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1. Database creation

Acquisition of video and geo-location information (Flow Chart 2)

Figure 2 shows a pictorial representation of the scanning vehicle, The scanning team consists of two
people, a driver and a navigator'.
The shell containing up to four cameras is made in lightweight and shock resistant material. It can be air
shipped and quickly mounted on top of an SUV. The cameras inside the shell can be accessed through the
vehicle sunroof.
In 202 the visual information is acquired in the form of digital video on magnetic tape support using 1,2 or
4 digital camcorders mounted on top of a vehicle”. The first two cameras film the side views and the other
two cameras film the front and back view. These last two cameras are equipped with fish-eve lens fora
wide-angle view of the street. In order to practice the invention at least one video camerz looking sideways
1s necessary. In this case the vehicle would have to be driven twice through the same street in opposite
directions. I[n order to acquire both side of the street at the same time, the second side camera can be
employed. The two front and back looking cameras are optional.
In 201, the positional information is acquired by an inertial navigation system equipped with
accelerometers, gyroscopes and a GPS receiver (see Notel)
In 203 a driving path is defined in order to minimize the driving time necessary to acquire the video
information for 2 certain area. Different driving strategies will be used depending on the number of video
camera employed. The 1-camera acquisition scheme consists in driving around cach block making always
right turns (see Figure 1). Although many other schemes are possible, this scheme has the following
advantages:
* Frequent tums allow to be more robust to errors in the position detection.
In presence of deviations from a regular grid structure in the street layout, it decreases the likelihood of
failing to drive through and acquire some street segments.,
* Minimizes the amount of stop time at the intersections, in the states were right turns are allowed on a
red light.

' In order to practice the invention, any mobile platform can be employed.

* The video information can be acquired also using analog cameras, recording on any type of storage means
(optical, magnetic or silicon), In future embodiments, it may be desirable to include even more cameras.
One could imagine, for example, using a duodecahedron of cameras to record all viewing directions.

3 In order to practice the invention, positional information can be acquired using means other than an
inertial navigation system or a GPS, such as computer vision based algorithms that allow to compute at any
time the position of the vehicle with respect to an initial position, using the video information from one o1

more video cameras.
This poper or fee is being deposifed with ihe
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Figure 1: 1-Camera traversing scheme

In order to guarantee a sufficient resolution in the resulting images, the acquisition is done at an average
speed of about 20 miles/hour. *

A laptop operated by the navigator computes the current position of the vehicle based on the information
received from the GPS receiver and the accelerometers and provides vocal directions to the driver
according to a predefined driving path. It also monitors and remotely controls the 4 cameorders through a
LANC imterface.

Figure 3 shows a block diagram of devices and (heir interconnections,

In 204 the positional information is recorded in a computer memory for further processing.

In 205 the video sequence is transferred to a media that allows random access to any particular frame in the
sequence and to any video pixel (picture ¢lement) in such frame. In the present embodiment the video
sequence is acquired in digital format on magnetic support and later transferred to a computer hard disk
using a Fireware acquisition card. The video sequence is stored in the computer file system in the Audio-
Video Interleaved format (AVI). The video stream in such file can be either the original DV format or can
be compressed to MPEG for a more compact storage.

e N Protective shell

I L =

Figure 2: Scanning vehicle

¥ This speed limitation is imposed by the sampling rate of the video scquisition. Higher sampling rates
would allow for faster acquisition speeds.

2
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Figure 3: Acquisition System Diagram

Note 1. GPS Sampling rate is finite: The GPS receiver currently used provides position data at an
approximate rate of 1 sample every 2 seconds. During acceleration and deceleration (especially during car
starting and stopping), this rate does not provide enough samples to accurately define the position as a
function of time curve (as defined in Figure 4). Currently, the path is estimated by linearly interpolating
between the samples. This first-order approximation creates some distortions in the panorama. If the speed
is overestimated, the panorama will be stretched (since we believe we are moving when in fact the video
does not change correspondingly). If the speed is underestimated, the panorama will be squished (since we
estimate that we do not move very much whereas the video has a larger motion).

A more accurate solution to this problem is to enhance the GPS position data with Inertial Navigation data.
Accelerometers and gyroscopes can monitor the linear and rotational acceleration rates at 200Hz. This
signals can be integerated to obtain position as a function of time, and can be combined with GPS signals to
produce accurzate position data with 200 samples per second. Inertial methods are accurate over short time
frames due to the high sampling rate, but can accumulate integration emror. GPS, on the other hand, is

inaccurate at short intervals (due to the low sampling rate) but can be used to correct Inertial integration
EITors.

Segmentation and labeling of geo-location data (Flow chart 7)

Geo-location data consist of sequences of geographic coordinates (latitude, longitude) each labeled with the
UTC time at which such coordinates where acquired.

The following process is applied to each one of the sequences.

In 701 the (lat, lung) coordinates are converted into Mercator coordinates (cylindrical projection of latimde
and longitude). A spline interpolation (cubic polynomial functions with local support) is obtained from the
two-dimensional Mercator coordinates, The resulting spline function is parameterized in arc-length. A new
sampling of coordinate samples is obtained from the spline function, sampling uniformly in arc-length with
an arc-length increment of 1 meter or so. In order to detect the points in the new sequence where a tum was
made, an operator is applied to the sequence that computes for each sample a value which is maximum in
the center of a mm. Such operator computes the smaller of the two singular values of a 2xN matrix
containing the N samples around the current sample. The size W of the observation window is chosen so
that the operator output is maximum in the center of a street tum. The maxima in the operator output are

used to segment the sequence into a list of street segments. The samples corresponding to the center of a
turn are stored on an amray of “tum coordinates”.

In 702 the turn coordinates are grouped in clusters so that turns that belong to the same cluster are tums
made on the same street intersection. An estimate of the coordinates of the street intersection center is
obtained averaging the coordinates of the turn coordinates belonging to the same cluster. Using the street

intersection coordinates, straight segments are further segmented into elementary sireet block segments and
labeled with the “From™ and “To™ intersections.

-5
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In 703 correspondences between the street intersections computed above and the street intersections
provided by a third party street maps database are computed, Each of the street intersections computed

above is put in comrespondence with the street intersection from the third party database that is the closest to
it.

In 704 elementary street scgments are put in correspondence with street segments from the third party smreet
map database using the correspondences between the “From™ and “To™ intersections computed above.

Each segment is labeled, using information from the third party database, with street name, orientation, and
range of street numbers,

Note: the technique described above is particularly suitable for the 1-camera acquisition scheme. In the
case of a 2-cameras acquisition scheme, the intersection coordinates would be detected using the
mtersection of straight segments rather than averaging the coordinztes of the tums.

Generation of synthetic images database (Flow Chart 8,9, 10 and 10B)

Given video footage recorded from the side camerss and stored in the format of a DV file (Digital Video
file) on a computer hard disk and the trajectory of the vehicle while acquiring such information, we want to
compute the panoramic view like the one shown in Figure 11.

Since the viewing angle of the video camera is limited, a single video frame can only capture a small part
of the street block (Figure 12 is an example of video frame). One way to increase the field of view is to use
a shorter focal but this method introduces image distortion. A second method would consist in increasing
the distance between the camera and the buildings, but this is not always possible since the road is limited
in width and there are other constructions on the opposite side of the street.

The method we propose is to synthesize the image that the camera would see if it were far away, using the
whole sequence of image frames acquired.

For each street segment, synthetic views of both sides of the street are computed from the video sequence

(801). In the current embodiment such images are computed at increments of 8 meters along the street

segment. In 802 each synthetic image is store in 2 file in JPEG format with a file name that contains the

following information:

* A numerical index that identifies the street segment

s  the distance (in meters) of the location at which that image was computed from the origin of the street
segment,

« the side of the street imaged

In 803 all the files are stored on magnetic storage.

Figure 5 is a pictorial description of the method used to create the synthetic panorama. Depicted in green
are the successive positions of the real camera as the vehicle moves along the x axis direction. Depicted in
red is the position of the virtual camera that sees the large view of the street block. The images on the top
are three of the video frames extracted from the video sequence acquired by the camera. The image in the
middle is the end product, the synthetic panorama. This image is created column by column, extracting
each column from one of the video frames. To create column p; in the panorama (the blue column in the
figure), we have to find the video frame that was acquired when the video-camera was located at x; . From
the GPS reading we find at what exact time, t;, the camera was in that location (see Figure 4). We then
extract from the video sequence the video frame that was acquired at time t; . From that frame we extract
column with index (p;/ 720) * 720, where the first 720 is the total number of columns in the synthetic
panorama and the second 720 is the number of columns in the video frame.

Virtual panoramas of the type shown in Figure 11 are then generated, extracting the appropriate pixel
information from each one of the video frames acquired while driving through the city bleck. The distance
between two adjacent panorama centers is & meters. Panorama images are stored in jpeg farmat, 720x120
pixels and about 15-20KRyte in size

At the same time close-ups and fish-eye views are also extracted from the video files. Both close-ups and
fish-eye views are 360x240 pixels and sbout 13KBytes in size.

4
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Close-up views are computed every 4 meters while fish-eye views are computed every 8 meters since the
rate of change is much lower,

Flow charts 9 and 10 describe in detail the process of creating a synthetic panorama step by step:
In 901, given the arc length coordinate of the center of the panorama x_, an array of evenly spaced arc
length coordinates centered around x; is computed.

In 902, using the map from UTC time to arc length (Figure 4) the ammay of UTC times corresponding to the
array of arc length coordinates is computed.

In 903, using the time phase computed in the calibration step (see next section), UTC time is converted to
video time.

In 904, for each video time, a column of RGB pixel values is extracted from one or more frames in the
video sequence.

In 905, all the columns of RGB pixel values are stacked side by side to create the synthetic panorama
bitmap which is then converted in a format more suitable for cfficient storage (JPEG, GIF).

X

L

g t
Figure 4: GPS reading x = x(time)

Flow charts 10 and 10B describe two possible ways of computing each column of RGE values,

5
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Figure 5: Pictorial description of the method used to create the synthetic panorama

Since the camera video sampling rate is finite, video frames are available only at finite times, multiple of
the video sampling period of 1/60 sec (when using interlaced fields). Since a video frame at the desired
time t; is not available, we need to compute it from the available frames. A first order approximations
{described in flow chart 10) is to use the closest video frame. This approximation is acceptable if the
camera moves less than the distance between pancrama columns in half of the sampling rate. The distance

between two columns is 48m/720 = 0.066 cm, therefore the max speed is 0.066m/(1/120sec) = 8 m/sec
which is about 20 miles'h.

In 1001 the field time which is the closest to the desired time is detected.
In 1002 the current video sequence frame is set to be the one acquired at that time.
In 1003 the column of RGB pixel values is extracted from the current frame buffer.

6
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In case of higher camera specds or lower sampling rates it will be necessary to reconstruct the frame at time
t; using the two or more adjacent video-frames (flow chart 10B). This is done computing optical flow on the
video sequence. Optical flow is a vector field that assigns to each pixel in the image a 2-dimensional
velocity vector. This allows to predict where the generic element pictured in pixel (i,j) i frame n will end-
up being pictured in the next frame n+1.

Note 1. Distortion along the vertical direction; the method described above introduces z distortion along the
vertical (y) direction due to the fact that we are not able to apply the same sampling technigue that we use
along the horizontal (x) direction. Since we copy an entire column of pixels as seen by one of the green
cameras (o a column in the panorama, the perspective view we obtain is not the correct one.

Figure 6 exemplifies this concept. Objects A and B appear to be the same size in the green camera, while
they appear to have different sizes in the correct perspective view of the virtual red camera. When we use
the column of image brightness of the green camera as the column of image brightness of the red camera,
the objects in the synthetic view will appear distorted: objects close to the camera will appear taller than
their real size and objects far away will appear shorter. In Figure 11 this effect is not very noticeable since
all objects are located at approximately the same distance from the camera.

e e

Figure 6

Figure 7 shows a panorama in which the distortion effect is more visible, The gray car closer to the camera
appears to be taller then normal, the two cars stopped 2t the intersection appear with the right aspect ratio
and the car and the condominium in the background appear shorter then their normal size.

e

Fipure 7: Example of distortion along vertical direction

This type of distortion can be corrected if an estimate of the depth of each pixel in the panorama is
available, Such depth (the distance from the camera) can be computed using optical flow. The aspect ratio
of each pixel will be adjusted base on the distance of the object visualized in that pixel. One drawback of
this solution is that gaps between pixels might be created (in Figure 6 the red object occludes most of the
blue object in the green camera view. In the red camera view parts of the blue object become visible but it’s
not possible to know what those parts look like since the green camera doesn't see them in that view (-~
however, the necessary information might be available in adjacent views where the red object does not
occlude the blue one)).

One possible solution to this problem would consist in acquiring images from an array of two or more
video cameras arranged along the vertical axis.

7
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Note 2. Assumption of straight path (no turns, no bumps): The method of generating synthetic panoramas
depicted in Figure 5 relies on the assumption that the vehicle path is along a straight line. If this is not the
case, then the choice of column to sample from a particular video frame will be incorrect. Figure 8 shows
two types of distortions that can occur. (1):At the left of the image, the vehicle undergoes a right-hand m
onto Colorado Blvd. This creates a distorted (bent) view of Colorado Blvd. (2): Near the first palm tree at
Crate&cBarel, the car passes over a bump. This tilts the camera, causing the extracted columns of the image
to not be in vertical alignment with the pavement, and induces a wavy effect on the synthetic panorama.
Figure 9 shows the effect of changing lane. At the end of the Crocodile Café building, the car makes a
slight leftward turn to change lanes. This causes the camera to pan left (opposite the traveling directions)
and induces artifacts (mirror imaging) in the panorama. Notice the also the apparent change in height of the
building due to the fact that the camera is closer after changing lanes

' e R T r—— e S — -

Figure 8 Distortions due to turning onto a street (left side of image) and passing over a bump (near
Crate&Barel palm tree).

Figure 9 Distortion due to changing lane (right side of Crocodile Café building).

The distortions due to bumps, lane change, deviatioa from a straight driving path can be corrected to some
degree using optical flow to detect such situations and compensate for their effect.

The present method is a compromise between quality of the synthetic image and algorithmic complexity.
Much more sophisticated and computationally intensive techniques for 3 dimensional reconstruction of the
scene are available in the prior art. However, for the proposed application, the quality of the panoramic
images is sufficient even in presence of some distortion.

lFuture embodiments of the invention could present video/image data in different formats. For example,
rather than using a camera facing directly to the street side, a slightly forward (or backward)-locking
camera could be used to provide 2 panoramic look up (or down) the street. Also, if sufficient cameras to
cover all viewing directions are used (so as to provide 360 degrees of view) images (and synthetic
panoramas) where the direction of view is user-controllable can be provided. The synthetic panoramic view
can alzo be made into streaming video (by computing the panoramic view at increments of 20 em or so), or
even a streaming video with user-controllable viewing direction. As a last example, the synthetic
panoramas could also be computed at several resolutions (moving the synthetic camera closer or further
away from the street so as to sce less or more of it) to provide the user with more levels of zooming in or
out.

Sequences calibration (Flow charts 3,4,5 and 6)

For the production of high quality synthetic images, it is necessary to have an accurate synchronization of

the video with the GPS position data. Figure 10 is an example where the GPS data is late by one second: at
the second tree, the car has actually stopped moving and subsequent video frames are all the same. But the
GPS data says we are moving, so we get a stretched tree (stationary video gets stretched along the path).

8
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Immediately afterward, the car starts moving (video changes significantly every frame), but the GPS data
thinks we are stopped (or moving slowly) so the tree gets squashed (a lot of video footage gets squished
mto a small change of position).

A post-processing method of accurately synchronizing video with GPS is described in flow chart 4:

In 401 we detect a landmark which is driven by in both directions (example, a tree in a lane divider). In 402
the time interval between the two passings of the landmark can be mezsured to within 130" of a second in
the video. In 403, using the GPS data, a function can be computed to determine the interval between
successive passes of any point along the street segment. Since the rwo passages are in opposite directions,
the function is monotonic, and thus an unambiguous and accurate determination of the GPS position (and
time) of the landmark can be detenmined (404). Thus the time of passage in the video and the GPS data are
known.

Flow chart 3 describes a method very similar to the previous one. It's alsc based on identifying a landmark
that is driven by in both directions (301). It requires a search in the time phase space. The value of the time
phase is initialized arbitrarily (302) and then modified (305) in order to minimize the measured distance
between the two peints on the vehicle trajectory that comespond to the time instants in the video sequence
where the landmark is seen from the two sides of the street (303).

Synchronization of video and geo-location sequences during acquisition (flow chart 5):

Video and GPS can also be synchronized automatically during acquisition by determining the
comespondence between the camcorder timestamp and GPS timestamp. Each GPS sample records the UTC
(Universal Time Coordinate) of the measurement. When the camera begins recording, the camera clock
time is read through the LANC interface. A UTC card on the PC correlates the camera time to UTC, and
hence to the GPS samples.

A e g e = e

Figure 10: Image distortion due to inaccurate synchronization of video with GPS data

Flow chart 6 describes a fourth method for synchronizing the geo-location and the video sequences. This
method requires the computation of optical flow of the bottom pixel row in the video sequence.

The choice of the bottom row is based on the assumption that the camera sees some of the curb or of the
street pavement in that row. The average velocity for those pixels is directly proportional to the vehicle
tangential velocity. Therefore, the time phase between the two sequences can be determined as the time
delay that maximizes the alignment of local maxima and local minima between the average pixel velocity

computed in 601 from the video sequence and the vehicle tangential velocity computed in 602 from the
geo-location coordinates (603).

Generalion of relational database

In order to allow efficient access to the data from a client, information regarding street segments is

crganized in the following Tables of a relational database:

Street Segments Table

Contains one entry per street segment. In the case of a |-camera acquisition system, there are two vehicle

trajectory segments that correspond to each street segment. The fields in each record include the following

data:

= Strect name

o  Side of street with respect to main city street (N, S, E, or W). This parameter appears in front of the
street name in an address.

+  Streetl segment [D

» End-point coordinates of the third party city map ssgment comesponding to this segment

9
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s  Array of segment IDs of the segment adjacent to the segment start point ordered by direction (called
the “From"” address)

+=  Amay of scgment IDs of the segment adjacent to the segment end point ordered by direction (called the
“To" address)

»  The distance in meters of the start of the vehicle trajectory segment on each side of the street from the
main city street (called Distance to Hub)

* The length in meters of the vehicle trajectory segment on each side of the street

s  Offset in meters for each side of the street. Street numbers are assigned to properties based on their
distance from the two main city streets (one runs M-S and one runs E-W). Sometimes there are
deviations from this rule and these two offsets are used to account for those deviations.

Panorama Coordinates Table

This table contains one record per synthetic panorama contained in the panorama archive.
The ficlds of the record are:

= Sepment ID of the street segment partially visualized in the image

¢  The side (evenedd) of the street segment visualzed

s The distance from the segment origin of the center of the panorama in meters

Geo-location Look-up Table
In order to be able to find in an cfficient manner the segment ID of the scgment that is the closest to an
arhitrary geo-location, a look-up table is built as follows: the city is divided in a regular grid of squared
blocks. The size of the block is chosen so that the average number of sireet segmenis crossing 2 block is
sufficiently smell (for example, 10). For each block, the list of segment [Ds of the street segments crossing
the block is determined.
The database table contains one record per list element of cach block. The ficlds of each record are:

=  Block label (for example, block center coordinates)

o Segment [D

In arder to practice this invention, there can be many alternative ways of organizing the information in the
database and the one described above is what we used for the preferred embodiment.

In addition, one or more databases containing various type of information indexed by city address can be
used to annotate the synthetic panoramas. For example, in the present embodiment a business listing was
used to annotate the panoramas with information about the displayed businesses (name of the business,
street address, phone number, type of activity, hyperlink to a web site).

2. Street Browsing tool

Description

The principal commeodity is a visual database of sireets in the US. It contains images of street views both as
a lower resolution panorama of a side street block (see Figure 11) and as higher resolution close-up views
of both a specific property (see Figure 12) and of the street view. The video database is indexed both by
sireet address and by geographiczl coordinates (latitude and longimde). Each elementary unit is a jpeg
image with average size 18Kbytes for panoramas and 13Kbytes for single frames allowing for fast
download and low latency.

In the technology section we describe the modalities with which we will build such a database and the cost
associated.

10
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Figure 11: Example of virtual panorama image

The Scout Tool (see Figure 13) 1s the user interface that allows accessing the video database in several

modalities:

- address mode: the user types in an address of the location he would like to visualize

- geo-location mode: the user clicks on the map the location he/she would like to visualize

-  browse-mode: from the curmrent location, the user can click on the directional buttons to literally drive
through the city streets, The “switch view” button allows seeing the other side of the street,

At any time, the user can click on a specific property on the panorama to obtain a higher resolution close-
up view,

Since each horizontal coordinate on the panorama is automatically indexed with the corresponding strect

name and address, a table with “yellow pages” type of information can be shown on top of the panorama

image including a hyperlink to the web site of that property.

Figure 12: Example of close-up view

The alpha version of the client-side of the software is implemented in VBScript and can run inside Internet
Explorer version 4 or higher. The user is not required to download any special plug-in in order to use the
toal.

11
Page 12 of 117



WYy

I TR SR N e

TR LT TARE

i 1 ZeoulTool by VED

e -lﬁ
s el e i e LT R S
Vs dmmmee

e —

HNIOIN

EG

.

VN3OV vd 8

=
<
Ea
T
[*]
2
ol
=
:

¥

Figure 13: Vederi Scout Tool

Implementation of address look-up

Flowchart 13 describes the method of accessing the video database given a desired street address.

In 1301, the user types in the desired address in the ScoutTool's street number, street name, city and state
text input fields.

In 1302, when the user presses the “See It”, the address is sent to the server.

In 1303, the server performs a query on the database of strect segments to find the street segment that
comresponds to the desired address. The query searches for street segments that match the desired street
name (and city and state), and for which the street number lies within the *From” and “To™ street numbers.
The search returns the appropriate segment index number, as well as the relative position of the desired
number along the street segment. This relative position is compuied as the distance in meters from the stant
of the street segment (the "'From” street number) based on the fact that street numbers increment by twio
every 12.5 feet (every 3.8 lmeters).

In 1304, the query result (segment index number and distance along segment) is sent back to the client,
along with a new map of the location if necessary. The map is generated by third-party software such as

12
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provided by Navigation Technologies or Etak. The software is capable of generating a street map of a
location given & street address with which to center the map. The map generated can be much larger than
the portion viewable by the user on the client machine so that the user can scoul around without having to
download a new map very often.
In 1303, the client requests from the server information about the new street segment to be viewed. This
information includes: the geographic coordinates of the start and stop of the street segment (4 entries
because they may be slightly different for the even and odd side of the street), the “To” and “From" street
oumbers on each side of the street, the length in meters of the segment, the distance of the start of the street
segment on each side of the street from the *Hub’ (the Hub is a reference location from which street
numbers are defined. For example, in Pasadena California, the Hub is the intersection of Colorado
Boulevard and Fair Oaks Avenue. Street numbers start from that intersection, and ‘North” or ‘South’ are
relative to Colorado Blvd, East-West are relative to Fair Oaks Avenue.), the positions along the scgment at
which synthetic panoramas have been computed, annotation information (such as business listing
information) for properties visible on that segment.
In 1306, the client requests from the server the synthetic panorama containing a view of the desired
address. The client chooses amongst the list of computed synthetic panoramas for that segment, the one
with the closest distance to the desired address (which was transmitied to the client in step 1303), and then
downloads that specific panorama from the server.
In 1307, the ScoutTool display is updated with all the new information. This includes
- displaying the new panorama,
- displaying the new map (or centering the new one on the current address being viewed),
- updating the car Icon and view direction Icon on the map to graphically represent the current viewing
location and direction,
updating the possible navigation buttons in accord with the possible directions of motion from the new
current position, and
- displaying icons or business logos or annotations above the panoramic image at the appropriate
horizontal position corresponding to the property to which the information pertains.

Implementation of geo-location look-up

Flowchart 14 describes the method of visualizing a location by clicking on 2 location on 2 map.

In step 1401, the user clicks on a location on the map displayed by the client-side application (the

ScoutTool).

In step 1402, the map coordinates are converted from screen coordinates (location of mouse click) to

relative Mercator coordinates and sent to the server. The conversion from mouse click screen coordinates to

relative Mercator coordinates is done by:

- retrieving the position of the mouse click relative to the screen onigin

- adding the map display offset to compute the screen coordinates relative to the map origin

- converiing from map screen coordinates to relative Mercator coordinates by the appropnate scaling
and offset function used in the creation of the map.

In step 1403, the server runs a query to find the street ssgment that is closest to the desired geo-location.

This is done by first selecting the relevant segment block. The two-dimensional block index is computed by

rounding the requested Mercator coordinates to the nearest hundred. The segment block information

(which was generated during the creation of the database) holds a list of segment indexes. The desired

location 15 compared with each of the segments histed m order to find the closest one. Smce each segment

has a start and stop coordinate (the “From™ and “To” coordinates) and is represented as a line scgment, the

closest segment is found by

- choosing the segment from the list for which the perpendicular distance from the segment to the
desired location is smallest, and for which

- the projection of the vector from the “From"™ coordinate to the desired location onto the line containing
the street segment lies within the “From” coordinate and the “To” coordinate.

In step 1404 the index of the closest street segment is returned to the client. Additionally, a new map

centered on the desired location can be transmitted to the client if the previous map did not cover an extent

large enough to allow the display centered on the desired location.

In step 1405 the client requests from the server the database record pertaining to the desired street segment.

{same as step 1305)

13
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In step 1406 the client determines which of the segment’s associated panoramas shows the desired location

and retrieves the panoramic image from the server. The selection of the panorama is done by:

- converting the Mercator coordinates to a distance along the street segment (since the length of the
street segment is known, and the starting and ending Mercator coordinates are known, 2 position along
the street segment can be calculated)

- finding the associated panorama with the closest distance to the desired street distance.

In step 1407 the ScoutTool display is updated with the new information (same as step 1307)

Implementation of navigation control

Flowchart 15 descnibes the method of navigation by moving the current position incrementally in a chosen
In Step 1501 the vser clicks on one of the enabled direction buttons to move East, West, North or South.

In Step 1502 the current segment index and current panorama are updated accordingly. The current position
15 meremented 8meters to the next available panorama in the street segment. If the end of the street is
reached, or movement onto the other street at an intersection is requested, a new segment must be retrieved.
In step 1503 the client retrieves the information for the new street segment moved to. The required
segment index is know because the segment info record has fields that denote which segments connect to it
on either end in the North, South, East, and West directions.

