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1 Introduction

ISI has been providing customers in the defense and automobile industries with video
tracking and targeting solutions for more than 10 years. During that period, we have
developed a great deal of knowledge and experience with camera-based measurement
and more importantly about the issues involved in 3D photogrammetric analysis of
imagery. Our experience covers both real-time and post-capture analysis, subpixel
tracking, interfacing and controlling high speed and 30fps cameras, visible light and IR
applications, panftilt control as well as IMU/GPS integration. Our application expertise
spans stabilized single camera solutions through stationary multi-camera solutions.

ISI's R&D experience with DoD customers has led to the creation of a subsidiary, SAI
that focuses on providing shrink-wrapped video tracking solutions to the automobile and
defense industries. These solutions span the entire imagery problem from camera
control, image capture, image analysis through image archival and retrieval. Therefore,
our combined team is well equipped to address your requirements in order to deliver a
timely, technically innovative and compliant video based solution.

This document provides additional insight into ISI and SAl's capabilities in image
analysis and data management.

1.1 SAl and ImageExpress

SAl first introduced the commercial 2D
photogrammetric analysis product
ImageExpress in  1993. ImageExpress
evolved out of NASA sponsored research
activities within ISl that required the
development of algorithms for 6 DoF, single
camera automated tracking for use on space
vehicle docking. These highly accurate point
or feature detection auto-tracking algorithms
were the basis for ImageExpress and were
quickly embraced by the automotive vehicle
impact and safety test community worldwide.

Over the years the ImageExpress product line
has evolved to meet changing customer
requirements. In particular we have added 3D kinematic analysis capabilities as well as
support for distributed architectures. We have also extended our system to interface and
directly control most manufacturers’ high-speed digital imagers. With the advent of large
image formats and extended color depths, the data management and archival
requirements have grown significantly. In response, SAl has developed the Juggernaut
image archiving system that allows users to store, organize, and retrieve experimental
data easily and seamlessly.
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Sample imagery analyzed by ImageExpress to
study munitions separation. With feature based
tracking, ImageExpress is able to automatically
lock and track munitions and airframe features
% ' to provide a relative coordinate system, which is
l\ essential for characterizing the separation rate
and path..

Operational ease, kinematic accuracy, distributed system architecture and data
management tools have made the ImageExpress product line the world’s first choice.
There are now over 350 test facilities (from automotive to weapons separation testing)
that rely on ImageExpress for their analytical needs. We have systems in all three of the
major U.S. automotive manufacturers and play a significant role in the Asia / Pacific
market as well. We have installations in small one camera test facilities and large
custom installations that manage all the image data acquisition for one of the big three
U.S. auto manufacturers. Our products are not only used by first and second tier
suppliers, but also by many different government regulatory agencies including NHTSA,
DOT, Transport Canada, JARI (Japan), KATRI (Korea), ARIA (India) and others.

1.2 GAVELS - Weapons Impact and Other Range Testing

Since 1997, ISI has been extending ImageExpress’ 3D capabilities to military munitions
testing via a system we call GAVELS. This system is comprised a series of deployed
image collecting field stations with integrated video cameras, local RAID and remote
control and operation. This system is provided as a turnkey solution whereby all lens
correction, geometry calibration, test triggering, data storage and analysis are provided
as part of the system. With GAVELS, our customers can configure, test and analyze to
obtain a 3D kinematic solution within a single day. The central control station provides
wireless control and configuration of the remote camera stations. The only on-site
activities are geometry calibration and data retrieval. Due to the large amount of video
imagery acquired (10's of Gigabytes per day per camera), the wireless control interfaces
are impractical for remote retrieval. However, the central operator can perform all
geometry calibration activities including movement of the pan-tilt for proper alignment.
Each field station comes equipped with a low speed camera for alignment activities.
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GAVELS field stations featuring local
control and displays. The cameras are
mounted on the remotely controlled
pan/tilt shown here. The pan tilt is an
enhanced and especially calibrated with
absolute positioning capability.

ISI has supplied over 20 such field
stations for munitions testing
applications.

1.3 Navy Helo — Single Camera 6 DoF Video Tracker

Under this program, ISI developed a single camera, 6 DoF automated helicopter tracking
system for the Navy. With this system, the position, velocity, acceleration and attitude of
the helicopter are automatically tracked as it approaches for landing. The technique
relied on a spatially stabilized video camera with real-time software that performed
featuring locking. As the helicopter came into range, the system software would begin
scanning for identifiable features to lock onto, without human intervention. The
automated tracking was optimized for real-time operation using a Kalman filter approach.
Once locked, the system would track the vehicle to the landing pad aboard ship. As this
development was funded by the SBIR program, a single prototype system was built and
delivered to the Navy.

Figure illustrating the Navy Helo
6 DoF tracker. As the helicopter
approached the ship, the system
automatically locks on and
tracks until the vehicle is
secured on the deck. Blurred
features are tracked, but failed
to contribute until they sharpen.
Thus the accuracy and metrics
output by the system increase
as the vehicle approaches the
deck.

