
l
o
p
s
I
n
i
t
i
a
l
i
z
e
(
D
i
g
i
c
l
o
p
s
,
 
0
)
;
 

 
/
/
 
G
e
t
 
t
h
e
 
c
a
m
e
r
a
 
m
o
d
u
l
e
 
c
o
n
f
i
g
u
r
a
t
i
o
n
 

 
d
i
g
i
c
l
o
p
s
G
e
t
T
r
i
c
l
o
p
s
C
o
n
t
e
x
t
F
r
o
m
C
a
m
e
r
a
(
D
i
g
i
c
l
o
p
s
,
 
&
T
r
i
c
l
o
p
s
)
;
 

 
/
/
 
S
e
t
 
t
h
e
 
d
i
g
i
c
l
o
p
s
 
t
o
 
d
e
l
i
v
e
r
 
t
h
e
 
s
t
e
r
e
o
 
i
m
a
g
e
 
a
n
d
 
r
i
g
h
t
 
(
c
o
l
o
r
)
 
i
m
a
g
e
 

 
d
i
g
i
c
l
o
p
s
S
e
t
I
m
a
g
e
T
y
p
e
s
(
D
i
g
i
c
l
o
p
s
,
 
S
T
E
R
E
O
_
I
M
A
G
E
 
|
 
R
I
G
H
T
_
I
M
A
G
E
)
;
 

 
/
/
 
S
e
t
 
t
h
e
 
D
i
g
i
c
l
o
p
s
 
r
e
s
o
l
u
t
i
o
n
 

 
/
/
 
U
s
e
 
'
H
A
L
F
'
 
r
e
s
o
l
u
t
i
o
n
 
w
h
e
n
 
y
o
u
 
n
e
e
d
 
f
a
s
t
e
r
 
t
h
r
o
u
g
h
p
u
t
,
 
e
s
p
e
c
i
a
l
l
y
 
f
o
r
 
c
o
l
o
r
 
i
m
a
g
e
s
 

/
/
 

d
i
g
i
c
l
o
p
s
S
e
t
I
m
a
g
e
R
e
s
o
l
u
t
i
o
n
(
D
i
g
i
c
l
o
p
s
,
 
D
I
G
I
C
L
O
P
S
_
H
A
L
F
)
;
 

 
d
i
g
i
c
l
o
p
s
S
e
t
I
m
a
g
e
R
e
s
o
l
u
t
i
o
n
(
D
i
g
i
c
l
o
p
s
,
 
D
I
G
I
C
L
O
P
S
_
F
U
L
L
)
;
 

 
/
/
 
S
t
a
r
t
 
g
r
a
b
b
i
n
g
 
i
m
a
g
e
s
 
w
i
t
h
 
t
h
e
 
c
a
m
e
r
a
 

 
d
i
g
i
c
l
o
p
s
S
t
a
r
t
(
D
i
g
i
c
l
o
p
s
)
;
 

 
/
/
 
S
e
t
 
u
p
 
s
o
m
e
 
s
t
e
r
e
o
 
p
a
r
a
m
e
t
e
r
s
:
 

 
/
/
 
S
e
t
 
t
o
 
6
4
0
x
4
8
0
 
o
u
t
p
u
t
 
i
m
a
g
e
s
 

 
t
r
i
c
l
o
p
s
S
e
t
R
e
s
o
l
u
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
4
8
0
,
 
6
4
0
)
;
 

 
/
/
 
S
e
t
 
d
i
s
p
a
r
i
t
y
 
r
a
n
g
e
 

 
t
r
i
c
l
o
p
s
S
e
t
D
i
s
p
a
r
i
t
y
(
T
r
i
c
l
o
p
s
,
 
1
,
 
1
0
0
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
S
t
e
r
e
o
M
a
s
k
(
T
r
i
c
l
o
p
s
,
 
1
1
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
E
d
g
e
C
o
r
r
e
l
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
E
d
g
e
M
a
s
k
(
T
r
i
c
l
o
p
s
,
 
1
1
)
;
 

 
/
/
 
T
u
r
n
 
o
n
 
a
l
l
 
v
a
l
i
d
a
t
i
o
n
 

 
t
r
i
c
l
o
p
s
S
e
t
T
e
x
t
u
r
e
V
a
l
i
d
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
U
n
i
q
u
e
n
e
s
s
V
a
l
i
d
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
/
/
 
T
u
r
n
 
o
n
 
s
u
b
-
p
i
x
e
l
 
i
n
t
e
r
p
o
l
a
t
i
o
n
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t
r
i
c
l
o
p
s
S
e
t
S
u
b
p
i
x
e
l
I
n
t
e
r
p
o
l
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
/
/
 
M
a
k
e
 
s
u
r
e
 
s
t
r
i
c
t
 
s
u
b
p
i
x
e
l
 
v
a
l
i
d
a
t
i
o
n
 
i
s
 
o
n
 

 
t
r
i
c
l
o
p
s
S
e
t
S
t
r
i
c
t
S
u
b
p
i
x
e
l
V
a
l
i
d
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
/
/
 
T
u
r
n
 
o
n
 
s
u
r
f
a
c
e
 
v
a
l
i
d
a
t
i
o
n
 

 
t
r
i
c
l
o
p
s
S
e
t
S
u
r
f
a
c
e
V
a
l
i
d
a
t
i
o
n
(
T
r
i
c
l
o
p
s
,
 
1
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
S
u
r
f
a
c
e
V
a
l
i
d
a
t
i
o
n
S
i
z
e
(
T
r
i
c
l
o
p
s
,
 
2
0
0
)
;
 

 
t
r
i
c
l
o
p
s
S
e
t
S
u
r
f
a
c
e
V
a
l
i
d
a
t
i
o
n
D
i
f
f
e
r
e
n
c
e
(
T
r
i
c
l
o
p
s
,
 
0
.
5
)
;
 

 
I
n
i
t
i
a
l
i
z
e
d
 
=
 
t
r
u
e
;
 

}
 

 B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
:
:
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
(
c
o
n
s
t
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
&
 
B
)
 

{
 

 }
 

 v
o
i
d
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
:
:
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
B
u
m
b
l
e
b
e
e
C
a
m
e
r
a
&
 
B
)
 

{
 

 }
 

 #
e
n
d
i
f
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 D
. 

C
lo

u
d

.h
 

#
p
r
a
g
m
a
 
o
n
c
e
 

 #
i
n
c
l
u
d
e
 
<
i
o
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
<
f
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
<
s
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
<
c
m
a
t
h
>
 

#
i
n
c
l
u
d
e
 
<
c
a
s
s
e
r
t
>
 

#
i
n
c
l
u
d
e
 
<
l
i
s
t
>
 

#
i
n
c
l
u
d
e
 
<
l
i
m
i
t
s
>
 

#
i
f
d
e
f
 
W
I
N
3
2
 

#
i
n
c
l
u
d
e
 
<
w
i
n
d
o
w
s
.
h
>
 

#
e
n
d
i
f
 

#
i
n
c
l
u
d
e
 
<
G
L
/
g
l
.
h
>
 

#
i
n
c
l
u
d
e
 
<
G
L
/
g
l
u
.
h
>
 

#
i
n
c
l
u
d
e
 
"
c
o
n
f
i
g
.
h
"
 

u
s
i
n
g
 
n
a
m
e
s
p
a
c
e
 
s
t
d
;
 

 s
t
r
u
c
t
 
P
o
i
n
t
 

{
 

 
P
o
i
n
t
(
)
;
 

 
f
l
o
a
t
 
x
,
 
y
,
 
z
,
 
r
,
 
g
,
 
b
;
 
/
/
 
R
e
p
r
e
s
e
n
t
s
 
x
,
 
y
,
 
z
 
c
o
o
r
d
s
 
i
n
 
t
h
e
 
r
e
a
l
 
w
o
r
l
d
,
 
a
l
o
n
g
 
w
i
t
h
 
r
e
d
,
 
g
r
e
e
n
,
 
a
n
d
 

b
l
u
e
 
c
o
l
o
r
.
 

 
i
n
t
 
i
,
 
j
,
 
d
;
 
/
/
 
i
 
i
s
 
t
h
e
 
p
i
x
e
l
 
r
o
w
.
 
j
 
i
s
 
t
h
e
 
p
i
x
e
l
 
c
o
l
u
m
n
.
 
d
 
i
s
 
t
h
e
 
p
i
x
e
l
 
d
i
s
p
a
r
i
t
y
.
 

}
;
 

 s
t
r
u
c
t
 
V
e
c
t
o
r
 

{
 

 
V
e
c
t
o
r
(
)
;
 

 
f
l
o
a
t
 
x
,
 
y
,
 
z
;
 

}
;
 

 s
t
r
u
c
t
 
H
i
t
L
i
s
t
 

{
 

p
u
b
l
i
c
:
 

 
b
o
o
l
 
C
o
n
t
a
i
n
s
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
;
 

 
v
o
i
d
 
T
o
g
g
l
e
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
;
 

 
v
o
i
d
 
A
d
d
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
;
 

 
v
o
i
d
 
R
e
m
o
v
e
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
;
 

 
v
o
i
d
 
C
l
e
a
r
(
)
;
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 p
r
i
v
a
t
e
:
 

 
l
i
s
t
<
p
a
i
r
<
i
n
t
,
 
i
n
t
>
>
 
H
i
t
s
;
 

}
;
 

 s
t
r
u
c
t
 
P
l
a
n
e
 

{
 

 
P
l
a
n
e
(
)
;
 

 
P
o
i
n
t
 
P
1
,
 
P
2
,
 
P
3
,
 
P
4
;
 
/
/
 
T
h
e
 
4
 
c
o
r
n
e
r
s
 
o
f
 
t
h
e
 
p
l
a
n
e
.
 

 
V
e
c
t
o
r
 
N
o
r
m
a
l
;
 
/
/
 
T
h
e
 
n
o
r
m
a
l
 
v
e
c
t
o
r
 
o
f
 
t
h
e
 
p
l
a
n
e
.
 

 
f
l
o
a
t
 
A
n
g
l
e
F
r
o
m
Z
;
 
/
/
 
T
h
e
 
a
n
g
l
e
 
b
e
t
w
e
e
n
 
t
h
e
 
n
o
r
m
a
l
 
o
f
 
t
h
e
 
p
l
a
n
e
 
a
n
d
 
t
h
e
 
z
-
a
x
i
s
,
 
i
n
 
d
e
g
r
e
e
s
.
 

 
f
l
o
a
t
 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
;
 
/
/
 
T
h
e
 
l
a
r
g
e
s
t
 
a
n
g
u
l
a
r
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
p
l
a
n
e
 
a
n
d
 
a
l
l
 
o
f
 
t
h
e
 
a
d
j
a
c
e
n
t
 

p
l
a
n
e
s
.
 

 
f
l
o
a
t
 
K
u
r
t
o
s
i
s
;
 
/
/
 
A
 
m
e
a
s
u
r
e
 
o
f
 
h
o
w
 
w
e
l
l
 
t
h
e
 
p
o
i
n
t
s
 
f
i
t
 
t
h
e
 
p
l
a
n
e
.
 

 
i
n
t
 
N
a
m
e
;
 
/
/
 
T
h
e
 
"
n
a
m
e
"
 
(
o
r
 
i
d
e
n
t
i
f
i
e
r
)
 
o
f
 
t
h
e
 
p
l
a
n
e
,
 
u
s
e
d
 
f
o
r
 
s
e
l
e
c
t
i
o
n
 
i
n
 
r
e
n
d
e
r
i
n
g
.
 

 
b
o
o
l
 
H
i
t
;
 

}
;
 

 s
t
r
u
c
t
 
P
P
M
I
m
a
g
e
 

{
 

 
P
P
M
I
m
a
g
e
(
)
;
 

 
P
P
M
I
m
a
g
e
(
c
o
n
s
t
 
P
P
M
I
m
a
g
e
&
 
x
)
;
 

 
P
P
M
I
m
a
g
e
&
 
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
P
P
M
I
m
a
g
e
&
 
x
)
;
 

 
v
o
i
d
 
C
l
e
a
r
(
)
;
 

 
~
P
P
M
I
m
a
g
e
(
)
;
 

 
b
o
o
l
 
D
r
a
w
B
o
x
(
l
o
n
g
 
X
1
,
 
l
o
n
g
 
Y
1
,
 
l
o
n
g
 
X
2
,
 
l
o
n
g
 
Y
2
)
;
 

 
l
o
n
g
 
H
e
i
g
h
t
;
 

 
l
o
n
g
 
W
i
d
t
h
;
 

 
l
o
n
g
 
M
a
x
C
o
l
o
r
;
 

 
t
i
m
e
_
t
 
T
i
m
e
s
t
a
m
p
;
 

 
G
L
u
b
y
t
e
*
 
D
a
t
a
;
 

}
;
 

 s
t
r
u
c
t
 
T
e
x
t
u
r
e
 

{
 

 
T
e
x
t
u
r
e
(
)
;
 

 
T
e
x
t
u
r
e
(
c
o
n
s
t
 
T
e
x
t
u
r
e
&
 
x
)
;
 

 
T
e
x
t
u
r
e
&
 
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
T
e
x
t
u
r
e
&
 
x
)
;
 

 
v
o
i
d
 
C
o
m
p
o
s
e
(
P
P
M
I
m
a
g
e
&
 
I
m
a
g
e
)
;
 

 
~
T
e
x
t
u
r
e
(
)
;
 

 
G
L
u
i
n
t
 
I
D
;
 

 
G
L
u
b
y
t
e
*
 
D
a
t
a
;
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i
n
t
 
W
i
d
t
h
;
 

 
i
n
t
 
H
e
i
g
h
t
;
 

}
;
 

 s
t
r
u
c
t
 
C
l
o
u
d
 

{
 

 
C
l
o
u
d
(
)
;
 

 
C
l
o
u
d
(
c
o
n
s
t
 
C
l
o
u
d
&
 
x
)
;
 

 
C
l
o
u
d
&
 
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
C
l
o
u
d
&
 
x
)
;
 

 
b
o
o
l
 
O
p
e
n
(
s
t
r
i
n
g
 
F
i
l
e
N
a
m
e
)
;
 

 
b
o
o
l
 
S
a
v
e
(
)
;
 

 
v
o
i
d
 
C
o
m
p
o
s
e
G
r
i
d
(
i
n
t
 
R
,
 
i
n
t
 
C
)
;
 

 
v
o
i
d
 
M
u
l
t
i
p
l
e
L
i
n
e
a
r
R
e
g
r
e
s
s
i
o
n
(
P
l
a
n
e
*
&
 
P
,
 
i
n
t
 
P
i
x
e
l
L
o
w
e
r
X
,
 
i
n
t
 
P
i
x
e
l
U
p
p
e
r
X
,
 
i
n
t
 
P
i
x
e
l
L
o
w
e
r
Y
,
 
i
n
t
 

P
i
x
e
l
U
p
p
e
r
Y
)
;
 

 
v
o
i
d
 
P
r
o
x
i
m
i
t
y
E
v
a
l
u
a
t
i
o
n
(
)
;
 

/
/
 

v
o
i
d
 
C
a
l
c
u
l
a
t
e
Q
u
a
l
i
t
y
(
f
l
o
a
t
 
I
m
p
o
r
t
a
n
c
e
O
f
S
t
e
e
p
n
e
s
s
,
 
f
l
o
a
t
 
I
m
p
o
r
t
a
n
c
e
O
f
P
r
o
x
i
m
i
t
y
S
i
m
i
l
a
r
i
t
y
)
;
 

 
f
l
o
a
t
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
i
n
t
 
O
r
i
g
i
n
R
o
w
,
 
i
n
t
 
O
r
i
g
i
n
C
o
l
u
m
n
,
 
i
n
t
 
T
a
r
g
e
t
R
o
w
,
 
i
n
t
 
T
a
r
g
e
t
C
o
l
u
m
n
,
 
f
l
o
a
t
&
 
C
o
u
n
t
)
;
 

 
v
o
i
d
 
C
l
e
a
r
(
)
;
 

 
v
o
i
d
 
Z
e
r
o
P
a
r
a
m
e
t
e
r
s
(
)
;
 

 
v
o
i
d
 
D
e
l
e
t
e
B
e
s
t
F
i
t
P
l
a
n
e
s
(
)
;
 

 
~
C
l
o
u
d
(
)
;
 

  
l
o
n
g
 
P
o
i
n
t
C
o
u
n
t
;
 

 
P
o
i
n
t
*
 
P
o
i
n
t
s
;
 

 
P
P
M
I
m
a
g
e
 
I
m
a
g
e
;
 

 
H
i
t
L
i
s
t
 
H
i
t
s
;
 

 
P
l
a
n
e
*
*
*
 
B
e
s
t
F
i
t
P
l
a
n
e
s
;
 

 
i
n
t
 
C
o
l
u
m
n
s
;
 
/
/
 
T
h
e
 
t
o
t
a
l
 
n
u
m
b
e
r
 
o
f
 
c
o
l
u
m
n
s
 
t
h
a
t
 
t
h
e
 
p
o
i
n
t
 
c
l
o
u
d
 
i
s
 
d
i
v
i
d
e
d
 
i
n
t
o
 
f
o
r
 
a
n
a
l
y
s
i
s
.
 

 
i
n
t
 
R
o
w
s
;
 
/
/
 
T
h
e
 
t
o
t
a
l
 
n
u
m
b
e
r
 
o
f
 
r
o
w
s
 
t
h
a
t
 
t
h
e
 
p
o
i
n
t
 
c
l
o
u
d
 
i
s
 
d
i
v
i
d
e
d
 
i
n
t
o
 
f
o
r
 
a
n
a
l
y
s
i
s
.
 

 
f
l
o
a
t
 
D
e
l
t
a
X
;
 

 
f
l
o
a
t
 
D
e
l
t
a
Y
;
 

 
T
e
x
t
u
r
e
 
T
e
x
;
 

}
;
 

 V
e
c
t
o
r
&
 
o
p
e
r
a
t
o
r
/
=
(
V
e
c
t
o
r
&
 
v
,
 
c
o
n
s
t
 
f
l
o
a
t
 
S
c
a
l
a
r
)
;
 

f
l
o
a
t
 
l
e
n
(
c
o
n
s
t
 
V
e
c
t
o
r
&
 
v
)
;
 

f
l
o
a
t
 
A
n
g
u
l
a
r
D
i
f
f
e
r
e
n
c
e
(
c
o
n
s
t
 
V
e
c
t
o
r
&
 
u
,
 
c
o
n
s
t
 
V
e
c
t
o
r
&
 
v
)
;
 

o
s
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
<
<
(
o
s
t
r
e
a
m
&
 
O
u
t
,
 
c
o
n
s
t
 
P
o
i
n
t
&
 
P
)
;
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 E
. 