In step 1504 the client retrieves the image for the new current position. This is either the next panorama on
the same segment, or the first (or last) panorama on the new adjacent segment.

In step 1505 the ScoutTool display is updated with the new information (same as step 1307)

Implementation of selection of close-up image

Flowchart 16 describes the method for selecting and displaying a close-up view

In step 1601 the user clicks on a particular location in the synthetic image to be viewed m close-up mode.

In step 1602 the relative position of the location clicksd with respect to the start of the segment is

mnqmtbd This is done by
retrieving the mouse coordinates on the screen of the location clicked

- converting the mouse coordinates to panoramic image coordinates (adding the coordinate offset of the
image)

- computing the distance of the location clicked from the location in the center of the panoramic image
according 10 the formula pos = (coordinate — image_width/2)*64_meters/image_width. (Each
panorama represents 64 meters of street)

- computing the distance of the location clicked from the start of the street segment by adding the
relative distance from the center of the panorama to the distance of the panorama from the start of the
street segment

In step 1603 the closest closc-up image is computed by rounding the computed distance from the start of

the segment to the nearest 4 meters.

In step 1604 the closest close-up image is retrieved specifying 1o the server the street segment index and the

close-up distance (rounded to the nearest 4 meters).

In step 1605 a new browser window is apened which displays the close-up view

Implementation of display of business listings

Flowchart 17 describes the method of displaying business listing information (or any other location-based

annotation)

In step 1701, for each business info listing associated with the current street segment, it is checked whether

or not the business is visible in the current panorama_ This is done by converting the street number in the

business info into a horizontal pixel coordinate in the panoramic image. This is in turn is done by:

- subtracting the street segment “From” address from the street number, multiplying by 4.81m and
dividing by 2 1o obtain the distance of the location from the start of the segment (in meters).

14
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- Subtracting the distance of the panorama along the street segment from the distance of the location

from the start of the segment, dividing by 64 meters and multiplying by length of the panorama in
ixels (720).

If liu]; resulll;iug ]‘1ix¢l position of the location is within 0 1o 720 pixels, it is visible within the panorama.

In step 1702, if the business info lies within the panorama, a business info icon is created and placed at that

horizontal position above the panorama. The index of the business info entry is also stored in a list of

creatzd business logos.

In step 1703 the business info icon is programmed so that when the mouse is passed above it, it will trigger

the display of the available business information above the icon.

In step 1704 the business info icon is programmed so that if the associated business info includes a website,

clicking on the business info icon will open another browser and display that website.

NOTES:

The description describes an embodiment of the invention where the database only covered the city of
Pasadena, California. The same invention can easily be adapted to cover larger geographical regions, such
as the entire United States, by including record fields of city and state into the database and modifying all
the gueries to include that information.

The current embodiment of the invention is a navigable image database of the city of Pasadena, California.
The invention could also be used to create a navigable image database of locales other than urban street
scenes where it would be useful for a user to visually navigate throughout the environment. For example,
using an electric golf cart as a mobile platform, a database of a museum could be created. The end user
could then visually navigate throughout the museum, zoom in on works of art, and read associated
annotation information. Other examples are the creation of a navigable database of Disney World, the San
Diego Zoo, or Yosemite National Park,

15
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Appendix — VBScript for ScoutTool

<!DOCTYPE HTML PUBLIC *-//W3IC//DTD HTML 4.0 Transitional//EN">

<HTME><HEAD>
<SCRIPT LANGUAGE="vbscript">

Cption Explicgat

' we travel 48 meters along car path, but that corresponds to a larger view at the store front
' used to compute streetRumber given position in paAnorama

' and to access the desired video frame when panorama is clicked

Const PanoramalengthAtStoreFront = 64 "As Double = 64

Const MAP TOP = 120 "the coordinates of the map on the webpage
Const MAP LEFT = 20

Const MAP CENTER X = 207
Const MAP CENTER Y = 135

Const CAR_ICON_POS X = 198 '= MAP_CENTER X - S
Const CAR_ICON POS_Y = 126 '= MAP_CENTER Y - §
Const DOT_ICON DELTA = B

Const MAX LOGO = 39'As Integer = % "from 0..3 logos available for use

Dim Honom.mn_.uauu.ﬂ:n"wm_ ' (MAX_LOGO) ‘As Integer ' indexes the current business listing using n'th
logo

Dim curMagpClip(2] * remamber the top and left pixel of the clipped region of the map
Const VEDERI_IP = "24.41.30.1207

Const ButtonOffColor = "dcfeffg”
Const ButtonOnColor = "#ffffcc™

'Dim segmentInfo "As SegmentInfoTyps

Dim seqmentInfoSegmentIndex "As Integer
Dim gegmentinfostreetName 'As String
Dim segmentInfoSideCfHob '"As String ' cne of "E¥, "W", "N", "5"

Dizm segmentInfoFrocmMapCoordGeoi(2] 'As Double " in order Latitude, Longitude
pim segmentInfoFromMapCoordMercat(2] 'As Double ' mercator coordinates, in order X; Y

Dim segmentInfoToMaploordGeo(2} "As Double " in order Latitude, Longitude
Dizm segmentinfoToMapCoordMercat(2) "As Double

Diz segmentInfoFromSegment(4) "As Integer " In order E, M, W, 5
im spqment InfoToSeqment (4) *As Tnteger ' in order E, N, W, 8§

r r

Dim segmentInfoldistancefromHub(2) *As Double "in order Even, Odd side
Dim segmentInfolength(2) "As Double ' in order Even, Odd side :
Dim segmentInfoOffser (2} 'As Double ' even, odd side
Dim segmentInfoQifsetFlag(2) 'As Double * even, odd. 0 - unchanged, 1 - hard constraint (menually
adjusted)
' 2 - impossible to determine [no address available)
* 3 - autcmatically escimated [and coild be inaccurate)
Dim segmentInfolumPanoramas (2] "As Integer ' even, odd side
Dim segmentinfolumframes(Z} "As Integer
Dix segmentInfoFrameSeguence(2) 'As Integer

'LG000314

dim segmentInfoNumBusinesses(2) "As Integer ' number of business listings available for 0 - even,
1 - odd street side

'Ho Type definition in VBscript, unfortunately...
"Type BusinessInfoType

! Heme As String

j Rddress Rs String

. Fhone As String

' URL As String

.m“_..n.uuﬂ.m
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segment InfoToMapCoordGeo (0} = Cdbl (sglSA(7T)}
segmentInfoToMapCoordGeos(l) = Cdbl(sglSA(8)}
segment InfoToMapCoordMercat {0} = Cdbl (sqlSA{9)}
segmentInfoToMapCoordMercat{l) = Cdbl {agl3A{10)})

sequent InfoFromSegment (0} = Clng{sglSA{1l}}
segnent InfoFromSegment (1) = Clng (sqlSA(12))
sequment InfoFromSegment (2) = Clng(sglsa{l3))
sequentInfoFromSegment (3) = Clng(sqlSA{L4))

sagmentInfoToSegment (0} = Clng(sglSA{15))
segnentInfoToSegment (1) = ClngisglSA[(16))
segmentInfoToSegment (2} = ClngisglSAILTH)
segment InfoToSeqment (3} = Clog(sqlSA(1E))

seguent InfolistanceFromEub{0) = Cdbl (3glSA{19))
segnentInfolistanceFromfub{1l] = Cdbl(sglSR{20])

sagnentInfolength {0} = Cdbl{sglSA{21})
segmentinfobengthil) = Cdbl(sglSa{zz))

segmantInfolffset (0) = Cdbl {sglSR({23)}
segmentIinfoOffset (1) - Cdbl{agl3A(24))
seqmentInfolffsetFlag|0) = CInt(sglSA(25))
segnentInfolffsetFlag(l) = CInt(sglSA(26))

segment InfollumPandramas {0} = CInt(sql3a{2i])
segunentInfoliumPanoramas(l) = CInt(sqlSA(ZE)]

segmentInfolumFrames (0] = CInt(sqlSA{29)}

seqnentInfoliumFrames (1) = CInt(sql5A(30)}

segmentInfoFrameSequence (0} = CInt({sql3A{3l})
segmentInfoFrameSequence (1) = CInt{sgl3SA(32))
ThdddwdderdteddtddddtddidndrsdedidndtdatesdiddediradiddddrRantiddoriadiaidne

'How read ip pancoramaDist data
'read in even and odd sides separately
'use FrapeSequence = -1 to indicate that side of street was not scanned

Dim maxCount

I1f segmentinfolumPanoramas (0} > segmnentInfoNumPanoramas(l) Then
maxCount = segmentInfolumPanoranas(0)

Else
maxCount = segmentlnfolumPanoramas(l}

End If

"Wascript doesn't like redim so comment cut and start with large dim

'ReDim panoramaDist (2, maxCount) 'As Long

*bon't use separate call because this .asp hangs for some reagson.

‘even side

"sglResult =
Inetl.OpenURL("hotp: //24.,41,30.120/ScoutTool feetPancramaCoords.aspisegnentindex=" § seglndex &
"sEvenOdd=0")

‘aglsh = Splat(sglResult, ™ ")

'Dim 1 'As Integer

"For i = 0 To UBound{sqgish) - 1

' panorasaDist (0, i) = =qglS5Ali)

‘Hext * * i

Dim i "As Integer

For i = 0 To segmentIinfolumPancramas{0) - 1
panoramabDist (0, 1) = sglSA(i + 33)
Bext ' *

‘odd side

'sqlResult =
Inetl.CpenURL{™http://24.41.30.120/ScoutTool/GetFanoramaCoords..asp?SegmentIndex=" & seglndex &
*eEvenCdd=1"}

*sglSA = Split(sqlResulEt, " ")

"'Dim i As Integer

*For i = 0 To UBound(sqglSha) - 1

N pancramabDist{l, i} = sglSA({i}

Hext * ' i

18
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'Dim i As Integer
For 1 = 0 To segmentInfolumPanoramas(l} - 1

panoramsbist(l, il = sglSA(i + 33 + segmentInfoNumPanoramasi0})
Hext * * 1

' read busiress info

' pon't know how many there are on even and odd side off hand

' and they will arrive unsorted

Dim eCount, oCount 'As Integer ' count how many even, odd listings there are
eCount = 0

oCount = 0

Dim sqlOffset 'As Integer
sqloffset = 33 + SegumentInfolNumPancramas(0) + SegmentInfolunmPanoramas(ll

Dim tCount "As Integer " the total is known because we know how many lines
' of text we received through Inetl
tCount = (UBound(sglSA) - sglOoffset) / 4 *four lines of Inetl per business listing

'Ho redim iR VEscrapt, have already deiined max size of businesssinio variables
‘ReDim businessInfo(Z, tCount) As BusinessInfoType

For £ = 1 To tCount
‘check if it's even or odd
'order of lines are bRddress, b¥ame, bPhone, bURL
If sglSA(sglOoffset + 4 * (i = 1)) Mod 2 = 0 Then
'Add another even side listing
businessinfodame (0, eCount] = sqlSA(sqlOffset + 4 = (i - 1} = 1}
businessInfolddress (0, eCount) = sqiSA(sqlOffser ¢ 4 * (i - 1))
businessInfoPhone (0, eCount) = sglSA(sqlOffset + 4 * (L - 1) + 2)
businessInfoURLI0, eCount) = sqlSAlsqlOffset + 4 * (1 - 1) + 3)
aCount = eCount + 1
Else
'add another odd side listing
businessInfolame(l, oCount) = sglSR({sqlOffset + 4 = (1 - 1} + 1)
businessInfoAddress(l, oCount) = sglSA({sqlOffser + 4 * (i - 1)}
businessInfoPhone (1, oCount) = sglSA(sqlOffset + 4 * (i - 1) + 2)
businessInfoURL(L, cCount) = =qlEA(=qlOffset + £ + (i - 1} + 3}
oCount = oCount + 1
End If
Mext 'i

SegmentInfoNunBusinesses (0] = eCount
SegmentInfolumBusinesses(l] = oCount

RetrieveNewSegmentInfo = True

'"HOTE: HACKE
* check if curStreetZide has any pamcramas. If mot, we have to switch
L to the other side, or else we get errors accessing panoramaDist ()

If segreentIinfoNumPanoramas (curEtrcctSide) = 0 Then
curStrestSide = 1 - curStreetSide
End Tf

Else ' if sqlResult <> =*
MsgBox "Inetl returned the empty string”
End If

End If
End Function

Private Function btnMoveEast_onclick{) 'As Boolean
If btnMoveEast.Value <> "" Then

'‘button is enabled, so move!
Havigate (0}

End If
End Function

Private Function binMoveNorth_onclick({) 'As Boolean
If btnMoveMorth.Value <> ™" Than

Havigate (1)

End If
End Function

19
Page 20 of 117




R T Tl n T ST = F e L

Private Function btnMoveWest onclick() 'hAs Boolean
1f btnMoveWest <> "" Then
Havigate (2]
End If
End Punction

Private Function btnMoveSouth onclick() 'As Boolean
If brnaMoveSouth <> " Then
Kavigate (3)
End If
End Function

Private Functlon btaSeelt onclick{) "As Boolean
*search for the addrass
Dim sglResult "As String
bim sglShA 'As String
'replace street name spaces with underscores for CGI reguest
[im streetName 'As String
streetMame = Beplace(txtStrestMame.Valne, ™ %, "_"}
sqlResult = Inetl.CpenURL("http://" & VEDERI_IP &
*/scoutiool/RodressZlocation.exe?Sctreeciumber=" & TXTStreetdumber.value & “aSTrescName=" &
streetlame & "ESidecfHub=" & convertNumToENWS{selectENWS.selectadindex) )
' returns segmentlindex, distance along segment in meters
If =glResult <> "™ Then
sglsA = Spliti{sqglResult, ™ ")
If IsMumeric(sgqlSA(0)) Then
Dim newSeg "As Integer
newSeg = CLng (sglSAif))
12 newSeg <> 0 Then
pim requestDist "As Double
tequestDist = Cdbl (sqlsa{l))

‘retrieve the new segment, and find the closest panorama
12 RetrieveNewSegmentInfc(newSegl Then

curStreetSide = CInt(txtStrestNumber.Value] Mod 2

dim panAndSide "need to return two values

parhAndSide = FindClosestPanorama(curStreetSide, requestDist * 100)
curPanIndex = CLng({panAndSide {0})

curStreetSide = CInt (panhncéSide(l)}

*display it
UpdateNavigationButtons
DisplayCurrentPanorama
End If
Else
‘address does not exist, or not available in ocur database
MsgBox “That address is not wisualizable™, vbOEOmly, "Rddress not Found®
End If
End If
End If
'txtDebug,.Valve = Inetl.0penURL{"http://news.bbc.co.uk/low/english/sci/tech/defanlt.sta™)
End Function

Private Function btnSwitchView onclick() 'As Boolean
‘check if panoramas exist on the other side of the street
‘don't switch if there aren't any!
If segmentinfoNumPanoramas{. - curStreetSide} <> 0 Then
curStreetSide = 1 - curstreetSide

DisplayCurrentPanorama
End If

End Function
Private Sub DHTMLPage Load()

"HOTE: Mot sure if this is where to put initialization
g ?77 What is the ¢quivalent of Form Load in DATML

*turn off scroll bars since it screws up mouse position
‘this gives an error
‘document . parentWindow.window.scrollbars.visibality = "False~

'Load in vederi logo
imgVederilogo.scc — “http://f* & VEDERI IP & "/ScoulTool/vederilogo.gifl™

20
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‘Load in map

imgMap.sre = "hetp://" & VEDERI_IP & "/ScoutTool/pasadenaMap.gif®
‘resize the image to the troe size'

imgMap.Style.Height = 1273 *L1638

imgMap.Style.Width = 1638

*clip it! order of params is top, right, bottom, left

'No, can't clip, or IE will crash!!!

*imgMap.Style.clip = "rect (205px S15px 475px I00px)™ 'clip size of 415xZ70
'reposition on screen. make the (0,0) be window pixel 20,20
imgMap.Style.lefr = -100 + MAP_LEFT 'shifc from 20 by clip.left
imgMap.S5tyle.top = —205 + MAP TOF " shift from 20 by clip.top

cur¥apClip(0) = 160
curMapClipil) = 205

*set the curscor to something clickable
imgMap.Style.cursor = "hand”®

‘lgad in map icons

imgCarIcon.src = "http://™ & VEDERI_IF & "/ScoutTool/carNS.gif™
imgCarlcon.Style.Height = 20

imgCarIcon.Style.Width = 20

imgCarTcon.Style.left = MAP LEFT + CAR ICOM POS X
imgCarIcon.Style.top = MAP TOP + CAR ICON FOS ¥

imgDoticon.src = “http://" & VEDERI IP & "/ScoutTool/dotIcon.gif"
imgDotIcon.Style.Heaght = 19

imgbotlcon.Style.Width = 19

imgDotIcon.S5tyle.left = MAP LEFT + CAR_ICON POS_X + DOT_ICON DELTA
imghotIcon.Style.top = MAP TOP + CAR ICON PFOS Y

'setup txtBusinessinfo info window
txtBusinessInfolame.Style.backgroundColor = "Hcfeffg”
txtBusinessinfolRddress.Style.backgroundColor = "Ecfeffg”™
txtBusinessinfoFhone.Style.backgroundColor = "fcfeffe”

txtBusinessinfoliame.Style.border = 0

xtBusinessInfohrddress.Style.border = 0
txtBusinessInfoFhone.Style.border = 0

'set up business logo buttons (the markers which you can click for more info)

imglogol.src = "http://" & VEDERI_IP & "/ScoutTool/infosign.gif"
imglogol.src = "http://" & VEDERI_IP & "/ScoutTool/infesign.gif"
imglogo2.src = “http://" & VEDERI_IF & "/ScoutTool/infosign.gif"
imglogold.src = "hitp://" & VEDERI_IP & "/ScoutTool/infosign.gif®
imglogod.src = "http://" & VEDERI_IP & "/ScoutTool/infosign.gif"
imglogol.src = “http://" & VEDERI IF & “/ScoutTool/infosign.gif®
imglogef.src = "http://" & VEDERI_IP & "/ScoutTool/infosign.gif"
imglogo?.sre — “http://" & VEDERI_IPF & "/ScoutTool/infosign.gif™
imglogol.src = “http://" & VEDSRI_IP & "/ScoutTool/infosign.gif”
imglogod.sre = "http://" & VEDERI IP & "/ScoutTool/infosign.gif"

curStreetSide = 0
DisableNs
RetrieveNewSegmentInfo (141)

curPanIndex = 1

'scale panorama to true size
'imgPancrama.Style . Width = 720
"imgPanorama.Style.Height = 120

'set the cursoer te something clickable on panorama
imgPanorama.style.cursor = “hand”
DisplayCurrentFanorama

‘setup stree: address
selectENWS.selectedindex = 2

txtStreatlame.Value = segmentinfostreetNams
txtStreetMumber.Value = 101
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End Sub

Private Function imglogo onclick() "As Boolean
*clicking on busines logofinfo opens new browser to their website

'Dum closeupWindow 'As HTMLWindowZ?

‘Set closeupWindow = Document.parentWindow.window.open(“htitp://www.vision.caltech. edu/luis”,
"closeupWindow™)

Document . parentiindow. window.open "hrtp:// www.vision.caltech.edu/luis™, "businessLink¥indow™
End Function

Private Function imgMap onclick(] 'As Boolean

*click on map means jump to the nearest segment & panorama

e mousePos (2) "As Integer

mousePos (D) = Documant.parentwindow.window.event.x - imgMap offsetLeft - curMapClip(0)
mousePos (1) = Document.parentWindow.window.event.y - imgMap.offsetTop - curMapClipil)

"‘compute carlcon current position in mercator coordinates

Dim curMerc(2) "As Double

curmerc(l} = (segmentinfoloMaploordMercat(0) - SegmentinforromMaploordMercat(f)) = [curkanindex
/ {segmentInfolumPancramas{cursStreetSide) + 1)) + segmentinfoFromMapCoordMercat (0}

curMerc(l) = (segmentInfoToMapCoordMercat(l) - segmentInfoFromMapCoordMercat(l)) * (curPanIndex
{/ (segementInfoNumPanoramas (curStreetSide) + 1)) + segmentInfofFromMapCoordMercat(l)

'compute mercator coordinates of mouseclick position
curMerc(0) = curMerc(0) + (mousePos(0) - MAP CENTER_X) / 1571600
curMerc({l] = curMerc(l) + (mousePos(l) - MAP CENTER Y¥) / -1563000

txtDebug.Valoe = "Map pos: ™ & curMerc(0) & ™ , " & curMerc(l)

'query for closest segment and pancrama
Dim sqglResult "As String
bim =qléhk '"As String
sglResult = Inetl.CpeanUHL("http://" & VEDERI_IP & "/ScoutTool/CoordslSegmont.exe?XCoord=" &
curMerc{0)} & "&¥YCoord=" & curMerc{l}}
‘returns seqeentIndex, street side, and percentage along length of segment
If aglResult <> *" Then
sglsh = Split{sglResult, " ™)
If Istumeric({sglSAa(0}) Then
If sglSA(0) <> O Then
Dim newSeg 'As Integer
rewsSeg = CLng{sglSA{0})
Dim newStreetSide 'As Integer
newStreetSide = CInt(sglSA{l1)}
im requestDist "As Double
requestDist = Cdbl(sglShA(2})

‘retrieve the new segment, and find the closest panorama
1f EetrieveNewSegmentInfo(newSeg) Then
dim panAndSide 'neced to return two values
panfindSide - FindCloscstPanoramai{ncewStrectSide, 100 * requestDist *
segmentInfolength (newStreetSide] )
curPanTndex = CLag(panhrdSide (0]}
curStreetSide = CInt(panAndSica(l)])

ODpdateNavigationButtons
DisplayCurrentPancrama
End If
Eise
'address does not exist, or not available in cur datahasze
M=gBox "That address is not visualizahle®, vbOROmly, "Address not Found®
End If
End If
End If

End Function

Private Function imgPanorama_onclick() 'aAs Boolean
'‘click on panorama means show the clase-up view at that positien

‘open window right away so people don't wonder what's going on

Dim browserCptions "As String
Dim closeupBrowser 'As IHTMIWiIndowZ
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browserCptions = "toolbar=No, location=Ho, directories=No, mepubar=No, scrollbars=lo, width=380,
height=260"

Set closesupBrowser = Document.parentWindow.window.open(“http://" & VEDERI_IP &
" /ScoutTool /downloadingCloseup.gif™, "closeupWindow™, browsecOptions!

'clocseupBrowser . Focus

‘compute the desired frame index

Cim framelndex "As Integer

Dim mousePos "As Integer

zousePos = Document.parentwindow.window.event.x- imgPanorama.offsetleft

* relative position in pan * (48meters/pan.width) + panorama dist from start of segment , divide
by 1/3m and round
' see notes EDR D8/25/00 page 4

'LGCO0S20: save frames to disk ahead of time — don't need to access video.