2 Seeing the Solution...

This section provides an overview and summary of the challenges faced with video
tracking in 3 dimensions. The specific examples shown here leverage multiple cameras
to obtain a 3D solution, but the portions apply to a single, mobile camera 3D/6DoF
solution.
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2.1 Sources of Uncertainty and Error

The uncertainty and error associated with analyzing the kinematics in 2-D and 3D can be
attributed to a number of factors, including:

Quality of lens and lens correction

Quality of quadrant lock (pixel, subpixel, resolution, lighting, etc...)
Stability of cameras during image acquisition

Stability of registration during digitization process (film to video)
Surveyed precision of known targets

Camera resolution and field of view

Other sources of noise...

Nooh~wbhrE

Without proper lens correction, the 2-D tracking error can be as much as several pixels
(1-2% of the field of view), which can then lead to significant errors in the 3D kinematic
solutions. The quadrant lock used either for lens calibration or geometry calibration is a
key issue. Given proper lighting, a known quadrant target can be dynamically tracked at
subpixel accuracy (to 1/3 of a pixel).

Camera timing stability is also a dominant factor for determining an accurate 3D solution.
With 3D solutions, the camera attitude and position is determined implicitly through the
geometry calibration procedure. This even applies to mobile camera applications where
the baseline is evolving as a function of time. With a stationary target, timing factors are
not as important as in cases involving moving targets.

The final source of error we'll discuss is the accuracy of the surveyed targets used for
geometry calibration. The type of target also affects accuracy as the ability to localize to
the subpixel level has a significant impact on overall system accuracy. Selection of
known targets (i.e. known geometry or shape) allows the system to locate the target to
better than a pixel. Combining this with precise surveying of the targets leads to a very
accurate geometric solution for 3D extraction. A nice self-consistency check is to
leverage multiple “truth” targets in the field of view to establish the measurement
geometry and then track other known points.

(a) Top Camera (b) Bottom Camera
Sample Images for Geometry Calibration

It should be noted that in most cases, the error ellipsoids are greater in the depth
dimension as to be expected. Our experience has shown that the depth error can be 2-3
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times that of the transverse error in the imaging plane. The following figure contains an

example highlighting the impact
measurements.

of timing and spherical lens artifacts on depth
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Overhead View of Stationary Targets
Highlighting the Depth Variance Over Frames
Arising from Timing Errors and Spherical Lens Artifacts

2.2 GAVELS System Accuracy — Customer Case Study

The algorithmic and analysis
capabilities of the GAVELS
system can be used to accurately
locate targets to 1 part in 10,000.
This has been demonstrated on
customer’s experimental baselines
of 1-3km with less than 1/3m
accuracy and on experimental
baselines of 30 feet with millimeter
accuracy. Similar accuracies are
seen with velocity and other
kinematic quantities.

The following munitions dispersal
example represents a scenario
very close in scale to that of an
indoor  experiment. In  this
example, a series of targets are
attached to a stationary wall
(target wall) for use in geometry
calibration, as shown in the figure
below. These 16 target locations
are optically surveyed in with
millimeter accuracy.

Cdibration g~ GPSantenna Cdibration
target 3 AR PP target 2

Cdlibration
target 1

Cdibration
target 4

Typical configuration for performing field station
calibration with a single camera. Differential GPS
positioning can be leveraged in place of surveying
when appropriate. By imaging multiple targets and

exercising the panttilt, the results are then
combined with that from other cameras to provide
complete geometric calibration.
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In this scenario, the cameras (Redlake Motion Pro’s) are situated approximately 30 feet
from the 30-foot wide target as shown in the figure below.

30

Target
surface A

3D Geometry Calibration Targets
(2 Camera Views)
3D Experimental Setup High-speed camera imagery under
ambient day light conditions used to
provide a reference coordinate system
(Geometry Calibration).

After lens correction and geometry calibration are applied, it is possible to go back and
track the calibration targets to ascertain overall system accuracy. It should be noted that
the accuracies are on the order of millimeters. The greatest challenges in obtaining such
accuracies are proper lighting of the quadrant targets (sub-pixel localization) and lens
correction. In fact, the positional accuracies are off by more than 1 inch without lens
correction, a factor of 5:1 near the edges.

Page 7 Copyright © 2005 IS|




ﬁ@G@@
2.3 Lens correction

As discussed above, lens correction is carried out using the special template as shown
here:

Lens Correction Template.
In practice a single frame of imagery with this template provides an automated lens
correction solution.

Corrected imagery of
lens correction template.
This image is corrected
per ISI's automated lens

correction algorithm.

Note the measured
optical distortion as
indicated by the lines.

The corrected image

features straight lines.

This template has the advantage of requiring only a single view without regard to
alignment. However the primary requirement is to make certain the template fills as
much of the field of view as possible. As seen in Figure 3.2, the image from the left
camera is not optimal. Such an image will still provide some lens correction, but will not
provide information near the outer regions of the lens, where distortion is at its greatest.

An example in 3D is shown below comparing tracks with and without lens correction.
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3D Target Tracks With and Without Lens Correction

3 Summary

ISI looks forward to working on new and exciting projects leveraging our video tracking
expertise. We feel that by working with your team, we can provide reliable and accurate
3D kinematic solutions. This accuracy is usually achieved by working, as a team with our
customers to insure that the procedures deployed are consistent with assumptions made
in the software. 1SI is more than willing to visit your facility to review your 3D tracking
needs and discuss potential solutions and approaches.

Integrated Sensors, Inc.
502 Court St.

Utica, NY 13502
315.798.1377
WWW.Sensors.com

Page 9 Copyright © 2005 IS|