C
lo

u
d

.c
p

p
 

#
i
n
c
l
u
d
e
 
"
c
l
o
u
d
.
h
"
 

 c
o
n
s
t
 
f
l
o
a
t
 
P
I
 
=
 
4
.
0
f
 
*
 
a
t
a
n
(
1
.
0
f
)
;
 

 P
o
i
n
t
:
:
P
o
i
n
t
(
)
 
:
 
x
(
0
)
,
 
y
(
0
)
,
 
z
(
0
)
,
 
r
(
0
)
,
 
g
(
0
)
,
 
b
(
0
)
,
 
i
(
0
)
,
 
j
(
0
)
,
 
d
(
0
)
 

{
 

 }
 

 V
e
c
t
o
r
:
:
V
e
c
t
o
r
(
)
 
:
 
x
(
0
)
,
 
y
(
0
)
,
 
z
(
0
)
 

{
 

 }
 

 b
o
o
l
 
H
i
t
L
i
s
t
:
:
C
o
n
t
a
i
n
s
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
 

{
 

 
f
o
r
(
l
i
s
t
<
p
a
i
r
<
i
n
t
,
 
i
n
t
>
>
:
:
c
o
n
s
t
_
i
t
e
r
a
t
o
r
 
i
 
=
 
H
i
t
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
H
i
t
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

i
f
(
I
t
e
m
 
=
=
 
*
i
)
 

 
 

 
r
e
t
u
r
n
 
t
r
u
e
;
 

 
r
e
t
u
r
n
 
f
a
l
s
e
;
 

}
 

 v
o
i
d
 
H
i
t
L
i
s
t
:
:
T
o
g
g
l
e
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
 

{
 

 
C
o
n
t
a
i
n
s
(
I
t
e
m
)
 
?
 
R
e
m
o
v
e
(
I
t
e
m
)
 
:
 
A
d
d
(
I
t
e
m
)
;
 

}
 

 v
o
i
d
 
H
i
t
L
i
s
t
:
:
A
d
d
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
 

{
 

 
i
f
(
C
o
n
t
a
i
n
s
(
I
t
e
m
)
)
 
r
e
t
u
r
n
;
 

 
H
i
t
s
.
p
u
s
h
_
b
a
c
k
(
I
t
e
m
)
;
 

}
 

 v
o
i
d
 
H
i
t
L
i
s
t
:
:
R
e
m
o
v
e
(
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
I
t
e
m
)
 

{
 

 
f
o
r
(
l
i
s
t
<
p
a
i
r
<
i
n
t
,
 
i
n
t
>
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
H
i
t
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
H
i
t
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

i
f
(
I
t
e
m
 
=
=
 
*
i
)
 

 
 

{
 

 
 

 
H
i
t
s
.
e
r
a
s
e
(
i
)
;
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r
e
t
u
r
n
;
 

 
 

}
 

}
 

 v
o
i
d
 
H
i
t
L
i
s
t
:
:
C
l
e
a
r
(
)
 

{
 

 
H
i
t
s
.
c
l
e
a
r
(
)
;
 

}
 

 T
e
x
t
u
r
e
:
:
T
e
x
t
u
r
e
(
)
 
:
 
I
D
(
0
)
,
 
D
a
t
a
(
0
)
,
 
W
i
d
t
h
(
0
)
,
 
H
e
i
g
h
t
(
0
)
 

{
 

 }
 

 T
e
x
t
u
r
e
:
:
T
e
x
t
u
r
e
(
c
o
n
s
t
 
T
e
x
t
u
r
e
&
 
x
)
 

{
 

 
D
a
t
a
 
=
 
0
;
 

 
*
t
h
i
s
 
=
 
x
;
 

}
 

 T
e
x
t
u
r
e
&
 
T
e
x
t
u
r
e
:
:
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
T
e
x
t
u
r
e
&
 
x
)
 

{
 

 
i
f
(
D
a
t
a
)
 

 
 

d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

 
I
D
 
=
 
x
.
I
D
;
 

 
W
i
d
t
h
 
=
 
x
.
W
i
d
t
h
;
 

 
H
e
i
g
h
t
 
=
 
x
.
H
e
i
g
h
t
;
 

 
i
f
(
x
.
D
a
t
a
)
 

 
{
 

 
 

l
o
n
g
 
B
y
t
e
C
o
u
n
t
 
=
 
x
.
W
i
d
t
h
 
*
 
x
.
H
e
i
g
h
t
 
*
 
3
 
*
 
s
i
z
e
o
f
(
G
L
u
b
y
t
e
)
;
 

 
 

D
a
t
a
 
=
 
n
e
w
 
G
L
u
b
y
t
e
[
B
y
t
e
C
o
u
n
t
]
;
 

 
 

m
e
m
c
p
y
(
D
a
t
a
,
 
x
.
D
a
t
a
,
 
B
y
t
e
C
o
u
n
t
)
;
 

 
}
 

 
r
e
t
u
r
n
 
*
t
h
i
s
;
 

}
 

 v
o
i
d
 
T
e
x
t
u
r
e
:
:
C
o
m
p
o
s
e
(
P
P
M
I
m
a
g
e
&
 
I
m
a
g
e
)
 

{
 

 
H
e
i
g
h
t
 
=
 
I
m
a
g
e
.
H
e
i
g
h
t
;
 

 
W
i
d
t
h
 
=
 
I
m
a
g
e
.
W
i
d
t
h
;
 

 
i
f
(
D
a
t
a
)
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d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

 
l
o
n
g
 
B
y
t
e
C
o
u
n
t
 
=
 
W
i
d
t
h
 
*
 
H
e
i
g
h
t
 
*
 
3
 
*
 
s
i
z
e
o
f
(
G
L
u
b
y
t
e
)
;
 

 
D
a
t
a
 
=
 
n
e
w
 
G
L
u
b
y
t
e
[
B
y
t
e
C
o
u
n
t
]
;
 

 
m
e
m
c
p
y
(
D
a
t
a
,
 
I
m
a
g
e
.
D
a
t
a
,
 
B
y
t
e
C
o
u
n
t
)
;
 

}
 

 T
e
x
t
u
r
e
:
:
~
T
e
x
t
u
r
e
(
)
 

{
 

 
i
f
(
D
a
t
a
)
 

 
 

d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

}
 

 P
l
a
n
e
:
:
P
l
a
n
e
(
)
 
:
 
A
n
g
l
e
F
r
o
m
Z
(
0
)
,
 
K
u
r
t
o
s
i
s
(
0
)
,
 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
(
0
)
,
 
N
a
m
e
(
0
)
,
 
H
i
t
(
f
a
l
s
e
)
 

{
 

 }
 

 P
P
M
I
m
a
g
e
:
:
P
P
M
I
m
a
g
e
(
)
 

{
 

 
D
a
t
a
 
=
 
0
;
 

 
C
l
e
a
r
(
)
;
 

}
 

 P
P
M
I
m
a
g
e
:
:
P
P
M
I
m
a
g
e
(
c
o
n
s
t
 
P
P
M
I
m
a
g
e
&
 
x
)
 

{
 

 
D
a
t
a
 
=
 
0
;
 

 
*
t
h
i
s
 
=
 
x
;
 

}
 

 P
P
M
I
m
a
g
e
&
 
P
P
M
I
m
a
g
e
:
:
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
P
P
M
I
m
a
g
e
&
 
x
)
 

{
 

 
i
f
(
&
x
 
=
=
 
t
h
i
s
)
 
/
/
 
C
h
e
c
k
 
f
o
r
 
s
e
l
f
 
a
s
s
i
g
n
m
e
n
t
.
 

 
 

r
e
t
u
r
n
 
*
t
h
i
s
;
 

 
i
f
(
D
a
t
a
)
 
/
/
 
D
e
l
e
t
e
 
o
r
i
g
i
n
a
l
 
d
a
t
a
.
 

 
 

d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

 
H
e
i
g
h
t
 
=
 
x
.
H
e
i
g
h
t
;
 
/
/
 
D
e
e
p
 
c
o
p
y
 
t
h
e
 
n
e
w
 
d
a
t
a
.
 

 
W
i
d
t
h
 
=
 
x
.
W
i
d
t
h
;
 

 
M
a
x
C
o
l
o
r
 
=
 
x
.
M
a
x
C
o
l
o
r
;
 

 
T
i
m
e
s
t
a
m
p
 
=
 
x
.
T
i
m
e
s
t
a
m
p
;
 

 
i
f
(
x
.
H
e
i
g
h
t
 
*
 
x
.
W
i
d
t
h
 
>
 
0
 
&
&
 
x
.
D
a
t
a
)
 

 
{
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i
n
t
 
L
i
m
i
t
 
=
 
x
.
H
e
i
g
h
t
 
*
 
x
.
W
i
d
t
h
 
*
 
3
;
 

 
 

D
a
t
a
 
=
 
n
e
w
 
G
L
u
b
y
t
e
[
L
i
m
i
t
]
;
 

 
 

m
e
m
c
p
y
(
D
a
t
a
,
 
x
.
D
a
t
a
,
 
L
i
m
i
t
 
*
 
s
i
z
e
o
f
(
G
L
u
b
y
t
e
)
)
;
 

 
}
 

 
r
e
t
u
r
n
 
*
t
h
i
s
;
 

}
 

 /
/
 
D
r
a
w
s
 
a
 
b
l
a
c
k
 
b
o
x
 
a
t
 
t
h
e
 
c
o
o
r
d
i
n
a
t
e
s
 
g
i
v
e
n
.
 

/
/
 
R
e
t
u
r
n
s
 
f
a
l
s
e
 
i
f
 
t
h
e
 
b
o
x
 
i
s
 
n
o
t
 
w
i
t
h
i
n
 
t
h
e
 
i
m
a
g
e
 
b
o
u
n
d
r
i
e
s
 
o
r
 
n
o
 
i
m
a
g
e
 
d
a
t
a
 
e
x
i
s
t
s
.
 

b
o
o
l
 
P
P
M
I
m
a
g
e
:
:
D
r
a
w
B
o
x
(
l
o
n
g
 
X
1
,
 
l
o
n
g
 
Y
1
,
 
l
o
n
g
 
X
2
,
 
l
o
n
g
 
Y
2
)
 

{
 

 
i
f
(
D
a
t
a
 
=
=
 
0
 
|
|
 
X
1
 
<
 
0
 
|
|
 
Y
1
 
<
 
0
 
|
|
 
X
2
 
<
 
0
 
|
|
 
Y
2
 
<
 
0
 
|
|
 
X
1
 
>
=
 
W
i
d
t
h
 
|
|
 
X
2
 
>
=
 
W
i
d
t
h
 
|
|
 
Y
1
 
>
=
 
H
e
i
g
h
t
 
|
|
 

Y
2
 
>
=
 
H
e
i
g
h
t
)
 

 
{
 

/
/
 

 
a
s
s
e
r
t
(
s
i
z
e
o
f
(
"
P
r
e
c
o
n
d
i
t
i
o
n
s
 
f
o
r
 
P
P
M
I
m
a
g
e
:
:
D
r
a
w
B
o
x
 
n
o
t
 
m
e
t
.
"
)
 
=
=
 
0
)
;
 

 
 

r
e
t
u
r
n
 
f
a
l
s
e
;
 

 
}
 

 
l
o
n
g
 
T
o
p
L
e
f
t
 
=
 
3
 
*
 
(
W
i
d
t
h
 
*
 
Y
1
 
+
 
X
1
)
;
 

 
l
o
n
g
 
T
o
p
R
i
g
h
t
 
=
 
3
 
*
 
(
W
i
d
t
h
 
*
 
Y
1
 
+
 
X
1
 
+
 
(
X
2
 
-
 
X
1
)
)
;
 

 
l
o
n
g
 
B
o
t
t
o
m
L
e
f
t
 
=
 
3
 
*
 
(
W
i
d
t
h
 
*
 
Y
2
 
+
 
X
1
)
;
 

 
l
o
n
g
 
B
o
t
t
o
m
R
i
g
h
t
 
=
 
3
 
*
 
(
W
i
d
t
h
 
*
 
Y
2
 
+
 
X
1
 
+
 
(
X
2
 
-
 
X
1
)
)
;
 

 
l
o
n
g
 
R
o
w
S
t
e
p
 
=
 
3
 
*
 
W
i
d
t
h
;
 

 
f
o
r
(
l
o
n
g
 
p
 
=
 
T
o
p
L
e
f
t
;
 
p
 
<
=
 
T
o
p
R
i
g
h
t
;
 
p
+
+
)
 

 
 

D
a
t
a
[
p
]
 
=
 
0
;
 

 
f
o
r
(
l
o
n
g
 
p
 
=
 
B
o
t
t
o
m
L
e
f
t
;
 
p
 
<
=
 
B
o
t
t
o
m
R
i
g
h
t
;
 
p
+
+
)
 

 
 

D
a
t
a
[
p
]
 
=
 
0
;
 

 
f
o
r
(
l
o
n
g
 
p
 
=
 
T
o
p
L
e
f
t
;
 
p
 
<
=
 
B
o
t
t
o
m
L
e
f
t
;
 
p
 
+
=
 
R
o
w
S
t
e
p
)
 

 
{
 

 
 

D
a
t
a
[
p
]
 
=
 
0
;
 

 
 

D
a
t
a
[
p
 
+
 
1
]
 
=
 
0
;
 

 
 

D
a
t
a
[
p
 
+
 
2
]
 
=
 
0
;
 

 
}
 

 
f
o
r
(
l
o
n
g
 
p
 
=
 
T
o
p
R
i
g
h
t
;
 
p
 
<
=
 
B
o
t
t
o
m
R
i
g
h
t
;
 
p
 
+
=
 
R
o
w
S
t
e
p
)
 

 
{
 

 
 

D
a
t
a
[
p
]
 
=
 
0
;
 

 
 

D
a
t
a
[
p
 
+
 
1
]
 
=
 
0
;
 

 
 

D
a
t
a
[
p
 
+
 
2
]
 
=
 
0
;
 

 
}
 

 
r
e
t
u
r
n
 
t
r
u
e
;
 

}
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 v
o
i
d
 
P
P
M
I
m
a
g
e
:
:
C
l
e
a
r
(
)
 

{
 

 
H
e
i
g
h
t
 
=
 
0
;
 

 
W
i
d
t
h
 
=
 
0
;
 

