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1 Executive Summary 
 
This document is a record of the United States Geological Survey (USGS) certification 
of the GeoScanner Build III digital aerial imaging system manufactured by 
GeoVantage Inc.  The USGS Certification team visited GeoVantage Inc. in Peabody, 
MA from October 20 to October 22, 2009 (3 days review).  The purpose of the visit was 
to hear and verify GeoVantage answers to USGS Manufacturer Certification 
requirements contained in the manufacturer certification document and checklist 
provided prior to the visit.  This visit was conducted under a Technical Assistance 
Agreement, TAA#: T-09-743 (ACIS Ref. ID:  9587) between GeoVantage Inc. and the 
USGS signed May 1, 2009.  This TAA allows GeoVantage to undertake USGS 
Certification of the GeoScanner Build III imaging system.  
 
The GeoScanner Build III (hereafter referred to as the Build III) is based on an 
architecture designed and patented by GeoVantage.  The Build III is a multi-camera 
system comprised of multiple digital camera modules and an acquisition computer 
(with sensor control hardware and software).  
 
Key components of the Build III system are manufactured and assembled by qualified 
suppliers under contract to GeoVantage, while the individual subsystems of the Build 
III system are integrated and tested at GeoVantage facilities in Peabody, MA.  The 
finished system is calibrated and tested in the laboratory, and field-tested at either at 
GeoVantage facilities in Peabody, MA or Ft. Walton Beach, FL. 
 
The Build III system is based on a modular and scalable design using one or two four 
camera modules with interchangeable 12mm and 17mm focal length lenses.  The 
camera modules can either be splayed slightly off nadir for a larger four-band swath 
width imaging program or both can be both nadir-looking for eight band collections.  
The GeoScanner Build III implementation has been in operation since 1999 and was 
introduced to the international mapping market in December 2005. 
 
The USGS team found the Geoscanner Build III system to be designed, manufactured, 
tested, and supported to the level required to meet the performance claims of the 
manufacturer when operated within manufacturer's intended operational parameters.  
When operated properly by technically qualified operators and processors, this system 
is capable of delivering digital aerial imagery data. 
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2 Purpose and Report Organization 
 
This report summarizes the information provided by GeoVantage to the USGS and 
also information gathered through observations made by the USGS team during the 
visit to the GeoVantage facility in Peabody, Massachusetts.  Proprietary information 
has not been included in this report.  Inquiries for technical information beyond 
what is in this report should be made directly to the manufacturer. 
 
The USGS team was provided numerous presentations, technical information, 
datasheets, and documentation material by GeoVantage prior to the visit, during the 
visit, and subsequent to the visit to GeoVantage.  The team also took considerable 
notes during the visit, reviewed system data and components and researched outside 
sources of information needed to augment a complete understanding of the 
GeoScanner Build III system.  The team notes and various materials contain 
GeoVantage proprietary information and are not included in this report but are kept on 
file within the USGS for future internal reference. 
 
The remainder of this document is organized as follows:  

Section 3: Site Visit - provides an overview of the trip to GeoVantage, dates 
and personnel involved.  

Section 4: Manufacturer’s System - provides the system description and 
design, operational concepts, intended use and the quality program for the 
system. 

Section 5: Documentation -   provides a synopsis of the documentation 
provided to the USGS, including the documentation submitted in the 
certification effort. 

Section 6: USGS Findings - provides the findings of the USGS Certification 
team. 

Section 7: Technical Specifications - provides Appendix A: Technical 
Specifications for the GeoScanner Build III System.  

.  
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3 The Site Visit 
 
The USGS Digital Sensor Type Certification Team traveled to Peabody, 
Massachusetts, from October 20-22, 2009 to meet with staff from GeoVantage and 
visit the integration site where critical elements of the GeoScanner Build III are tested 
and calibrated.  
 
The USGS Certification team included the following personnel and expertise: 

 Gregory Stensaas, USGS Remote Sensing Technologies Project Chief, 
Certification Lead, Manufacturing and Quality Assurance  

 Michael Benson, USGS, Remote Sensing Technologies Project Team, Imagery 
and System Processing 

 Dr. George Lee, USGS National Geospatial Program  

 Donald Moe, SGT, Contractor to the USGS, System Geometry and 
Photogrammetry 

 Jon Christopherson, SGT, Contractor to the USGS, Systems Engineering and 
Spatial/Radiometric/Optical Engineering 

 
GeoVantage staff that presented material and answered USGS questions included: 