. compute @ frame every 4 meters from start of segment

pim frameFos "As Double

framePos = ComputeFanoramaParity(] * (mousePos — imgPanorama.Width / 2§ * _
[PanuramalengliidlSLorefioal / imgPanorama . Widih) +
pancramabist (curStreet3ide, curPanIndex) J/ 100

'round to nearest 4 meters

Dm framePosBEounded "As Long

framePosRounded = 4 * Round{framePos / 4)

If framePosRounded < 0 Then
framePosRounded = 0
End If
If framePosRounded > SegmentInfolength(curStreetSide) Then
framePosRounded = Int(SegmentInfolengthi{curStreetside) / 4) * 4
End If

prowserOptions = "rooslbarsle, location=No, directoriesi=Ho, menubar=Ho," & L
"scrollbars=No, width=380, height=2&0™

closeupBrowser . focus

Fet closeupBrowser = Document.parentWindow.window.open{ _
Thttp://" & VERERT_TP & "/Frames/Seq™ & SegmentInfoSegmentIndex & ®_" _
& curStreetSide & " _D" & framePosRounded * 100 & ™ _Fr.ipg", _
"closeupWindow”, browserOptions)

‘closeupBrowser.open _

" "http://" & VEDERI_IP & “/Frames/Seg™ & SegmentInfofSegmentIndex & = ™

" & curStreetSide & " D" & framePosRounded * 100 & " _Fr.jpg™, _

* "closeupWindow", browserOptions

'closeupBrowser.Document .title = "Vederi.com - Close-up view™

End Function

Private Functicon GomputePanoramsParity() ‘As Integer
‘when computing close-up frame index and frame time, need to knew if mowving
'mouse left on panorams goes towards "From" address or "To"™ address.
Select Case curStrestSide

Case 0:
'locking at the even side of the strest
Select Case segmentInfoSideOfHub
Case "W", "w", "5%, "s":
ComputePanoramafarity = 1
Case "N", "n", "Ev, “e":
ComputePanoramaParity = -1
End Select
Case 1:
'"looking at the odd side of the street
Select Case segmentIinfeSideOfHub
Case "E", "w", "5",6 "sz":
ComputePanoramaParity = =1
Case "N", "n", "E", “"e":
ComputePanoramaParity = 1
End Select
End Seleckt
End Function

Private Sub DisplayCurrentPanorama|)
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imgPanorama.szc = "http://24.41.30.120/Panoramas/Seq” & segmentInfoSegmentindex & " " &
curstreetSide & " _D" & pancramaDistcurdtreetSide, curPanindex) & ".jpg"

*Hide any previous business info
HideBusinessinfo

"Eide all the logos
HideBusinessLogos

'Go through list of businesses on street side and determine which ones are on panorama
Dim curlogo 'As Integer
carlogo = 0

Dim bInd 'As Integer
For bind = 0 To SegmentInfoNumBusinesses(curitreetSide) - 1
"compute position on panorama
Dim delta "As Double 'distance (in metera} of street number from center of panorama
delta = ({businessinfoRddress(curStreeiSide, bind) + curStreetSide) * 3.81 /f 2.0 -
SegmentinfobistanceFromiub (curStreetSide) - pancramaDist (curStreetSide, curPanlndex) / 100 +
SegmentInfolffset (curStreetSide)
Dim luguPos "As Doulle
logoPos = delta * imgPanorama.Width / PanoramaLengthArStoreFront * ComputePanoramaParicy() +
imgPanorama.Width / 2

If logoPos > 0 And logoPos < imgPanorama.Width Then
'add a basiness logo
AddBusinesslogo blnd, curlogo,; logoPos
curlogo = curkogo + 1
End If
Hext 'bind

UpdateMap
txtDebug.Value = “http://24.41.30.120/Panoranas/Seq” & segmentInfoSegmentindex & "_" &
curstrestside L " D" 4 panoramaDisticurstreaerSide, curPanindew) & ".4ipg"

End Sub

Private Sub DisablelS()
brnMavelorth. Style visibhility "hidden™
bitnMoveSouth.Style.visibility = "hidden™
End Sub

Private Sub EnableM5()
benMovelorth.Style.visibility = “"vizsible"™
btnMoveScuth.Style.visibility = “"visible”

End Sob

Priwvate Sub DisableEW()
binMoveEast.Style.visibility = "hadden"
btnMoveHeat .5tyle.visibility - “hidden”™

End Sub

Private Sub EnableEs ()
binMoveEPast.Style.visibility = "visible"
btnMoveWest.5tyle.visibility = "wvisihle®

End Sub

Private Sub Wavigate (direction)
‘main routine to move given a E,5,E,W button click
*input : direction to move in : 0 = East, 1 = Horth, 2 = West, 3 = Scuth

"compute "relative direction of motion®™
Dim relDir "As Integer
relbDir = direction - convertENRStoNum |segmentInfoSideOfHul)
Select Case rellar
Case 0:
'going toward “To" address
MoveTowardsToAddress direction
Case 1, =-3:
'turning left on "To" address, or right on "From"™ address
If corPanindex > (segmentInfoNumPanoramas {curStreetSide) / 2) Then
TurnAtToAddress direction
Else
TurnAtFromiddress direction
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End If
Case 2, -2:
'going towards "From™ address
MoveTowardsFromAddress direction
Case 3, -1:
*turning right on “To" address; or left on "From™ address
If curfanindex > (segmentInfoNumPancoramas(curStreetSide) / 2] Then
TurnAtToAddress direction
Else
TurnatFromiddress direction
End If
End Select
End Sub

Private Sub MoveTowardsToAddress(Byval direction }
Dim newFanIndex "RAs Integer
newFanIndex = corPanindex + 1
If newPFanIndex >= segmentlnfolumFanoramas (curStreetSide] Then
‘need to move to next segment
If RetrievelewSegmentInfc(segmentInfoToSegment (direction)) Then
‘usually, we should be sl Lhe "From™ addriess, wiless we've just czossed the hub
If convertENWStoNum(segmentInfoSideOfHub) = direction Then
curPanIndex = 0

Else
corFanIndex = segmentInfoNumPanoramas(curStreetSide) - 1
End If
End If
Else
ﬁ: curfPanlndex = newFanlndex
i End If

UpdatelavigationButtons
DisplayCurrentPanorama
End Sub

is

Frivate Sub MoveTowardsFromhddress{ByVal direction )

)

: Dim newPanIndex "As Integer
f newPanindex = curPanindex = 1
: If newPanlndex < 0 Then
2 ‘need to move to next sSegment
- If RetrieveNewSegmentInfo(segmentInfoFromSegment (direction]) Then
= 'usually, we should be at the "To™ address, unless we've just crossed the hub
) If convertENWStoNum|segmentInfoSideOfiub) = direction Then
i_ curPanIndex = 0
™~ Else
: curPanindex = segmentInfoNumPanoramas (curStreetSide) - 1
g End If
; End If
e Else
= curPanIndex = newPanIndex
End If

UpdateNavigationButtons
DisplayCurrentPancrama

End Sub

Private Sub TurnAtTohddress (ByVal direction )
If RetrieveNswSecmentInfo(segmentInfoToSeqment (direction)] Then
'"HOTE: may want to redefine curStreetSide so that we see the side we were on.
¥ {azs if we were driwving a car}
If convertENWStoNum({segmentInfoSideOfHub} = direction Then
curPanIndex = 0
Else
curPanindex = segmentinfoNumPanoramas{curStreetSide) - 1
End If
End If
OpdateRavigationButtons
DisplayCucrentPancrama
End Sulb

Private Sub TurnAtFromAddress (ByVal direction )
If RetrieveNewSegmentInfo(segmentInfoFromSegment {direction)) Then
*HOTE: may want to redefine curStreetSide so that we see the side we were on.
s {as if we were driving a car)
IL convertENWStoNun(segeentInfos3ide0fHub) = direction Then
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carPanIindex = 0
Else
curPanIndex = segmentinfoNumPanoramss (curStreetSide) - 1
End If
End If
UpdateNavigaticnButtons
DisplayCurrentPanorama
End Sub

Privare Sub UpdateNMavigationButtons()
If curPanIndex = O Then
‘check which segments we can go to from the From Address
EnableSequents segmentInfoFromSegnent
Elself curPanlndex = segmentInfoNumPanoramas({curStreetSide) - 1 Then
‘check which segments we can go to from the To Address
EnableSegments segmentInfoToSegment
Elze
'we can only travel along the segment
Select Case segnentInfoSidedfHob
Casa "N", "n", "S", “s%:
Enablens
Disable=w
Case "E", "e", "W®, "wT:
EnableEH
DizableNs
End Select
End If
End Sub

Frivate Sub EnableSegments(segsil )
If seqgsa(0) <> 0 Then
btnMoveEast.Style.visibility = "vasible"
Else
bitnMoveZast.Style.visibility = “hidden"
End If

If 2ega{l] <> 0 Then
btnMoveNorth.Style.visibility = "visible™
Else
btnMoveNorth.Style.visibility = "hidden”
End If
If segsi{2) <> 0 Then
btnMoveWest.Style.visibility = "wisible”
Else
binMoveWest.Style.visibility = "hidden”™
End If
If sega{3) <> 0 Then
brnMoveSouth.Style.visibillity = “visihle®
Else
btnMoveSouth.Style.visibility = "hidden”
End If
End Sub
Private Sub UpdateMap(}
‘compute our current position in mercator coordinates
Dim curMerc(Z) 'As Double
curMerci(0) = (segmentInfoToMaploordMercat (0} - segmentInfoFromMapCoordMercat(0}} * (curPanIndex
/! {segmentInfoNumPanoramas (curStreetSide) + 1)) + segmentInfoFromMaploordMarcat (D)
curMerc(l) = (segmentinfoToMaploordMercat(l) - segmentInfofromMapCoordMercat(l)) * (curPanlIndex
[ (segmentInfolumPanoramas (curStreetSide) + 1)) + segmentInfoFromMapCoordMercat (1)

‘compute image coordinates given mercator coordinates
Dim imgCoords{Z} "As Integer

imgCoords (0} = Rourd{157160C * curMerc(0) + B&3.73)
imgCoords(l) = Pound(-1563000 * curMerc{l} + 346.17)

"elip and shift map to center on current leocation
Dim top, right, bottom, left "As Integer

top = imgCoordsil) - MAP CENTER Y

right = imgCoords(0) + MAP CENTER X

left = imgCoords(0) - MAP_CENTER_X

bottom = imgCoords(l) + MAP CENTER Y

*clip it! order of params is top, right, bottom, leftb
imgMap.3tyle.clip = "rect{™ & top & "px " & right & "px " & bottom & "px " & left & “px}”
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curMapClip(0) = left
curMapClip(l} = top

‘reposition on screen. make the (0,0} be window pixel 20,20
imgMap.Style.left = -left + MAP LEFT 'shift from 20 by clip.lsrt

imgMap.Style.top = -top + MAF_TOP ' shift from 20 by clip.top

*adjust car and dot icons
Select Case segmentInfolideOfHub
Case IER' -E-, r'w; Meg® e
imgCarIcon.src = “http://* & VEDERI_IP & "/ScoutTool/carEW.gift”
imgDotIcon.Style.left = MAP LEFT + CAR ICON_POS X
imgDotIcon.Style.top = MAP TOP + CAR ICON POS Y - (2 * curStreetSide - 1) *
DOT_ICON_DELTA
Case "H™, "n*, "5", "s":
imgCarfcon.src = “http://" & VEDERI_IP & “/ScoutTool/fcarW3.gif"
imgDotIcon.Style.left = MAP_LEFT + CAR ICOW_POS X - {2 * curStreetSice - 1} *
DOT_ICONM _DELTA
imgDotIcon.Style.top = MAP TOP + CAR ICON POS_Y
End Select

"Update location info cn webpage

txtStreetName.Value = seqmentInfostrestName

selectENWS. selectedIndex = convertENWStoNum{segmentInfoSideOrRub)

'compute approximate street address

Dim newNumber "As Integer

newlamber = 4 * Round( (segmentIanfobDistanceFromBub (curstrectSide) + panoramabDist (curStreetSide,
curPanindex) / 100 - segmentInfodffset({curstreetSide)} / 3.81 / 2 - 0.5 * curStreetsSide} +
curStreetSide

txtStrestNumber.Value = newlumber
End Sub

Private Function FindClosestPanorama(ByRef requestedStreetSide , ByvVal requestDist | '"As Integer
*f£ind the closest panorama on the side of the street
* ALS0 returns an updated regquestedStrestSide, in case no pancramas on original side
*(first, check if there are any panoramas on the side of the street)
If segmentInfoNumPanoramas(requestedstreetSide) = 0 Then
'no panoramas on that side, switch to the other
'(the other will have panoramas for sure, or elae the segement
' wouldn't be in the database)
requestedStreetSide = 1 - requestedStrestSide
'NOTE this hack for correcting street number will have to go...
txtStreetiumbher.Value = txtStreetHumbher.Valus + 1
End If
'now find closest panorama
Dim panind, bestInd 'As Integer
bim bestDist "As Double
bestDist = 99399
bestInd = -]
For panind = 0 To segmentInfolumPanoramas (requestedStrestsSide) - 1
If Abs(requestDist - panoramapist(requestedStreetSide, panInd)} < bestDist Then
beatInd = panInd
bestDist = Abs(requestDist - panoramaDist(requestedStreetSide, panInd})
End If
Hext ' ' panind
diz panindSide (2}
panAndSide(0] = bestInd
panindSide(l) = reguestedStrestSide
FindClosestPanorama = panhAndSide
End Functicon

'Private Sub AddBusinessLogo{ByVal businessInd As Integer, ByVal curlego As Integer, logoPosition As
Double)
Private Sub AddBusinessLogolbusinessind , curLogo , logoPosition )
If curlogo <= MAX_LOGD Then
logoBusinessInd [curlogo) = businessInd
Select Case curlogo
Case 0:
imglogol.Title = businessInfoUBRL(curStreetSide, businessInd)
imglogol.Style.left = logoPosition + imgPanorama.offsetLeft
imglogol.S5tyle.visibility = "wisible™
Case 1:
imglogol.Title = businessInfolRL(curStreetSide, businessInd)
imglogol.S5tyle.left = logoPoaition + imgPanorama.offsetleft
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imglogol.S5tyle.vasibility = "visable"

Case 2:
imgLogoe?.Title = businessInfoURL(curStreetSide, businessInd)
imglogoZ.Style.left = logoPosition 4+ imgPanorama.offsetleft
imgLogoZ.Style.visibility = "visible™

Case 3I:
imglege3.Title = businessInfoURL{curStreetSide, businessInd}
imgLogod.Style.left = lLogoFosition + imgPanorama.offaetLeft
imglogo3.5tyle.visibility = “visible"

Case 4:
imgLogod.Title = businessInfoURL(curStreetSide, businessind)
ingLogod.Style.left = logoPosition + imgFanorama.offsetleft
imgLogod.Style.visibility = “visible*

Case 5:
imglogos, Title = husinassInfalRL{mmrSrreatSide, businessTnd)
imglogo5.S5tyle.left = logoPosition + imgPanorama.offsetieft
imgLogo5.5tyle.visibilicty = "visible"

Case 6:
imglogoé.Title = businessInfoURL (curStreetSide, businessind)
imgLogoé.S5tyle.left = logoPosition + imgPanorama.offszetleft
imglogof.5tyle.visibility = “visible”

Case 7:
imgLlogo?.Title = businessInfolURLicurStreetSide, bosinessInd)
imglogo’?.S5tyle.left = logoPosition #+ imgPanorama.offsetleft
imglogo7.S5tyle.visibility = "visible™

Caze B:
imglogof.Title = businessInfolRL|curStreetSide, businessIngd)
imgLogof.Style.left = logoPosition + imgPanorama.offsetLeft
imglogoB.Style.vizibility = “visible"

Case 9:
imgLogo9.Title = businessInfoURL (curStreetSide, businessind)
imglogo®.Style.left = logoPosition + imgPancrama.cffsetLeft
imglogo9.5tyle.visibility = "visible”

End Select
End If
Erd Sub

Private Sub HideBusinesaInfo()
txtBusinessInfolame.Style.visibility = "hidden"™
txtBusinessInfolddress,Style.visibility = "hidden”
txtEusinessInfofhone.Style.visibility = "hidden™

End Sub

Private Sub HideBusinesasLogos()

imglogol.Style.vasibalaty = “hidden”
imglogol.Style.visibility = “hidden”
imgLogoZ.5tyle.visibility = “hidden™
imglogod.Style.visibility = “hidden®
imglogod .Style.vi=ibility = "hidden™
imgLogos. style.visibility = "hidden®
imglogoé.Style.visibility = "hidden™
imglogo?.Style.visibility = “hidden®
imgloge8.5tyle.visibility = “hidden®
imglogod.Style.visibility = "hidden”

End Sub

Private Function imgLogol onclicki{} "As Boolean
‘clicking on busines logofinfo opens new browser to their website
If imglogo0.Title = "™ Or imglogo0.Title = = % Then
MsgBox “"Web link informatiom neot available.™, , "URL mot available”
Else
Document . parentWindow.window.open "http://" & imglogof.Title, "businessLinkWindow™
End 1If
End Function

Private Function imglogol onclick(} 'As Boolean
*clicking on busines logo/info opens new browser to their website
If imgLlogo0.Title = ** Or inglego0.Title = = * Then
MsgBox "Web link information not available.®™, , "URL not available®
Else
Document.parentWindow.window.open "http://" & imglogol.Title, "businessLinkWindow™
End If
End Function
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Private Function imglogol onclick(} "As Boolean
*clicking on busines logofinfo opens new browser to their website
If imgLogol.Title = ™" Or imglogol.Title = ™ ™ Then
MsgBox "Web link informatiom mot available.", , "URL not available™
Elise
Document .parentWindow.window.open "http://" & 1mglogol.Title, "businessLinkWindow™
End If
End Function

Private Function imglogol? cnclick{) *As Boolean
*clicking on busines logo/info opens new browser to their website
If imglogol.Title = "* Or imglogoZ.Title = = * Then
MsgBox "Web link information not available.®, , "URL nmot available*
Else
Document .parsntWindow. window.open “"http://™ & imglogo? Title, "businessLinkWindew™
End If
End Function

Private Function imgLogo3 onclick() 'As Boolean
*clicking on busines logofinfo opens new browser to their website
It imgLogo3.Title = ™" Or i1mgLogod.Title = * = Then
MsgBox "Web link information not available.®™, , "URL not available”™
Else
Document .. parentWindow.window.open "http://" & imgLogold.Title, "businessLinkWindow™
End If
End Function

Private Function imgLogo3 onclick() "As Boolean
*clicking on busines logo/info opens new browssr to their website
If imgLogo3.Title = % Or imglogod.Title = " ™ Then
MsgBox "wWeb link information not available.®, , "URL not available”
Else
Document .parentiWindow.window.cpen "http://™ & imglogo3.Title, "businessLinkWindow™
End If
End Function

Private Function imglogod_onclick() 'As Boolean
'clicking on busines logo/info cpens new browser to their website
If imglogod.Title — ™" Or imgLlogod.Title = ™ ™ Then
MzgBox "Web link informarion not available.™, , "URL not available”
Else
Document .parentWindow.window.open "http://" & imglogod.Title, "businessLinkWindow®
End If
End Function

Private Function imglogo5S_onclick() "As Boolean
*clicking on busines logo/info opens new browser to their website
If imglogo5.Title = ™" Or imgLogo5.Title = * * Then
MsgBox "Keb link information not available.®, , "UBL not available™
Elze
Document .parentWindow.window.open "http://™ & imglLogo5.Title, "businessLinkWindow™
End If
End Function

Private Function imgLogof onclick() 'As Boolean
'clicking on busines logo/info opens new browser to their website
If imglogo6.Title = "* Or imgleogo6.Title = ® ™ Then
MsgBox "Web link information mot available.®, , "URL nmot available"
Else
Document .parentWindow. window.open "http:/ /" & imglogo6.Title, "businessLinkWindow™
End If
End Function

Private Function imgLogo?_onclick() ‘ARs Boolean
‘clicking on busines logo/finfo opens new browser to their website
If imglogo?.Title = "" Or imgLoge7.Title = ® ® Then
MagBox “Web link information not available.™, , "URL not available™
Else
Document .parentWindow.window.open "http://" & imglogoTTitle. "businessLinkWindow®
End If
End Fanction

Private Function imglogoB_onclick({} *As Boolean
‘clicking on busimes logo/info opens new browser to their website
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If imglogoB.Title = " Or imglogo8.Title = ™ " Then
MagBox "Web link ainformaticn not available.”, , "URL mot available®
Else
Document .parentWindow.window.open “http://* & imglogo8.Title, "businessLinkWindow™
End If
End Function

Private Functicn imgLogo9_sonclick() 'As Boolean
'clicking on busines logo/info opens new browser to their wehsite
1f imglogo9.Title = ™" Or imglogo®.Title = ® ™ Than
MsgBox “Web link information not available.”™, , "URL mot available”
Else
Document .parentWindow.window.open "heitp://" & imglogo?.Title, "businessLinkWindow™
End If
End Function

Private Sub imgLogol onmouseover()
‘Di=play the business info
txtBusinessInfokame.Value = businessinfolame {curStreetSide, logoBusinessInd(0})
txtBusinesasInfolddress. Value = businessinfoAddress (curStreetSide, logoBusinessInd(0)) &£ " " &
convertRumToENWS (selectENWS. selectedIndex) & ™ " & txtStreetName.Value
txtBusinessInfofhone.Value = "Phone: " & businessInfoPhone(curStreetSide, logoBusinessInd(0})

pisplayBusinessInfo (imglogel.offsetLeft)
End Sub

Private Sub imglogol onmouscover()
‘Display the business info
txtBusinessInfoliame.Value = businessInfolame {curStreetSide, logoBusinessInd{l))
txtBusinessInfohddress Value = businessInfcAddress (curStreetSide, logoBusinessInd(l)) & " " &
convertlumToENRS (selectENWS. selectedindex) & ™ * & txtStreetName.Value
txtBusinessinfofhone.Value = "Phone: " & businessInfoPhone{curStreetSide, logoBusinessInd(l])

DisplayBusinessinfo (imglogol.offsetLeft)
End S5ub

Private Sub imglogol onmouseover(]
'Display the business info
txtBusinessInfolame .Value = businesalnfoMame (curftreetSide, logoBusinessInd(2))
txtBusinessinfohddress.value = businessInfoAddress (CurStreetSide, logoBusinessInd(2)) & " " &
convertRumToENWS (selactENWS. selectedindex) & ™ ™ & txtStreetlame.Value
txtBusinessIinfoPhone.Value = "Phone: " & businessInfoPhone{curStreetSide, logoBusinessInd(2))

DisplayBusinessinfo (imglogo2.offsetLeft)
End Sub

Private Sub imgLogol onmouseover()
'‘Display the business info
txtBusinessInfolame Value = businessInfolName (curStreetSide, logoBusinessInd(3))
(xlBusinessInfoAddress . Value = bDusinessInlofddress (curSireetlSide, logoBusinessInd(3)) £ ° ° &
convertHumToENWS (selectENWS . selectedindex) & ™ ™ & txtStreetName.Value
txtIusinesalnforhone.Value = *"Chone: * & busineassInfolhonc{curStrcctSidec; leogoSusincasIndi3))

DisplayBusinessInfo (imglogold.offsetlest)
End Sub

Private Sub imgLogoid onmouseoveri)
'‘Display the business info
txtBusinessInfoName.Value = businessInfoName (curStreet3ide, logoBusinessIndi4)}
txtBusinessInfohddress,.Value = businessInfohddress (curStreetSide, logoBusinessInd{4)) & = " &

convertNurToENWS (selectENWS . selectedIndex] & ™ ™ & txtStreetName.Value
txtEusinessInfofhone.Value = "Phone: " & businessInfoPhone (curStreetSide, logoBusinessIndi4})

DisplayBusinessIinfo [imgLogod.offsetlLeft)
End Sub

Private Sub imglogoS_onmoussover()
*Display the business info

txtBusinessInfofame . Value = businessInfolame (CurStreetSide, logoBusinessInd(5))

txtBusinessInfolddress.Value = businessInfolddress (curStreetSide, logoBusinessInd(5)) € ™ " &
convertHumToENRS (selectENNS .selectedindex) £ ™ " & txtStreetMame.Value

txtBusinessInfoPhone.Value = "Phone: " & businessInfoPhone (curStreetSide, logoBusinessindi5}}

pisplayBusinessinfo (imgLogoS.offsetlert)
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End Sub

Private Sub imglogoé _onmousecver()
'Display the business anfo
txtBusinessInfolane.Value = businessInfolame (curStreetSide, logoBusinessInd(6})
txtBusinessInfoRddress.Value = businessInfoAddress (corStreetSide, logoBusinessInd(6)) & * ® &
convertHumToENWS (selectENWS. salactedIndex) & ™ " & txatStreetNMame Value
txtBusinessInfoPhone.Value = "Phone: " & businessInfoPhone{curStreetSide, logoBusinessInd(€))

DisplayBusinessInfo (imgLogo6.offsatleft)
End Sub

Private Sub imgLogo? cnmouseover()
*Display the business info
txtBusinessInfollame. Value = bnsinessInfolame {rurStreetSide, logoBosinessTnd (7))
txtBusinessinfohddress.Value = businessInfoaddress (curStrestSide, logoBusinessInd{(7}) &€ = " &
convertFumTOENWS (selectENWS . selectedIndex) & ™ ™ & tutStreetName.Value
txtBusinessInfoFhone.Yalue = "Fhone: " & businessInfoPhone{curStreet3ide, logoBusinessInd{71}

DisplayBusinessInfc (imglogo7.offsetLeft}
End Sub

Privete Sub imglogof ommouseover()
"pisplay the business info
txtBusinessInfolame . Value = businessinfclame (curStreetSide, logoBusinessind(B))
txtBusinessInfohddress.Value = businessInfofddress (curStreetSide, logoBusinessind(B)) & * " &
convertiumToENWS (selectENNS . aclectedIndex) & ™ ™ & txtStreatiame.Value
txtBusinessInfoPhone.Value = "Fhone: " & busipessInfoPhone(curStreetSide, logoBusinessInd(8)}

DisplayBusinessInfec [imglogoB.cffsetleft)
End Sub

Private Sub imglogoS onmouseover()
inisplay the business info
txtBuginegsinfoRame.Value = businessInfoNase (curStrestSide, logoBusinessInd({2))
txtBusinessInfohddress.Valus = businessInfohddress (curstreetfide, logoBusinessInd(3)) & * * &
convertHumToENWS (selectENWS. selectedIndex) & ™ ™ & txtStreetlame.Value
txtBusinessInfofhone.Value = "Fhone: " & businessInfoPhone{curStreetsSide, logoBusinessInd{9])

DisplayBusinessInfo (imglogo9.offsetleft)
End Sub

Private Sub DisplayBusinessInfo(ByVal offsetleft }" As Integer)
If offsetleft < imgPanorama.offsetLeft Ther
offsetheft = imgPanorama.offsetlLeft
End If
If offsetleft > imgPanorama.offsetLeft + imgPanorama.Width - 200 Then

offsetleft = imgPanorama.offsetleft + imgPancorama.Width - 200
End If

txtBusinessInfoliame.Style.left = offsetleft
txtBusincsisInfoliome.5tyle.visibility = "viaible®
txtBusinessInfohddress.Style.left = offsetlef:
txtBusinessInfofddress.Style.visibility = "visible®
txtBusinessInfoPhone.Style.left = offgetleft
txtdusinessinfoPhone.Style.visibility = "yvisible®

End Sub

</SCRIPT>

</HEAD>

<HODY mlmd—'nﬂf!l.!‘aq:e"mad" BGCOLOR="ACFEFF&">

<IMG id=imgPancrama nane=imgPancrama src="" style="HEIGHT: 120px; LEFT: 18px; POSITION: absclute;
TOP: S06px; WIDTH: 720px:; Z-INDEX: 118" height=120 width=720 border=1>

<IMG alt="Vederi Map®™ border=0 height=964 hspace=0 idwimgMap name=imgMap src="about:blank™
style="HEIGHT: 289px; LEFT: 12px; POSITION: absolute; TOP: 107Tpx: WIDTH: 416px; E-INDEX: 100"
useHap="" width=415>

<TEXTAREA cols=23 id=txtDebug name=TexthAreal rowss4 style="HEIGHT: 11l4px; LEFT: 187px: POSITION:
absolute; TOF: T50px; WIDTH: 185pxX: I-1HDEX: l01"»>TextArea</TEXTAREAR>
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<IMG id=imglogol name=imglogol sro="" atyle="HEIGHT: 24px; LEFT: 125px; POSITIONH: absolute; TOP:
470px: WIDTH: Zdpx: Z-INDEX: 102%>

<IMG id=imglogol nampe=imgLogol sro="" style="HEIGHT: 24px; LEFT

4T0px; WLLTH: 24pxy Z-INDEX: 1027>

<IMG id=imglLogo? name=imgLogo2 src="" style="HEIGHT: 24px; LEFT: 125px; POSITION: absolute; TOP:
470px; WIDTH: 24px; Z-INDEX: 102™>

<IMG id=imgLogo3 name=imgLogol src="" style="HEIGHT: 24px:; LEFT: 125px; POSITION: absolute; TOP:
470px; WIDTH: 24px; I-INDEX: 102%>

<IMG id=imgLogod name=imgLogod src="" style="HEIGHT: 24px; LEFT: 125px; POSITION: absolute; TOP:
470px; WIDTH: 24px: Z-INDEX: 102">

<IMG id=imglogoS name=imgLogoS src="" style="HEIGHT: Z4px; LEFT: 125px; POSITION: absolute; TO®D:
470px; WIDTH: 24px; Z-INDEX: 102%>