 
M
a
x
C
o
l
o
r
 
=
 
0
;
 

 
T
i
m
e
s
t
a
m
p
 
=
 
0
;
 

 
i
f
(
D
a
t
a
)
 

 
 

d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

 
D
a
t
a
 
=
 
0
;
 

}
 

 P
P
M
I
m
a
g
e
:
:
~
P
P
M
I
m
a
g
e
(
)
 

{
 

 
i
f
(
D
a
t
a
)
 

 
 

d
e
l
e
t
e
 
[
]
 
D
a
t
a
;
 

}
 

 C
l
o
u
d
:
:
C
l
o
u
d
(
)
 

{
 

 
Z
e
r
o
P
a
r
a
m
e
t
e
r
s
(
)
;
 

}
 

 C
l
o
u
d
:
:
C
l
o
u
d
(
c
o
n
s
t
 
C
l
o
u
d
&
 
x
)
 

{
 

 
Z
e
r
o
P
a
r
a
m
e
t
e
r
s
(
)
;
 

 
*
t
h
i
s
 
=
 
x
;
 

}
 

 C
l
o
u
d
&
 
C
l
o
u
d
:
:
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 
C
l
o
u
d
&
 
x
)
 

{
 

 
/
/
 
C
h
e
c
k
 
f
o
r
 
s
e
l
f
 
a
s
s
i
g
n
m
e
n
t
 

 
i
f
(
&
x
 
=
=
 
t
h
i
s
)
 

 
 

r
e
t
u
r
n
 
*
t
h
i
s
;
 

 
/
/
 
D
e
l
e
t
e
 
p
r
e
-
e
x
i
s
t
i
n
g
 
m
e
m
o
r
y
 

 
C
l
e
a
r
(
)
;
 

 
/
/
 
C
o
p
y
 
n
e
w
 
m
e
m
o
r
y
 

 
P
o
i
n
t
C
o
u
n
t
 
=
 
x
.
P
o
i
n
t
C
o
u
n
t
;
 

 
D
e
l
t
a
X
 
=
 
x
.
D
e
l
t
a
X
;
 

 
D
e
l
t
a
Y
 
=
 
x
.
D
e
l
t
a
Y
;
 

 
C
o
l
u
m
n
s
 
=
 
x
.
C
o
l
u
m
n
s
;
 

 
R
o
w
s
 
=
 
x
.
R
o
w
s
;
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I
m
a
g
e
 
=
 
x
.
I
m
a
g
e
;
 

 
H
i
t
s
 
=
 
x
.
H
i
t
s
;
 

 
T
e
x
 
=
 
x
.
T
e
x
;
 

 
i
f
(
P
o
i
n
t
C
o
u
n
t
 
>
 
0
)
 
/
/
 
C
h
e
c
k
 
t
h
a
t
 
d
a
t
a
 
e
x
i
s
t
s
 
t
o
 
b
e
 
c
o
p
i
e
d
.
 

 
 

P
o
i
n
t
s
 
=
 
n
e
w
 
P
o
i
n
t
[
P
o
i
n
t
C
o
u
n
t
]
;
 

 
f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
i
+
+
)
 

 
 

P
o
i
n
t
s
[
i
]
 
=
 
x
.
P
o
i
n
t
s
[
i
]
;
 

 
i
f
(
x
.
B
e
s
t
F
i
t
P
l
a
n
e
s
)
 

 
{
 

 
 

B
e
s
t
F
i
t
P
l
a
n
e
s
 
=
 
n
e
w
 
P
l
a
n
e
*
*
[
R
o
w
s
]
;
 

 
 

f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
R
o
w
s
;
 
i
+
+
)
 

 
 

{
 

 
 

 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
i
]
 
=
 
n
e
w
 
P
l
a
n
e
*
[
C
o
l
u
m
n
s
]
;
 

 
 

 
f
o
r
(
i
n
t
 
j
 
=
 
0
;
 
j
 
<
 
C
o
l
u
m
n
s
;
 
j
+
+
)
 

 
 

 
 

B
e
s
t
F
i
t
P
l
a
n
e
s
[
i
]
[
j
]
 
=
 
x
.
B
e
s
t
F
i
t
P
l
a
n
e
s
[
i
]
[
j
]
 
?
 
n
e
w
 
P
l
a
n
e
(
*
x
.
B
e
s
t
F
i
t
P
l
a
n
e
s
[
i
]
[
j
]
)
 
:
 

0
;
 

 
 

}
 

 
}
 

 
r
e
t
u
r
n
 
*
t
h
i
s
;
 

}
 

 /
/
 
T
h
i
s
 
f
u
n
c
t
i
o
n
 
o
p
e
n
s
 
a
 
p
o
r
t
a
b
l
e
 
p
i
x
e
l
 
m
a
p
 
f
i
l
e
.
 
T
h
e
 
x
y
z
 

/
/
 
p
o
i
n
t
 
i
n
f
o
r
m
a
t
i
o
n
 
i
s
 
e
m
b
e
d
d
e
d
 
a
s
 
c
o
m
m
e
n
t
s
 
w
i
t
h
i
n
 
t
h
e
 
i
m
a
g
e
.
 

/
/
 
T
h
e
 
f
o
r
m
a
t
 
o
f
 
a
 
P
P
M
 
g
o
e
s
 
a
s
 
f
o
l
l
o
w
s
:
 

/
/
 
1
s
t
 
l
i
n
e
:
 
"
P
6
"
 

/
/
 
2
n
d
 
l
i
n
e
:
 
"
#
 
t
i
m
e
 
=
 
<
t
i
m
e
s
t
a
m
p
>
"
 

/
/
 
3
r
d
 
l
i
n
e
:
 
"
#
 
p
o
i
n
t
 
c
o
u
n
t
 
=
 
<
p
o
i
n
t
 
c
o
u
n
t
>
"
 

/
/
 
N
e
x
t
 
<
p
o
i
n
t
 
c
o
u
n
t
>
 
l
i
n
e
s
:
 
"
#
 
<
p
o
i
n
t
>
"
 

/
/
 
A
f
t
e
r
 
t
h
a
t
:
 
"
<
w
i
d
t
h
>
 
<
h
e
i
g
h
t
>
"
 
o
f
 
t
h
e
 
i
m
a
g
e
 

/
/
 
A
f
t
e
r
 
t
h
a
t
:
 
"
<
m
a
x
 
c
o
l
o
r
 
v
a
l
u
e
>
"
 
w
h
i
c
h
 
i
s
 
t
h
e
 
r
a
n
g
e
 
o
f
 
c
o
l
o
r
 

/
/
 
v
a
l
u
e
s
 
f
r
o
m
 
0
 
t
o
 
<
m
a
x
 
c
o
l
o
r
 
v
a
l
u
e
>
.
 
T
h
i
s
 
i
s
 
u
s
u
a
l
l
y
 
2
5
5
.
 

/
/
 
S
u
b
s
e
q
u
e
n
t
 
d
a
t
a
 
a
r
e
 
t
r
i
p
l
e
s
 
o
f
 
R
G
B
 
v
a
l
u
e
s
.
 

b
o
o
l
 
C
l
o
u
d
:
:
O
p
e
n
(
s
t
r
i
n
g
 
F
i
l
e
N
a
m
e
)
 

{
 

 
C
l
e
a
r
(
)
;
 

 
i
f
s
t
r
e
a
m
 
f
(
F
i
l
e
N
a
m
e
.
c
_
s
t
r
(
)
,
 
i
o
s
_
b
a
s
e
:
:
b
i
n
a
r
y
)
;
 

 
i
f
(
f
.
f
a
i
l
(
)
)
 

 
{
 

 
 

f
.
c
l
o
s
e
(
)
;
 

 
 

r
e
t
u
r
n
 
f
a
l
s
e
;
 

 
}
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s
t
r
i
n
g
 
B
u
f
f
e
r
;
 

 
g
e
t
l
i
n
e
(
f
,
 
B
u
f
f
e
r
)
;
 
/
/
 
R
e
a
d
 
i
n
 
"
P
6
"
 

 
f
 
>
>
 
B
u
f
f
e
r
 
>
>
 
I
m
a
g
e
.
T
i
m
e
s
t
a
m
p
;
 
/
/
 
R
e
a
d
 
i
n
 
"
#
t
i
m
e
=
 
<
t
i
m
e
s
t
a
m
p
>
"
 

 
f
 
>
>
 
B
u
f
f
e
r
 
>
>
 
P
o
i
n
t
C
o
u
n
t
;
 
/
/
 
R
e
a
d
 
i
n
 
"
#
p
o
i
n
t
c
o
u
n
t
=
 
<
p
o
i
n
t
 
c
o
u
n
t
>
"
 

 
P
o
i
n
t
s
 
=
 
n
e
w
 
P
o
i
n
t
[
P
o
i
n
t
C
o
u
n
t
]
;
 

 
f
o
r
(
l
o
n
g
 
c
 
=
 
0
;
 
c
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
c
+
+
)
 
/
/
 
R
e
a
d
 
i
n
 
e
a
c
h
 
p
o
i
n
t
,
 
w
i
t
h
 
t
h
e
 
f
o
r
m
a
t
 
"
#
 
r
 
g
 
b
 
x
 
y
 
z
 
i
 
j
 
d
"
 

 
{
 

 
 

P
o
i
n
t
&
 
p
 
=
 
P
o
i
n
t
s
[
c
]
;
 

 
 

f
 
>
>
 
B
u
f
f
e
r
 
>
>
 
p
.
x
 
>
>
 
p
.
y
 
>
>
 
p
.
z
 
>
>
 
p
.
r
 
>
>
 
p
.
g
 
>
>
 
p
.
b
 
>
>
 
p
.
i
 
>
>
 
p
.
j
 
>
>
 
p
.
d
;
 

 
}
 

 
f
 
>
>
 
I
m
a
g
e
.
W
i
d
t
h
 
>
>
 
I
m
a
g
e
.
H
e
i
g
h
t
;
 
/
/
 
R
e
a
d
 
i
n
 
t
h
e
 
i
m
a
g
e
 
h
e
i
g
h
t
 
a
n
d
 
w
i
d
t
h
 

 
f
 
>
>
 
I
m
a
g
e
.
M
a
x
C
o
l
o
r
;
 
/
/
 
R
e
a
d
 
i
n
 
t
h
e
 
m
a
x
i
m
u
m
 
v
a
l
u
e
 
o
f
 
t
h
e
 
c
o
l
o
r
 
r
a
n
g
e
 
f
o
r
 
t
h
e
 
i
m
a
g
e
 
d
a
t
a
 

 
f
.
g
e
t
(
)
;
 
/
/
 
S
k
i
p
 
o
v
e
r
 
t
h
e
 
n
e
w
 
l
i
n
e
 
c
h
a
r
a
c
t
e
r
 
(
0
x
0
A
)
 

  
/
/
 
T
h
e
 
"
t
i
m
e
s
 
3
"
 
f
o
r
 
t
h
e
 
B
y
t
e
C
o
u
n
t
 
i
s
 
h
e
r
e
 
b
e
c
a
u
s
e
 
t
h
e
 
c
o
l
o
r
 
i
n
f
o
r
m
a
t
i
o
n
 

 
/
/
 
i
s
 
r
e
p
r
e
s
e
n
t
e
d
 
a
s
 
R
G
B
.
 
O
n
e
 
v
a
l
u
e
 
p
e
r
 
c
o
l
o
r
,
 
p
e
r
 
h
e
i
g
h
t
,
 
p
e
r
 
w
i
d
t
h
.
 

 
l
o
n
g
 
B
y
t
e
C
o
u
n
t
 
=
 
I
m
a
g
e
.
W
i
d
t
h
 
*
 
I
m
a
g
e
.
H
e
i
g
h
t
 
*
 
3
 
*
 
i
n
t
(
s
i
z
e
o
f
(
G
L
u
b
y
t
e
)
)
;
 

 
I
m
a
g
e
.
D
a
t
a
 
=
 
n
e
w
 
G
L
u
b
y
t
e
[
B
y
t
e
C
o
u
n
t
]
;
 

 
/
/
f
.
r
e
a
d
(
(
c
h
a
r
*
)
(
I
m
a
g
e
.
D
a
t
a
)
,
 
B
y
t
e
C
o
u
n
t
)
;
 

 
l
o
n
g
 
b
;
 

 
f
o
r
(
b
 
=
 
0
;
 
b
 
<
 
B
y
t
e
C
o
u
n
t
;
 
b
+
+
)
 

 
 

f
.
r
e
a
d
(
(
c
h
a
r
*
)
(
&
I
m
a
g
e
.
D
a
t
a
[
b
]
)
,
 
1
)
;
 

 
a
s
s
e
r
t
(
b
 
=
=
 
B
y
t
e
C
o
u
n
t
)
;
 

 
f
.
c
l
o
s
e
(
)
;
 

  
i
f
(
P
o
i
n
t
C
o
u
n
t
 
=
=
 
0
)
 

 
 

r
e
t
u
r
n
 
t
r
u
e
;
 

  
T
e
x
.
C
o
m
p
o
s
e
(
I
m
a
g
e
)
;
 

 
g
l
G
e
n
T
e
x
t
u
r
e
s
(
1
,
 
&
T
e
x
.
I
D
)
;
 

 
g
l
B
i
n
d
T
e
x
t
u
r
e
(
G
L
_
T
E
X
T
U
R
E
_
2
D
,
 
T
e
x
.
I
D
)
;
 

 
g
l
T
e
x
I
m
a
g
e
2
D
(
G
L
_
T
E
X
T
U
R
E
_
2
D
,
 
0
,
 
3
,
 
T
e
x
.
W
i
d
t
h
,
 
T
e
x
.
H
e
i
g
h
t
,
 
0
,
 
G
L
_
R
G
B
,
 
G
L
_
U
N
S
I
G
N
E
D
_
B
Y
T
E
,
 
T
e
x
.
D
a
t
a
)
;
 

 
g
l
T
e
x
P
a
r
a
m
e
t
e
r
i
(
G
L
_
T
E
X
T
U
R
E
_
2
D
,
 
G
L
_
T
E
X
T
U
R
E
_
M
I
N
_
F
I
L
T
E
R
,
 
G
L
_
L
I
N
E
A
R
)
;
 

 
g
l
T
e
x
P
a
r
a
m
e
t
e
r
i
(
G
L
_
T
E
X
T
U
R
E
_
2
D
,
 
G
L
_
T
E
X
T
U
R
E
_
M
A
G
_
F
I
L
T
E
R
,
 
G
L
_
L
I
N
E
A
R
)
;
 

 
r
e
t
u
r
n
 
t
r
u
e
;
 

}
 

 /
/
 
W
r
i
t
e
s
 
a
 
P
P
M
 
t
o
 
t
h
e
 
h
a
r
d
 
d
r
i
v
e
.
 