 William Pevear – President & Chief Executive Officer 

 James Kain – Chief Technology Officer 

 Matthew Herring – Vice President, Head of Business Development 

 Alan Peck – Senior Systems Software Engineer 

 Daniel Shinnick – Senior Processing Manager 
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4 Manufacturer’s System: Description, Intended Use, 
Workflow and Quality Program 

4.1 System Description 

 
System Submitted for Certification: The Build III System is a four-band (red, green, 
blue near infrared proprietary digital aerial mapping system being certified on this 
USGS visit to GeoVantage.  The Build III System is comprised of a pod with four or 
eight monochrome digital cameras with individual optical filters and an acquisition 

computer with sensor control hardware and software.  The system has been 
designed to produce geo-coded ortho-mosaic imagery. 
 
The GeoVantage sensor itself is not simply a camera, but a tightly integrated collection 
of multiple cameras and collateral navigation components.  The proprietary sensor 
system, called the GeoScanner Build III, is comprised of a global positioning system 
(GPS), military-grade inertial measurement unit (IMU) and four-camera array (RGB for 
full color and NIR – near-infrared).  The external sensor is housed in a compact, 
portable unit that attaches to any compatible single-engine aircraft (such as a Cessna 
172) and is connected to an internal computer with a touch screen display and flight-
line steering bar.  
 
The geo-registration process begins with the on-board GPS and IMU, enabling precise 
navigation and positioning of each image thus eliminating the need for surveyed 
ground control.  The imagery is corrected for terrain variations using a digital elevation 

model (DEM) while maintaining an accuracy level of  3 meters.  Final GIS-ready 
imagery is delivered to the client after it has been orthorectified, geo-registered, tonally 
balanced and mosaicked.  The software processes are intellectual property of 
GeoVantage, Incorporated. 
 

4.2 Mission Planning 

GeoVantage is typically provided area-of-interest (AOI) shape files by a customer as 
the starting point for pricing and mission planning.  The polygon shapefile created 
around the area-of-interest is entered into GeoPlan, the mission-planning component 
of the GeoVantage software system.  GeoPlan pulls the data associated with the given 
area of interest out of the database, including DEMs, local maps, airport locations, 
maximum and minimum terrain height and local Continuous Operating Reference 
Stations (CORS) stations that will be used for Differential GPS (DGPS) correction.  All 
of this information comprises the mission plan and is loaded onto the flight computer, 
which manages the sensor system during image collection.  This complete process 
can be accomplished across the web from a field site using GeoVantage planning 
tools.  
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4.3 Image Collection 

GeoScanner Build III includes four or eight discrete monochrome digital cameras with 
individual optical filters used to collect the four or eight imagery bands.  The imaging 
cameras are mounted into a lightweight housing which also includes the Inertial 
Measurement Unit (IMU) that senses the precise acceleration and rotation rates of the 
camera axes.  The IMU sensor, coupled with a top-mounted GPS antenna, determines of 
the precise geodetic attitude and position of camera axes at camera trigger times.  
GeoVantage IMU/GPS integration algorithms are tailored to mission profiles where high 
bank angles and frequent loss of GPS satellites occur.  
 
A laboratory-determined multi-camera math model is an integral element of the system 
allowing each pixel of each camera to be to be spatially corrected, ensuring sub-pixel 
band-alignment and geometric correction of the lens/camera assembly.  The camera 
math model and the attitude and position of each frame allow each pixel of each 
camera to be ray-traced onto a Digital Elevation Model (DEM) of the over flown terrain. 
The pixel ray impacts are collected into rectangular cells formed from a client-specified 
coordinate projection (e.g., UTM), providing both geo-registration and orthorectification 
of each imagery frame.  In turn this allows creation of a composite image mosaic 
formed from all geo-registered frames without a requirement for ground control points.  
 

4.4 Digital Cameras 

The cameras are triggered from the computer and navigation system based upon 
elapsed range from the last image.  The elapsed range is computed from real-time 
GPS data to achieve a pre-specified downrange overlap.  Nominal downrange overlap 
is 30%.  The nominal side-lap, as determined by the spacing of the lateral flight lines, 
is 25%.  
 
Each of the four digital camera electronic shutters is set specifically for the lighting 
conditions and terrain reflectivity at each mission area.  The shutters are set by over-
flying the mission area and automatically adjusting the shutters to achieve a specified 

average brightness for each camera.  The shutters are then held fixed during 

operational imagery collection.  
 