<IMG id=imgLogof name=imgLogof src="" style="HEIGHT: Zd4px; LEFT: 125px; POSITION: absolute; TOP:
470px; WIDTH: 24px: Z-INDEK: 102%>

<IMG id=imglogoT nane=imglogo? sre="" style="HEIGHT: 24px; LEFT: 125px:; POSITION: absolute: TOP:
470px; WIDTH: Z4px: Z-INDEX: 102>

<IMG id=imglLogo8 name=imglogof sSro="" style="HEIGHT: Z4px; LEFT: 1Z5px; POSITION: absolute; TOF:
470px; WIDTH: 24px; Z-INDEX: 102=>

<IMG id=imgLogo9 name=imglogeS src="" style="HEIGHT: 24px; LEFT: 125px; POSITION: absclute; TOP:
470px; WIDTI: 24px; EB-INDEX: 102"

: 125px; POSITION: abzolute; TOP:

<INPUT id=txtStreetiumber name=txtStreetHumber style="HEIGHT: 22px; LEFT: 465px; POSITION: absolute;
TOP: 138px; WIDTH: 53px: 2-INDEX: 116" value=Number>

<SELECT id=selectENWS name=selectENWS style="HEIGHT: 22px:; LEFT: 525px; POSITION: absolute; TOP:
138px: WIDTH: 39x:; EZ-INDEY: 115" value="Selectl™><OPTION walue =E>EC/OPTION><OPTION selected
value=H>N</O0PTION><0PTION wvalue=W>®W</OPTIOH><OPTIOGN value=5>S</0PTICN-></SELECT>

<INPOT id=txtStreetName name=txtCityState style="LEFT: 570px; POSITION: absolute; TOP: 1383px; Z-
INDEX: 109" value="Street Address™>

<INPUT id=txtCityState name=txtCityState style="LEFT: 466px; POSITIONM: absolute; TOP: 170ox: Z-
INDEX: 110" value="Pasadeng, CA™>

<INPUT id=btnSeelt name=btnSeelt style="LEFT: 465px; POSITION: absolute; TOP: 20Tpx; Z-INDEX: 11i;
BACEGROURD=COLOR: BEfffoc™ Lype=bullon values"Sge TLIT>»

<INPUT id=txtBusinessIinfoName name=txtBusinessInfoName style="HEIGHT: 20px; LEFT: 122px; POSITIONR:
absolute; TOP: 400px; WIDTH: 250px; E2-INDEX: 103" value=TextFieldl>

<INPUT id=txztBusinessinfohddress namestxtBusinessInfoAddress style«"HEIGHT: 20px; LEFT: 123px;
POSITION: absolute: TOP: 420px: WIDTH: 250px; E-INDEX: 103" value=TextFieldl>

<INPUT id=txtBusinessInfoPfhone name=titBusinessInfoPhone style="HEIGHT: 20px; LEFT: 123px; POSITION:
absolute; TOP: 440px; WIDTH: 250px; Z-INDEX: 103" value=TextFieldl>

<INPOT id=btnSwitchView namesbtnSwitchView style="HEIGHT: 26px; LEPT: 507px; POSITION: absclute;
TOP: 342px; WIDTH: Tdpx: EZ-INDEX: 104; BACEGROUND-COLCE: $ffffcc™ typesbutton value="switch wview" >
<INBUT id=btnMoveWest name=btnMoveWest style="HEIGHT: 24px:; LEFT: 4&8px; FOSITICN: absolute: TOP:
343px; WIDTH: 3lpx; Z-INDEX: 105; BACKGROUND-COLOR: #ffffcc; FONT-WEIGHT: bold™ type=button
value="H">

<INPUT id-btnMoveEast name=btnMoveEast style="EEIGHT: 24px; LEFT: SB8pxs POSITICH: absolute; TOP:
343px; WIDTH: 34px; Z-INDEX: 106; BACEGROUND-COLOR: #ffffcc; FONT-WEIGHT: bcld™ type=button
valug="E">

<INFUT id=btnMovelorth nama=btnMovelorth style="HEIGHT: Z24px; LEFT: 526px; POSITION: absolute; TOP:
3i3px: WIDTH: 35px: Z-INDEX: 107: BACEGROUND-COLOR: #ffffor: FPONT-WEIGHT: bold®™ typeshutton value=N>
<INFUT id=btnMoveSouth pame=btnMoveSouth style="HEIGHT: 24px; LEFT: 326px; POSITION: absolute; TOF:

372px; WIDTH: 35pw; Z-IMDEX: 108; BACEGROUND-COLOR: $#ffffcc:; FONT-WEIGHT: bold™ type =buttom value="
5"

<ING id=imgVederiLogo name=imgvVederilogo sro="" sytle="LEFT: 9Spx: TOP: Opx: POSITION: absolute™>
<IMG i1d=imgCarlcon name=imgCarlcon src="" style="LEFT: 285px; POSITION: absolute; TOP: 404px; 2-

INDEX: L13">

<IMG id=imgDotIcon name=imgDotIcon src="" style="LEFT: 338px; POSITION: absolute; TOP: 403px; Z-
INDEX: 114">

<OBJECT class:d=CLSID:48E59293-3880-11CF-9754-00ARADOCO008 id=Tnetl
style="LEFT: Opx: TOP: Opx">

</oBJECT>

<TITLE>Vederi.com ScoutTool. See where you're going!</TITLE>

</BODY>< HTML>
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Appendix: code for creating GPS coordinate spline
functions

Generat=iplines.m
LGOO0CACI : fix Imacouracy in T _given p splires; cunlce splines do a bad jeb of
interpolation
when -& stand still; functicn beccomes disconmtinuous there.
Solution: use a smootaing spline. Tuszns out hard te get a cubic smoothing

work well due to the discontinuizy when car 15 stopped, SO use a

inear

1
i
E:
]
spline to
:
1
%

snoothing spiine.

% LGOO020Z (originaly called Exzmple computeTofs.m)

% NOTE: I bave modified thiz file so that it will

i run Earougn 211 the secuence:s and compute the splines,

3 and save them to file.

¥

i The filenames are of fommat : segéNTgivenP and the variable saved is
TaivenPspline

I seqiiNPgivenT, wariable PgivenTspline, where MM is
1 co 17

L2 {TgivenP means 'Time given Popsition'; the viceo time corresponding to a given
! jabsolute) position measured along &2zc¢ length of camera pathi

3

% Trese splines are used by \panorama\synthPan to generate synthetic perspective
pencramic

% Views.

% Constants
ORIGIN X = -2.06167581109917; %% Used as origin for the mercator coordinates
ORIGIN Y = 0.63502761200326; %% Computed as the mean of the coordinates in seq.
JuneZTGPS]
MIN SAMPLES DIST = le-7; %% Hinimum distancs between twe GPS adjacent samples
%% in the mercator coocrdinate system. Used to eliminate

5 samples generated while the car was staticnary

SCALE = 5272498.48904543; %% m/mercator

%% List of files to be processsd
filename{l} = "JuneZIGPS1";

filename {2} = "JuneZlGF32';
filename{3] = "Junez27GFS53";
filenamel{d} = "JunellGP54°;
filename {5} = "JuneZ3GPE1';
filename{6)] = "Junez3GP52';
filename {7} = "JuneZ®GP53';
filename{8} = "June23GPsSi’;
filename{%] = 'June23GP35';
filename {10} = "JulylGP51%;
filename{ll} = "JulvlGPS2';
filename{12} = *JulylGPF53';
Filepame {13} = "JulylGP35';
filename{14} = "JulylGP3&';

filename (15}
filename{16)
filename {17}

*July3GPSl';
*JulydGES2';
*July3GPS3';

%% Sat the axis te convert the input coordinates from geographic to mercator
figureil);clf:
gxesm("'MapProjection', "'nercater");

%9% Load the calibration Eils
lead c:\users\luis\matlab\fromEnrico\svFileListCalib.txt

ti%® CHOCSE file To gencrate spline for
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for fileind = 1:17
fprint("NOTE: NOT computing ail sciimesivi\n'';

eval(["fh = fopen{"'e:\GPScocrds\',filename(fileind},".txt*?, ""re*"5;:"]1;

nsamples = fscanf(fh,'%d',1);
coord = reshape(fscanf(fth, 3£, 3"nsanples), 3,nsamples) *;

%% The time of the first sample should be reac before calling the cleanUpGPESDats
funcrien because this =g

£4% the sample that Luls used to compute trne calibration

FirstSampleUTCTime = coord(l,1);

%%% Convert to narcator coordinates and sabfracst the me2an
figure(l):;clt;

axesm('MapoProjection", "'mercator”);

[coordXp, coord¥p] = mfwdtranicoord(:,2),coord(:,3))¢
coord¥p = coordfp - ORIGIN_X;

coordYp = coordYp - ORIGIN ¥Y;

coordTp = coord(:,1):

tkeyboard

%1% Clean up data: replace clusters of samsles with just the first point of tne cluster
¥ LGOO0S03 : KMo, canno: remove datapcints; co- we logsse information (won't know exactly

whan

% we started moving)

tdisp("...cleaning up samples®});

% [coordX, coordY, Samples Ind] = cleanUpGESCata({ccordX, cooro¥, MIN SAMPLES DIST);
¥epordT = Ccoord(Samples Ind,1);

{coordT, coordX,coordY] = adjustRepeatedGPSdatapoints [coordTp, coordXp,coordYp):

ti¥ Convert from UTC time to videc time nsing the calibration data
coordT V = coordT - FirstSampleUTCTime + svFileListCalib(fileind);

%1% Compute the spline y = £{x} where x 1= arc length in meters and y 23 Video time in

seconds
s_given_t = computeSofT?2(coordT V, coordX, coord¥, SCALE);

PgivenTspline = s_given t;

$forintf {"NOTE: WOT saving p given_t data!l!lwn'):

eval(['save seq' numlstr(fileind) 'PgivenT PgivenTspline”]l:

¥ L3; Compute spline for time (in seconds) given arc length pesition {in meters)
% LGOCO0903: use smoothing lst order spline, with 0.1z tolerance for fit
TgivenPspline = computeTgivenPsmoothinglcoordT V, coordX, coordY, SCALE, 0.1):

eval(["save seq" numZstr(fileimd) 'TgivenPF TgivenPspline']);

txeyboard

end;
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function [coord?,cocordX, coordY] = adjustRepeatedGPSdatapoints(coordTe, coordip, coordYp)
% LGLOC303

%t NHeed o 3ot ria =f dHatapoints that have the same exact GPS cosrdinatas because it
SCrews

t up tne Time given position spline (we don't have a one-to-one funcbion anymorel.

i Exacr same GPS cocrdinates can happen when we are completely stopped.

talgoritrm: rather than remove points (which is net good, since we Zeea to know at wnst
Times

£ the car 13 stomped), adjust the GPS coordinates with an infinitessipal increment

$first zelete any datanoints with the exact same time! [ie, repeat transmitfacquisition
of GP5 darta;

delT = {99; diff{coordTp)]:

indGood = find({delT-=0);

coordTg = coordTp{indGood);

coordXg = coordip(indGood);

coord¥g = coordYp(indGoad);

§find datapoints witn same exact coocrds

% add = dummy entry at beginning so that vectors are same size, and the first repeat is
signaled

% with 4iff = 0

delX = [99; diff(coordXg)];

delY = [99; diff{coord¥g)]:

same = (delX==()].*(delY==();

ahift = cumsum(sama);

% we will add a shift that 12 one millionth the size of the smallest non-zero cistance
between datapoints

smallX = max([min({abs(delX{find(delX~=0})})/leb eps]):

smallY = max({min{abs {delY{find(delY~=0))})/1leb eps]];

coordX = coordig + smallX*shift;

coordY = coord¥g + smallY*shift;

coordT = coordTg;

keyboard;
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function sfunt spline = computeTgivenPsmoothing(coordT, ccordX, coocrdY, SCALE,
tolerance) ;
LG0005%03 try a smoothing -ather than interpoliating spline.
v LG0D0R0? modified fram Enrico's computeSofT2.o
% tolerance input parameter specifies amount of smootning (tolerance 1z level cof arror in
meters?
512 Given a set of (X ¥ t] coordinates comoutes the t = £4s) time spline foncticn whese s
iz arch length in maters
%%% and t is time in seconds
ds = sgrt(sum{diff([coordX coord¥],1,1}.72,2));
ds = f[ds(1l); ds];
5 = cumsum(ds) *SCALE;

sfunt_spline = spaps(s, coordT, tolerance,l); % I - linear spline!

function sfunt spline = computeSofTZ (coordI, coordX, coord¥, SCALE);

1%% Given & set of (X ¥ t] cocrzdinates computes the © = £{=3) time splin= functicn where s
is arch length in metera

%%% 2nd t is time in seconds

ds = sqrt(sum(diff([coordd coord¥],1,1)."2,2));

da = [ds(l); dsl;

5 = cumsum{ds}*SCALE;

sfunt _spline = csapi (coordT, s):
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Appendix: code for computing synthetic panoramas

function [pixFrameVector, firstPixTime, firstPixFrame] = generatePixelVector(seguencelD, t0)
tLG000E0% generatefixelVector.m (Copied and modified From generatefixelTlimes)
LLZCJCE0T generatePixelTimes.m (copied fror synthPan.m! (3ee notes OH0B02.1)

L

%

% generaiePixelVecton:

i For use bv Enrice's VB progzam that uses a DirectSpnow filter graph to acceas

% .avi files efficiently and build the syntharic image.

'3

% Inmput : segoenceID : fo identify the video and GPS seguence and access the appropriate
5 pos{timel and time(pos) splines

B t0 : tine in viaco corresponding to the center of the panorama

L]

1 Jutpat: pixFramcVector(l:7201 : pixFrameVector{cocl) is the relative frame and field
trere whaics

i 0 get the pixel for column *col' of the synthetic
pancI=aa .

% The first frame is frame 1. (0 and -0 woalan't work, as
Enrics pointed cut!)

% If the value is Positive,

% then the Even field (Znd, 4th, &th row of image) should be
used,

[ If the value 1s NHegative,

& Then the Ood field (1st, 3rd, 5th zow of image) shoulas be
used.

&

k] firscPixTime : the time (seconds! in the .avi of the first frame to be used

g [the .avi frame that will be used to generzte the lst colwon of

the panoramsa)

MOTE: assurptions:

Pancramic image is T20x240

aistance covered alorng scan path by panoranms: 48m

Frame rate of videc : 310 fpz ?77is ic really, I've seen 29,97 somexhere???

generatePixelTimes:

For vse by Visual Basic.

Algorithm:
For each pixel(column} in the synthetic view, compute a correspomnding viceo time.
This is done using the GPS data and Enrico's routines that generate a spline

uncticn
which computes time given arc length positicn along peth.
Then we can either use oprical flow to compute pixel data with subframs ACCUFACy, OF
round off each column's time to the nearest frare and copy that frame's column cata.

@ G Hy 0 O P AP oF R D o o

8% TESTIKG:
% seguenceld = 1; % June2lpVl
% t0 = 3700/3C: % center on frame 3700

% Imput:

E: seguencelD : 1ndex specafying which viceo seguence to use

i

L to : center time (seconds}).

i Time in video COrrespongding to the center column of 1mage.
¥ Cutpur:

i tipixel) : £i{l:720), the time (seconds) corresponcing to each column of the
synthatic viaw.

- syntn : the synthatic Image {dore in Visual Sasiq)

% Variablas

£

* £ [pixeis| : focal length of camera used

B F [meserg] : focal distance of new synthetic view
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: i1e, perpendicuiar aistance from rew focel point to trajectesy of vides
Saquencs;

T odipixel} : [metars] the arc Length distance of sacn pixel column from tne center
tire position
= dd : ‘merers] the abstiute azc length corresconding to center time t0

Sora Zonstancs
§ MOTEZ: freme rate is 29.570, moz 30.C0Q :!°
FRAME RATE = 29.970; § [frames per =zecend]
CHHERE“HIDTH = T20; % number cof pixels in a5 image
CAMERA HEIGHT = 4B0;
CAMERA FOCAL = 48; * [mwr], eguivalent for 35 rm Zilm (from SONY TRV-120 manual)

desiredStreetView = 48; % [me-ezs! amount of srreet that must be visinle in synthetic
view

Choose a distance for the syntnetic view

Zf we need to see 48 meters of street tg giuarantee that The house is in view,

then the closest discance for the syntnetic view 1s

HOTE: could subtract out zistance of camara to house fronts, i.e., scebrtract 5 meters
= CAMERA FOCAL/35%48;

RS A R o

i Compute focal length of zamera in plxels

% fron mamual: focal length 1n wide 15 equiv of 48mm for 33mm f1lm -> Z0V is
40.06202536179546 deg

% halfW.deh/f = [35/2) /48 so

f = CAMERA FOCAL/({35)* (CAMERA_WIDTH):

% Compute arc length distance from center time for each colum of the synthetic image
% If pixels go from 1 to 720, cencer pixel is 360.5

pixels = [1:CAMERA WIDTH] - (1+CAMERA WIDTH}/2;

d = pixels/f*F;

¥i3%% Compute corresponding video time Ior sach pixel column of the synthetic image

% First load in appropriate time_given position spline function

$TgivenPapline = IecadTgivenPspline{sequenceID};

eval({["load c:\users\luis\marlab\frorEnrico\seq' numZstr(secuenceID) '"TgivenP']):
¥PgivenTspline = locadPgivenTspline(seguencelD);

eval{['lead c:l\usersi\luis\matlab\fromEnricoe\seq' numZstr(sequenceID) 'PgivenT'l);:

% Next compute absolute path position corresponding to desired center time t0
dl = Fnval (PgivenTapline, t0);

% and computs absolute path positions for the synthetic image columns
d abs = d + do;

¥ Finally, compute the corresponding videc times
t = fnval(TgivenPspline,d abs}"':

& Convert timas tos framos

frames = t*FREME RATE;

roundedHalfFrames = round|frames*2)/2;

keyboard:
% LGOO0GBIC : due to ar probleamfinaccuaszscy :n the spline generatien, sometimes
i we nove back in time. This s nct gooo tespecially for the graph filter whica only

! moves forward in timel.
% HACK salurlsn: @ake roundedkaiflframes non-decreasing.
for i=2:length{roundedHal fFrames)
if roundedHalfFrames(i)<roundedHzl fFrames(i-1)
roundedHal fFrames (i) = roundedHalfFrames(i-1);
and;
end;

38
Page 39 of 117



0y

'

e T e e R T LS

floorFrames = floor{roundedHalfFrames};
firstPixFrame — floorFrames(l);

firstPixTime = firstPixFrame/FRRME RATE;

roundedialfFramesRel = roundedHalfFrames-firstPixFrame + 1; ® stait counting with 1 and -

1

flocrFramesRel = floor(roundedHal {FramesRel];

field = sign{rem(roundedHalfFramesRel,1}-0.25); % -1 oad,
pixFrameVector = floorFramesRel.*field;

Leturn;
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Appendix — Matlab code for Database creation

Filename: FipdTurns.s

1% Post-Process the GPS dzta

tt% Computes, for each seguence, a spline interpolaticon of tke data anc
the coordinates of the turas

s%% Cutput (to a file;

iiE coord [3 x NSamples] decimal latituce, longitude and time in
seconds for sach samp:e

EE traj sp cubic spline which passes through the samples

1%k curvC []1 x NumCoora] wvector of curvilinear coordinates even.y
distributed along the spliline

4% TurnInds pointers o the curvl vector of locations of turns in

thae segquence

%% CONSTANTS
MIN SAMPLES DIST = le-7; %% Minimum distance between two GPS adjacent
samples

t%* ir the mercator cocordinate system. Usea
to eliminate

% samples generated while the car was

stationary
WIN SIZE = 15; %% Size of observation window used to compute
Cornericity
MIN CORN = 1.5e-3; %% Minimum cornericity reguired tec classify a

iccal mexima in

%% in cornericity as a2 turn
MIN BLOCK STZE = 1.0e-5; %% In the cnordinates provided by the mercator
projection

t% Used to find the turns that belong to the
same intersecticn

ORIGIN X = -2.06167581109917; %% Used as origin for the mercator
cocrdinates

ORIGIN_Y = 0.63502761200326; 3% Computed as the mean of the
coordinates in seg. June27GPS1

CULOR_SEQ - ['ri Ig'l Tyt l}rl ‘m" Ik']:

£%% List of files to be processed
filename{l} = 'JunsZ7GPS1'

filename{2} 'June2TGPS2";
filename{3} = "June27GPS3';
filename{4} = "JuneZ7GES4"';
filename{5} = 'JunelSGP31"';
filename{6} = "'JunelS%GPS2";
filename{7} = "June2SGE33';
filename{B} = "JuncZ2%GFS4°*;
filename{9} = "June23GF535";

filename{10} *JulylGgpsi®
filename{11l} = *JulylGPSZ2"

L]
=

we W

filename{12} = '"JulylGPS3Y

filename{13} = *'JulylGPS5';
filename{14} = 'JulylGPS6':
filename{1l5} = 'July3GPsSi‘;
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filename{1l6} = "July3GPS2';
filename{17} = 'July3GP53';

for fileind = l:length(filename)
s&x 1, Segmen:t sequences Lo detect Cornars

icoord =

readGEPSData( "H:\users\dipe\GPSDatz\EPSData\", ' June? 7GPS1 .dar " ;
sgegname = 'July3GPSl.txt?;

seqname = filename(fileind};

cd h:\usersi\dibe\GPSData\matlab

if l(exist([segname, 'Turns.mat']}==2)

disp(['...seguence ',segname,' has already been process.
Skipping'l);
else

cd hi\users\dibe\matlab\gps

disp([*...loading seguence ',segnamel]);

eval{['fth =
fopeni''H:\users\dibe\GPSData\LookupTables\"',segname,'.txt"',""rt"");"]
}i

nsamples = fscanf(fh, '8d',1};
coord = reshapelfscanf(fh, '#£',3*nsamples), 3, nsamples} *;

§t% Convert to mercator coordinates and subtract the mean
figure(l);clf;

axesm('MapProjection", "meccator’);

[coordX, coordY] = mfwdtran{coord(:,2),coord(:,3));

coordx = coordX - ORIGIN X;

coord¥ = coordY — ORIGIN Y;

It

8282 Last part of June29GP54 is not good after sanmple L1747
if (stremp(seqname, "JuneZB3GP54'})

coordd = coordX(1:1747);

coordY = coordY(1:1747);

coord = coord({1:1747,:}:
end;

¥%4% Eliminating second half of seq JulylDV6 pecause video sequence
is not good and was redone in July3DV3
if (strcmp(segnames, 'JulylGES&6"))
coordi = coordx(l:318);
coordY = coordY (1:318);
coord = coord(1:318, :):
end;

£%%t Clean up data: replace clusters of samples with just the first
point of the cluster

disp('...cleaning up samples'):

[coordd, coordY] = cleanUpGPSData(coordX, coord¥, MIN_ SAMPLES DIST);

£%% Compute pp-spline
traj sp = cscvn{[coordd coord¥]'):
ftraj sp = csapsicoord(:,1l}', [coocrdX coord¥]*,1);
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t% Parameterize with arc lencth and define coorainate samples
maxINT = fnbrk(traj sp,'interval®};

numSamples = floor (10000/2.57*maxINT(2));

curve = [0:maxINT (2! /numSamples:maxINT(2)]:

newCoord = fnval (traj sp,curvC);

figure(2);clf;

plot (coordX(:,1) ,coord¥(:,1),"c+");
hold on;

tfnplt{tzel _sp;'r');

plot (newCoord(l, : ), newCoord(2,:}):
drawnow;

axis('equal');

ZOOW On;

$3%% Compute pp-spline derivative
dCds_sp = fnder({traj =p):

#t Compate Cornericity
disp('...finding turns');
Cornericity = zeros(l,length(curvC));
for ind = {(WIN SIZE+1)/2:length(curvC)- (WIN SIZE+1)/2
- disp(ind);
[U,S,V] = svd(fnval (dCds_sp, curvC(ind-(WIN SIZE-
1)/2:ind+ (WIN SIZE-1)/2))");
Cornericity{ind) = 5(2,2);
end;

£% Find corners as local maxima of Cornericity

1l _Corn = [Cornericityl(2:end) Cornericity(end)];

r Corn = [Cornericity(l) Cornericity(l:end-1}];

CornerInd = find({{Cornericity > 1 Corn)&{Cornericity >
r Corn)&(Cornericity > MIN CORN));

CornerVal = fnval (traj_sp,curvC(CornerInd});

figure(2);
for ind = 1l:length({CornerInd)
turn_h{ind) =
plot (CornerVal(l, ind),CornerVal {2, ind), "k+', "MarkerSize", 10, 'LineWidth"
r3):
end;

bad_ind = [];
answ = input('ls there any turn ycu would like to eliminate 7 [Y/N}
l'rsl}:
while (({answ == 'y']| [answ == 'Y"))
disp('Click on the turn you want to eliminate and then hit
return');
pause;
ind = find(gco == turn_h);
if (isempty({ind))
disp({'No turn was selected');
else

plot (CornerVal(l, ind) ,CornerVal(2,ind), 'm+', "MarkerSize’,13, "LineWidth*
e5);
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bad ind = [bad ind ind]:
end;

answ = input('Is there any other turn you would like to eliminate
7 (Y/N) 'L's')s
end;

disp(['Eliminating turns: ',num2str(bad_ind}});
Turninds = CornerIndi{setdiff([1l:length{CornerInd]],bad ind)};

disp(['Saving data for this seguence in
h:\users\dibe\GPSData\matlab\', seqname, 'Turns'}j;

eval{['save h:\users\dibe\GPSDatz\matlab\',segname, 'Turns coord
Turnlnds traj_sp curvC:'1):

end; %% end if exist ...

cd h:\users\dibe\matlab\GES
end; % for fileind
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Filename: FindIntersections.m

%% Findintersections builds a big matrix of muteal distances between
Turns and groups tnem in interssections

iEs Outputs

%4 BliTurns

%53 Mal [2x NumTurns] (Mercator coords - OR1IGIN] =2f all the
tarns in Pasadena

25 .Der [2x MumTurns] dX/dc dY/de for all the turns in
Faszdena

3i% .2eg [lx NumTurns] index of the ocriginal sequence each
turn keleongs to

33% Interseciion [1x Numintersections]

i%% -Turnz [1 x numturns] indexes to the Turns vaviable of the
corners that belong to this intersecticon

3% .coord [2 x 1] (Mercator coords - ORIGIN) of the
intersecticn

%1

4% CONSTANTS
MIN SAMPLES DIST = le-7; 1% Minimum distance between two GP3 adjacent
sanples