W
i
l
l
 
w
o
r
k
 
o
n
 
b
o
t
h
 
L
i
n
u
x
 
a
n
d
 
W
i
n
d
o
w
s
 
w
i
t
h
 
c
o
n
s
i
s
t
a
n
t
 
n
e
w
l
i
n
e
 
o
u
t
p
u
t
.
 

b
o
o
l
 
C
l
o
u
d
:
:
S
a
v
e
(
)
 

{
 

 
i
f
(
I
m
a
g
e
.
D
a
t
a
 
=
=
 
0
)
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r
e
t
u
r
n
 
f
a
l
s
e
;
 

  
s
t
r
i
n
g
s
t
r
e
a
m
 
s
s
;
 

 
s
s
 
<
<
 
I
m
a
g
e
.
T
i
m
e
s
t
a
m
p
;
 

 
s
t
r
i
n
g
 
F
i
l
e
N
a
m
e
;
 

 
s
s
 
>
>
 
F
i
l
e
N
a
m
e
;
 

 
F
i
l
e
N
a
m
e
.
a
p
p
e
n
d
(
"
.
p
p
m
"
)
;
 

  
c
o
n
s
t
 
c
h
a
r
 
N
e
w
L
i
n
e
 
=
 
c
h
a
r
(
0
x
0
A
)
;
 

 
o
f
s
t
r
e
a
m
 
f
(
F
i
l
e
N
a
m
e
.
c
_
s
t
r
(
)
,
 
i
o
s
_
b
a
s
e
:
:
b
i
n
a
r
y
)
;
 

 
i
f
(
f
.
f
a
i
l
(
)
)
 

 
{
 

 
 

f
.
c
l
o
s
e
(
)
;
 

 
 

r
e
t
u
r
n
 
f
a
l
s
e
;
 

 
}
 

 
f
 
<
<
 
"
P
6
"
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
 
<
<
 
"
#
t
i
m
e
=
 
"
 
<
<
 
I
m
a
g
e
.
T
i
m
e
s
t
a
m
p
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
 
<
<
 
"
#
p
o
i
n
t
c
o
u
n
t
=
 
"
 
<
<
 
P
o
i
n
t
C
o
u
n
t
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
o
r
(
l
o
n
g
 
c
 
=
 
0
;
 
c
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
c
+
+
)
 

 
 

f
 
<
<
 
"
#
 
"
 
<
<
 
P
o
i
n
t
s
[
c
]
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
 
<
<
 
I
m
a
g
e
.
W
i
d
t
h
 
<
<
 
'
 
'
 
<
<
 
I
m
a
g
e
.
H
e
i
g
h
t
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
 
<
<
 
I
m
a
g
e
.
M
a
x
C
o
l
o
r
 
<
<
 
N
e
w
L
i
n
e
;
 

 
f
.
w
r
i
t
e
(
(
c
h
a
r
*
)
I
m
a
g
e
.
D
a
t
a
,
 
I
m
a
g
e
.
H
e
i
g
h
t
 
*
 
I
m
a
g
e
.
W
i
d
t
h
 
*
 
3
 
*
 
s
i
z
e
o
f
(
G
L
u
b
y
t
e
)
)
;
 

 
f
.
c
l
o
s
e
(
)
;
 

 
r
e
t
u
r
n
 
t
r
u
e
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
C
o
m
p
o
s
e
G
r
i
d
(
i
n
t
 
R
,
 
i
n
t
 
C
)
 

{
 

 
i
n
t
 
r
,
 
c
;
 

 
i
f
(
R
 
<
=
 
0
 
|
|
 
C
 
<
=
 
0
)
 
r
e
t
u
r
n
;
 

 
R
o
w
s
 
=
 
R
;
 

 
C
o
l
u
m
n
s
 
=
 
C
;
 

 
/
/
 
C
a
l
c
u
l
a
t
e
 
t
h
e
 
s
i
z
e
 
o
f
 
e
a
c
h
 
s
q
u
a
r
e
 
s
e
g
m
e
n
t
.
 

 
D
e
l
t
a
X
 
=
 
(
f
l
o
a
t
)
I
m
a
g
e
.
W
i
d
t
h
 
/
 
(
f
l
o
a
t
)
C
o
l
u
m
n
s
;
 

 
D
e
l
t
a
Y
 
=
 
(
f
l
o
a
t
)
I
m
a
g
e
.
H
e
i
g
h
t
 
/
 
(
f
l
o
a
t
)
R
o
w
s
;
 

 
D
e
l
e
t
e
B
e
s
t
F
i
t
P
l
a
n
e
s
(
)
;
 

 
B
e
s
t
F
i
t
P
l
a
n
e
s
 
=
 
n
e
w
 
P
l
a
n
e
*
*
[
R
o
w
s
]
;
 

 
f
o
r
(
r
 
=
 
0
;
 
r
 
<
 
R
o
w
s
;
 
r
+
+
)
 

 
{
 

 
 

B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
 
=
 
n
e
w
 
P
l
a
n
e
*
[
C
o
l
u
m
n
s
]
;
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f
o
r
(
c
 
=
 
0
;
 
c
 
<
 
C
o
l
u
m
n
s
;
 
c
+
+
)
 

 
 

 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
[
c
]
 
=
 
0
;
 

 
}
 

 
i
n
t
 
L
o
w
e
r
X
,
 
U
p
p
e
r
X
,
 
L
o
w
e
r
Y
,
 
U
p
p
e
r
Y
;
 

 
f
o
r
(
r
 
=
 
0
;
 
r
 
<
 
R
o
w
s
;
 
r
+
+
)
 

 
{
 

 
 

f
o
r
(
c
 
=
 
0
;
 
c
 
<
 
C
o
l
u
m
n
s
;
 
c
+
+
)
 

 
 

{
 

 
 

 
L
o
w
e
r
X
 
=
 
i
n
t
(
c
 
*
 
D
e
l
t
a
X
)
;
 

 
 

 
U
p
p
e
r
X
 
=
 
i
n
t
(
L
o
w
e
r
X
 
+
 
D
e
l
t
a
X
)
;
 

 
 

 
L
o
w
e
r
Y
 
=
 
i
n
t
(
r
 
*
 
D
e
l
t
a
Y
)
;
 

 
 

 
U
p
p
e
r
Y
 
=
 
i
n
t
(
L
o
w
e
r
Y
 
+
 
D
e
l
t
a
Y
)
;
 

 
 

 
M
u
l
t
i
p
l
e
L
i
n
e
a
r
R
e
g
r
e
s
s
i
o
n
(
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
[
c
]
,
 
L
o
w
e
r
X
,
 
U
p
p
e
r
X
,
 
L
o
w
e
r
Y
,
 
U
p
p
e
r
Y
)
;
 

 
 

}
 

 
}
 

 
P
r
o
x
i
m
i
t
y
E
v
a
l
u
a
t
i
o
n
(
)
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
M
u
l
t
i
p
l
e
L
i
n
e
a
r
R
e
g
r
e
s
s
i
o
n
(
P
l
a
n
e
*
&
 
P
,
 
i
n
t
 
P
i
x
e
l
L
o
w
e
r
X
,
 
i
n
t
 
P
i
x
e
l
U
p
p
e
r
X
,
 
i
n
t
 
P
i
x
e
l
L
o
w
e
r
Y
,
 
i
n
t
 

P
i
x
e
l
U
p
p
e
r
Y
)
 

{
 

 
P
 
=
 
0
;
 

 
f
l
o
a
t
 
A
[
3
]
[
3
]
;
 

 
f
l
o
a
t
 
b
[
3
]
;
 

 
/
/
 
C
l
e
a
r
 
A
 
a
n
d
 
b
.
 

 
f
o
r
(
i
n
t
 
r
 
=
 
0
;
 
r
 
<
 
3
;
 
r
+
+
)
 

 
{
 

 
 

f
o
r
(
i
n
t
 
c
 
=
 
0
;
 
c
 
<
 
3
;
 
c
+
+
)
 

 
 

 
A
[
r
]
[
c
]
 
=
 
0
;
 

 
 

b
[
r
]
 
=
 
0
;
 

 
}
 

  
/
/
 
F
o
r
 
m
a
t
r
i
x
 
A
,
 
t
h
e
 
s
u
m
s
 
a
r
e
 
k
e
p
t
 
i
n
 
t
h
e
 
l
o
w
e
r
 
d
i
a
g
o
n
a
l
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
m
a
t
r
i
x
 

 
/
/
 
a
n
d
 
t
h
e
n
 
c
o
p
i
e
d
 
a
f
t
e
r
w
a
r
d
s
 
t
o
 
m
a
k
e
 
t
h
e
 
m
a
t
r
i
x
 
s
y
m
m
e
t
r
i
c
.
 

 
f
l
o
a
t
 
C
o
u
n
t
 
=
 
0
;
 

 
b
o
o
l
 
B
o
u
n
d
s
I
n
i
t
i
a
l
i
z
e
d
 
=
 
f
a
l
s
e
;
 

 
f
l
o
a
t
 
W
o
r
l
d
L
o
w
e
r
X
,
 
W
o
r
l
d
L
o
w
e
r
Y
,
 
W
o
r
l
d
U
p
p
e
r
X
,
 
W
o
r
l
d
U
p
p
e
r
Y
;
 

 
f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
i
+
+
)
 

 
{
 

 
 

P
o
i
n
t
&
 
p
 
=
 
P
o
i
n
t
s
[
i
]
;
 

 
 

i
f
(
p
.
j
 
>
=
 
P
i
x
e
l
L
o
w
e
r
X
 
&
&
 
p
.
j
 
<
=
 
P
i
x
e
l
U
p
p
e
r
X
 
&
&
 
p
.
i
 
>
=
 
P
i
x
e
l
L
o
w
e
r
Y
 
&
&
 
p
.
i
 
<
=
 
P
i
x
e
l
U
p
p
e
r
Y
)
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{
 

 
 

 
i
f
(
!
B
o
u
n
d
s
I
n
i
t
i
a
l
i
z
e
d
)
 

 
 

 
{
 

 
 

 
 

W
o
r
l
d
L
o
w
e
r
X
 
=
 
p
.
x
;
 

 
 

 
 

W
o
r
l
d
U
p
p
e
r
X
 
=
 
p
.
x
;
 

 
 

 
 

W
o
r
l
d
L
o
w
e
r
Y
 
=
 
p
.
y
;
 

 
 

 
 

W
o
r
l
d
U
p
p
e
r
Y
 
=
 
p
.
y
;
 

 
 

 
 

B
o
u
n
d
s
I
n
i
t
i
a
l
i
z
e
d
 
=
 
t
r
u
e
;
 

 
 

 
}
 

 
 

 
e
l
s
e
 

 
 

 
{
 

 
 

 
 

i
f
(
p
.
x
 
<
 
W
o
r
l
d
L
o
w
e
r
X
)
 
W
o
r
l
d
L
o
w
e
r
X
 
=
 
p
.
x
;
 

 
 

 
 

i
f
(
p
.
x
 
>
 
W
o
r
l
d
U
p
p
e
r
X
)
 
W
o
r
l
d
U
p
p
e
r
X
 
=
 
p
.
x
;
 

 
 

 
 

i
f
(
p
.
y
 
<
 
W
o
r
l
d
L
o
w
e
r
Y
)
 
W
o
r
l
d
L
o
w
e
r
Y
 
=
 
p
.
y
;
 

 
 

 
 

i
f
(
p
.
y
 
>
 
W
o
r
l
d
U
p
p
e
r
Y
)
 
W
o
r
l
d
U
p
p
e
r
Y
 
=
 
p
.
y
;
 

 
 

 
}
 

 
 

 
A
[
0
]
[
0
]
 
+
=
 
p
.
x
 
*
 
p
.
x
;
 

 
 

 
A
[
0
]
[
1
]
 
+
=
 
p
.
x
 
*
 
p
.
y
;
 

 
 

 
A
[
0
]
[
2
]
 
+
=
 
p
.
x
;
 

 
 

 
A
[
1
]
[
1
]
 
+
=
 
p
.
y
 
*
 
p
.
y
;
 

 
 

 
A
[
1
]
[
2
]
 
+
=
 
p
.
y
;
 

 
 

 
b
[
0
]
 
+
=
 
p
.
x
 
*
 
p
.
z
;
 

 
 

 
b
[
1
]
 
+
=
 
p
.
y
 
*
 
p
.
z
;
 

 
 

 
b
[
2
]
 
+
=
 
p
.
z
;
 

 
 

 
C
o
u
n
t
 
+
=
 
1
.
0
;
 

 
 

}
 

 
}
 

 
i
f
(
C
o
u
n
t
 
<
 
4
)
 

 
 

r
e
t
u
r
n
;
 

 
A
[
2
]
[
2
]
 
=
 
C
o
u
n
t
;
 

 
A
[
1
]
[
0
]
 
=
 
A
[
0
]
[
1
]
;
 

 
A
[
2
]
[
0
]
 
=
 
A
[
0
]
[
2
]
;
 

 
A
[
2
]
[
1
]
 
=
 
A
[
1
]
[
2
]
;
 

  
f
l
o
a
t
 
A
_
i
n
v
e
r
s
e
[
3
]
[
3
]
;
 

 
f
l
o
a
t
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
 
=
 
1
.
0
f
 
/
 
(
A
[
0
]
[
0
]
 
*
 
(
A
[
2
]
[
2
]
 
*
 
A
[
1
]
[
1
]
 
-
 
A
[
2
]
[
1
]
 
*
 
A
[
1
]
[
2
]
)
 
-
 
A
[
1
]
[
0
]
 
*
 

(
A
[
2
]
[
2
]
 
*
 
A
[
0
]
[
1
]
 
-
 
A
[
2
]
[
1
]
 
*
 
A
[
0
]
[
2
]
)
 
+
 
A
[
2
]
[
0
]
 
*
 
(
A
[
1
]
[
2
]
 
*
 
A
[
0
]
[
1
]
 
-
 
A
[
1
]
[
1
]
 
*
 
A
[
0
]
[
2
]
)
)
;
 

 
A
_
i
n
v
e
r
s
e
[
0
]
[
0
]
 
=
 
(
A
[
1
]
[
1
]
 
*
 
A
[
2
]
[
2
]
 
-
 
A
[
1
]
[
2
]
 
*
 
A
[
2
]
[
1
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
0
]
[
1
]
 
=
 
(
A
[
0
]
[
2
]
 
*
 
A
[
2
]
[
1
]
 
-
 
A
[
0
]
[
1
]
 
*
 
A
[
2
]
[
2
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
0
]
[
2
]
 
=
 
(
A
[
0
]
[
1
]
 
*
 
A
[
1
]
[
2
]
 
-
 
A
[
0
]
[
2
]
 
*
 
A
[
1
]
[
1
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
1
]
[
0
]
 
=
 
(
A
[
1
]
[
2
]
 
*
 
A
[
2
]
[
0
]
 
-
 
A
[
1
]
[
0
]
 
*
 
A
[
2
]
[
2
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
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A
_
i
n
v
e
r
s
e
[
1
]
[
1
]
 
=
 
(
A
[
0
]
[
0
]
 
*
 
A
[
2
]
[
2
]
 
-
 
A
[
0
]
[
2
]
 
*
 
A
[
2
]
[
0
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
1
]
[
2
]
 
=
 
(
A
[
0
]
[
2
]
 
*
 
A
[
1
]
[
0
]
 
-
 
A
[
0
]
[
0
]
 
*
 
A
[
1
]
[
2
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
2
]
[
0
]
 
=
 
(
A
[
1
]
[
0
]
 
*
 
A
[
2
]
[
1
]
 
-
 
A
[
1
]
[
1
]
 
*
 
A
[
2
]
[
0
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
2
]
[
1
]
 
=
 
(
A
[
0
]
[
1
]
 
*
 
A
[
2
]
[
0
]
 
-
 
A
[
0
]
[
0
]
 
*
 
A
[
2
]
[
1
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

 
A
_
i
n
v
e
r
s
e
[
2
]
[
2
]
 
=
 
(
A
[
0
]
[
0
]
 
*
 
A
[
1
]
[
1
]
 
-
 
A
[
0
]
[
1
]
 
*
 
A
[
1
]
[
0
]
)
 
*
 
I
n
v
e
r
s
e
_
D
e
t
e
r
m
i
n
a
n
t
;
 

  
f
l
o
a
t
 
x
[
3
]
;
 

 
x
[
0
]
 
=
 
A
_
i
n
v
e
r
s
e
[
0
]
[
0
]
 
*
 
b
[
0
]
 
+
 
A
_
i
n
v
e
r
s
e
[
0
]
[
1
]
 
*
 
b
[
1
]
 
+
 
A
_
i
n
v
e
r
s
e
[
0
]
[
2
]
 
*
 
b
[
2
]
;
 

 
x
[
1
]
 
=
 
A
_
i
n
v
e
r
s
e
[
1
]
[
0
]
 
*
 
b
[
0
]
 
+
 
A
_
i
n
v
e
r
s
e
[
1
]
[
1
]
 
*
 
b
[
1
]
 
+
 
A
_
i
n
v
e
r
s
e
[
1
]
[
2
]
 
*
 
b
[
2
]
;
 

 
x
[
2
]
 
=
 
A
_
i
n
v
e
r
s
e
[
2
]
[
0
]
 
*
 
b
[
0
]
 
+
 
A
_
i
n
v
e
r
s
e
[
2
]
[
1
]
 
*
 
b
[
1
]
 
+
 
A
_
i
n
v
e
r
s
e
[
2
]
[
2
]
 
*
 
b
[
2
]
;
 

  
P
 
=
 
n
e
w
 
P
l
a
n
e
;
 

 
P
-
>
N
o
r
m
a
l
.
x
 
=
 
x
[
0
]
;
 

 
P
-
>
N
o
r
m
a
l
.
y
 
=
 
x
[
1
]
;
 

 
P
-
>
N
o
r
m
a
l
.
z
 
=
 
x
[
2
]
;
 

 
P
-
>
N
o
r
m
a
l
 
/
=
 
l
e
n
(
P
-
>
N
o
r
m
a
l
)
;
 

 
/
/
 
F
i
n
d
 
t
h
e
 
a
n
g
l
e
 
b
e
t
w
e
e
n
 
t
h
e
 
b
e
s
t
-
f
i
t
 
p
l
a
n
e
'
s
 
n
o
r
m
a
l
 
v
e
c
t
o
r
 
a
n
d
 
t
h
e
 
z
-
a
x
i
s
.
 