%% in the mercator cocrdinate system. Used
to eliminate

%% samples generated while the car was

staticnary

WIN_SIZE = 15; i% Size of observation window used to compute
Cornericity

MIN COEN = 1.5e-3; %% Minimum cormericity regoired te classify =

local maxima in

%% in cornericity as z turn
MIN BLOCK SIZE = 0.75e-5; %% In the coorcinates provided by the
mercator projection

%% Used to find the turns that beleng to the
same intersection
MIN TURN_DIST = le-&; %% Minimum distance between to turns of the same
intersection but different sides
ORIGIN X = -2.06167581109917; %% Used as eorigin ior the mercater
coordinates
ORIGIN Y = 0.€63502761200326; &% Computed as the mean of the
coordinates in seq., JunezlGPS1

mwﬂ_sw _ i'rl Igl ihl lyi lml ikll;

%% List of files to be processed
filename{l} = 'June27GPS1";

filename{2} = 'June2iGPS2';
filename{3} = 'Junel27GPS3";
filename{4} = "June27GES4"*;
filename{5}) = 'June2?3GPS1’';
filename{6} = 'JuneZ9GES2';
filename(7} = "June29GP53';
filename(8} = 'JuneZ9GPS4';
filename{9} = 'June29GPS5';

filename{10} = 'JulylGPS1";
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filename{1ll} = "JulylGPS2"';
filename {12} = *JulylGP53';
filename{13} = "JulylGPS5°*;
filename{l4} = *JulylGPSE";
filename{15} = "July3GPS1°’;
filename{16} = "July3GPS2';
filename{17} = "July3GP33';

fiqure(l);clf;

figure(2);clf;

Turns.Val = [];

Turns.Der = [1;

Turns.seq = [];

for fileind = l:length(filename)

seqgname = filename{fileind};

disp(['...locading data for seg. ',segname]);
eval{['load h:\users\dibe\GPSData\matlab\', seqname, 'Turns coord
Turninds traj sp curvC:']l:

3% Convert to mercator coordinares and subrract the mean
figure(1}:;clf;

axesm|'MapPrcjection', 'mercator');

[coord¥, coordY] = mfwdtran (coord(:,2),coord{:,3});

coordX = coordX - ORIGIN X;

coordY = coordY - ORIGIN_Y;

newCoord = fnval (traj_ sp,curvC};

figure(2);
plot{coordd(z,1),coord¥(:,1), "'x+");
hold on;

$fnplt (traj sp,'r');

plot (newCoord (1, : ), newCoord(2,:));
drawnow;

axis('egual”);

zoom on;

%%% Compute pp-spline derivative
dCds_sp = fnder(traj_sp);

thisTurnVal = fnval{traj_sp,curvC{TurnInds)):
thisTurnDer = fnval (dCds_sp,curvC(TurnInds));

figure(2);
plet (thisTuraVal({l, :),thisTurnVal (2, :), "k+", "MarkearSize',10, 'Linelid
th*,3);

Turns.Val [Turns.Val thisTarnVall:;
Turns.Der [Turns.Der thisTurnDer];
Turns.seq = [Turns.seq fileind*ones(l,size(thisTurnVal,2})];

end;

%1 Find intersections
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disp{'... building the big matrix of mutual distances');
numTurns = length (Turns.seq);
TurnDistMat = zeros (numTurns, numTurns);
for i = l:numTurns

for j = i:numTurns

TurnDistMat (i,§} = norm(Turns.Val(:,1} - Turns.¥Vali:,j)};

end;
end;
tmpMat = TurnDistMat';
TurnDistMat = TurnDistMat + tril (tmpMat);
disp('...thrcsholding the matrix to group turns into interscctions');
TurnCorrMat = (TurnDistMat~=0)&{TurnDistMat < MIN BLOCK SIZE};

disp('...scanning the correspondences to find unigue intersecticns');

int_ind = 1;
AlreadyPicked = [];
Intersection = [];:
for ind = l:numTurns
if ~ismember(ind,AlreadyPicked);
corr_ind = FindCorrInd{ind, ind, TurnCorrMat);
Intersection(int_ind) .Turns = corr_ind;
AlreadyPicked = union(AlreadyPicked, [ind corr_ind]):
int ind = int_ind + 1;
end;
end;

disp('...compuring the center of the intersection');

for ind = l:length{Intersection)
tIntersection{ind).coord =

mean{Turns.Val(:, Intersection{ind) .Turns),2);
turn_inds = Intersection{ind).Turns;
turn coords = Turns.Val(:,Intersecticn({ind).Turns};
turn_slope =

Turns.Der (2, Intersection(ind) .Turns) . /Turns.Der (1, Intersection{ind) .Tur
ns);

turn_posslope_ind = turn_inds(find(turn_slope >= 0)};
turn_negslope ind = turn inds(find(turn slope < 0}};

%% Cluscer turn_posslope ind turns
turn dist_mat = TurnDistMat (turn posslope ind, turn posslope ind};
turn corr mat = (turn dist mat-~=0}&(turn dist mat < MIN TUBN DIST];
int_Ind -_1; - - . - - -
AlreadyPicked = [];
inter cormer = [];
for i = 1l:length(turn_possiope_ind)
if ~ismember(i,AlreadyPicked):;
corr_ind = FindCorrInd(i,i,turn corr mat};
inter_corner(int_ ind).Turms = turn posslope ind(corr_ind);
AlreadyPicked = union(AlreadyPicked, [i corr_ind]);
int_ind = int ind + 1;
end;
end;
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ti4 Cluster turn negslope_ind tTurns
turn_dist_mat = TurnDistMat{turn_negslope_ind, turn_negslope_ind);:
turn_corr_mal = (turn_dist_mat-=0} & (turn_dist mat < le-6);
RlreadyPicked = [];
for i = l:length{turn negslope_ind)
if ~ismember(i,AlreadyPicked);
corr_ind = FindCorrInd(i,i,turn_corr_matj;
inter corner(int_ind).Turns = turn negslcope_ind(corr_ind};
AlreadyPicked = union{AlreadyPicked, [i corr_indl}:
int_ind = int_ind + 1;
end;
end;

¥%% Average of clusters
intersection coords = [0;0];
for i = l:length{inter_ corner)
intersection_coords = intersection coords +
mean (Turns.Val (:, inter corner (i) .Turns),2);
end;
Intersection(ind).coord = intersection_coords/length{inter corner);

end;

$% Manually add two intersections through which I always drove streight
Intersection{end+l) .coord = le-3*[-0.1490;

-0.3657];
Intersection{end).Turns = [1:

Intersection(end+l) .coord = le-3*[-0.149];
-0.4109];
Intersection(end) .Turns = []

el

disp{'...plotting the result"};
figure(2)
tmp coord = cat(2,Intersection.coord);
plot (tmp coord(l, :),tmp_coord{2,:},"'g+", 'MarkerSize', 10, 'LineWidth',5);
for ind = l:length(Intersection)
text (tmp_coord(l,ind),tmp coordiZ,ind},numZstr{ind}}:
end;

disp('...saving the result');
AllTurns = Turns;

save h:isusers\dibe\GPSData\matlab\Pasadenalntersections lLlntersection
BllTurns
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Filename: FindESRIIntersections.m
sfunerion [lntersections] — FindESRIIntersections|)

3%% Parse through the ESRI segments list and find vertices with more
than 2 arcs

% Qutput

£ ESRIIntersection [Muamintersections x 1]

3t .Coord = [lar long] in MADB3 datum

i3 Segmencs = list of indexes to the Street segments that
converge to the intersection

it HumSegments = length{.Segments)

Elocad h:\users\dibe\GPSData\matlab\PasadenaStreets Street;
load h:\users\dibe\GPSDzta\matlab\ESRIstreetsPasadena;
Street = streets;

load h:\users\dibe\GPSData\matlab\ESRIstreetsSanMarino;
Street = [Street streets];

HumSegments = length(Street);

iSegmentStarts = cat{l,Street.StartCoord);
SegmentStarts = [cat{l,Street.startlLatitude)
cat (1,Street.startlLongitude)];
iSegmentStops = cat(l,Street.StopCoord);
SegmentStops = [cat|l,S5treet.stoplatitude)
cat (1, Street.stopLongitude}];

Vertices = [SegmentStarts;SegmentStops];

figure(3);

plot { [SegmentStarts(:,1) SegmentStops(:,1)]', [SegmentStarts(:,2)
SegmentStops(:,2}1")

AVCoord = sum(Vertices, 1)/ (2*NumSegments) ;
dist = sgrt(sum((Vertices - ones(2*NumSegments,1)*AVCoord)."2,2)});

[tmp, S_ind] = sort(dist);
OVertices = Vertices(5 ind,:):

OVertices d = [0 0; OVertices(l:end-1,:)];
diffVertices = sgrt (sum{ (OVertices - OVertices d}.”*2,2});
agiffvertices_1 = [diffvertices(Z:end,l) ; 1];

StartInd = find((diffVertices ~= 0] & (diffVertices 1 == 0}):
StopInd = find((diffVertices == 0} & (diffVertices 1 ~= 0}):

NumVertices = StopInd - StartInd + 1;
IntersInd = find(NumVertices > Z2):
for ind = l:length({IntersInd)
Intersection{ind) .Coord = OVertices (StartInd{IntersInd(ind)),:);

tmpind = 8 ind(StartInd(IntersInd{ind)):StopInd{IntersInd({ind)}}:
tmpind = tmpind - NumSegments* (tmpind > NumSegments);
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Intersection(ind).Segments = tmpind;
Intersection({ind) .NumSegments = HumVertices(IntersInd{ind}};
end;

ESRIIntersection = Intersection;

ESRIIntersectionCoord = cat(l,ESRIIntersection.Coord);

figure(3) ;hold on;

plot (ESRIIntersectionCoord(:.1),.ESRIIntersecticnCoord(:,2),"'bs", 'Marker
Size',5);

disp({'E5SRlIntersection saved in Pz=acdenaESRIIntersection file']};
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Filename: FindSegments

Tie CONSTANTES
MIN SAMPFLES DIST = le-7; %3 Mininmum distance bstween two GFS adjacent
SEmplLes

£% in the mercator coordinate system. Used
tc eliminate

1%* samples generated while the car was

stationary
WIN_SIZE = 15; 2% Size of observation window used to compute
Cornericity
MIN CORN = 1.5e-3; #% Minimum cornericity reguired to classify a

local maxima in

% in cormericity as a tuzn
MIN BLOCK SIZE = 0.4e-5; %%t In tne cocrdinates provided by the mercatecr
projection

t% Used to fincd the turns that belong toc the
same intersection

ORIGIN X = -2.06167581109917; %% Used as origin for the mercator
coordinates

ORIGIN_ Y = 0.63502761200326; %% Computec as the mean of the
cocrdinates in seg. June2lGPSi

mwﬂ_SEQ - i'lrl Igl !YI lml 'lkll;

%% List of files to be processed
filename{l} = 'June27GPS51";

filenama{2} = "JuneZlGPS2"
filename{3} = "Junel’GPS3"
filename{4}! = 'June2iGPsS4"
filename{5! = 'June29GP31'
filename{6} = 'June2dGPS2';
filename{7} = "JuneZ9GPS3’;
filename{B8} = 'Junez9GF54";
filename{%} = 'June2SGES5’';

e e

e W

filename{1l0} = "JulylGES1l";
filename{ll} = "JulylGPS2’;
filename{l2} = 'JulylGP53";
filename{13} = "JulylGPS5";
filename{1l4} = 'JulylGPSe";
filename{1l5} = "July3GPSl';
filename(16} = 'July3GPFs52';
filename{17} = "July3GP33°;

3%% Load intersecticns
load h:\users\dibe\GPSData'matlab‘\PasadenaIntersections Intersection
AllTurns

IntersectionCoords = cat(2, Intersection.cocord};
Intersection(l).Segments = [];

figure(l};clf;

figure(2);cli;

segm ind = 1; % init the segment index
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Turns = []; ¥4% Big array of turns wherse T accumulate the turns of all
Saquances
for fileind = l:length({filename)

seqnane = filename{fileind};

disp({['...loading sequence ',seqname, ' Turns file']);

$t% Load pre-processea data

eval ([ "load h:‘\users\dibe\GPSData\matlab\', segname, 'Turns coord
Turnlnds traj sp curvC;']l);

2% Converl Lo mergator coordinates and subbtraci che mean
figure(l);clf;

axesm{'MapProjection’, "mercator");

[coordX, coordY] = mfwdtran{coord(:,2),coord(:,3});

coordf = coord¥ - ORIGIN ¥;

coocrdY = coordY - ORIGIN Y;

%%% Clean up data: replace clusters of samples with just the first
point of the cluster

disp('...cleaning up samples'};

[coordX,coordY] = cleanUpGPSData({coords, coordY, MIN SAMFLES DIST);

%% Parameterize with arc length and define ccorainate samples
maxINT = fnbrkitraj sp, 'interval'):

numSamples = floor{10000/2.97*maxINT(2));

curvC = [0:maxINT(2)/numSamples:maxINT (2)];

newCoord = fnval (traj_sp,curvC);

figure(2);

plot (coordX{:,1),cooedY(z,1),'c+"};
hold on;

tfnplt{traj sp,'r*);

plot (newCoord (1, : ) ,newCoord(2,:));
drawnow;

axis('equal');

Z00m Oon;

$3% Compute pp-spline derivative
dCds sp = fnder(traj_spl:

1% Compute Cornericity
Cornericity = zeros(l,length (curvC)};
for ind = (WIN SIZE-1)/2:lengthicurvC)-(WIN STIZE+1)/2
% disp(ind);
[0,5,V] = svd{fnval (dCds_sp, curvC({ind- (WIN_SIZE-
1} /2:ind+ (WIN_SIZE-1)/2))");
Cornericity|ind) = S(2,2);
end;

t%% Find entry and exit indexes of tirns
%% Find entry and exit arc length coord for each turn
disp('...finding entry and exit indexes of turns');
clear Turn;
for ind = 1l:length(TurnlInds)
Thresh = 0.75*Cornericity (TurnInds {ind)};
Turn{ind) .Cornerind = TurnInds(ind);
tmpind = TurnInds(ind);
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while ((Cornericity({tmpind) > Thresh)&(tmpind > 0))
tmpind = tmpind - 1;

end;

Turn(ind).EntryInd = tmpind;

tmpind = TurnInds(ind);

while ((Cornericity(tmpind] > Thresh)&(tmpind < length({curvC))]
topind = tmpind + 1;

end;

Turn(ind) .ExitInd = tmpind;

Turn{ind) . Sequence = fileind;

and;

1% Time to segment the seguence !!i!
color_ind = O:
for turn_ind = l:length(Turn}-1
start_ind = Turn({turn_ind).ExitInd+l;
stop_ind = Turn(turn_ind+l) .EntryInd-1;
if (stop ind <= start ind)
disp('Start index of segment is smaller than Stop index.
Probably due to turn overlap.');
skeybeoard;
else
SegmentCoordVal = fnval (traj_sp,curvC{start_ind:stop_ind)):
Segment Length = sqgrt(sum(SegmentCoordval(:,1l)-
SegmentCoordval (:,end))."2);
if (Segment Length < MIN BLOCK S1ZE)

disp(['... this segment iz only ',numZstr(Segment Length),’
long. Check what''s going on']);
else

clear dist

$for int ind = l:length(Intersection)

% dist{int ind,:} = sgrt{sum((SegmentCoordVal -
Intersection{int ind}.ccord*cnes(l, (stop_ind - start ind + 1}}).%2,1)};

tend;

dist =

sqgrt ( (ones{length({Intersection),l)*SegmentCoordVal(l,:) -
IntersectionCoords (1, :) "*ones(1l,stop_ind - start_ind + 1)).%2 + ...

{ones (length (Intersection), 1) *SegmentCoordVali2,:) -
IntersectionCoords(Z,:) "*ones(l,stop_ind -~ start_ind + 1}))."2);

HearIntersections = find(min(dist,[],2)<1.0e-5};
if(length (NearIntersections) < 2}
disp{["...mmmmh, scmething is wrong. Segment between
turn ', num2str{turn ind), ...
' and tuarn ',num25tr{turn“indtll,‘ has less than two
near intersections !']);
tkeyboard;
elseif (length(NearIntersections) == 2)
4% Tkis is & single segment. I can store it in the
segments list
disp(['Segment ',num2str({segm ind),' detected']);
Segments.Start (segm_ind) = start_ind;
Segments.Stop(segm_ind) = stop_ind;
¥Segments.Coord(segm ind, :) = SegmentCoordVal;
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[tmpval, Segments. FromIntersection(segm_ind)] =
min{dist(:,1)):

[tmpval, Segments. ToIntersection(segm_ind)] =
min({dist({:,end)]};

Segments.FromTurn(segm ind) = turn_ind +
min(find(AllTurns.seq == fileind)) - 1;

t%% turn _ind is the

turn index only for the curr sequence

Segments.ToTurn(segm ind) = turn ind + 1 +
min{find(AllTurns.seq == fileind))} - 1;

Segments.Sequence {segm_ind} = [ileind;

%% Adding the segment index in the Intersection list

Intarsgctinn{Rpgmanrn_Frannrersenrinn{segm_ind}}_ﬁegmnnrg =
unicon{Intersection(Segments.FromIntersecticon{segm ind)}.Segments, ...
seqm_ind);
Intersection(Segments.Tolntersection(segm ind)).Segments
= union(Intersection(Segments.Tolntersection(segm_ind)).Segments, ...
segm_ind) ;
¥%% Adding tne segment index in the Turn list
Turn{turn ind).ToSeament = segm ind;
Turn (turn_ind+1l) .FromSegment = segm_ind;

£%% Adding the Intersection index in the Turn list

Turn(turn_ind).Intersection =
Segments.FromIntersection(segm ind};

Turn({turn_ind) .Tolntersection
Segments.ToIntersection(segm_ind};

Turn{turn ind+l).Intersection
Segments.ToIntersection(segn _ind);

disp([" From Intersection =
'snum2str (Segments.FromIntersection({segm_ind)),...
'To Intersection =
', num2str (Segments. ToIntersection{segm ind})1};
segm _ind = segm ind + 1;
&% Plot the segment
figqure(2);

plot (SegmentCoordval (1, :) , SegmentCoordval (2, :),COLOR SEQ{rem(color i
nd, 5} +1));
color_ind = color_ ind+1;
elseif (length(NearIntersections) > 2}
%% This segment ne=ed to be broken up in single block
segmenls
disp(['Breaking up segment in
' numZstr (length (NearIntersections)-1),"' subsegments’]):
L5
[tmpval,min_ind] = min(dist,[],2);
[break ind,sort_ind] = sort{min_ind{NearIntersections));

for ind = 1:{length(NearIntersections)-1)
start_indl = start_ind + break ind{ind} - 1;
stop indl = start ind + break ind{ind+l) - 1;
Segments.Start (segm_ind) = start_indl;
Segments.Stop (segm_ind} = stop_indl;
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SegmentCoord =
SegmentCoordVal(:,break ind(ind):break ind{ind+l)};
Segments.FromIntersection(segm_ind] =
NearIntersections (sort ind(ind)}:
Segments.ToIntersection(segm ind) =
NearIntersections(sort_ind(ind+l));
displ([® Segment ',num2str(seagm ind),'
detected']);
dispi([* tart Intersection =
',num2str (Segments.FromIntersection(segm_ind}},...
'Stop Intersection =
', num2str(Segments.Tolntersection(segm_ind}})]);
if (ind == 1)
Segments.FromTurn(segm ind) = turn ind +
min{find{AllTurns.seg == fileind)) - 1;
$%% turn_ind is the turn indsx only for the curr

Seguence
else
Segments.FromTurn(segm_ind) = 0;
end;
if (ind == (length(NearlIntersections)}-1}])

Segments.ToTurn (segm ind) = turn ind + 1 +
min(find (AllTurns.seq == fileind}) - 1;
else
Segments.ToTurn(segm_ind) = 0;
aend;
Segments.Sequence|segm_ind) = fileind;

%%% Acding the segment index ain the Intersection list

Intersection(Segments.FromIntersection(segm ind)) .Segments =
unicn{[ntersectinntSengnts.Frqmlnte:section{segm_ind}].Seqnﬂnts,...
segm_ind) ;

Intersection(Segments.ToIntersection{segm ind)).S5egments =
union(Intersection(Segments.Tolntersection(segm_ind)) .Segments,...
segm_ind);
¥%% Adcing the segment index in the Turn list and the
intersection index in the Torn list
if (ind == 1)
Turn(turn ind) .ToSegment = segm_ind;
Turn (turn_ind).Intersection =
Seqments.FromIntersection(segm ind);
Turn(turn_ind) .ToIntersection =
Segments.Tolntersection(segm_ind);
elseif (ind == (length(NearIntersactionsi-1)}
Turn(turn_ind+l).FromSegment = segm_ind;
Turn(turn_ind+l).Intersection = -
Segments.Tolntersection(segm_ind);
end;

it Plot the segment
Figure(2);

plot (SegmentCoord (1, : ), SegmentCoord(2, :)},COLOR_SEQ (rem{color_ind,5)+
1)};
drawnow;
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43 Increase tne segment index
color_ind = color_ind+l;
segm_ind = segm_ind + 1;
end;
end;
end;
end;
end;

if (isempty(Turns})
Tarns — Tuarn;
else;
Turns = [Turns Turn];
end;

end;

save h:\users\dibe\gpsdata\matlab\Pasadena_ Segments Intersections_Turns
Segments Intersection Turns
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Filename: LabelSegments.m

s+ Lakel Segments

%11 Gees tarough the list of Segments and for sach segment

23% 1. Finds the start and stop interseciions

s:% 2. Finds the corresponding ESRI Intersections

#8% 3. Find the two ESRI feature elements thatr are contained in the
original segment
3%3 4, Use those segments to lapel the original segment, adding the
street name and the start and stecp left/rignt

T street numbors

t&% 5. Track tne ESRI feature elements to find all the feature elements
that belong tc the origimal segment

%%+ 6. Aod to the Street array the field Segmert #

$2% 7. Add to the segment array the field FeatureElInds and
FeatureBlOrient for the feature elements contained in that segment

&3t EDBOT1400 7PHM: finally I managed to label most of the segment (71
segments could not be labeled because one of

15w the two intersection deoes not mat to an ESRI Intersection
ithere are missing streets in the ESRI data]
ey i1 had to manually fix few wrong correspondences betwsen

Intersections and ESRIIntersections.

%% Load GPS derived data

load

h:\users\dibe\GPSData‘\matlab\Pasadena Segments_Intersections_Turns2
Intersection Turns Segments

£%% Load ESRI data

t% Load ESRI Intersections

load h:\users‘\dibe\GEFSdata‘\matlab\PasadenaE3RIIntersection
ESRITntersection

&% Load ESRI data

load h:\users\dibe\GPSData‘matlab\ESRIstreetsPasadena;
Street = streets;

lecad h:\users\dibe\GPSData‘\matlab\ESRIstreetsSanMarino;
Street = [Street streets];

NumSegments = length(Segments.Start);

ESRIFeatureElStartCoords = [cat(l,Street.startLatitude)
cat(1l,Street.startLongitude)];

ESRIFeatureElstopCeords = [cat(l,Street.stoplatitude)
cat (1, Street.stoplongitude)];

%% aisplay data

DisplayGPSandESRI;

figure(2);

segmh = plot ([0 0], [0 0],"s", 'LineWidth"',4);
EInth = plot(0.0,'rs');

Inth = plot(0,0,'c*"'};

% lair field Segment in Street array
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Street{l).Segment = [];

numunlabeled = 0;
for segm_ind = l:NumSegments
*3%% Copy in MySegment the already existing fields in Segments
MySegment (segm_ind) .Start = Segments.Start(segm_ind):;
MySegment (segm_ind) .Stop = Segments.Stop(segm ind);
MySegment (segm_ind) .FromIntersection =
Segments.FromIntersection(segm_ind);
MySegment (segm_ind) .ToIntersection =
Segmenls.ToInlersection(segm ind);
MySegment (segm_ind) .FremTurn = Segments.FromTurn(segm ind);
MySegment (segm_ind) .ToTurn = Segments.Tolurn(segm_ind);
MySegment (segm_ind) .Sequence = Segments.Sequence(segm_ind);

%% From and Tc Intersections
FromInt = Segments.FromIntersection(segm ind);
Tolnt = Segments.Tolntersection(segm_ind);
¥%% Corresponding ESRI Intersections
EFromInt = Intersection(FromInt).ESRIIntersection;
ETcInt = Intersection({Tolnt).ESRIIntersecticn;
if ({isempty(EFromInt} |isempty(ETeInt) | (EFromInt (1] == 0)| {EToInt (1)
= 0}}
disp(['... I cannot label segment ',num2str(segm ind},...
' because one of the intersections dees not correspond te
an ZSEI Int']):
numunlabeled = numunlabeled + 1;
else
$%% ESRI Feature elements going teo the ESRI Intersections
FromFeatureElInd = ESRIIntersection (EFromInt (l)).Segments;
if (EFromInt{2) ~= 0} %% more than one ESRI intersection
corresponds to this intersection
FromFeatureElInd = union{FromFeatureElInd ,
ESRIIntersection{EFromInt (2) ) .5egments);

end;
ToFeatureElInd = ESRIIntersection(EToInt (1)) .S5egments;
if {EToInt(2) ~= 0) %% more than one ESRI intersection

corresponds to this intersection
ToFeatureElInd = union(ToFeatureElInd,
ESRIIntersection(EToInt(2)).Segments);
end;

$£%% The name of the street is the common denominator of the two
groups of feature elements
LabelMastch =
zeros (length (FromFeatureElInd), length(ToFeatureElInd) ) ;
for i = 1:length(FromFeatureElInd)
for j = l:length(ToFeatureElInd)
LabelMatch(i,j) =
strcemp(Street (FromFeatureElInd (i) )} .name, Street (ToFeatureElInd(j) ) .name}
F
end:
end;
[fromind, toind] = find(LabelMatch]);
if (isempty({fromind))
disp('...mmuh, weird !? I could not find two feature els with
the same street name');
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3 Display the segment

eval(['load
h:\users\dibe\GPSData‘\matlab\', filename{Segments.Sequence (ssegm ind)},'T
crns traj sp curvC:']l);

SegmentCoords =
fnval (traj_sp,curvC(Segments.Start (seqm ind) :Segments.Stop({segm ind}});

set {segmh, "'XData', SCALE*SegmentCoords(1,:), 'Yhata", SCALE*SegmentCoords |
2::));
set [Inth, 'XData*,SCALE* [Intersection(FromInt).coord(l);...

Intersecticn(TolInt).coord(1)], 'YData',SCALE* [Intersection(FromInt).coor
di{2)7..4
Intersection(ToInt).coord{2)]);
EFromIntCoords = ESRIIntersection(EFromInt{l)) .Coord;
numint = 1;
if (EFromInt(2} -= 0)
EFromIntCoocrds =
[EFromIntCoords;ESRIIntersection(EFromInt (2)) .Coord];
numint = 2;
end;
figure{l);
[EFromIntCoords(:,1),EFromIntCoords(:,2)] =
mfwdtran{EFromIntCoords(:,1),EFromIntCoords(:,2));
EFromIntCoords = EFromIntCoords - ones(numint,1)*[ORIGIN X
CRIGIN Y],

iset (EInth, "XData",EFromIntCoords{:, 1), "YDats"' ,EfromIntCoords{:,2));

EToIntCocrds = ESRIIntersection(EToInt(l)).Coord;
numint = 1;
if (EToInt(2) ~= O)
ETolntCoords =
[ETeclIntCoords;ESRIIntersection (EToInt(2) ) .Cooxrd];
numint = 2;
end;
figure(l);
[EToIntCoords(:,1),ETcIntCoords(:,2)] =
miwdtran (EToIntCoords{:, 1) ,EToIntCoords{:,2));
EToIntCoords = ETolntCoords - ones (numint, 1) * [ORIGINR X
ORIGIN Y];

set (EInth, 'XCata', SCALE* [EFromIntCoords(:, 1) ;EToIntCoords(:,1}], '¥YData"
+ SCALE* [EFromIntCoords(:,2);EToIntCoords(:,2)]);

drawnow;
kevboard;
numunlabeled = numunlabeled + 1;
else
disp(['... labeling Segwent ',num2str(segm ind),"’ :

', Street (FromFeatureElInd{fromind(1})) .name]):
MySegment (seqm_ind) . Streetbane =
Street (FromFeatureElInd (fromind (1))} ) .name;
tkeyboard;
fromind = unique{fromind);
toind = unique (teind):
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“* Amons the FromFeatureBlInd{fromind) fezture els that match
the name, which one belorgs to the segment ?
figqure(l};
clear FStartCoords FStopCoords;
[FStartCoords(:,1),FStartCoords(:,2)] =
mfwdtran(cat (1, Street (FromFeatureElInd(fromind)}.startLatitude),...

cat{l,Street (FromFeatureElInd (fromind) ) .startLongitude)};
FStartCoords = FStartCoords -

ones (length (fromind), 1)* [ORIGIN X ORIGIN Y];
[FStopCoords(:,1),FStopCoords(:,2)] =

mfwdtran(cat (1,Street (FromFeatureElInd(fromind)).stoplatitude),...

cat(l,Street (FromFeatureElInd (fromind) ) .stoplongitude)}};
FStopCoords = FStopCoords - ones({length(fromind},1)*[ORIGIN X
ORIGIN Y] ;
% Compurte the distance from the Tolnt intersection of each
start and stop coords
dist = sqgrt{sum({[FStartCoords; FStopCeords]' -
Intersection(TolInt).coord * ones(l,2*length(fromind}}).”2,1)});:
[minval,minind] = min{dist);
if (minind <= length(fromind))
firstel.ind = FromFeatureElInd{fromind{minind)};
firstel.orient = =1; %% (side clossr to the to intersection
iz the start)
else
firstel.ind = FromFeatureElInd(fromind(minind-
length(fromind)}};
firstel.orient = 1; %% (side closer to the to intersection
is the stop)
end;
MySegment (segm_ind) .FeatureElInds = firstel.ind;
MySegment (segm_ind) .FeatureElOrient = firstel.orient;
if {Eirstel.orient == 1} % Feature el oriented asccording to
gdirection of travel
MySegment (segm_ind) .FirstAddress =
Street (firstel.ind).L_F ADDR;
else 8% Feature el oriented opposite to
direction of trawvel
MySegment (segm_ind) .FirstAddress =
Street (firstel.ind).R T RADDR;
end; )
Street (firstel.ind).Segment = [Street(firstel.ind).Segment
segm_ind];
% Now track the feature elements until T reach one of the
ToFeatureElIno(toind) elements
curr el.ind = firstel.ind;
curr el.orient = firstel.orient;
while (sum({ismember{curr el.ind, ToFeatureEllnd(tecind))} == 0)
if (curr el.crient == 1]
nextelcoords = [StrEEt{curr_el.indj.3topLatitude
Street (curr_el.ind) .stopLongitude];
else
nextaelcoords = [Street (curr el.ind) .startLatitude
Street(curr_el.ind).startLongitude];
end;
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cand_ind_start = find{(ESRIFeatureElStartCoords(:,1) ==
nextelcoords{l))&. ..
{(ESRIFeatureElStartCoords(:,2) = nextelcoords(2))):
cand ind stop = find( (ESRIFeatureElStopCoords(:,1l) ==
nextelcoords(l})&...
(ESRIFeatureElStopCoords(:,2) == nextelcoords(2)));
+% Only one valid element should come ocut of this
next el.ind = []:
next_el.orient = [];
for i = l:length{cand ind start)
if ({cand ind start(i) =~=
curr el.ind) & (strcmp(Street (cand ind start(i)).name,MySegment {segm ind)
.StreetName) })
next el.ind = [next el.ind cand ind start{i)];
naxt_el_orient = [next_el.orient 1]:
end;
end;
for i = l:length(cand_ind_stop)
if ({ecand ind stop{i) -~=
curr_el.ind)&(strcmp(Street(cand ind stop(i})}.name,MySegment (segm_ind).
StreetName) ) )
next el.ind = [next_el.ind cand _ind stop(il}];
next el.orient = [next el.oriemnt -1};
end;
end;
MySegment (segm ind).FeatureElInds =
[MySegment (segm_ind) . FeatureElInds next_el.ind{l)];
MySegment (segm_ind) .FeatureElOrient =
[MySegment (segm_ind) . FeatureElOrient next_el.orient(l)]:
Street (next_el.ind(l)).3egment =
[Street (next el.ind(l)).Segment segm ind];
curr el.ind = next el.ind;
curr_el.orient = ngxt_gl.orient;
if (length(next el.ind) > 1)
disp('...mmh. There are more than one candidate to be
next el. How is that possible 2');
keyboard;
end;

end:
if (curr el.orient == 1) %% Feature el oriented according to
direction of travel
MySegment (segm_ind) .LastAddress =
Street(curr_el.ind(1)).L T ADDR;
else %% Feature 21 oriented cpposite to
direction of travel
MySegment (segm_ind) .LastRAddress =
Street (curr_el.ind(l)).R_F ADDR;
end;

2if {length(MySegment (segn ind}.FeatureEllnds) > 4)

% disp('...mmrh. There sre more than 4 feature elements in
this segments. Take & lock Dave'};

5 keyboard:;

Yend;

end;
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end;
end;

rir Save the results
Segment = MySegment;

isave n:\users\dibe\GPSDatawmatlab‘\PzsadenaAllData Segment Street
Intersection ESRIIntersection Turns

reiLurn;
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Filename: GenSegmArray.m

% Generdis the database of streey segmenis to be used by the scouting
tool

2 The main datastructure =n the database is 3 structure array called
Segmbrray containing the following fields:

£

% HName Type Size

B o ———— - - -

% StrestName String ixl

% FromAddress Int 1x2 [Even, 0dd]
% ToAddress int Lx?

% SideofHub String 1x: One of the
following: "H*,'S';'W','E’ 4

%

t FromMapCoordGeo Double 2x1 [lat,lengl”’
% FromMapCcordMerc Double 2xl Ix, y1°

% ToMapCoordGac Double 2x1

% ToMapCoordMerc Double 2x1

%

% FromSegment Int [4x1] In order: E,N,W,S
% ToSegment Int [4x1]

]

% DistancefFromHub Double [ix2]

% Length Double 1x2]

% Offset Doukle {1x2]

% OffsetFlag Int {1x2] Cne of the

following: O=Decn't know if it's right, l=Hard comstrain,
%
2=Impcsaible to determine, 3=Result of cptimization process

% NumPanoramas Int [1x2]

% PanoramaCoord Double [Wx2] Distance from the
origin of the segment in meters

¥ PancramaTime Double [Bx2] N =

max (HumPanoramas)

* NumFrames int [ix2]

% FrameTime Double [MxZ]1 M = max(NumFrames}
i FrameSeg Int [1x2] Sequence numbers

el

starts from

% SegmIndex Int [1x2] Original two
segments in the Segment array

% Some constants
ORIGIN X = -2.06167581109317; %% Used as origin for the mercator
coordinates
ORIGIN_Y = 0.63502761200326; £% Computed as the mean of the
coordinates in seq. June27GPS1
MIN BLCCK SIZE = 1.0e-5%; %% In the cocrdinates provided by the mercatorx
projeccion
MIN SAMPLES DIST = le-7; %% Minimum cistance between two GPS adjacent
samples

%2 in the mercator coordinate system. Usea
to eliminate

iy samples generated while the car was
stationary
SCRLE = 5272498.48904543; &% m/mercator
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FRAME _STEP MT = 1/3; %% Step (in meters) in the distance from the
hub used to determine cach frame time

PANORAMA STEP _MT = 8; i% Step {in meters) in the distarce Irom the
hup used to determine each panorama time
PRNORAMA OFFSET = 20; 8% Aprrox. distance between tne center of

tne first/last panoramz and the corigin/end of the segment

t3% List of files Lo be processed

filename{l} = 'JuneZ2lGPS1i"';
filename{2) = 'JunelfCPS2";
filename{3)} = "June27GPS3’;
filename{d] = "Junel7GP54";
filename{5} = 'June23GPS1';
filenamae{h] = ".Juna?GPS2" ;
filename{7} = 'June?SGPS3";
filename{8} = 'JuneZSGES4";
filename{9} = "JuneZ9GFS53";
filename{10} = 'JulylGPS1";
filename{1ll} = "JulylGPS2';
filename{l2} = "JulylGPS53';
filename{13} = *JulylGPS5';
filename{1l4} = 'JulylGPS&"*;
filename{1l5}) = "July3GE51';
filename{l6} = 'July3GESZ';
filename{17} = "July3GP53°';

ColorArray = ['r' 'g'];

i1 Set the axis to convert the input coordinates from geographic to
mercator

figure({l);clf;

axesm('MapProjection', 'mercator');

$%% Load the calibration file
load G:‘\users\dibe\GPSData\matlab\svFileListCalib.txt

%1% Loading the hub splines
load G:\users\dibe\GPSData\matlab\Colorado2Spline traj sp:
Colorade_spline = traj sp:

load G:'\users\dibe\GPSData\matlab\FairOaks2S5pline traj sp;
FairCaks_spline = traj_sp;

%%t Loading all tne processed data
load G:\users\dibe\GPSData\matlab\PasadenafllData Segment Street
Intersection ESRIIntersection Turns

is Fixing a wrong streer name labe:l
Segment (879] .StreetName = "COLORADO';
Initially we will only use segments that are contzined in sequences

[5,6,7,10]

1% Find the segments that belong to sequences [5,6,7,10]. nave been
labeled with a StreetName and Numbers
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segmSeqgIlndex = cat(l, Segment.Sequence);
allFromInt = cat{l,Segment.FromIntersection);
allTolnt = cat(l, Segment.ToIntersection};
allFirstAddress = zeros(length (Segrwent),1l};
fer i = l:length(Segment}
if (~isempty(Segment (i) .FirstAddress))
allFirstAddress(i) = Segment(i).FirstAddress;
end;
and;

segmind = find((allFirstAddress ~= 0)&{{segmSeqIindex ==
5) | (segmSeqglndex == 6} ...

(segmSegIndex ==
7} | (segmSegIndex == 10)});

alreadyPicked = zeros(l,length{Segment));
curr_index = 1;

lastLoadedSec = 0;
for segm = segmlnd'

if (alreadyPicked(segm) == 0)

FromInt = Segment (segm) .FromIntersection;
ToInt = Segment (segm).Tolntersection;

%% Find all other segments with same Froslnt and Tolnt
eguivSegm = find({allFromInt = FromInt) & (allTolnt == Tolnt)}:

if (length{egquivSegm) == 1)
BestSegm = equivSegm;
else
BestSegm = 0;
%% Choose the best of this segments according to some criteria
{speed, from turn, to turn)
%% This is tricky because I would rather not pick segments
that start or end with 2 left turn
i3 For the sake of simplicity let's pick the first segment
thact comes from a turn and ends in a turn
¥% (hopefully a right turn)
for 1 = l:length({equivSegm)
if ((Segment (equivSegm(i)).FromTurn ~=
0) & {Segment {equivSegm({i)).ToTurn ~= {0}
BestSegm = eguivSegm(i);
break:
end;
end;
* Lf tnere are no segments that start with & turn and end
with a turn just pick the first one in the list
if [BestSegm == ()
BestSegm = egquivSegm(l);
end;
end;
%% Add all these segments to the alreadyPicked list
alreadyPicked (equivSegm] = 1;
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% Jeterming if the segment contains odeé or evern LUTDErsS
if (rem({Segment (BestSegm).FirstAddress,2) == ()
FirstSegmPos = 1;
else
FirstSegmPos = 2;
end;
ThisSegm.SegmIndex(l,FirstSecmPos) = BestSeqm;
EvenOddSegm (FirstSegmPos) = BestSegm;

%3 Find all segments that go from Telnt te EromiInt
egquivSegm = find((allFromInt == TolInt] & (allTolnt — FromInt));

if (isempty(eguivSegm) )
BestSegm = NaMl;
elseif (lengthleguivSegm)] == 1}
BestSegm = eguivSegm;
else
BestSegm = 0;
£% Choose the best of this segments according cc sone criteria
ispeed, from turn, to turn)
%% This is tricky becauase I would rather not pics segments
~hat start or end witn a2 left turn
%% For the sake of simplicity let's pick the firsi s=zonent
that comes from a turn and ends in 2 tuzn
3% (hopefully & right turn)
for i = l:length{equivSegm)
if (({Segment {equivSegm{i)) .FronTurn -=
0) & (Segment (equivSegm({i}).ToTurn ~= 0}
BestSegm = equivSegm(i);
break;
end;
end;
%t if there are no segmants that start with a turn and end
with a2 turn just pick the first one in the list
if [BestSegm == 0)
BestSegm = eguivSegm(l);
end;
end:
%% Add zll these segments to the alreadyPickeg list
alreadyPicked (equivSegm) = 1;

ThisSegm.SegmIndex (1, (~ (FirstSegmPos-1)+1)) = BestSegm;
EvenCddSegm(~ (FirstSegmPos-1)+1) = BestSegm;

-1
if {~isnan{BestSegm) )
if [stremp{Segment (EvenOddSegm(l)).StreetName,
Segment (EvenOddSegm{2)) .5treetName) == 0}

disp('mmh, wvery weird. The even and odd segments have
different street names !');

keyboard;

end;
end;

ThisSegm.StreetName =
Segment (EvenOddSegm(FirstSegmPos) ) .StreetName:
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%% DProcess the two segments “"c determine tne remaining field
entries
for j = 1:2
segm _ind = EvenOddSegm(j):
if {~isnan{segm_ind)]
%3 Lcad the tzaj _sp and the other info aboat the sequence
if (Segment {segm_ind) .Sequence ~= lastLoadedSeq)
segname = filename{Segment (segm _ind] . Sequence};
eval(['load
G:\users\dioe\GPSData\matlad\', seqname, 'Turns coerd traj sp curvC;']);
FirstSampleUTCTime = coord(l,1);

lastLoadedSegq = Segment (segm_ind).Sequence;

figure(l);

[coordX,coordY] = mfwdtran{coord({:,2}.coord(:,3)):

coordX = coord¥ - ORIGIN X;

coordY = coordY - ORIGIN_Y;

[coordX, coordY, Samples_Ind] = cleanUpGPSData {coordX,
coord¥, MIN SAMPLES DIST);

coordT = coord(Samples_Ind,1):

al coord = fnbrk(traj sp, 'breaks'); %% Accumulated
sguare root of cord-iength

%¥time sp = csapi{al_coord, coordT);

"

time sp = spaps({al ccord,coordT,0.1,1); %% Linear
interpolation with tolerance {}.1 s=c
end;

%% Compute the extencsd ccordinates
t% Extending the arc lenght interval of the segment to the
center of the adjacent Turn
FromTurn = Segmgnt{segm_ind}.FranuIn;
if (FromTurn > 0)
Segment (segm_ind) .ExtStart = Turns(FromTurn) .CornerlInd;
zlse
Segment (segm_ind) .ExtStart = Segment (segm ind).Start;
end;
ToTurn = Segment (segm_ind) .TcTurn;
if (ToTurn > 0)
Segment (segm_ind) .ExtStop = Turns({ToTurn).CornerlInd;
else

Segment (segm_ind) .ExtStop = Segment (seqm_ind) .Stop;
end;

:t% Neea to determine the Hub side (H,S,W,E)

dir = fnval (traj_sp, curvC{Segment (segm_ind).Stop)) -
fnval (traj sp,curvC(Segment (segm ind) .Start));

ir = dir/normidir);

AlStart = curvC(Segment (segm ind) .ExtStart};

AlsStop = curvC(Segment(segm_ind).ExtStop );

StartCoord = fnval (traj_sp,RlStart);

StopCoord = fnval({traj sp,AlStop);:

MedCoord = (StartCoord + StopCoord)/f2;

f$fiqure(2);
tplotCoord = fnval (traj sp, [AlStart:0.001:AiStop]);
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.glot{SCRLE*plotCoord({l,:}),5CALE*pletCoord(Z, = ! ,ColazArraviil ) ;

drawnow;
if {(dir(2) == 0) | (abs{dir(1)/dir(2}) > 1))
%4 It's a Blvd (runs W-E). Look on whicn sige of Fair
Je2«s
if (MedCocrd(l} > -0.00044103)
HubSide = '2';
else
HubSide = 'W';
end;
else
%%% It's an Ave (runs MH-35). Lock on which side of
COloraco

if (MedCoord{2) > -0.C002928686)
HubSide = '"N'";
else
HubSide = '§8';
end;
end;

if ({HubSide == 'N'}| (HubSide == "5'})
%%% Determine the HubCoord, coordinartes of the point en
the Huk withk the same x coord of MedCoord
AL interval = inbrk(Coloradc_spline,'interval');
ALl =
fmin('HorizDistEval',0,AL_interval(2),[],Coloradc_spline,MedCoord(l});
HubCoord = fnval (Colorado_spline,BAL1};

#¥i% Determine the local vert coords {(in meters] of the
Erames and pancramas
SegmLength mt = abs(StartCoord(2) - StopCoord(2)})*SCALE;
FrameLocalCoord mt = [Q:FRAME STEP MT:SegmLength_mt];
NumFrames = length(FrameLocalCoord mt);
NumPanoramas = round( (SegmLength mt -
2+PANORAMA_OFFSET) /PANORAMA_STEP MT) + 1;
if (NumPanoramas <= 0)
PanoramalocalCoord mt = SegmLength mt/2;
NumPanoramas = 1;
else
PanoramalocalCoord mt = [C:1: (NumPanoramas-
1) ] *PANORAMA STEP MT + ...
(SegmLength mt - (NumPancramas-
1) *PANORAMA_STEP MT)/2; -
end;

£5% Determine the absclute mercator vert coordinates of
the frames and panoramas
SegmOrient = sign(StopCoord(2) - StartCoord(2}}:
if {(SegmDrient == 1)&{HubSide == *N'})
PanoramaCocrd = StartCoord(2) +
PanoramaLocalCoord mt/SCALE;
FrameCoord = StartCoord(2) +
FrameLocalCoord mt/SCALE;
DistanceFromHub = SCALE*abs(StartCoord(2) -
HubCoord{2});
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elseif [(SegmOrient == =-1)&(HubSide == 'N')])
PanoramaCoord = StopCoord(2) +
PanoramalLocalCoord mt/SCRLE;
FrameCoord = StopCoord(2} + FramelocalCoord mt/SCALE;
DistanceFromBub = SCALE*abs(StopCoord(2) -
HubCoord(2));
elseif ((SegmOrient == 1}& (HubSide == '3'"))
PanoramaCoord = StopCoord(2) -
PanoramaLocalCeoord mt/SCALE;
FrameCcord = StopCoord(2) - FramelocalCoord_mt/SCALE:
DistancefromHub = SCALE*abs(StopCooxd(2) -
HobCoord (2) ) ;
elseif {(SegmOrient == -1}&{HubSide == "'5'))
PanoramaCoord = StartCoord(2} -
PanoramalocalCoord_mt/SCALE;
FrameCoord = StartCoord(2) -
FrameLocalCoord mt/SCALE;
DistanceFrombub = SCRLE*abs (StartCocrd(2) -
HubkCoord (2} };
end;
%* Define a first guess of the offser
Offset = 19.05; % meters (this is the offset that I
hkave cbserved in the vertical addresses
4% For each panorama and frame vert coord, find the
corresponding time in the sequence
for 1 = l:NumFrames
RiTarget =
fmin('VertDistEval',AlStart,AlStop, [],traj_ sp, FrameCoord(i)):
FrameUTCTime(i1,1) = fnval (time sp, AlTarget);
and;
for i = l:NumPancramas
AlTarget =
fmin ('VertDistEval',AlStart,AlStop, [],traj_sp,PancramaCoord{i)}:
PanoramaUTCTime (i, 1} = fnval(time_ sp, AlTarget);
end;

elseif ((HubSide == "E'} | (HubSide = 'W'))
8% Determine the HubCoord, coordinares of the point on
the Hub with the same y coord of MedCcord
AL interval = fnbrk(FairOaks spline, 'intervel');
ALl =
fmin ('VertDistEval',0,AL interval(2),[],FairOaks spline,MedCoord(2});
HubCoord = fnwval (FairOaks spline, ALl);

¥%s Derermine the local horiz cocrds (in meters] cof the
frames and panoramas
Segmlength mt = abs({StartCoord(l} - StopCoord(1l))*SCALE;
FrameLocalCcord mt = [0:FRAME STEP_WT:SegmLength mt];
NumFrames = length(FrameLocalCoord mt});
NumPanoramas = round(({SegmLength mt -
2*PANORAMA OFFSET) /PANORAMA STEP MT) + 1;
if (NumPanoramas <= 0j
PancramalocalCoord mt = Segmlength_mt/2Z;
NumPangramas = 1;
else
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PanoramalocalCoord mt = [0:1:(NumPancramas-
1) 1 *BANORAMA STEP MT + ...
(Segmlength mt - (MumPanoramas-
1) “PANORAMA STEP MT)/2;
end;

412 Determine the absolute mercateor vert coordinates of
the frames and pancramas
SegmOrient = sign(StopCoord(l) - StartCoord(1)};
if ({SegmOrient == 1)&{HubSide == "E'})
PanoramaCoord = StartCoord(l) +
PanoramalocalCoord_mt/SCALE;
FrameCoord = StartCoord(l) +
FramelocalCoord mt/SCALE;
DistanceFromHub = SCALE*abs(StartCocrd{l) -
HubCoord (1)) ;
elseif ((SegmOrient == -1)& (HubSide == 'E'})
PanoramaCoord = StopCoord(l) +
PanoramalLocalCoord mt/SCALE;
FrameCoord = StopCcord(l] + FramelocalCoord mt/SCALE;
DistanceFromHub = SCALE*abs (StopCoord(l) -
HubCoord(l}}:
elseif ([(SegmOrient == 1)& (HubSide == 'W'))
PanocramaCoord = StopCoord({l} -
PanoramalocalCoord mt/SCALE;
FrameCoord = StopCoord(l) - FramelocalCoord mt/SCALE;
DistanceFromHub = SCALE*abs (StopCoord(l) -
HubCoord (1)) :
elseif ((SegmOrient == -1)& (HubSide == 'W")]
Panoramaloord = StartCoord{l] -
PanoramalocalCoord mt/SCALE;
FrameCoord = StartCoord(l) -
FramelocalCoord mt/SCALE;
DistanceFromHub = SCALE*abs (StartCoord(l] -
HubCoord (1)) ;
end;
$% Define a first guess of thne offset
Offset = 0.0 % meters (this is the offser that I have
observed in the horizontal addresses

&% For each panorama and frame wvert coord, find the
corresponding time in the segquence
for 1 = 1:NumFrames
RlTarget =
fmin('HorizDistEval',RAlStart,AlStop, |],tra)_sp, FrameCoord(i)};
FrameOTCTime (i,1} = fnval (time sp, AlTarget);
end;
for i = l:NumPanoramas
AlTarget =
fmin{'HorizDistEval',AlStart,AlStop, [),traj_sp, PanoramaCoord(i));
PanoramaUTCTime (i, 1) = fnvali{time_sp, AlTarget);
end;

end; wif ((HubSide == *N')|{hinSice == '5'])

tz This part is common bEo the "', 'S' and the "W', 'E' cass
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"+ Zeompate the video time from the GEF secusnce UTC time
vsing wne calikbration

FrameVTime = FrameUTCTime - FirstSampleUTCTime +
svFilelListCalib(Segment {segm_ind} .Sequence);

PanoramaV¥Time = PanoramaUTCTime - FirstSampleUTCTimae +
svFilelistCalib(Segment (seam ind) .Sequence);

£% Save the results in ThisSegm recorc
ThisSegm.DistanceFromHub (1,j) = DistanceFromHub;
ThisSegm.Length(l,j) = SegmLength mt;
ThisSegm.0ffset(1,j) = Qffset;
ThisSegm.QffsetFlagil,j) = 0;
ThisSegm.NumPanoramas(1,j) = HumPanoramas;
ThisSegm.PanoramaCeoord(l :NumPanoramas.jl =
FanoramaLocalCoord mt;:
ThisSegm.PanoramaTime (1:NumPancoramas,j) = PanoramaVTime;
ThisSegm.NumFrames(l,j) = NumFrames;
ThisSegm.FrameTime (1:Numframes,j) = FrameVTime;

ThisSegm.SideofHub = HubSide;
ThisSegm.FrapeSeqg(l,j} = Segment{segm_ind).Seguence;

ThisSegm. FromAddress (1,]) = round{{DistanceFromHub -
offset} /2.81)%2 + (j-1);