 
V
e
c
t
o
r
 
Z
_
A
x
i
s
;
 

 
Z
_
A
x
i
s
.
x
 
=
 
0
;
 

 
Z
_
A
x
i
s
.
y
 
=
 
0
;
 

 
Z
_
A
x
i
s
.
z
 
=
 
1
;
 

 
P
-
>
A
n
g
l
e
F
r
o
m
Z
 
=
 
A
n
g
u
l
a
r
D
i
f
f
e
r
e
n
c
e
(
P
-
>
N
o
r
m
a
l
,
 
Z
_
A
x
i
s
)
;
 

 
P
-
>
P
1
.
x
 
=
 
W
o
r
l
d
L
o
w
e
r
X
;
 

 
P
-
>
P
1
.
y
 
=
 
W
o
r
l
d
L
o
w
e
r
Y
;
 

 
P
-
>
P
1
.
z
 
=
 
x
[
0
]
 
*
 
P
-
>
P
1
.
x
 
+
 
x
[
1
]
 
*
 
P
-
>
P
1
.
y
 
+
 
x
[
2
]
;
 

 
P
-
>
P
2
.
x
 
=
 
W
o
r
l
d
U
p
p
e
r
X
;
 

 
P
-
>
P
2
.
y
 
=
 
W
o
r
l
d
L
o
w
e
r
Y
;
 

 
P
-
>
P
2
.
z
 
=
 
x
[
0
]
 
*
 
P
-
>
P
2
.
x
 
+
 
x
[
1
]
 
*
 
P
-
>
P
2
.
y
 
+
 
x
[
2
]
;
 

 
P
-
>
P
3
.
x
 
=
 
W
o
r
l
d
U
p
p
e
r
X
;
 

 
P
-
>
P
3
.
y
 
=
 
W
o
r
l
d
U
p
p
e
r
Y
;
 

 
P
-
>
P
3
.
z
 
=
 
x
[
0
]
 
*
 
P
-
>
P
3
.
x
 
+
 
x
[
1
]
 
*
 
P
-
>
P
3
.
y
 
+
 
x
[
2
]
;
 

 
P
-
>
P
4
.
x
 
=
 
W
o
r
l
d
L
o
w
e
r
X
;
 

 
P
-
>
P
4
.
y
 
=
 
W
o
r
l
d
U
p
p
e
r
Y
;
 

 
P
-
>
P
4
.
z
 
=
 
x
[
0
]
 
*
 
P
-
>
P
4
.
x
 
+
 
x
[
1
]
 
*
 
P
-
>
P
4
.
y
 
+
 
x
[
2
]
;
 

 
/
/
 
F
i
n
d
 
t
h
e
 
m
e
a
n
 
(
t
o
 
b
e
 
u
s
e
d
 
i
n
 
t
h
e
 
k
u
r
t
o
s
i
s
 
c
a
l
c
u
l
a
t
i
o
n
.
)
 

 
f
l
o
a
t
 
M
e
a
n
 
=
 
0
;
 

 
f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
i
+
+
)
 

 
{
 

 
 

P
o
i
n
t
&
 
p
 
=
 
P
o
i
n
t
s
[
i
]
;
 

 
 

i
f
(
p
.
j
 
>
=
 
P
i
x
e
l
L
o
w
e
r
X
 
&
&
 
p
.
j
 
<
=
 
P
i
x
e
l
U
p
p
e
r
X
 
&
&
 
p
.
i
 
>
=
 
P
i
x
e
l
L
o
w
e
r
Y
 
&
&
 
p
.
i
 
<
=
 
P
i
x
e
l
U
p
p
e
r
Y
)
 

 
 

{
 



9
0
 

  
 

 
f
l
o
a
t
 
B
e
s
t
F
i
t
Z
 
=
 
x
[
0
]
 
*
 
p
.
x
 
+
 
x
[
1
]
 
*
 
p
.
y
 
+
 
x
[
2
]
;
 

 
 

 
M
e
a
n
 
+
=
 
(
B
e
s
t
F
i
t
Z
 
-
 
p
.
z
)
;
 

 
 

}
 

 
}
 

 
M
e
a
n
 
/
=
 
C
o
u
n
t
;
 

 
/
/
 
F
i
n
d
 
t
h
e
 
k
u
r
t
o
s
i
s
 
o
f
 
t
h
e
 
p
l
a
n
e
.
 

 
f
l
o
a
t
 
m
_
2
 
=
 
0
;
 

 
f
l
o
a
t
 
m
_
4
 
=
 
0
;
 

 
f
l
o
a
t
 
T
e
m
p
;
 

 
f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
P
o
i
n
t
C
o
u
n
t
;
 
i
+
+
)
 

 
{
 

 
 

P
o
i
n
t
&
 
p
 
=
 
P
o
i
n
t
s
[
i
]
;
 

 
 

i
f
(
p
.
j
 
>
=
 
P
i
x
e
l
L
o
w
e
r
X
 
&
&
 
p
.
j
 
<
=
 
P
i
x
e
l
U
p
p
e
r
X
 
&
&
 
p
.
i
 
>
=
 
P
i
x
e
l
L
o
w
e
r
Y
 
&
&
 
p
.
i
 
<
=
 
P
i
x
e
l
U
p
p
e
r
Y
)
 

 
 

{
 

 
 

 
f
l
o
a
t
 
B
e
s
t
F
i
t
Z
 
=
 
x
[
0
]
 
*
 
p
.
x
 
+
 
x
[
1
]
 
*
 
p
.
y
 
+
 
x
[
2
]
;
 

 
 

 
T
e
m
p
 
=
 
(
B
e
s
t
F
i
t
Z
 
-
 
p
.
z
)
 
-
 
M
e
a
n
;
 

 
 

 
m
_
2
 
+
=
 
p
o
w
(
T
e
m
p
,
 
2
)
;
 

 
 

 
m
_
4
 
+
=
 
p
o
w
(
T
e
m
p
,
 
4
)
;
 

 
 

}
 

 
}
 

 
m
_
2
 
/
=
 
C
o
u
n
t
;
 

 
m
_
4
 
/
=
 
C
o
u
n
t
;
 

 
P
-
>
K
u
r
t
o
s
i
s
 
=
 
(
m
_
4
 
/
 
p
o
w
(
m
_
2
,
 
2
)
)
 
-
 
3
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
P
r
o
x
i
m
i
t
y
E
v
a
l
u
a
t
i
o
n
(
)
 

{
 

 
f
o
r
(
i
n
t
 
r
 
=
 
0
;
 
r
 
<
 
R
o
w
s
;
 
r
+
+
)
 

 
{
 

 
 

f
o
r
(
i
n
t
 
c
 
=
 
0
;
 
c
 
<
 
C
o
l
u
m
n
s
;
 
c
+
+
)
 

 
 

{
 

 
 

 
f
l
o
a
t
 
C
o
u
n
t
 
=
 
0
;
 

 
 

 
f
l
o
a
t
 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
=
 
0
;
 

 
 

 
P
l
a
n
e
*
 
P
 
=
 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
[
c
]
;
 

 
 

 
i
f
(
P
 
=
=
 
0
)
 
c
o
n
t
i
n
u
e
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
-
 
1
,
 
c
 
-
 
1
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
-
 
1
,
 
c
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
-
 
1
,
 
c
 
+
 
1
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
,
 
c
 
-
 
1
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
,
 
c
 
+
 
1
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
+
 
1
,
 
c
 
-
 
1
,
 
C
o
u
n
t
)
;
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A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
+
 
1
,
 
c
,
 
C
o
u
n
t
)
;
 

 
 

 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
+
=
 
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
r
,
 
c
,
 
r
 
+
 
1
,
 
c
 
+
 
1
,
 
C
o
u
n
t
)
;
 

 
 

 
i
f
(
C
o
u
n
t
 
=
=
 
0
)
 

 
 

 
 

A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
=
 
n
u
m
e
r
i
c
_
l
i
m
i
t
s
<
f
l
o
a
t
>
:
:
i
n
f
i
n
i
t
y
(
)
;
 

 
 

 
P
-
>
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
=
 
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
/
 
C
o
u
n
t
;
 

 
 

}
 

 
}
 

}
 

 f
l
o
a
t
 
C
l
o
u
d
:
:
C
o
m
p
a
r
e
N
o
r
m
a
l
s
(
i
n
t
 
O
r
i
g
i
n
R
o
w
,
 
i
n
t
 
O
r
i
g
i
n
C
o
l
u
m
n
,
 
i
n
t
 
T
a
r
g
e
t
R
o
w
,
 
i
n
t
 
T
a
r
g
e
t
C
o
l
u
m
n
,
 
f
l
o
a
t
&
 
C
o
u
n
t
)
 

{
 

 
i
f
(
T
a
r
g
e
t
R
o
w
 
<
 
0
 
|
|
 
T
a
r
g
e
t
C
o
l
u
m
n
 
<
 
0
 
|
|
 
T
a
r
g
e
t
R
o
w
 
>
=
 
R
o
w
s
 
|
|
 
T
a
r
g
e
t
C
o
l
u
m
n
 
>
=
 
C
o
l
u
m
n
s
)
 
r
e
t
u
r
n
 
0
;
 

 
P
l
a
n
e
*
 
x
 
=
 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
O
r
i
g
i
n
R
o
w
]
[
O
r
i
g
i
n
C
o
l
u
m
n
]
;
 

 
P
l
a
n
e
*
 
y
 
=
 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
T
a
r
g
e
t
R
o
w
]
[
T
a
r
g
e
t
C
o
l
u
m
n
]
;
 

 
i
f
(
x
 
=
=
 
0
 
|
|
 
y
 
=
=
 
0
)
 
r
e
t
u
r
n
 
0
;
 

 
C
o
u
n
t
+
+
;
 

 
r
e
t
u
r
n
 
A
n
g
u
l
a
r
D
i
f
f
e
r
e
n
c
e
(
x
-
>
N
o
r
m
a
l
,
 
y
-
>
N
o
r
m
a
l
)
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
C
l
e
a
r
(
)
 

{
 

 
D
e
l
e
t
e
B
e
s
t
F
i
t
P
l
a
n
e
s
(
)
;
 

 
d
e
l
e
t
e
 
[
]
 
P
o
i
n
t
s
;
 

 
Z
e
r
o
P
a
r
a
m
e
t
e
r
s
(
)
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
Z
e
r
o
P
a
r
a
m
e
t
e
r
s
(
)
 

{
 

 
I
m
a
g
e
.
C
l
e
a
r
(
)
;
 

 
P
o
i
n
t
C
o
u
n
t
 
=
 
0
;
 

 
P
o
i
n
t
s
 
=
 
0
;
 

 
B
e
s
t
F
i
t
P
l
a
n
e
s
 
=
 
0
;
 

 
D
e
l
t
a
X
 
=
 
0
;
 

 
D
e
l
t
a
Y
 
=
 
0
;
 

 
C
o
l
u
m
n
s
 
=
 
0
;
 

 
R
o
w
s
 
=
 
0
;
 

}
 

 v
o
i
d
 
C
l
o
u
d
:
:
D
e
l
e
t
e
B
e
s
t
F
i
t
P
l
a
n
e
s
(
)
 

{
 

 
i
f
(
B
e
s
t
F
i
t
P
l
a
n
e
s
 
=
=
 
0
)
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r
e
t
u
r
n
;
 

 
f
o
r
(
i
n
t
 
r
 
=
 
0
;
 
r
 
<
 
R
o
w
s
;
 
r
+
+
)
 

 
{
 

 
 

f
o
r
(
i
n
t
 
c
 
=
 
0
;
 
c
 
<
 
C
o
l
u
m
n
s
;
 
c
+
+
)
 

 
 

{
 

 
 

 
d
e
l
e
t
e
 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
[
c
]
;
 

 
 

}
 

 
 

d
e
l
e
t
e
 
[
]
 
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
;
 

 
}
 

 
d
e
l
e
t
e
 
[
]
 
B
e
s
t
F
i
t
P
l
a
n
e
s
;
 

 
B
e
s
t
F
i
t
P
l
a
n
e
s
 
=
 
0
;
 

}
 

 C
l
o
u
d
:
:
~
C
l
o
u
d
(
)
 

{
 

 
C
l
e
a
r
(
)
;
 

}
 

 V
e
c
t
o
r
&
 
o
p
e
r
a
t
o
r
/
=
(
V
e
c
t
o
r
&
 
v
,
 
c
o
n
s
t
 
f
l
o
a
t
 
S
c
a
l
a
r
)
 

{
 

 
v
.
x
 
/
=
 
S
c
a
l
a
r
;
 

 
v
.
y
 
/
=
 
S
c
a
l
a
r
;
 

 
v
.
z
 
/
=
 
S
c
a
l
a
r
;
 

 
r
e
t
u
r
n
 
v
;
 

}
 

 f
l
o
a
t
 
l
e
n
(
c
o
n
s
t
 
V
e
c
t
o
r
&
 
v
)
 

{
 

 
r
e
t
u
r
n
 
s
q
r
t
(
v
.
x
 
*
 
v
.
x
 
+
 
v
.
y
 
*
 
v
.
y
 
+
 
v
.
z
 
*
 
v
.
z
)
;
 

}
 

 f
l
o
a
t
 
A
n
g
u
l
a
r
D
i
f
f
e
r
e
n
c
e
(
c
o
n
s
t
 
V
e
c
t
o
r
&
 
u
,
 
c
o
n
s
t
 
V
e
c
t
o
r
&
 
v
)
 

{
 

 
r
e
t
u
r
n
 
a
c
o
s
(
u
.
x
 
*
 
v
.
x
 
+
 
u
.
y
 
*
 
v
.
y
 
+
 
u
.
z
 
*
 
v
.
z
)
 
*
 
(
1
8
0
.
0
f
 
/
 
P
I
)
;
 

}
 

 o
s
t
r
e
a
m
&
 
o
p
e
r
a
t
o
r
<
<
(
o
s
t
r
e
a
m
&
 
O
u
t
,
 
c
o
n
s
t
 
P
o
i
n
t
&
 
p
)
 

{
 

 
O
u
t
 
<
<
 
p
.
x
 
<
<
 
'
 
'
 
<
<
 
p
.
y
 
<
<
 
'
 
'
 
<
<
 
p
.
z
 
<
<
 
'
 
'
 
<
<
 
p
.
r
 
<
<
 
'
 
'
 
<
<
 
p
.
g
 
<
<
 
'
 
'
 
<
<
 
p
.
b
 
<
<
 
'
 
'
 
<
<
 
p
.
i
 
<
<
 
'
 
'
 

<
<
 
p
.
j
 
<
<
 
'
 
'
 
<
<
 
p
.
d
;
 

 
r
e
t
u
r
n
 
O
u
t
;
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 }
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 F
. 