ThisSegm.ToAddress(1,j) = round((DistanceFromHub +
Segmlength mt - Offset)/3.81)*2 + (j-1};

clear FrameUTICTime PancoramalUTCTime
end; % if (~ispan{segm ind)]}
end; %% for j = 1:2

$3 Add the new @ntry to the array
SegmArray{curr index) = ThisSegm:
disp(numZstr{curr index});
curr_index = curr_index + 1;

clear ThisSegm

end;
end;

$save G:\users\dibe\GPSdata‘\matlab\Segmhrray 270800 SegmArray

sfcr segm - l:length{SegmArray)

% WPan{segn, :] = SegmArray(segm].NumPanoramas;
send;

ibreak;

FillInNavigationFields; %% Ceomputed the rest of the fields and save
the resulc

tsave G:\users\dibe\GPSdata\matlab\SegmArray 030900 SecmArzay
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Filename: FillinMavigationFisglds.m

2% Fill in the FromSegment and ToSegment Iieids

*¥% and the Mercator znd geo coprdirates cf the t4c sices of the
segment

»%: This script shoula be cazlied after calling GenSegmfrray

433 EDB303800

tload G:\users\dibe\GPSgata\matlab\SegmAzray Z70800

%% Loading all the processed dats

load \\picolit\G$\users\dibe\GPSData\matlab\PasadenaAllData Segment
Street Intersecticn ESRIIntersection Turns

GPSSegmentInd = zeros({length({SegmArray),2);
for segm = l:length (SegmArray)

GPSSegmentiInd (segm,:) = SegmArray(segm).Segnindex;
end;

ifor segm = [4 10 13 i6:lengthi{SegmiArray)!
for segm = 256:1length (SegmArray)

[SegmIndex, j] = min{SegmArray(segnm).Segmindex);

%% Determine the coordinartes of the start and stop of the
corresponcding ESRI street segment
ESRIind = Segment (Segmlindex).FeatureElInds;
FromAddr = cat(l,Street (ESRIind).R F RDDR);
[tmpval,sort ind] = sort(FromAddr);

SegmArray(segm) .FromMapCoordGaeo =
[Street (ESRIind(sort_ind(l))).startLatitude;
Street (ESRIind(sort_ind(1l))).startLongitude];

SegmArray (segm) . ToMapCoordGec =
[Street (ESRIind(sort_ind(end))) .stoplLatitude;
Street (ESRIind(sort_ind{end}}).stopLongitude];

figure(l);

[coordX, coordY] =
mfwdtran(SegmArray{segm) . FromMaploordGeo (1) , SegmArray {segm) . FromMapCoor
dGec{2));

SegmArray (segm) . FromMapCoordMerc(l,1l) = coordd - ORIGIN X;

SegmArray|{segm) .FromMapCoordM=src(2,1) = coordY - ORIGIH Y;

[coordX, coordY] =
mfwdtran (SegmArray (segm) . ToMapCoordGec(l) , SegmArray (segm) . ToMapCoordGeo
(21):

SegmArray {segm) .ToMapCoordMerc(l,1l} = coordxK - ORIGIN_X;

SegmArray (segm) .ToMapCoordMerc(2,1) = coordY - ORIGIN Y;
ix done

end;

for seqm = 256:length{SegmArray]

[SegmIndex, j] = min({SegmhArray(segm).SegmIndex);

if (Segment (SegmIndex) .FeatureElQrient == 1}
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IntIndex{l) = Segment {SegmIndex}.FromIntersection;
IntIndex(2) = Segment (SegmIndex).Tolntersection;
else
IntIndex(l) = Segment (SegmIndex) .Tolntersection;
IntIndex(2) = Seament (SegmIndex).FromIntersection;
end;
for i = 1:2

34 BRI GPS segments that converge to this intersecilon
geqgmlist = Tntersection(IntIndex{i})-Segments;

StreetSegmlList = [];
t%4% Firnd all street segmants that contain this 5?5 segments
for k = l:length({segmlist)

[cmprow, tmpcol] = find (GPSSegmentInd == segmLisc(k)):

if [~isempty (tmprow))

StreetSegmlist = union(StrestSegmlist, tmprow) ;

end;

end;

ei% Sort the StreetSegmList accorcing to geograpniczal dirvection
froem the intersection
VertSegm = [];
HorizSegm = []:
for k = 1:lengih{StreetSegmList)
if ((Segmbrray(StreetSegmblist(k)).SideofHub ==
"N') | {(SegmArray(StreetSegmList (k) }.SidecfHub = '3'))
VertSegm = [VertSegm StreetSegmList(k)];
elsa
HorizSegm = [HorizSegm StreetSegmList(k)];
end;
end;

IntCoord = Intersection(IntIndex({i))}.coord;

DirSegmArray = zeros(4,1); %'E' 'H' 'W' 'S’
if (~isempty(VertSegm))
for s = l:lenglh(VertSegm)
SegmCoord = [SegmArray(VertSegm(s)).FromMapCoordMerc({2,1)
SegmArray (VertSegm(s) ) . ToMapCoordMerc(2,1)];
[absdist,tmpind] = max(abs(SegmCocrd - IntCoord(Z})):
if ((SegmCoord{tmpind(l)] - IntCoocrdi(2)) > 0.0)
DirSegmArray(2) = VertSegm(s):
else
DirSegmArray(4) = VertSegm(s);
end;
end;
end;

if (~isempty(HorizSegm))
for s = l:length(HorizSegm)
SegmCoord = [SegmArray{HorizSegm(s)).FromMapCoordMerc{l,1)
SegmArray(HorizSegm(s)) .ToMapCoordMerc(l,1)];
[absdist, tmpind] = max(abs(SeqmCcord - IntCoord{l}))};
if ((SegmCoord(tmpind{l)) - IntCoord(l}) > 0.0)
DirSegmArray(l) = HorizSegm(s);
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else
DirSegmArray(3] = HorizSegm(s);
end;
end;
end;

if (i == 1)
SegnArray (segm) . FromSegmentsList = StreetSegmList;
SegmArray{segm).FromSegments = DirSegmArray;

els=
SegmArrayi{segm) .ToSegmentsList = StreetSegmList;
SegmArray{segm] .ToSegments = DirSegmArray;

end;

end;
end;

isave G:\users\dibe\GPSdaza‘\matlab\SegmArray 300800 Secmirzay
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Filename: ComputePanoramas.m
: Compute Fanoramras.m

*¥ THis szcript iterated th=-ougn the SegmArray list anc, for each
segments, cooputes the even and ode sids

i¥ panoramas using the GenPancrama.exe application.

sload G:\users‘dibe\GFSdata\matlab\Segafrray 270800

tload G:\users\dibe\GFSdata\rmatiabp\SegmArray 030900

load G:‘\users\dibe\GFSdata\matlab\Segmfirray 100300

ImageQuality = 50; ¥ 100 -> best guality

$for seqm = {4 10 13 lé:lencth{Segmfirray!]
for segm = 6l8:1length(SegmArray)

for § = 1:2
if (~isnan(SegmArray(segm).SegmIndex(1,3j)})
NumPanoramas = SegmArray(segm).NumPanoramas{l,j);
for i = l:HumPancramas
3eqTime = SegmArray(segm).PanoramaTime(i,j);
Segliumber = SegmArray(segm).FrameSeqg(l,j) - 1; & In the

basic program sequences start from O

FileName = ['Seg' num2str({segm) ' ' num2str(j-1)} "_D'
num2str (round (SegmArray(seqm) . PancoramaCoord (i, ) *100)) '.jpg']:

disp(['... gensracing image ' FileMame ]);
eval (['! C:\users‘\dibe\VB\ComputePanorama\GenPanorama.exe
numZ2str (SegNumber) ' ' numZ2str(SeqTime) ' ' ...
FileName ' ' num2str{ImageQuality)]);
end;
end;

end;

end;
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Filename: Computeframes.m

TS THiLz sr=ipl itiezatetd Throdgh the Ssarfrray .37 and, for each
s=grenls, compates The even and cdd si
$¢= pancramas using the SenPancrama.exe application.

sload G:\usersi\dipe\GPSdata\matlab\SeamArray 27CEQU
G:\asers\dipe\G?5data\matlab\Segmirray 030300
load G:\users\dibe\GPSdata\matlab\SegmArray 100900

ImageQuality = 50; « 100 -> pest guality
FRAME STEP MT = 1/3;

tfor segm = [4 20 13 16:1length{Segmhrray)]
for segm = l:length(SegmhArray)

for j = 1:2
if (~isnan{Segmfrray(segm).SegmIndex(1l,j))}
HumFrames = SegmArray(segm) .NumFrames(1,j);
for i = 1:12:NumFrames
SeqTime = SegmArray(segm).FrameTime(i,j);

Seglumber = SegmArray(segm).FrameSeqg{l,j) - 1; = In the
basic program seguences start from O

L]

FileName = ['Seq' num2str(segm) " ' num2str(j-1)} ' D'
num2str (round( (i-1) *FRAME_STEP_MT*100)) '_Fr.jpg'l;

disp(['... generating image ' FileName ]):
eval (["!
G:\users\dibe\VB\ComputeSingleFrame\GenSingleFrana.exa '
numZstr (Segiumber) ' ' numZstr(Seglime} ' ' ...
FileName ' ' numZstr{ImageQuality)]);
end;
end;

end;
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Filename: CGenerateStreetSegmentDatsDB.m
sacnent [ndas

: Zrreetlams String 1x1

Fromaddress int 1x2 [Even,Oad)
1 ToAdcress Int 1x=
* SideofHub String 1xl One of the

following: "H','S",'W','E'

B

¢ FromMaploordGeo Doukle Z2xl [lat,long]’
§ FromMapToorcMerc Doubla 2x1  [%, ¥;"

& LoMapCoordCes Double 2x1

£ ToMzpCoordMezc Double 2x1

§

¥ FromSegmeant int [4¥1] In order: E,N,W,S
% ToSegment Tt [&x1]

%

&t DistancefromHub Double [1x2?

t Length Joekle [1x2]

E Offset Double iix2]

* OffsetFlag Ins {ix2]

tiz Open the database

logintimeout (5);

DBconn = database('segrentDB','',"'];

$0Bcolnames =

{*SidecfBub', "StreetName’, 'StreecNumber’, 'Sequencelumber?, 'VidecTime" };
DBcolnames =

{'SegmentIndex’, 'StreectName’, 'SideofHub', 'FromMapCoordLat ', ' FromMapCoor
dlong', 'FromMapCocrdX”®, "FromMapCoordY®, . .

'ToMapCoordLat', 'ToMapCoordlong’, ' ToMapCoordx', "ToMapCoordY', * FromSegme
ntE',; '‘FromSegmentN’ , ' FromSegmentW', ' FromSegmentS®, ...

'TcSegmentE’, 'ToSegmentN', 'ToSegmentd', "ToSegmentS', 'DistanceFromiubEve
n', 'DistanceFromfubOdd®, *LengthEven’', "LengthOdd®, ...

"OffsetEven', "OffserOdd", "OffeetFlagEven', 'OffsecFlagdd’, "HumPancramas

Even', '"NumPznoramasOde", "NumFramesEven', '"NumFramesQdd', . ..
'FrameSequenceEven', 'FrameSeguenceOdd'};

Entry = celll(l,33):

#* Load Street Segment Array

$lcad G:\users\dibe\GPSdata‘\matlab\SegnArray 300600 SegmArrzay
tload G:\use:s\cibe\GPEda:a\ma:lab\SegmArraquEﬂHUU SegmArray
load G:\users\dibe\GFS5datawumatlab\SegmArray 100900 SegmPrray
for segn = 1l:length{SegmArray]

disp(['Creating entry ' numZstr({segm) ' in database']);

5%t Write entries that are common to even and odd siae

Entry{l,1i} = segm;

Entry{l,2} = SegmArray(segm).StreetNams ;
Entry{l, 3} = SegmArray(segm).SidecfHub ;

Entry{1,4} = SegmArray(segm) .FromMapCoordGeo(l,1) ;
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Entry{1l,5) = SegmArray(segm).FromMapCoordGeo(2,1) ;
Entry{l, &} SegmArray (segn) . FromMapCoordMerc(l, 1)

e s

Entry{l,7] = SegmRrray(segnm).FromMapCoordMerc(2,1)
Entry{1l,8} = SegmArray (segm).ToMapCoordGeo(l,1) ;
Entry{l,9] = Segmfrray(segm).ToMapCoordGeo(2,1) ;

Entry{1,10} = SegmArray(segm).ToMapCoordMerc(1,1) ;
Entry{l,11} SegmArray(segm) . ToMapCoordMerc(2,1) ;
Entry{1l,12]) SegmArray(segm) .FromSegments(1,1) ;

Entry{1l,13) SegmArray [segm) . FromSegments (2, 1)
Entry{l,14} SegmArray(segm) . FromSegments (3, 1)
Entry{l,15} SegmArray(segm) . FromSegments (4, 1)
Entry{l, 16} SegmArray(segm) .ToSegments (1,1)
Entry{1,17} = SegmArray(segm).ToSegments(Z, 1)
Entry{l,18) = Segmfrray(segm).ToSegments(3,1)
Frntry{1,1%) = SegmArray(seqm) . ToSegments(4,1}

ihmwou
PRI P

I
T

£%% Write entries relative to even side
if {~isnan(SegmArray(segm).Segmindex{l,1}))

Entry{l,20} = SegmArray({segm).DistanceFromHub(l,1) ;
Entry(1l,22) = SegmArray({segm).Length(l,1) :
Entry{i,24} = SegmArray(segm).0ffset(1,1} ;
Entry{l,26} = SegmArray(segm).0ffsetFlag(l,1) ;
Entry{l,28} = SegmArray(segm).NumPanoramas(l,l) ;
Entry{l,30} = SegmhArray(segm}.NumFrames(1,1) ;
Entryil,32} = SegmArray(segm).FrameSeg(l,1) ;
else
Entry{l,20} = Q;
Entry{l,22} = 0;
Entry{1l,24} = 0;
Entry{1l,26} = 0;
Entry{l,28} = 0;
Entry{l,30} = 0;
Entxy{l,32} = -1;
end;

%% Write entries relative to cdc side
if {~isnan(SegmArray{segm).SegmIndex(1,2)))
Entry{1,21}) = SegmArray(segm).DistanceFromHub(1,2) ;

Entry{l,23} = SegmArray(segm}.Length({l,2) ;
Entry{l,25} = Segmhrray(segm).0ffset(1,2) :
Entry{l,27} = SegmArray(segm) .0ffsetFlaq(l,2) ;
Entry{l,29} - Segmirray(segm) .NumPanoramas(1l,2) ;
Entry{1l,31} = SegmArray(segm) .NumFrames(l,2) ;
Entry{l,33} = SegmArrayi|segm).FrameSeq(l,2}) ;
slsze
Entry{l,21} = 0 ;
Entry{l,23} =0 ;
Entry{l,25} =0 ;
Entry{1,27} = 0 ;
Entry{l,29}) = 0 ;
Entry(1,31} = 0 ;
Entry{l,33} = -1 ;
end;
insert (DBconn, 'StreetSegmentbata’,DBcolnames,Entry); =:¢ lnsert the

new entry in tanole
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end;

close {DBconn)
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Filename: GeneratePanoramaTableDBE.m

1 Uper tne dsatzpase
logintimeout (5);

DBconn = database|('segmentDE',"'",""):
vIBEzolnames =
{*SideofHub’,
DBcolnames = {
Entry = cellil,

'Segmentindex', 'Panoramabistance', "EvenCdd' };
3}

s
F

% Load Street Segment Arrav
$loaa G:h\users\dibe\GPSdata\matlab\Segmirray 30083C SegmBrrav
load G:\users\dibe\GPSdata\matlab\SegmArray 100300 SegmArray
for segm = 256:lengthiSegmArray)

disp(['Creating entries for segment ' num2str{segm) ' in
database']):;

for j = 1:2

if (~isnan(SegmArray(segm).Segmlndex{1l,j])})
tor p = l:SegmfArray|segm).NumPanoramas (1, )

Entry{l,1l} = segm;

raetlamne’, 'StreatNunn=r"', 'Saguerceliurger®, "VideoTime "'

Entry{1,2} = round(SegmArray{seagm).PanoramaCoord(p,j)*100);

Entry{l,3} = §-1;

insert {DBconn, "PancramaData', DBcolnames, Entry); %%: Insert

the new entzy in table
end;
end;
end;
end;

close (DBconn) ;
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Filename: GenerateCoordsLookUpTableDE.m
»% Gereratz icok up Ltable Tab:e in the Access Latabase

SCALE = 5272498,48904543; :% m/mercator

- woad Street Segmernt A-ray
5lead G:\usersi\dibe\GPEdata'matlab\SegmArray 300800 Segmfzray
load G:\users\dibe\GPSdata\matlab\SegmArray 100900 SegmArray

SegmFromCoords = cat(Z,SegmArray.FromMapCoordMerc) ;
SegmToCoords = cat(2,Segmhrray.ToMapCoordierc);

Xint (1) = min{[SegnFromCoords(1l,:) SegmToCoords{l,:)]}:
¥int(2) = max([SegmFromCoords(l.:} SegmToCoords(i,:)1):
Yint (1) = min{[SegmFromCoords(2,:) SegmToCoords({2,:}]);
Yint{2) = max([SegmFromCoords(2,:) SegmToCoords({2,:)]1};

BLOCK SIZE = 0.5e-4;

t® We cdivice the map In sguare blocks having size le-dxle-4 (-527x527
mj -

% The point 2 = (%,¥} will belong to block (round{x*led},zcund{y*led};
35

3% For each street Segment, we add the Segment iIndex to all the square
blocks crossed oy that segment

% We build a lock-up table CoordsLookUpTable that has the foilowing
structuarea:

1% The first column contzirs the X labels and the second column the ¥
labelis of the block. Colamn 3 on contain all the segment

%% indexes of the segments that cross that block

CurrNumBlocks = 0O;
CoordsLookUpTable = [];
for segm = l:length|SegmArray)
Xint = [min|(|SegnFromCoords (1, segm) SegmToCoords(l,segm)])
max ( [SegmFromCoords(l, segm) SegmToCoords(l,segm)]) ]:
Yint = [min([SeqmFromCoords (2, segm) SegmToCoords(2,segm)])
max | [SegmFromCoords (2, segm) SegmToloords ((2,segm)l) 1;
for xind =
round (Xint (1) /BLOCK_SIZE) *BLOCK _SIZE:BLOCK_SIZE:round(Xint(2)/BLOCK SIZ
E)*BLOCK_SIZE
for yind =
rﬂundlYintlI}!ELDCK_SIZE}*ELDCK_SIZE:BLGCK_SIZE:rﬂundLYinth}fELOCK_SIZ
E) *ELOCK SIZE
Tif -isempty (CoordsLookUpTable)
block ind = intersect (find{abs(CoordsLockipTable{:,1) =
xind} < le-16) , find(abs (CoordsLookUpTable(:,2) - yind) < le-186)];
if isempty(block ind)
L% create new entry
new entry = [xind yind seqgm];
CoordsLlookUpTable (CurrNumBlocks + 1,1:3) = new_entry;
CurrNumBlocks = CurrNumBlocks + 1;
else
last nonempty ind =
max (find (CoordsLockUpTable (block ind, 3:end) ~= 0)}) + 2;
CocordslookUpTable (block ind,last nonempty ind+l) = segm;
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end;

zlse
CoordslockUpTable = [xind yind segm]:
end;
end;
end;
end;

$%% Save the taple in D2

L% Open the database
logintimeout (5);

DBconn = database('segmertDBE','*,""):
tDBcolnames =

{"SideofHuk", 'Streeclams’, 'Streatlurper’.

P =

Seguencelumper ', "VideoTime" b2

DBcolnames = {'XCoordLakel', 'YCoordLabel', 'SegmentIndex'};
Entry = cellil, 3);

for i = l:size(CoordsLecokUpTable, 1}
i=3;
while ((j <= size{CcordsLockUpTable,2)) & (CocrdsLookUpTable(i,j) ~=

P HY

Entry{i,1l} = round(CoordsLookUpTable({i,1l)*1le5)};
Entry{l, 2} round {CoordsLookUpTable (i, 2)*1e5) ;
Entryl{l,3} CoordsLookUpTable{i, j);

insert (DBconn, 'CoordsLookUpTableData”, DBcolnames, Entry); %%

Insert the new entry in tanle

j =3+ 1

end;

end;

close (DBconn)
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Appendix — VisualBasic and ASP code for the server side
process

Filename: GetSegmentAndBusinessInfo.asp

<%8 LANGUAGE = VBScript %>

o
<%
G

Segmindex = Reguest ("SegmentIndex")
d

|
'Create a ccnnection cobject
]
Set cn = Server.CreateObject ("ADODE.Connection”)

= (1

Open a connection; the string refers to the DSH

-

cn.Open "FILEDSHN=segmentDBFile.dsn”
'"Response.Write "Connection State = ™ & cn.State & "<BR>"

'Instantiate a Recordset object
Set rsSegment = Server.Createlbject ("ADCDB.Recordset™)

'Open a recordset using the Open method
' and use the connection established by the Connection object

"str5QL = "SELECT SidecfHub, StreetNHame, StreetNumber, SequenceNumber, VideoTime

's " FEOM AddressTable WHERE StreectName = '" & Request ("Streetlame™) & "'"
'& ™ And StreetNumber = " & Reguest ("StreetNumber™)
't " BAnd SideofHub = '" & Request {"HubSide") & "'"

strSQL = "SELECT * FROM StreetSegmentData WHERE SegmentIndex = " & SegmIndex
*strSQL = "SELECT * FROM StreetSegmentData”

'Response.Write "SQL String: " & strSQL & "<BR> <BR> <BR>"

rsSegment..0pen strS0QL, cn

'Cycle through record set and display the results

' and increment record position with MoveHext method
'Set objStrestNumber = rshAddress("StreetNumber")
'Set cbjHubSide = rshAddress("SideofHub")

'Set cbjStreetName = rsAddress("StreetName")

'Set cbjSequenceNumber = rsAddress|"Sequencebtiumber®™)
'Set objVideoTimé = raAddress("VidéoTime")

Response.Write rsSegment ("SegmentIndex™]
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Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response . Write
Response.Write
Response.Write
Response.Write
Response.Write
Hesponse.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Response.Write
Rasponse.Write
Response.Write
Response.Write
Response.Write

Chr(10)

rsSegment ("StreetName™)
Chr(10)

rsSegment ("SideofHub™)

Chr (10)
rsSegment (" FromMapCoordLat™)
Chr (10}

rsSegment ("FromMapCoordLong”}
Chr (10)

rsSegment ("FromMapCoordX™)
Chr(10)

rsSegment ("FromMapCoordY™)
Chr{10)

rsSegment ("ToMapCoordLat™)
Chr (10}

rsSegment ("ToMapCoordLong™)
Chr(10)

rsSegment ("ToMapCoordX™)
Chr(10)

rsSegment {"ToMapCoordY")

Chr (10}

rsSegment ("FromSegmentE")
Chr{l0}

rsSegment ("FromSegmentN®)
Chr({l0}

rsSegment ("FromSegmentW™)
Chr {10}

rsSegment ("FromSegmentS")
Chr (10}

reSegment ("ToSegmentE™)

Chr (10}

rsSegment {"ToSegmentN")
Chr(10)

rsSegment ("ToSegmentW”)
Chr(10)

rsSegment ("ToSegmentsS™)
Chr(10)

rsSegment ("DistanceFromEubEven")
Chr (10)

rsSegment ("DistanceFromBubCdd™)
Chr(10)

rsSegment ("LengthEven™)
Chr{10)

rsSegment ("LengthOdd™}
Chr({10)

rsSegment ("OffsetEven™)
Chr(10)

rsSegment ("0ffsetOdd™)
Chr(10)

rsSegment ("0ffsetFlagEven™)
Chr(10)

rsSegment ("0OffsetFlagDdd™)
Chr (10}
rsSegmant ( "NumPanoramasEven™)
Chr (10)

rsSegment {"NumPanoramas0dd™)
Chr (10}
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Besponse.Write rsSegment {"NumFramesEven")
Eesponse . Write Chr(10)

Response.Write rsSegment ("NumFramesQOdd"™)
Response.Write Chr(10)

Response . Write rsSegment ("FrameSequenceEven™)
Response.Write Chr (10}

Response.Write rsSegment ("FrameSeguence0Odd™)
Response.Write Chr(10)

Dim Offset(2)

Dim DistanceFromHub(2)
Dim Length(Z2)

Dim FromAddress(Z)
Dim ToRddressi(2)

NumPanoramasEven = rsSegment ("NumPanoramasEven™)
HumPanoramasOdd = rsSeqment (*NumPanoramasOdd")
StreetName = rsSeqgment ("StreetName")

SidecfHub = rsSegment ("SidecfHub")

Offset(0) = rsSegment ("OffsetEven")

Offset (1) = rsSegment ("OffsetOdd")

DistanceFromHub (0) = rsSegment ("DistanceFromHubEven™)
DistanceFromHub(l) = rsSegment ("DistanceFromHubOdd")
Length[0) = rsSegment("LengthEven")

Length(l) = rsSegment ("LengthOdd")

'Do Until rshddress.EOF

'Response.Write "Found Entry: " & objStreetNumber & ™ " & objHubSide & ™ "_
's objStreetMame & " Sequence = " & objSeguenceNumber & " Video Time = " &
objVideoTime _

'y "<BR>»"

' rsAddress ., MoveNext

'Loop

rsSegment.Close
if (NumPancramasEven > 0) Then

'"Query the PanoramaTable database fro the PanoramaCoords
str8QL = "SELECT * FROM Panaramalata WHERE Segmentlndex = " & Seqmindex &

" And EvenOdd = Q"
rsSegment.Open strS0L, cn

Do Until rsSegment.EOF
Regponse.Write rsSegment ("PanoramaDistancea™)
Response.Write Chr({10)
rsSegment . MoveNext
Loop
rsSegment .Close
End if

if (HumPanoramasOdd > 0} Then
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"Cuery the PanoramaTable database fro the PanoramaCocrds
str5QL = "SELECT * FROM PanoramaData WHERE SegmentIndex = " & SegmIndex &

" And EvenOdd = 1"
rsSegment.Open strSQL, cn

Do Until rsSegment.EQF
Response.Write rsSegment ("PancramaDistance”)
Response.Write Chr(10)
rsSegment .MoveNext
Loop
rsSegment.Close
End if

cn.Close

'Now guery the Businees Listing database to find all the businesses on this

segment
c¢n.Open "FILEDSH=BusinessListingDB.dsa"

'Compute the first and last addresses on the two sides of the street segment
'EDBOO2000 Expanding the segment length by 24 m on bhoth sides. It doesn't hurt
to get more businesses than

'to avoid some boundary effects.