R
e

n
d

e
r.

h
 

#
p
r
a
g
m
a
 
o
n
c
e
 

 #
i
f
d
e
f
 
W
I
N
3
2
 

#
i
n
c
l
u
d
e
 
<
w
i
n
d
o
w
s
.
h
>
 

#
e
n
d
i
f
 

#
i
n
c
l
u
d
e
 
<
G
L
/
g
l
.
h
>
 

#
i
n
c
l
u
d
e
 
<
G
L
/
g
l
u
.
h
>
 

#
i
n
c
l
u
d
e
 
<
v
e
c
t
o
r
>
 

#
i
n
c
l
u
d
e
 
<
l
i
s
t
>
 

#
i
n
c
l
u
d
e
 
<
s
s
t
r
e
a
m
>
 

#
i
n
c
l
u
d
e
 
"
c
o
n
f
i
g
.
h
"
 

#
i
n
c
l
u
d
e
 
"
c
l
o
u
d
.
h
"
 

#
i
n
c
l
u
d
e
 
"
b
u
m
b
l
e
b
e
e
.
h
"
 

 #
p
r
a
g
m
a
 
c
o
m
m
e
n
t
(
l
i
b
,
 
"
o
p
e
n
g
l
3
2
.
l
i
b
"
)
 

#
p
r
a
g
m
a
 
c
o
m
m
e
n
t
(
l
i
b
,
 
"
g
l
u
3
2
.
l
i
b
"
)
 

 s
t
r
u
c
t
 
C
a
m
 

{
 

 
C
a
m
(
)
;
 

 
f
l
o
a
t
 
x
,
 
y
,
 
z
,
 
r
o
l
l
,
 
p
i
t
c
h
,
 
y
a
w
;
 

 
b
o
o
l
 
p
e
r
s
p
e
c
t
i
v
e
;
 

}
;
 

 e
n
u
m
 
C
o
l
o
r
T
y
p
e
 

{
 

 
T
O
P
_
P
I
C
K
S
,
 

 
S
L
O
P
E
,
 

 
A
V
E
R
A
G
E
_
A
N
G
L
E
,
 

 
T
H
R
E
S
H
O
L
D
,
 

 
K
U
R
T
O
S
I
S
,
 

}
;
 

 e
n
u
m
 
R
e
p
r
e
s
e
n
t
a
t
i
o
n
 

{
 

 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
2
D
,
 

 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
3
D
,
 

}
;
 

 



9
5
 

 v
o
i
d
 
C
o
l
o
r
S
c
e
n
e
(
C
o
l
o
r
T
y
p
e
 
T
y
p
e
,
 
b
o
o
l
 
S
e
l
e
c
t
A
c
c
e
p
t
a
b
l
e
)
;
 

i
n
t
 
D
r
a
w
S
c
e
n
e
(
R
e
p
r
e
s
e
n
t
a
t
i
o
n
 
R
,
 
b
o
o
l
 
O
v
e
r
l
a
y
)
;
 

i
n
t
 
I
n
i
t
G
L
(
)
;
 

v
o
i
d
 
R
e
s
i
z
e
S
c
e
n
e
(
G
L
s
i
z
e
i
 
w
i
d
t
h
,
 
G
L
s
i
z
e
i
 
h
e
i
g
h
t
)
;
 

v
o
i
d
 
T
o
g
g
l
e
P
r
o
j
e
c
t
i
o
n
(
)
;
 

s
t
r
i
n
g
 
S
e
l
e
c
t
i
o
n
(
R
e
p
r
e
s
e
n
t
a
t
i
o
n
 
R
,
 
b
o
o
l
 
T
o
g
g
l
e
)
;
 

 e
x
t
e
r
n
 
C
a
m
 
C
a
m
e
r
a
;
 

e
x
t
e
r
n
 
v
e
c
t
o
r
<
C
l
o
u
d
*
>
 
C
l
o
u
d
s
;
 

e
x
t
e
r
n
 
b
o
o
l
 
S
h
o
w
B
e
s
t
F
i
t
;
 

e
x
t
e
r
n
 
i
n
t
 
M
o
u
s
e
X
,
 
M
o
u
s
e
Y
;
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 G
. 

R
e

n
d

e
r.

c
p

p
 

#
i
n
c
l
u
d
e
 
"
r
e
n
d
e
r
.
h
"
 

 C
a
m
 
C
a
m
e
r
a
;
 

v
e
c
t
o
r
<
C
l
o
u
d
*
>
 
C
l
o
u
d
s
;
 

b
o
o
l
 
S
h
o
w
B
e
s
t
F
i
t
 
=
 
t
r
u
e
;
 

 C
a
m
:
:
C
a
m
(
)
 
:
 
x
(
0
)
,
 
y
(
0
)
,
 
z
(
0
)
,
 
r
o
l
l
(
0
)
,
 
p
i
t
c
h
(
0
)
,
 
y
a
w
(
0
)
,
 
p
e
r
s
p
e
c
t
i
v
e
(
t
r
u
e
)
 

{
 

 }
 

 v
o
i
d
 
C
o
l
o
r
S
c
e
n
e
(
C
o
l
o
r
T
y
p
e
 
T
y
p
e
,
 
b
o
o
l
 
S
e
l
e
c
t
A
c
c
e
p
t
a
b
l
e
)
 

{
 

 
c
o
n
s
t
 
f
l
o
a
t
 
S
t
e
e
p
n
e
s
s
T
h
r
e
s
h
o
l
d
 
=
 
2
5
;
 
/
/
 
d
e
g
r
e
e
s
 

 
c
o
n
s
t
 
f
l
o
a
t
 
M
a
x
A
d
j
a
c
e
n
t
T
h
r
e
s
h
o
l
d
 
=
 
2
5
;
 
/
/
 
d
e
g
r
e
e
s
 

 
c
o
n
s
t
 
i
n
t
 
T
o
p
P
i
c
k
C
o
u
n
t
 
=
 
3
;
 

 
f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
{
 

 
 

C
l
o
u
d
*
 
C
 
=
 
(
*
i
)
;
 

 
 

f
o
r
(
i
n
t
 
r
 
=
 
0
;
 
r
 
<
 
C
-
>
R
o
w
s
;
 
r
+
+
)
 

 
 

{
 

 
 

 
f
o
r
(
i
n
t
 
c
 
=
 
0
;
 
c
 
<
 
C
-
>
C
o
l
u
m
n
s
;
 
c
+
+
)
 

 
 

 
{
 

 
 

 
 

P
l
a
n
e
*
 
P
 
=
 
C
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
r
]
[
c
]
;
 

 
 

 
 

i
f
(
!
P
)
 
c
o
n
t
i
n
u
e
;
 

 
 

 
 

e
l
s
e
 
i
f
(
T
y
p
e
 
=
=
 
T
O
P
_
P
I
C
K
S
)
 

 
 

 
 

{
 

 
 

 
 

 
/
/
 
T
O
D
O
:
 
i
m
p
l
e
m
e
n
t
 
t
h
i
s
.
.
.
 

 
 

 
 

 
/
/
 
l
i
s
t
<
P
l
a
n
e
*
>
 
 

 
 

 
 

}
 

 
 

 
 

e
l
s
e
 
i
f
(
T
y
p
e
 
=
=
 
S
L
O
P
E
 
|
|
 
T
y
p
e
 
=
=
 
A
V
E
R
A
G
E
_
A
N
G
L
E
 
|
|
 
T
y
p
e
 
=
=
 
K
U
R
T
O
S
I
S
)
 

 
 

 
 

{
 

 
 

 
 

 
f
l
o
a
t
 
S
c
a
l
e
;
 

 
 

 
 

 
i
f
(
T
y
p
e
 
=
=
 
S
L
O
P
E
)
 

 
 

 
 

 
 

S
c
a
l
e
 
=
 
P
-
>
A
n
g
l
e
F
r
o
m
Z
 
/
 
9
0
;
 
/
/
 
S
h
o
w
 
t
h
e
 
s
l
o
p
e
 
a
s
 
a
 
r
e
d
 
g
r
a
d
i
e
n
t
 

 
 

 
 

 
e
l
s
e
 
i
f
(
T
y
p
e
 
=
=
 
A
V
E
R
A
G
E
_
A
N
G
L
E
)
 

 
 

 
 

 
 

S
c
a
l
e
 
=
 
P
-
>
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
/
 
1
8
0
;
 
/
/
 
S
h
o
w
 
t
h
e
 
m
a
x
 
a
n
g
l
e
 
o
f
 
a
n
 
a
d
j
a
c
e
n
t
 

p
l
a
n
e
s
 
a
s
 
a
 
r
e
d
 
g
r
a
d
i
e
n
t
 

 
 

 
 

 
e
l
s
e
 
i
f
(
T
y
p
e
 
=
=
 
K
U
R
T
O
S
I
S
)
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S
c
a
l
e
 
=
 
P
-
>
K
u
r
t
o
s
i
s
;
 

 
 

 
 

 
i
f
(
S
c
a
l
e
 
>
 
1
)
 
S
c
a
l
e
 
=
 
1
;
 

 
 

 
 

 
i
f
(
S
c
a
l
e
 
<
 
0
)
 
S
c
a
l
e
 
=
 
0
;
 

 
 

 
 

 
f
l
o
a
t
 
C
o
l
o
r
 
=
 
1
 
-
 
1
 
*
 
S
c
a
l
e
;
 

 
 

 
 

 
P
-
>
P
1
.
r
 
=
 
C
o
l
o
r
;
 
P
-
>
P
1
.
g
 
=
 
0
;
 
P
-
>
P
1
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
2
.
r
 
=
 
C
o
l
o
r
;
 
P
-
>
P
2
.
g
 
=
 
0
;
 
P
-
>
P
2
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
3
.
r
 
=
 
C
o
l
o
r
;
 
P
-
>
P
3
.
g
 
=
 
0
;
 
P
-
>
P
3
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
4
.
r
 
=
 
C
o
l
o
r
;
 
P
-
>
P
4
.
g
 
=
 
0
;
 
P
-
>
P
4
.
b
 
=
 
0
;
 

 
 

 
 

}
 

 
 

 
 

e
l
s
e
 
i
f
(
T
y
p
e
 
=
=
 
T
H
R
E
S
H
O
L
D
)
 

 
 

 
 

{
 

 
 

 
 

 
b
o
o
l
 
A
c
c
e
p
t
a
b
l
e
 
=
 
f
a
l
s
e
;
 

 
 

 
 

 
i
f
(
P
-
>
A
n
g
l
e
F
r
o
m
Z
 
<
 
S
t
e
e
p
n
e
s
s
T
h
r
e
s
h
o
l
d
 
&
&
 
P
-
>
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
<
 

M
a
x
A
d
j
a
c
e
n
t
T
h
r
e
s
h
o
l
d
)
 

 
 

 
 

 
{
 

 
 

 
 

 
 

i
f
(
S
e
l
e
c
t
A
c
c
e
p
t
a
b
l
e
)
 

 
 

 
 

 
 

{
 

 
 

 
 

 
 

 
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
p
(
c
,
 
r
)
;
 

 
 

 
 

 
 

 
C
-
>
H
i
t
s
.
A
d
d
(
p
)
;
 

 
 

 
 

 
 

}
 

 
 

 
 

 
 

A
c
c
e
p
t
a
b
l
e
 
=
 
t
r
u
e
;
 

 
 

 
 

 
}
 

 
 

 
 

 
P
-
>
P
1
.
r
 
=
 
!
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
1
.
g
 
=
 
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
1
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
2
.
r
 
=
 
!
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
2
.
g
 
=
 
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
2
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
3
.
r
 
=
 
!
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
3
.
g
 
=
 
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
3
.
b
 
=
 
0
;
 

 
 

 
 

 
P
-
>
P
4
.
r
 
=
 
!
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
4
.
g
 
=
 
A
c
c
e
p
t
a
b
l
e
;
 
P
-
>
P
4
.
b
 
=
 
0
;
 

 
 

 
 

}
 

 
 

 
}
 

 
 

}
 

/
/
 

 
C
-
>
I
m
a
g
e
.
W
r
i
t
e
P
P
M
(
"
O
v
e
r
l
a
y
.
p
p
m
"
)
;
 

 
}
 

}
 

 /
/
 
N
o
t
e
:
 
t
h
i
s
 
f
u
n
c
t
i
o
n
 
i
s
 
f
o
r
 
d
e
b
u
g
 
p
u
r
p
o
s
e
s
 
o
n
l
y
.
 

v
o
i
d
 
D
r
a
w
B
o
u
n
d
e
d
E
l
e
m
e
n
t
s
(
i
n
t
 
x
,
 
i
n
t
 
y
,
 
f
l
o
a
t
 
L
o
w
e
r
X
,
 
f
l
o
a
t
 
U
p
p
e
r
X
,
 
f
l
o
a
t
 
L
o
w
e
r
Y
,
 
f
l
o
a
t
 
U
p
p
e
r
Y
)
 

{
 

 
i
f
(
C
l
o
u
d
s
.
s
i
z
e
(
)
 
<
 
1
)
 
r
e
t
u
r
n
;
 

 
C
l
o
u
d
*
 
C
 
=
 
C
l
o
u
d
s
[
0
]
;
 

 
f
l
o
a
t
 
M
 
=
 
f
l
o
a
t
(
C
-
>
I
m
a
g
e
.
M
a
x
C
o
l
o
r
)
;
 

 
g
l
B
e
g
i
n
(
G
L
_
P
O
I
N
T
S
)
;
 

 
f
o
r
(
i
n
t
 
q
 
=
 
0
;
 
q
 
<
 
C
-
>
P
o
i
n
t
C
o
u
n
t
;
 
q
+
+
)
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{
 

 
 

P
o
i
n
t
&
 
p
 
=
 
C
-
>
P
o
i
n
t
s
[
q
]
;
 

 
 

i
f
(
p
.
j
 
>
=
 
L
o
w
e
r
X
 
&
&
 
p
.
j
 
<
=
 
U
p
p
e
r
X
 
&
&
 
p
.
i
 
>
=
 
L
o
w
e
r
Y
 
&
&
 
p
.
i
 
<
=
 
U
p
p
e
r
Y
)
 

 
 

{
 

 
 

 
g
l
C
o
l
o
r
3
f
(
p
.
r
 
/
 
M
,
 
p
.
g
 
/
 
M
,
 
p
.
b
 
/
 
M
)
;
 

 
 

 
g
l
V
e
r
t
e
x
3
f
(
p
.
x
,
 
p
.
y
,
 
p
.
z
)
;
 

 
 

}
 

 
}
 

 
g
l
E
n
d
(
)
;
 

 
P
l
a
n
e
*
 
p
 
=
 
C
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
;
 

 
i
f
(
p
 
=
=
 
0
)
 
r
e
t
u
r
n
;
 

 
g
l
B
e
g
i
n
(
G
L
_
Q
U
A
D
S
)
;
 

 
g
l
C
o
l
o
r
3
f
(
p
-
>
P
1
.
r
,
 
p
-
>
P
1
.
g
,
 
p
-
>
P
1
.
b
)
;
 
g
l
V
e
r
t
e
x
3
f
(
p
-
>
P
1
.
x
,
 
p
-
>
P
1
.
y
,
 
p
-
>
P
1
.
z
)
;
 

 
g
l
C
o
l
o
r
3
f
(
p
-
>
P
2
.
r
,
 
p
-
>
P
2
.
g
,
 
p
-
>
P
2
.
b
)
;
 
g
l
V
e
r
t
e
x
3
f
(
p
-
>
P
2
.
x
,
 
p
-
>
P
2
.
y
,
 
p
-
>
P
2
.
z
)
;
 

 
g
l
C
o
l
o
r
3
f
(
p
-
>
P
3
.
r
,
 
p
-
>
P
3
.
g
,
 
p
-
>
P
3
.
b
)
;
 
g
l
V
e
r
t
e
x
3
f
(
p
-
>
P
3
.
x
,
 
p
-
>
P
3
.
y
,
 
p
-
>
P
3
.
z
)
;
 

 
g
l
C
o
l
o
r
3
f
(
p
-
>
P
4
.
r
,
 
p
-
>
P
4
.
g
,
 
p
-
>
P
4
.
b
)
;
 
g
l
V
e
r
t
e
x
3
f
(
p
-
>
P
4
.
x
,
 
p
-
>
P
4
.
y
,
 
p
-
>
P
4
.
z
)
;
 

 
g
l
E
n
d
(
)
;
 

}
 

 /
/
 
K
n
o
w
n
 
i
s
s
u
e
s
 
w
i
t
h
 
t
h
i
s
 
f
u
n
c
t
i
o
n
:
 

/
/
 
I
t
 
w
i
l
l
 
o
n
l
y
 
d
r
a
w
 
t
h
e
 
f
i
r
s
t
 
c
l
o
u
d
 
i
n
 
t
h
e
 
C
l
o
u
d
s
 
l
i
s
t
.
 

v
o
i
d
 
D
r
a
w
R
a
w
(
b
o
o
l
 
S
e
l
e
c
t
i
o
n
,
 
b
o
o
l
 
D
r
a
w
_
3
D
_
O
v
e
r
l
a
y
)
 

{
 

 
c
o
n
s
t
 
f
l
o
a
t
 
D
e
p
t
h
 
=
 
5
;
 

 
i
f
(
C
l
o
u
d
s
.
s
i
z
e
(
)
 
<
 
1
)
 
r
e
t
u
r
n
;
 

 
C
l
o
u
d
*
 
C
 
=
 
C
l
o
u
d
s
[
0
]
;
 

  
i
f
(
!
S
e
l
e
c
t
i
o
n
)
 

 
{
 

 
 

g
l
E
n
a
b
l
e
(
G
L
_
T
E
X
T
U
R
E
_
2
D
)
;
 

 
 

g
l
B
i
n
d
T
e
x
t
u
r
e
(
G
L
_
T
E
X
T
U
R
E
_
2
D
,
 
C
-
>
T
e
x
.
I
D
)
;
 

 
 

g
l
C
o
l
o
r
3
f
(
1
,
 
1
,
 
1
)
;
 

 
}
 

  
c
o
n
s
t
 
f
l
o
a
t
 
S
c
a
l
e
 
=
 
0
.
0
1
f
;
 

 
f
l
o
a
t
 
L
o
w
e
r
X
,
 
U
p
p
e
r
X
,
 
L
o
w
e
r
Y
,
 
U
p
p
e
r
Y
;
 

 
f
l
o
a
t
 
W
i
d
t
h
 
=
 
(
f
l
o
a
t
)
C
-
>
I
m
a
g
e
.
W
i
d
t
h
;
 

 
f
l
o
a
t
 
H
e
i
g
h
t
 
=
 
(
f
l
o
a
t
)
C
-
>
I
m
a
g
e
.
H
e
i
g
h
t
;
 

 
f
l
o
a
t
 
X
_
O
f
f
s
e
t
 
=
 
W
i
d
t
h
 
/
 
2
.
0
f
;
 

 
f
l
o
a
t
 
Y
_
O
f
f
s
e
t
 
=
 
H
e
i
g
h
t
 
/
 
2
.
0
f
;
 

 
/
/
 
D
r
a
w
 
t
h
e
 
p
l
a
n
e
s
 
w
i
t
h
 
t
e
x
t
u
r
e
.
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i
n
t
 
N
a
m
e
 
=
 
0
;
 

 
f
o
r
(
f
l
o
a
t
 
x
 
=
 
0
;
 
x
 
<
 
C
-
>
C
o
l
u
m
n
s
;
 
x
+
+
)
 

 
{
 

 
 

f
o
r
(
f
l
o
a
t
 
y
 
=
 
0
;
 
y
 
<
 
C
-
>
R
o
w
s
;
 
y
+
+
)
 

 
 

{
 

 
 

 
L
o
w
e
r
X
 
=
 
x
 
/
 
(
f
l
o
a
t
)
C
-
>
C
o
l
u
m
n
s
;
 

 
 

 
L
o
w
e
r
Y
 
=
 
y
 
/
 
(
f
l
o
a
t
)
C
-
>
R
o
w
s
;
 

 
 

 
U
p
p
e
r
X
 
=
 
(
x
 
+
 
1
)
 
/
 
(
f
l
o
a
t
)
C
-
>
C
o
l
u
m
n
s
;
 

 
 

 
U
p
p
e
r
Y
 
=
 
(
y
 
+
 
1
)
 
/
 
(
f
l
o
a
t
)
C
-
>
R
o
w
s
;
 

 
 

 
i
f
(
S
e
l
e
c
t
i
o
n
)
 
g
l
L
o
a
d
N
a
m
e
(
N
a
m
e
)
;
 

 
 

 
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
P
;
 

 
 

 
P
.
f
i
r
s
t
 
=
 
i
n
t
(
x
)
;
 

 
 

 
P
.
s
e
c
o
n
d
 
=
 
i
n
t
(
y
)
;
 

 
 

 
i
f
(
!
S
e
l
e
c
t
i
o
n
 
&
&
 
C
-
>
H
i
t
s
.
C
o
n
t
a
i
n
s
(
P
)
)
 

 
 

 
{
 

 
 

 
 

g
l
D
i
s
a
b
l
e
(
G
L
_
T
E
X
T
U
R
E
_
2
D
)
;
 

 
 

 
 

g
l
C
o
l
o
r
3
f
(
0
,
 
0
,
 
1
)
;
 

 
 

 
 

g
l
B
e
g
i
n
(
G
L
_
Q
U
A
D
S
)
;
 

 
 

 
 

g
l
V
e
r
t
e
x
3
f
(
(
L
o
w
e
r
X
 
*
 
W
i
d
t
h
 
-
 
X
_
O
f
f
s
e
t
)
 
*
 
S
c
a
l
e
,
 
(
L
o
w
e
r
Y
 
*
 
H
e
i
g
h
t
 
-
 
Y
_
O
f
f
s
e
t
)
 
*
 

S
c
a
l
e
,
 
D
e
p
t
h
)
;
 

 
 

 
 

g
l
V
e
r
t
e
x
3
f
(
(
U
p
p
e
r
X
 
*
 
W
i
d
t
h
 
-
 
X
_
O
f
f
s
e
t
)
 
*
 
S
c
a
l
e
,
 
(
L
o
w
e
r
Y
 
*
 
H
e
i
g
h
t
 
-
 
Y
_
O
f
f
s
e
t
)
 
*
 

S
c
a
l
e
,
 
D
e
p
t
h
)
;
 

 
 

 
 

g
l
V
e
r
t
e
x
3
f
(
(
U
p
p
e
r
X
 
*
 
W
i
d
t
h
 
-
 
X
_
O
f
f
s
e
t
)
 
*
 
S
c
a
l
e
,
 
(
U
p
p
e
r
Y
 
*
 
H
e
i
g
h
t
 
-
 
Y
_
O
f
f
s
e
t
)
 
*
 

S
c
a
l
e
,
 
D
e
p
t
h
)
;
 

 
 

 
 

g
l
V
e
r
t
e
x
3
f
(
(
L
o
w
e
r
X
 
*
 
W
i
d
t
h
 
-
 
X
_
O
f
f
s
e
t
)
 
*
 
S
c
a
l
e
,
 
(
U
p
p
e
r
Y
 
*
 
H
e
i
g
h
t
 
-
 
Y
_
O
f
f
s
e
t
)
 
*
 

S
c
a
l
e
,
 
D
e
p
t
h
)
;
 

 
 

 
 

g
l
E
n
d
(
)
;
 

 
 

 
 

i
f
(
D
r
a
w
_
3
D
_
O
v
e
r
l
a
y
)
 
D
r
a
w
B
o
u
n
d
e
d
E
l
e
m
e
n
t
s
(
i
n
t
(
y
)
,
 
i
n
t
(
x
)
,
 
L
o
w
e
r
X
 
*
 
W
i
d
t
h
,
 
U
p
p
e
r
X
 
*
 

W
i
d
t
h
,
 
L
o
w
e
r
Y
 
*
 
H
e
i
g
h
t
,
 
U
p
p
e
r
Y
 
*
 
H
e
i
g
h
t
)
;
 

 
 

 
 

g
l
C
o
l
o
r
3
f
(
1
,
 
1
,
 
1
)
;
 

 
 

 
 

g
l
E
n
a
b
l
e
(
G
L
_
T
E
X
T
U
R
E
_
2
D
)
;
 

 
 

 
}
 

 
 

 
e
l
s
e
 

 
 

 
{
 

 
 

 
 

g
l
B
e
g
i
n
(
G
L
_
Q
U
A
D
S
)
;
 

 
 

 
 

i
f
(
!
S
e
l
e
c
t
i
o
n
)
 
g
l
T
e
x
C
o
o
r
d
2
f
(
L
o
w
e
r
X
,
 
L
o
w
e
r
Y
)
;
 
g
l
V
e
r
t
e
x
3
f
(
(
L
o
w
e
r
X
 
*
 
W
i
d
t
h
 
-
 
X
_
O
f
f
s
e
t
)
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+
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;
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;
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;
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;
 

 
}
 

 
r
e
t
u
r
n
 
T
R
U
E
;
 

}
 

 /
/
 
A
l
l
 
s
e
t
u
p
 
f
o
r
 
O
p
e
n
G
L
 
g
o
e
s
 
h
e
r
e
 

i
n
t
 
I
n
i
t
G
L
(
)
 

{
 

 
g
l
S
h
a
d
e
M
o
d
e
l
(
G
L
_
S
M
O
O
T
H
)
;
 
/
/
 
E
n
a
b
l
e
 
s
m
o
o
t
h
 
s
h
a
d
i
n
g
 

 
g
l
C
l
e
a
r
C
o
l
o
r
(
0
.
0
f
,
 
0
.
0
f
,
 
0
.
0
f
,
 
0
.
5
f
)
;
 
/
/
 
B
l
a
c
k
 
b
a
c
k
g
r
o
u
n
d
 

 
g
l
C
l
e
a
r
D
e
p
t
h
(
1
.
0
f
)
;
 
/
/
 
D
e
p
t
h
 
b
u
f
f
e
r
 
s
e
t
u
p
 

 
g
l
E
n
a
b
l
e
(
G
L
_
D
E
P
T
H
_
T
E
S
T
)
;
 
/
/
 
E
n
a
b
l
e
s
 
d
e
p
t
h
 
t
e
s
t
i
n
g
 

 
g
l
D
e
p
t
h
F
u
n
c
(
G
L
_
L
E
Q
U
A
L
)
;
 
/
/
 
T
h
e
 
t
y
p
e
 
o
f
 
d
e
p
t
h
 
t
e
s
t
i
n
g
 
t
o
 
d
o
 

 
g
l
H
i
n
t
(
G
L
_
P
E
R
S
P
E
C
T
I
V
E
_
C
O
R
R
E
C
T
I
O
N
_
H
I
N
T
,
 
G
L
_
N
I
C
E
S
T
)
;
 
/
/
 
R
e
a
l
l
y
 
n
i
c
e
 
p
e
r
s
p
e
c
t
i
v
e
 
c
a
l
c
u
l
a
t
i
o
n
s
 

 
r
e
t
u
r
n
 
T
R
U
E
;
 

}
 

 /
/
 
R
e
s
i
z
e
 
a
n
d
 
i
n
i
t
i
a
l
i
z
e
 
t
h
e
 
G
L
 
w
i
n
d
o
w
 

v
o
i
d
 
R
e
s
i
z
e
S
c
e
n
e
(
G
L
s
i
z
e
i
 
w
i
d
t
h
,
 
G
L
s
i
z
e
i
 
h
e
i
g
h
t
)
 
 

{
 

 
i
f
(
h
e
i
g
h
t
 
=
=
 
0
)
 
/
/
 
P
r
e
v
e
n
t
 
a
 
d
i
v
i
d
e
 
b
y
 
z
e
r
o
 
b
y
 
m
a
k
i
n
g
 
h
e
i
g
h
t
 
e
q
u
a
l
 
1
 

 
 

h
e
i
g
h
t
 
=
 
1
;
 

  
g
l
V
i
e
w
p
o
r
t
(
0
,
 
0
,
 
w
i
d
t
h
,
 
h
e
i
g
h
t
)
;
 
/
/
 
R
e
s
e
t
 
t
h
e
 
c
u
r
r
e
n
t
 
v
i
e
w
p
o
r
t
 

  
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
P
R
O
J
E
C
T
I
O
N
)
;
 
/
/
 
S
e
l
e
c
t
 
t
h
e
 
p
r
o
j
e
c
t
i
o
n
 
m
a
t
r
i
x
 

 
g
l
L
o
a
d
I
d
e
n
t
i
t
y
(
)
;
 
/
/
 
R
e
s
e
t
 
t
h
e
 
p
r
o
j
e
c
t
i
o
n
 
m
a
t
r
i
x
 

  
/
/
 
C
a
l
c
u
l
a
t
e
 
t
h
e
 
a
s
p
e
c
t
 
r
a
t
i
o
 
o
f
 
t
h
e
 
w
i
n
d
o
w
 

 
g
l
u
P
e
r
s
p
e
c
t
i
v
e
(
4
5
.
0
f
,
 
(
G
L
f
l
o
a
t
)
w
i
d
t
h
/
(
G
L
f
l
o
a
t
)
h
e
i
g
h
t
,
 
0
.
1
f
,
 
1
0
0
.
0
f
)
;
 

  
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
M
O
D
E
L
V
I
E
W
)
;
 
/
/
 
S
e
l
e
c
t
 
t
h
e
 
m
o
d
e
l
v
i
e
w
 
m
a
t
r
i
x
 

 
g
l
L
o
a
d
I
d
e
n
t
i
t
y
(
)
;
 
/
/
 
R
e
s
e
t
 
t
h
e
 
m
o
d
e
l
v
i
e
w
 
m
a
t
r
i
x
 

}
 



1
0
3
 

  v
o
i
d
 
T
o
g
g
l
e
P
r
o
j
e
c
t
i
o
n
(
)
 

{
 

 
/
/
 
T
o
g
g
l
e
 
t
h
e
 
p
e
r
s
p
e
c
t
i
v
e
 
b
e
t
w
e
e
n
 
o
r
t
h
o
g
r
a
p
h
i
c
 
a
n
d
 
n
o
r
m
a
l
.
 

 
C
a
m
e
r
a
.
p
e
r
s
p
e
c
t
i
v
e
 
=
 
!
C
a
m
e
r
a
.
p
e
r
s
p
e
c
t
i
v
e
;
 

  
/
/
 
S
e
l
e
c
t
 
t
h
e
 
p
r
o
j
e
c
t
i
o
n
 
m
a
t
r
i
x
 
a
n
d
 
c
l
e
a
r
 
i
t
 
o
u
t
 

 
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
P
R
O
J
E
C
T
I
O
N
)
;
 

  
/
/
 
C
h
o
o
s
e
 
t
h
e
 
a
p
p
r
o
p
r
i
a
t
e
 
p
r
o
j
e
c
t
i
o
n
 
b
a
s
e
d
 
o
n
 
t
h
e
 
c
u
r
r
e
n
t
l
y
 
t
o
g
g
l
e
d
 
m
o
d
e
 

 
i
f
(
C
a
m
e
r
a
.
p
e
r
s
p
e
c
t
i
v
e
)
 

 
{
 

 
 

/
/
 
S
e
t
 
t
h
e
 
p
e
r
s
p
e
c
t
i
v
e
 
w
i
t
h
 
t
h
e
 
a
p
p
r
o
p
r
i
a
t
e
 
a
s
p
e
c
t
 
r
a
t
i
o
 

 
 

g
l
F
r
u
s
t
u
m
(
-
1
.
0
,
 
1
.
0
,
 
-
1
.
0
,
 
1
.
0
,
 
.
1
,
 
1
0
0
)
;
 

 
}
 

 
e
l
s
e
 

 
{
 

 
 

/
/
 
S
e
t
 
u
p
 
a
n
 
o
r
t
h
o
g
r
a
p
h
i
c
 
p
r
o
j
e
c
t
i
o
n
 
w
i
t
h
 
t
h
e
 
s
a
m
e
 
n
e
a
r
 
c
l
i
p
 
p
l
a
n
e
 

 
 

g
l
O
r
t
h
o
(
-
1
.
0
,
 
1
.
0
,
 
-
1
.
0
,
 
1
.
0
,
 
.
1
,
 
1
0
0
)
;
 

 
}
 

  
/
/
 
S
e
l
e
c
t
 
m
o
d
e
l
v
i
e
w
 
m
a
t
r
i
x
 
a
n
d
 
c
l
e
a
r
 
i
t
 
o
u
t
 

 
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
M
O
D
E
L
V
I
E
W
)
;
 

}
 

 /
/
 
K
n
o
w
n
 
i
s
s
u
e
s
:
 

/
/
 
2
D
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
s
e
l
e
c
t
i
o
n
 
w
i
l
l
 
o
n
l
y
 
w
o
r
k
 
w
i
t
h
 
f
i
r
s
t
 
c
l
o
u
d
 
i
n
 
t
h
e
 
C
l
o
u
d
s
 
l
i
s
t
.
 

s
t
r
i
n
g
 
S
e
l
e
c
t
i
o
n
(
R
e
p
r
e
s
e
n
t
a
t
i
o
n
 
R
,
 
b
o
o
l
 
T
o
g
g
l
e
)
 

{
 

 
c
o
n
s
t
 
i
n
t
 
B
U
F
F
E
R
_
S
I
Z
E
 
=
 
5
1
2
;
 

  
/
/
 
M
a
r
k
 
a
l
l
 
t
h
e
 
p
l
a
n
e
s
 
a
s
 
n
o
t
 
h
i
t
 
a
n
d
 
n
a
m
e
 
t
h
e
m
.
 

 
i
n
t
 
N
a
m
e
 
=
 
0
;
 

 
i
f
(
!
T
o
g
g
l
e
)
 
C
l
o
u
d
s
[
0
]
-
>
H
i
t
s
.
C
l
e
a
r
(
)
;
 

 
f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

f
o
r
(
i
n
t
 
x
 
=
 
0
;
 
x
 
<
 
(
*
i
)
-
>
C
o
l
u
m
n
s
;
 
x
+
+
)
 

 
 

 
f
o
r
(
i
n
t
 
y
 
=
 
0
;
 
y
 
<
 
(
*
i
)
-
>
R
o
w
s
;
 
y
+
+
)
 

 
 

 
 

i
f
(
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
)
 

 
 

 
 

{
 

 
 

 
 

 
i
f
(
!
T
o
g
g
l
e
)
 
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
-
>
H
i
t
 
=
 
f
a
l
s
e
;
 

 
 

 
 

 
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
-
>
N
a
m
e
 
=
 
N
a
m
e
;
 