FromAddress{0) = 2 * Round( (DistanceFromHub{0) Offset (Q) - 24) / 3.81) - 0
FromAddress(l) = 2 * Round( (DistanceFromHub(l) Offset (1) - 24) / 3.81) - 1
ToAddress (0} = 2 * Round{(DistanceFromHub(0) + Length{0) - Offset{0) + 24} /
J.B1l} - O

ToRAddress (1) = 2 * Round{ (DistanceFromHub(l) + Length{l) - Offset(l) + 24) /
3.81) -1

if (FromAddress(0) <= FromAddress(l)}) Then
minFromAddress = FromAddress(0)

Else
minFromiddress = FromAddress{l)

End if

if (ToAddress(0} >»= ToAddress{l)} Then
maxTolAddress = ToAddress(0)

Else
maxTohddress = ToAddress (1)

End if

'Response.Write minFromAddress & " " & maxToAddress

strSQL = "SELECT * FROM BusinessInfoTable WHERE StreetName = '" & StreetName & _
"' AND SideOfHub = '" & SideofHub & "' AND StreetNumber >= " & minFromAddress &

" AND StreetNumber <= " & maxToAddress
'strSQL = "SELECT * FROM businessInfoTable WHERE StreetName = "COLOBADO'™
'Response.Write "<BR> " & strSQL & " <BR>"

rsSegmant.Open strSQL, cn
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Do Until rsSegment . EOF
StreetNumber = rzSegment ("StreetNumber™)
if { (((StreetNumber Mod 2) = 0) And (StreetNumber >= FromAddress{0)}) And
(StreetNumber <= ToRddress(0))) Or _
{{{StreetNumber Mod 2) = 1) And (Streetbumber >= Fromfddress(l)) And
(StreetNumber <= ToAddress(1)})) | Then
REesponse.Write StreetNumber
Response.Write Chr{10)
Response.Write rsSegment ("BusinessName™}
Response,.Write Chr{l0)
Response.Write rsSegment {"FhoneNumber™)
Response.Write Chr(10)
Response.Write rsSegment ("WebLink™)
Rasponse . Write Chr(10)

End if
rsSegment . Movellext
'Response.Write "Next™

Loop

rsSegment.Close

&>
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Filename: Address?location.bas

'This CGI exe receives an address as input :

' StreetWame, Streetfddress, SidecfHub

‘and returns the StreetSegment number that address is on and the coord in m
'of that address on the segment

'It returns StreetSagment = 0 if no match was found in the database

Option Explicit

Dim CGI As New CGI_Interface
Sub Main()

Dim StreetMumber As Integer
Dim StreetName As String

Dim SidecfHub As String

Dim RunLocal As Integer

Dim SQLString Rs String

Dim StreetSegmant As Integer
Dim FirsthAddress As Integer
Dim LastAddress As Integer
Dim AddressSegmCoord As Double
Dim AddressFound As Boolean

CGIL.InitCGT

RunLocal = 0

If RunLocal = 0 Then
StreetNumber = CGIL.GetCGI ("StreetNumber™)
StreetlName = CGI.GetCGI("StreetName")
SideofHub = CGI.GetCGI("SidecfHub")

Else
StreetName = "colorado"
StreetfNumber = 101
SidepfHub = “E"

End If

'Replace _ character with a space in StreetName String
StreetName = Replace(StreetName, "_", " ")

Dim cn As ADCDB.Connection

52t cn = Mew Connectlon

'"Open a connection; the string refers to the DSH
cn.Open "FILEDSN=segmentDBFile.dsn"

Dim rsSegment As ADODB.Recordset
Set rsSegment = New Recordset

SQLString = "SELECT * FROM StreetSegmentData WEERE Streectlame = "" &
StreetName & "' And SideofHub = '" & SidecfHub & """

rsSegment .Open SOLString, cn
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BddressFound = False
Do Until rsSegment.EQOF
Debug.Print "Segment: " & rsSegment ("SegmentIndex"™)
If {{StreetHumber Mod 2 = 0} And (rsSegment ("FrameSequenceEven™) <> -1)]
Then 'Look in the even side of segment
‘round( (DistancefromHub - Offset)/3.81)*2 + (4-1);
FirstAddress = Round({rsSegment ("DistanceFromHubEven") - _
rsSegment ("OffsetEven™)) / 3.81) * 2
LastAddress = Round((rsSegment ("DistanceFromHubEven®} + _
rsSegment ("LengthEven™} -
rsSegment ("OffsetEven™)) / 3.81) * 2
AddressSegmCoord = Streetiumber / 2 * 3.B1 -
rsSegment ("DistanceFromHubEven") +
rsSegment ("OffsetEven"™)
Elself {(StreetNumber Mod 2 = 1) And (rsSegment("FrameSequenceldd") <> -
1)} Then
FirstAddress = Round((rsSegment ("DistanceFromHubOdd™) -
rsSegment ("0ffset0dd™)) / 3.81) * 2 - 1
LastAddress = Round( (rsSegment ("DistanceFromHubOdd®) + _
rsSegment ("LengthOdd") -
rsSegment ("OffsetOdd™)) / 3.81) * 2 - 1
AddressSegmCoord = (StreetBumber + 1) / 2 * 3.8B1 -
rsSegment ("DistanceFromHub0dd™) + _
rzsSegment ("OffsetOdd”)
End If

If [(StreetNumber <= Lasthddress) And (StreetNumber >= FirstAddress))

Then

AddressFound = Trus
StreetSegment = rsSegment {"SegmentIndex™)
Debug.Print "Match found in Segment ™ & rsSegment {"SegmentIndex™)
Debug.Frint "First Address: " & FirstAddress
Debug.Print "Last Address: " & Lastfddress
Debug.Print "Rddress Segment Coord: " & AddressSegmCoord
Exit Do

End If

rsSegment .MoveNext

Loop

CGIL.PrintCGI "Content-Type: text/html"®
CGI.PrintlGI "™

1f hddressfFound Then
CGI.PrintCGI StreetSegment & " " & AddressSegmCoord
'CEI.PrintCGl AddressSegmCcord
Else
CGIL.PrintCGI "0 Q"
*CGI.PrintCGI Chr (10}
*CGI.PrintCGI "oO"
End If

End Sub
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Filename: Coords2Segment.bas

'This CGI exe receives the mercator coordinates of a point as input

' ¥XCoord, YCoord

L

'and returns the StreetSegment which is the closest to those coordinates,
'the side of the segment and the % of

"It returns StreetSegment = 0 if no match was found in the database

Option Explicit

Const BLOCK_SIZE = 0.00005
Const M_Merc_SCALE = 5272500%

Dim CGI As New CGI_Interface
Sub Main{)

Dim XCoord As Double

Dim ¥Coord As Double

Dim XCoordLabel As Integer
Dim ¥YCcordLzbel As Integer
Dim Runlocal As Integer

Dim SQLString As String

Dim StreetSegment As Integer
Dim SegmentFound As Boolean

CEL.InitCGI

Runlocal = 0
If Runkocal = 0 Then
XCoord = CGI.GetCGI ("XCoord™)
¥YCoord = CGI.GetCGI ("YCoord™)
Else
XCoord = -0.0003302291
YCoord = -0.0003258909
End If

Dim cn As ADODB.Connection

Set cn = New Connection

"Open a connection; the string refers to the DSH
cn.Open "FILEDSH=segmentD3File.dsn"

Dim rsSegment As ADODB.Recordset
Set rsSegment = New Recordset

XCoordLabel = Round (XCoord / BLOCK_SIZE) * BLOCK SIZE * 100000%
YCoordLabel = Round(YCoord / BLOCK SIZE) * BLOCK SIZE * 1000004

SQLString = "SELECT * FROM StreetSegmentData,CoordsLockUpTableData WHERE
StreetSegmentData.SegmentIndex = CoordsLookUpTableData.SegmentIndex ARD
ACcordlabel = "

& XCoordLabel & "™ AND YCeocordLabel = " & YCoordLabel

rsSegment . Open SQLString, cn
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Dim MinDist As Double
Dim MinSegm As Integer
Dim ¥1(2), ¥X2(2), Un{2}, V{(Z2)}), Vn{2) As Double
Dim Dist, 0ODist, SegmCoord As Double
Dim SidecfHub As String
SegmentFound = False
MinDist = 100000000004
MinSegm = 0
Do Until rsSegment.EQF
SegmentFound = True
Debug.Print rsSegment ("SegmentIndex™); ™ “; rsSegment ("StreetName™)
"Compute the distance between the segment and [XCoord YCoord]
%1(1}) = rsSegment ("FromMapCoordX™)
¥1(2) = rsSegment {"FromMapCoordY™)
¥2(1) = rsSagment ("ToMapConrdX™)
X2(2) = rsSegment ("ToMapCoord¥™)
V(1) = X2(1) - X1{1)
Vi(2) = X2{2) - X1(2)

Vni{l) = ¥V{1) /7 ((V{Ll} ~ 2 + V{2) ~ 2) * 0.5)
Vn(2) = vi(2) / (V1) ~ 2 + v(2 ~ 2) * 0.5
Un{l) = -Vn(2)
Un{2) = Vnil)

Dist = (XCcord - X1(1}) * Un{l) + (YCoord - X1(2}) * Uni2)
ODist = (KCoord - X1({1l)} * Vn(l) + (YCoord - X1(2)) * Vn(2)
If ((ODist >= 0) And (ODist <= (V(1) ~ 2 + ¥(2} ~ 2} ~ 0.5) And
(Abs({Dist) < Abs(MinDist)]} Then
'Update MinDist
MinDist = Dist
MinSegm = rsSegment ("SegmentIndex")
SegmCoord = ODist / ((V(1} ~ 2 + V(2) ~ 2} ~ 0.5)
SideofEub = rsSegment("SidesofHub")
End If
rsSegment .Movelext
Loop

CGI.PrintCGI "Content-Type: text/html®
CGL.PrintCGI "™

If SegmentFound = False Then
'"There where no seqments in the database that cress this squared block
CGL.PBrintCGI "0 O Q"
Else
If MinSegm = 0 Then
'This point is in none of the candidate segments' conwvex hull
CGI.PrintCGI "0 O O
Else
Dim EvenOdd As Integer
EvenOdd = {MinDist / Abs{MinDist) + 1) / 2
'Fix the EvenOdd value
If {SideocfHub = "W"™) Or {(SideofBHub = "S") Then
EvenOdd = 1 - EvenOdd
End If
CGI.PrintCGI MinSegm & " " & EvenOdd & " "™ & SegmCocord
End If
End If
End Sub
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Appendix — Code for extraction of wvideo frames from
an AVI file

Filename: Dump.cpp. Here reported only the part of the code that was modified by us. The original code
was provided as a sample by Microsofi.

:': Receive
If: Do something with this media sample
;TDMET]-IDDM CDumplnputPin::Receive(IMediaSample *pSample)
{ CAutoLock lock{m_pReceiveLock);

PBYTE pbData:

// Has the filter been stopped yet

if (m_pDump->m_hFile =— INVALID_HANDLE_VALUE) {
return NOERROR;

}

REFERENCE_TIME tStart, tStop;
pSample->GetTime(&tStart, &tStop);
DbgLog((LOG_TRACE, 1, TEXT("tStart(%s), tStop(%s), Diff{%d ms), Bytes(%d)"),
(LPCTSTR) CDisp(tStart),
(LPCTSTR) CDisp(tStop),
(LONG)(tStart - m_tLast) / 10000),
pSample->GetActualDataLength()));

m_tLast = tStart;
{/ Copy the data to the file

HRESULT hr = pSample->GetPointer{&pbData);
if (FAILED(hr))
return hr;

}

#  retun m_pDump->Write{pbData,pSample->GetActualDatalength()};
if (NumberofDownloadedColumns < PANORAMA_WIDTH){
while (abs{ColumniIndexes[MNumberofDownloadedColumns]) =
(RelFrameNumber+1)){
WriteFrameColumns(pSample,
(Columnindexes[NumberofDownloadedColumns] > (), NumberofDownloadedColumns);
MNumberofDownloadedColumns +=1;
H
RelFrameMumber += 1;

H

else if (NumberotDownloadedColumns = PANORAMA_WIDTH){
long paraml = 10;
long param2 = 20;
[FilterGraph * myFilterGraph = m pDump->m_pFilter->GetFilterGraph();
IMediaEventSink * pMediaEventSink;
myFilterGraph->QueryInterface(IID_IMediaEventSink, (void **)&pMediaEventSink);
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pMediaEventSink->Notify(34567,0,0);

#m pDump->m_pFilter->NotifyEvent(34567, param 1, param2};

}
return NOERROR;
i return WriteStringInfo{pSample);
H
it
I DumpStringInfo
I

/i Write to the file as text form
i

HRESULT CDumplnputPin:: WriteStringInfo(IMediaSample *pSample)
{

TCHAR TempString[256), FileString[256];
PBYTE pbData;
AM MEDIA TYPE *m MediaType = NULL;

{/ Retrieve media type

i pSample->GetMediaType(&m_MediaType);

i const GUID SubType = m_MediaType->subtype;
/MWrite the subtype out

// wsprintf{FileString, "r\nSample subtype RGBS65: (%d)",((SubType — MEDIASUBTYPE_RGB365)?

TRUE: FALSE));
I m_pDump->WriteString(FileString);

/f Retrieve the time stamps from this sample
REFERENCE_TIME (Start, tStop;
pSample->GetTime{&tStart, &tStop);
m_tLast = tStart;

{1 Write the sample time stamps out

wsprintf{ FileString, "r'nRenderer received sample (*odms)" timeGetTime());

m_pDump->WriteString(FileString);
wsprintf{FileString,” Start time (%6s)",CDisp(1Start));
m_pDump->WriteString(FileString);
wsprintf{ FileString," End time (%s)".CDisp(tStop));
m_pDump->WriteString(FileString);

/! Display the media times for this sample

HRESULT hr = pSample->GetMediaTime(&1Start, &tStop);
if (hr == NOERROR) {
wsprintf(FileString,” Start media time (%s)",CDisp(tStart));
m_pDump->WriteString(FileString);
wsprintf{FileString,” End media time (%s)",CDisp(tStop));
m_pDump->WriteString(FileString);
}

92
Page 93 of 117



)

THENEFITNE0 T ™ 1 S =

/I 1s this a sync point sample

hr = pSample-=>1sSyncPoint();
wsprintf{FileString.” Sync point (3%d)",(hr = 5_OK));
m_pDump->WriteString(FileString);

/ Is this a preroll sample

hr = pSample->IsPreroll();

wsprintf{FilcString," Preroll (%ed)” (hr == §_O0K));
m_pDump->WriteString(FileString);

{1 Is this a discontinuity sample

hr = pSample->IsDiscontinuity();
wsprintf{FileString,” Discontinuity (%ed)",(hr == S_O0K));
m_pDump->WriteString(FileString);

#/ Write the actual data length

LONG Datal_ength = pSample-=GetActualDataLength();
wsprintf{FileString,” Actual data length (%d)",Datalength);
m_pDump->WriteString(FileString);

/Il Does the sample have a type change aboard

AM MEDIA TYPE *pMediaType;
pSample->GetMediaType(&pMediaTvpe):
wsprintfiFileString,” Type changed (%ed)",
(pMediaType 7 TRUE : FALSE));
m_pDump->WriteString(FileString);
DeleteMediaType(pMediaType);

[l Copy the data to the file

hr = pSample->GetPointer{&pbData);
if (FAILED(hr)) {

return hr;

}
/' Write each complete line out in BYTES_PER_LINES groups

# for (int Loop = 0;Loop < (Datal ength / RYTES_PER_LINE);Laop++) {
for (int Loop = 0:Loop < (40 / BYTES _PER_LINE);Loop++) {
wsprintf{FileString FIRST_HALF_LINE pbData[0),pbData| 1 ] pbData[2],
pbData[3],pbData[4],pbData[5],pbData[6],
pbData[7],pbData[8],pbData[9]);
wsprintf{ TempString, SECOND_HALF_LINE pbData[ 10],pbDataf 1 1],pbData[ 12],
pbData[13],pbData[ 14],pbData[ 1 5],pbData[16],
pbData[17],pbData[ 18] ,pbData[19]);
Istreat(FileString. TempString);
m_pDump->WriteString(FileString):
pbData += BYTES_PER_LINE;
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/f Write the last few bytes out afterwards

wsprintf{FileString," ");

for (Loop = 0;Loop < (DataLength % BYTES PER_LINE);Loop++) {
wsprintf{ TempString,"%x ",pbData|Loop]);
Istrcat(FileString, TempString);

}

m_pDump->WritcString(FilcString);

retumn NOERROR;
}

i

// DumpStringInfo

i

i/ Write to the file as text form

)

HRESULT CDumplnputPin::WriteFrameColumns(IMediaSample *pSample, int field, int ColNumb)

t
i/ TCHAR TempString[256],FileString[2048];
PBYTE pbData;

HRESULT hr = pSample->GetPointer{&pbData);
if (FAILED(hr)) {

return hr;
H

int Y,Ch.Cr;
int R.G,B;
unsigned char uR,uG,uB;
i for (int row = SAMPLE_HEIGHT/2-1; row >= 0 ; row—)§
for (int row = 0; row < SAMPLE_HEIGHT/Z; row++){
Y = ((int)(pbData[(2*row + (long) field))*SAMPLE_WIDTH*2 + ColNumb*2])) - 16
Cb = ((int}(pbDataf(2*row + (long)(field))*SAMPLE WIDTH*2 + ColNumb*2 -
2*(ColNumb®2) + 1])) - 128;
Cr= ((int)}(pbData[(2*row + (long)(ficld))*SAMPLE_WIDTH?*2 + ColNumb*2 -
2¥(ColNumb%e2) + 31)) - 128;
R = (int)(255.0%(0.00456621 * (Aoat)Y + 0.00625893 * (float)Cr)):
G = (inf)(255.0%(0 00456621 * (float)¥ - 0.00153632 * (loat)Ch - 000318811 *

(float)Cr));
B = (int)(255.0%(0.00456621 * (float)Y + 0.00791071 * (float)Ch));
i reb(:,., 1) = 00456621 * in(:,;,1) + 00625893 * in(;,2,3);
i reb(:,5,2) = 00456621 * in(:,:,1) - 00153632 * in(:,;,2) - 00318811 * in(:,:.3);
i reb(:,.,3) = .00456621 * in(:,;,1) + 00791071 * in(:,2,2);

uR = (R > 2552 255:(R <0 20 : R));
G = (G >2552255:(G <020 :G));
uB = (B > 2557 255(B <07 0:B));

m_pDump->Write{{PBY TE)&uR. (long)1);
m_pDump->Write((PBYTE)&uG, (long)1);
m_pDump->Write((PBY TE)&uB, (long)1),
94
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}
return NOERROR;

H
il

/! EndOfStream
i
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Summary of figures

2

Acquire video
and geo-location
information
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Data-base creation

Acquire
geo-location information

Acquire
video information

#

104\\\

Segment geo-location da

in single street segments

and label segments with

street name and numbers
range

|

Generate synthetic
images database

Generate relational data-
base with info about
street segments and
their location

Fig. 1
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By £

Acquire video and geo -location
information

201 X Mount geo-location

recording apparatus on
vehicle

e

Mount one or more video
recording devices on
vehicle

D

<

203 . :
_K Move vehicle according to

procedure™ while recording

video

* procedure includes:
= path to be followed
« maximum speed

>

204
N Convert geo-location data

into digital numerical format

Convert video data into
format that allows
access to single image
frame data

Fig.2
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Synchronize sequences (1)

Select suitable landmark in

video sequence that appears /— 0]

in at least two distinet video
frames

'
302
Initialize the time phase f

using camera time stamp

4

easure distance between the

303
two geo-locations that _/—

correspond to landmark
crossing

Modify time phase

305 —///

Fig.3

Page 101 of 117



FRCNEREREY " 0 Sy B850y

Synchronize sequences (2)

Select suitable landmark in

video sequence that appears | "~ 401

in at least to distinct video
frames

1

Measure time difference T

402
in video sequence between _/_

the two landmark crossing
times

For each point on geo-location
trajectory find the time of return t(x) 403
defined as the time lapse after which the f
vehicle would drive through
same street location but in opposite
direction

L

Find the coordinate x for which f 404

LX) =T

Fig.4
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Synchronize sequences (3)

Hardware solution:

Time stamp video frame with UTC time in real-time using a
UTC clock generator

UTC clock
generator

Inertial Navigation System
" | LANC port

RS5-232

Multiplexer
GPS Rbeialeyideo 1
receiver Ryl dyideo
RS-232 port Rugdaleyideo
Recorder
Video-cameras
Accelerometers
Computer
|
Fig.5
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Synchronize sequences (4)

Compute optical flow of

& 601
Using optical flow to measure vehicle bottom rows in image sequence | "

speed and than register this provided by one of the side
Vview cameras

signal with the speed signal computed
from the geo-location coordinates '8

Obtain vehicle tangential —/’— 602

velocity from geo-location
reading

:

Register the two velocity profiles to 603
obtain alignment of singular points (like /—

local minima, maxima or zero
Crossings)

. 604
Read out the time phase between two f

signals.

Fig.6
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Segment and label geo-location data

cgment geo-location 2D trajectory

Fin clementary strzight segments / 701
detecting points of maximum

curvalure

v

Determine intersection

. s 702
204 coordinates as the points f

where segment orthogonally
intersect or maximum
curvature turns are made
5 l

\__________/

Determine correspondences
| between detected interscctions

o “uh[]};im:?::m data and intersections in third-party
. 8 database

. ;

Use information from third-party
database to label segments
vith street name and number rangT

f 703
f 705

Fig.7
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Generate synthetic images database

For each strect scgment compute 801
synthetic images for both sides of f
street at uniform distance intervals

of 8 meters.

'

Label each image with segment id,

side of street segmentand | 802

location on segment at which
image was computed

/- 803
Store image on server hard drive

Fig.8
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Compute synthetic i1mages

Parameters:

* L - length in meters covered by
synihelic view

* N - number of columns in synthetic
panorama

‘ (position x_ on street segment)

Compute array of equidistant _/—‘ 901
positions along vchicle trajectory

centered around x_

l (array of arc length coordinates: x,, i = 1..N)

Using the geo-location map 902
x = x(t), find for each location f

x, the corresponding time t;

‘ (array of geo-times)

Use time phase computed in the / 903

synchronization step to convert
geo-times to video-times

i (array of video-times)

For each video time, generate the f 904

corresponding column array
of RGB brightness values

L (array of video columns)

Stack all columns side by side /— 905

to generate one single
image bitmap

l (synthetic image)

Page 107 of 117
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Generate column of synthetic image (1)

* (video time t))

1001
Find video frame acquired at the f

time closest to t,

‘ (frame index )

Set current position of video | /" 1002

sequence lo frame f,

—{ (frame buffer)

1003
| Read out of the frame buffer the f

column with index i

_¢ (array of RGB intensities)

Fig.10
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Generate column of synthetic image (2)

$ (video time 1))

10B1
Find the 2*N video frames that are f

the closest to time t,

‘ (frame indexes f! ,£2, ..., £2¥)

Compute dense optical flow i 10B2
for each one of the 2*N st
frames

10B3
Infer the column of RGB values f

for column i at time 1,

* (array of RGB intensities)

Fig.10B
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Generate relational data-base

'

Generate table where the i-th entry 1101
contains all the descriptors of _/_

street segment having
segment|D =1

'

Generate table where the i-th entry

contains the coordinates of a square 1102

block of the city and a list of -/—

all scgmentsID of street segments
that cross such area

.

Generale table with one entry for / 1103

each synthetic image with lields:
segmentID, coordinale of location
of the image on the segment
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Example of layout of tool for visual exploration of
geographic areas

Show current address/
Input new address

Map of location/Cursor
showing current position/
Input new location

Input/See navigation
directions

Additional info about objects visualized below/
Hyperlink to additional information

Image reproducing current location/
Input location in image for close up image

Fig.12
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Implementation of input location on map
v

1401 Client retrieves from server

\ User clicks on a location info about new street [l 2= 1405
on the map segment
' !
1402 : .

\ Location coordinales are Client retricves from server /- 1406

converted to geo-coordinates image showing the location

and sent to server hawnghﬂn:: :ddmss input
y the user

‘ .

A query is run on server side

14 . : 1407
03 | to find street segment index All the areas shown in fig.12 f
that is the closest to the input are updated with the new info
geo-location

1404 \ Query result is sent back to
client together with a map

of the input location

Fig.14
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Implementation of input navigation directions
!

1501
X User clicks on one of All the areas shown in fig.12 _/—__ 1505

enabled direction buttons are updated with the new info

{ '

1502 Hk Current segmenlt index and
position are modified
accordingly

Y

1503 If new scgment is different from
H\h_rcurrem segment, client retrieves

from server info about the new
strect segment

1504
X Client retricves from server

image showing the new location|

Fig.15
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Implementation of selection of close-up 1image
!

1601 N
1 User clicks on a particular A secand graphical window

location of synthetic image inopened & {jmpluy the
close-up image
Y

1602 ‘\\—B'l‘hc relative position on the

egment of the input locatior
is computed

!

1603 The location on the segment
H\\'- of the closest

close-up image is computed

l

1604
\Thc close-up image is retrieved

from the server

Fig.16
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Implementation of visualization of info about
businesses shown in synthetic image

\

For cach buisness listing,
select those visible
in the current panoramic
image being displayed.

'

Display an icon on top of
image in correspondence to
the location on the image that
shows each business address

v

Set the icon propertics in
such a way that the dragging
of the mouse over the icon
will trigger the display of
the available info about
that particular business

'

— 1703

If an hyperlink to a web page

with additional info about the business
is available, set the icon properties in

such a way that the click of
the mouse over the icon will
trigger the opening of a new

browser and the display of such web

page

/ 1704

Fig.17
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Info stored on client side

The array of descriptors for the current street segment includes:

» Street name
* Side of hub (one of North, South, East, or West)
« Street segment id

* End-point coordinates of map segment _— "% \

corresponding to current segment trajectories x|

« Array of segments adjacent to segment origin ™" 7 |

* Array of segments adjacent to segment end o

« Street number offset (even, odd) _,

« Array of coordinates of available .: <

panoramic views (even, odd) e

* Array of records containing info about e P,

businesses belonging to street segment
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