1
0
4
 

  
 

 
 

 
N
a
m
e
+
+
;
 

 
 

 
 

}
 

  
G
L
u
i
n
t
 
B
u
f
f
e
r
[
B
U
F
F
E
R
_
S
I
Z
E
]
;
 
/
/
 
C
r
e
a
t
e
 
t
h
e
 
s
e
l
e
c
t
i
o
n
 
b
u
f
f
e
r
 
a
n
d
 
z
e
r
o
 
i
t
 

 
m
e
m
s
e
t
(
B
u
f
f
e
r
,
 
0
,
 
s
i
z
e
o
f
(
G
L
u
i
n
t
)
 
*
 
B
U
F
F
E
R
_
S
I
Z
E
)
;
 

 
G
L
i
n
t
 
v
i
e
w
p
o
r
t
[
4
]
;
 
/
/
 
C
r
e
a
t
e
 
a
 
v
i
e
w
p
o
r
t
 

 
g
l
G
e
t
I
n
t
e
g
e
r
v
(
G
L
_
V
I
E
W
P
O
R
T
,
 
v
i
e
w
p
o
r
t
)
;
 
/
/
 
S
e
t
 
t
h
e
 
v
i
e
w
p
o
r
t
 

 
g
l
S
e
l
e
c
t
B
u
f
f
e
r
(
B
U
F
F
E
R
_
S
I
Z
E
,
 
B
u
f
f
e
r
)
;
/
/
 
S
e
t
 
t
h
e
 
s
e
l
e
c
t
 
b
u
f
f
e
r
 

 
g
l
R
e
n
d
e
r
M
o
d
e
(
G
L
_
S
E
L
E
C
T
)
;
 
/
/
 
P
u
t
 
O
p
e
n
G
L
 
i
n
 
s
e
l
e
c
t
 
m
o
d
e
 

 
g
l
I
n
i
t
N
a
m
e
s
(
)
;
 
/
/
 
I
n
i
t
i
a
l
i
z
e
 
t
h
e
 
n
a
m
e
 
s
t
a
c
k
 

 
g
l
P
u
s
h
N
a
m
e
(
0
)
;
 
/
/
 
P
u
s
h
 
a
 
f
a
k
e
 
I
D
 
o
n
 
t
h
e
 
s
t
a
c
k
 
t
o
 
p
r
e
v
e
n
t
 
l
o
a
d
 
e
r
r
o
r
 

  
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
P
R
O
J
E
C
T
I
O
N
)
;
 

 
g
l
P
u
s
h
M
a
t
r
i
x
(
)
;
 

 
g
l
L
o
a
d
I
d
e
n
t
i
t
y
(
)
;
 

  
/
/
 
S
e
t
u
p
 
a
 
p
i
c
k
 
m
a
t
r
i
x
 

 
g
l
u
P
i
c
k
M
a
t
r
i
x
(
(
G
L
d
o
u
b
l
e
)
M
o
u
s
e
X
,
 
(
G
L
d
o
u
b
l
e
)
(
v
i
e
w
p
o
r
t
[
3
]
 
-
 
M
o
u
s
e
Y
)
,
 
1
.
0
f
,
 
1
.
0
f
,
 
v
i
e
w
p
o
r
t
)
;
 

 
g
l
u
P
e
r
s
p
e
c
t
i
v
e
(
4
5
.
0
f
,
 
(
G
L
f
l
o
a
t
)
(
v
i
e
w
p
o
r
t
[
2
]
 
-
 
v
i
e
w
p
o
r
t
[
0
]
)
 
/
 
(
G
L
f
l
o
a
t
)
(
v
i
e
w
p
o
r
t
[
3
]
 
-
 
v
i
e
w
p
o
r
t
[
1
]
)
,
 

0
.
1
f
,
 
1
0
0
.
0
f
)
;
 

 
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
M
O
D
E
L
V
I
E
W
)
;
 

  
g
l
L
o
a
d
I
d
e
n
t
i
t
y
(
)
;
 
/
/
 
R
e
s
e
t
 
t
h
e
 
c
u
r
r
e
n
t
 
m
a
t
r
i
x
 

 
g
l
S
c
a
l
e
f
(
1
,
 
-
1
,
 
-
1
)
;
 

 
g
l
T
r
a
n
s
l
a
t
e
f
(
C
a
m
e
r
a
.
x
,
 
C
a
m
e
r
a
.
y
,
 
C
a
m
e
r
a
.
z
)
;
 

 
g
l
R
o
t
a
t
e
f
(
C
a
m
e
r
a
.
p
i
t
c
h
,
 
1
,
 
0
,
 
0
)
;
 

 
g
l
R
o
t
a
t
e
f
(
C
a
m
e
r
a
.
y
a
w
,
 
 
 
0
,
 
1
,
 
0
)
;
 

 
g
l
R
o
t
a
t
e
f
(
C
a
m
e
r
a
.
r
o
l
l
,
 
 
0
,
 
0
,
 
1
)
;
 

 
/
/
 
D
r
a
w
 
t
o
 
t
h
e
 
p
i
c
k
 
m
a
t
r
i
x
 
i
n
s
t
e
a
d
 
o
f
 
o
u
r
 
n
o
r
m
a
l
 
o
n
e
 

 
i
f
(
R
 
=
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
2
D
)
 

 
 

D
r
a
w
R
a
w
(
t
r
u
e
,
 
f
a
l
s
e
)
;
 

 
e
l
s
e
 
i
f
(
R
 
=
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
3
D
)
 

 
 

D
r
a
w
P
l
a
n
e
s
(
t
r
u
e
,
 
f
a
l
s
e
)
;
 

  
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
P
R
O
J
E
C
T
I
O
N
)
;
 

 
g
l
P
o
p
M
a
t
r
i
x
(
)
;
 

 
g
l
M
a
t
r
i
x
M
o
d
e
(
G
L
_
M
O
D
E
L
V
I
E
W
)
;
 

 
g
l
P
o
p
N
a
m
e
(
)
;
 

 
G
L
i
n
t
 
h
i
t
s
 
=
 
g
l
R
e
n
d
e
r
M
o
d
e
(
G
L
_
R
E
N
D
E
R
)
;
 
/
/
 
C
o
u
n
t
 
t
h
e
 
h
i
t
s
 

  
i
f
(
R
 
=
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
2
D
)
 



1
0
5
 

  
{
 

 
 

i
f
(
h
i
t
s
 
>
 
0
)
 

 
 

{
 

 
 

 
i
n
t
 
H
i
t
 
=
 
B
u
f
f
e
r
[
3
]
;
 

 
 

 
p
a
i
r
<
i
n
t
,
 
i
n
t
>
 
P
;
 

 
 

 
P
.
f
i
r
s
t
 
=
 
H
i
t
 
/
 
C
l
o
u
d
s
[
0
]
-
>
C
o
l
u
m
n
s
;
 

 
 

 
H
i
t
 
-
=
 
P
.
f
i
r
s
t
 
*
 
C
l
o
u
d
s
[
0
]
-
>
C
o
l
u
m
n
s
;
 

 
 

 
P
.
s
e
c
o
n
d
 
=
 
H
i
t
;
 

 
 

 
C
l
o
u
d
s
[
0
]
-
>
H
i
t
s
.
T
o
g
g
l
e
(
P
)
;
 

 
 

 
P
l
a
n
e
*
 
p
 
=
 
C
l
o
u
d
s
[
0
]
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
P
.
s
e
c
o
n
d
]
[
P
.
f
i
r
s
t
]
;
 

 
 

 
s
t
r
i
n
g
s
t
r
e
a
m
 
I
t
e
m
I
n
f
o
;
 

 
 

 
i
f
(
p
 
!
=
 
0
)
 

 
 

 
{
 

 
 

 
 

I
t
e
m
I
n
f
o
 
<
<
 
"
S
l
o
p
e
:
 
"
 
<
<
 
p
-
>
A
n
g
l
e
F
r
o
m
Z
 
<
<
 
"
,
 
m
a
x
 
a
d
j
a
c
e
n
t
:
 
"
 
<
<
 
p
-
>
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 

<
<
 
"
,
 
k
u
r
t
o
s
i
s
:
 
"
 
<
<
 
p
-
>
K
u
r
t
o
s
i
s
;
 

 
 

 
 

r
e
t
u
r
n
 
I
t
e
m
I
n
f
o
.
s
t
r
(
)
;
 

 
 

 
}
 

 
 

}
 

 
}
 

 
e
l
s
e
 
i
f
(
R
 
=
=
 
R
E
P
R
E
S
E
N
T
A
T
I
O
N
_
I
S
_
3
D
)
 

 
{
 

 
 

/
/
 
F
i
n
d
 
t
h
e
 
o
b
j
e
c
t
 
t
h
a
t
 
w
a
s
 
h
i
t
 
(
i
f
 
a
n
y
)
 

 
 

/
/
 
N
o
t
e
:
 
t
h
i
s
 
i
s
 
a
 
v
e
r
y
 
p
r
i
m
i
t
i
v
e
 
w
a
y
 
o
f
 
p
r
o
c
e
s
s
i
n
g
 
t
h
e
 
h
i
t
 
l
i
s
t
 
f
o
r
 
O
p
e
n
G
L
 
s
e
l
e
c
t
i
o
n
.
 

 
 

/
/
 
T
h
i
s
 
s
h
o
u
l
d
 
p
r
o
b
a
b
l
y
 
b
e
 
i
m
p
r
o
v
e
d
 
i
n
 
t
h
e
 
f
u
t
u
r
e
 
t
o
 
a
c
c
o
u
n
t
 
f
o
r
 
p
r
o
p
e
r
 
o
c
c
l
u
s
i
o
n
.
 

 
 

i
f
(
h
i
t
s
 
>
 
0
)
 

 
 

 
f
o
r
(
v
e
c
t
o
r
<
C
l
o
u
d
*
>
:
:
i
t
e
r
a
t
o
r
 
i
 
=
 
C
l
o
u
d
s
.
b
e
g
i
n
(
)
;
 
i
 
!
=
 
C
l
o
u
d
s
.
e
n
d
(
)
;
 
i
+
+
)
 

 
 

 
 

f
o
r
(
i
n
t
 
x
 
=
 
0
;
 
x
 
<
 
(
*
i
)
-
>
C
o
l
u
m
n
s
;
 
x
+
+
)
 

 
 

 
 

 
f
o
r
(
i
n
t
 
y
 
=
 
0
;
 
y
 
<
 
(
*
i
)
-
>
R
o
w
s
;
 
y
+
+
)
 

 
 

 
 

 
 

i
f
(
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
 
&
&
 
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
-
>
N
a
m
e
 
=
=
 

B
u
f
f
e
r
[
3
]
)
 

 
 

 
 

 
 

{
 

 
 

 
 

 
 

 
P
l
a
n
e
*
 
p
 
=
 
(
*
i
)
-
>
B
e
s
t
F
i
t
P
l
a
n
e
s
[
x
]
[
y
]
;
 

 
 

 
 

 
 

 
p
-
>
H
i
t
 
=
 
!
(
p
-
>
H
i
t
)
;
 

 
 

 
 

 
 

 
s
t
r
i
n
g
s
t
r
e
a
m
 
I
t
e
m
I
n
f
o
;
 

 
 

 
 

 
 

 
I
t
e
m
I
n
f
o
 
<
<
 
"
S
l
o
p
e
:
 
"
 
<
<
 
p
-
>
A
n
g
l
e
F
r
o
m
Z
 
<
<
 
"
,
 
a
v
e
r
a
g
e
 
a
d
j
a
c
e
n
t
:
 
"
 

<
<
 
p
-
>
A
v
e
r
a
g
e
A
d
j
a
c
e
n
t
 
<
<
 
"
,
 
k
u
r
t
o
s
i
s
:
 
"
 
<
<
 
p
-
>
K
u
r
t
o
s
i
s
;
 

 
 

 
 

 
 

 
r
e
t
u
r
n
 
I
t
e
m
I
n
f
o
.
s
t
r
(
)
;
 

 
 

 
 

 
 

}
 

 
}
 

 
r
e
t
u
r
n
 
"
"
;
 

}
 



1
0
6
 

 H
. 

C
o

n
fi

g
.h

 

#
p
r
a
g
m
a
 
o
n
c
e
 

 #
d
e
f
i
n
e
 
A
N
A
L
Y
Z
E
_
M
E
M
O
R
Y
 
1
 
/
/
 
P
r
i
n
t
 
m
e
m
o
r
y
 
l
e
a
k
s
 
t
o
 
t
h
e
 
o
u
t
p
u
t
 
w
i
n
d
o
w
?
 

#
d
e
f
i
n
e
 
R
E
D
I
R
E
C
T
_
C
O
U
T
 
1
 
/
/
 
R
e
d
i
r
e
c
t
 
s
t
a
n
d
a
r
d
 
o
u
t
 
t
o
 
"
c
o
u
t
.
t
x
t
"
?
 

#
d
e
f
i
n
e
 
B
U
M
B
L
E
B
E
E
_
I
N
S
T
A
L
L
E
D
 
1
 
/
/
 
H
a
s
 
t
h
e
 
b
u
m
b
l
e
b
e
e
 
s
o
f
t
w
a
r
e
 
b
e
e
n
 
i
n
s
t
a
l
l
e
d
?
 

   



107 

 

APPENDIX B: USER STUDY APPROVAL AND QUESTIONNAIRE 
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Virginia Polytechnic Institute and State University 

Informed Consent for Participants 

Project title: Angle Estimation of Objects in 2D Images 

Investigators: A. Lynn Abbott (faculty advisor), Kevin Kochersberger (faculty advisor), Dylan 

Klomparens (graduate student) 

I. Purpose of Research: The purpose of this research is to identify how well humans can 

estimate the angle at which an object is tilted, given a two-dimension image. There will be 

between 15 to 30 subjects for this experiment, with no restrictions on the subject pool. 

II. Procedures: You will be asked to estimate the angle at which a wood pallet is tilted in a 

picture. You will also be asked to compare two or more pictures, and identify the one in which 

the piece of wood has the least steep angle. You may be asked to repeat this process up to 5 

times, requiring no more than 10 minutes to complete the entire experiment. 

III. Risks: There are no risks associated with this study. 

IV. Benefits: There are no personal benefits to subjects completing this study. No promise or 

guarantee of benefits has been made to encourage you to participate. The academic benefits of 

this study include an increased understanding of human interface to semi-automated systems. 

V. Extent of Anonymity and Confidentiality: All data collection will be completely 

anonymous. No personally identifiable information about the subjects will be recorded. The data 

and results of the study may eventually be published. 

VI. Compensation: There is no compensation for completing this study. 

VII. Freedom to Withdrawal: you may withdrawal from the study at any point. You are free 

not to answer an experimental question if you choose. 

VIII. Subject Responsibilities: I voluntarily agree to participate in this study. I have the 

following responsibilities: none. 
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XI. Subject’s Permission: I have read the consent form and conditions of this project. I have 

had all my questions answered. I hereby acknowledge the above and give my voluntary consent. 

(Consent is implied by returning the completed questionnaire.) 

Should I have any questions about this research or its conduct, and the subject’s rights, and 

whom to contact in the event of a research-related injury to the subject, I may contact: 

Dylan Klomparens (investigator), by phone 540.630.6229 or by email dklompar@vt.edu 

A. Lynn Abbott (faculty advisor), by phone 540.231.4472 or by email abbott@vt.edu 

Kevin Kochersberger (faculty advisor), by phone 540.231.5589 or by email kbk@vt.edu 

James S. Thorp (department head), by phone 540.231.7494 or by email jsthorp@vt.edu 

 

David M. Moore: 

Phone: 540.231.4991 

Email: moored@vt.edu 

Chair, Virginia Tech Institutional Review 

Board for the Protection of Human Subjects 

Office of Research Compliance 

2000 Kraft Drive, Suite 2000 (0497) 

Blacksburg, VA 24060 
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image A 
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image B
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image C
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image D
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image E
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Please estimate the angle at which the wood pallet in this image is slanted at. (The angle is 

measured with respect to the floor… in other words, if you think the pallet is perfectly flat your 

estimation would be 0 degrees). Do not refer to any other pages or images while making your 

estimate. 

 

Estimate: _____ degrees 

 

 

Image F 
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Please choose the image with the wood pallet slanted at the least steep angle. 

 

Choice: _________ 

 

 

Image 1     Image 2 

  

 

Image 3 
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Please choose the image with the wood pallet slanted at the least steep angle. 

 

Choice: _________ 

 

Image 1      Image 2 

  

 

Image 3 

 

 