Precision band-pass filters are used with a sharp band-pass cutoff.  These optical 
filters are attached to a filter assembly secured in front of the lens structure - 
completely covering the lens aperture.  Nominal filter specifications are shown in Table 
1.  Other filter center wavelength and bandwidths can be provided upon client request.   
A plot of the camera’s spectral sensitivity is shown in Figure 1. 
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The GeoScanner 12-mm focal length camera lens and CCD array format results in a 
Field-Of-View (FOV) of approximately 28.1 deg in cross-range and 21.1 deg in 
downrange.  The Ground-Sample-Distance (GSD) of the center camera pixels is 
dictated by the camera altitude Above Ground Level (AGL), FOV and number of pixels.  
GSD and image size is provided in Table 2 for selected altitudes AGL.  We should 
note also that the actual achieved GSD is slightly higher than the GSD at the center 
pixel due to the geometry and because the camera frames may not be triggered when 
the camera bore-sight is exactly vertical.  For a pixel at 24 deg off the vertical, the 
increase in the GSD is approximately 10%.  

 
The ground sample distance (GSD) and image size is provided in Table 2 for 
selected altitudes above ground level (AGL).  
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Figure 1 - Camera sensitivity vs. wavelength 

Color Center Wavelength Bandwidth 

Blue 450 microns 80 microns 

Green 550 microns 80 microns 

Red 650 microns 80 microns 

Near-Infrared 850 microns 100 microns 

 

Table 1 - Camera filters and aperture setting 
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4.5 Camera Calibration 

 
GeoVantage uses individual commercial industrial vision digital cameras with four 
cameras integrated into a single monolithic module.  Each of the four cameras has a 
separate bore-sight with filter, lens, mechanical structure, CCD array, and image 
capture electronics.  The GeoVantage manufacturing of each camera block uses 
standard CNC machining methods and any residual sensor bore-sight misalignments 
and other CCD array mismatch are removed by digital methods during post-processing 
stages.  This post-processing step is enabled by use of laboratory calibration 
techniques.  
 
GeoVantage uses a collimator and a two-axis gimbal technique for camera calibration.  
The collimator allows presentation of an image (typically a single point target) at infinity 
using an off-axis parabolic mirror.  The two-axis gimbal allows placing the target point 
at any location within the camera Field-Of-View (FOV).  Using the computer controlled 
gimbal, the assumed lens focal length and pixel spacing, the point target occurs at a 
predicted X, Y pixel location.  The measured target locations are computed from the 
images captured by the multiple cameras and target placement is repeated for a dense 
grid of points spaced around the camera FOV.  By curve fit of the multiple predicted 
and measured pixel locations and using a rational polynomial, the true pixel locations 
can be mapped with sub-pixel precision.  This process allows for the formation of a 
camera math model for each of the four cameras that, in turn, allows forming precise 
pixel rays that are used in post-processing for image geo-registration onto a Digital 
Elevation Model.  This calibration step also allows for the removal of any 

Altitude  
(AGL ft) 

GSD 
(m / ft) 

Image Width 
(m / ft) 

Image height  
(m / ft) 

Area 
(acre / mi

2
) 

500 0.060/ /0.196 76.3 / 250.3 56.7 / 186.0 1.1 / 0.0017 

1000 0.119 / 0.391 152.6 / 500.5 113.4 / 372.0 4.3 / 0.0067 

2000 0.238 / 0.782 305.1 / 1001.0 226.8 / 744.1 17.1 / 0.0267 

3000 0.357 / 1.173 457.7 / 1501.5 340.2 / 1116.1 38.5 / 0.060 

4000 0.477 / 1.564 610.2 / 2002.0 453.6 / 1488.1 68.4 / 0.107 

6000 0.715 / 2.346 915.3 / 3003.1 680.4 / 2232.2 153.9 / 0.240 

8000 0.953 / 3.128 1220.4 / 4004.1 907.2 / 2976.3 273.6 / 0.427 

10000 1.192 / 3.910 1525.6 / 5005.1 1134.0 / 3720.3 427.5 / 0.668 

 Table 2 - GeoScanner center-pixel resolution and image frame size 
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CCD/lens/filter geometric imperfections as well as compensating for any slight 
uncertainty in focal length and camera-to-camera bore-sight misalignments. 
 
By use of a well controlled light source, the lens vignetting can also be determined 
during this calibration.  The relative amplitude of the light pulse over the FOV is also 
measured by the recorded image.  This light pulse amplitude is also curve fit and is 
used to compensate the raw imagery during post-processing. 
 
The GeoVantage calibration laboratory includes the collimator, two-axis gimbal, 
isolated optical bench and integrating sphere used to illuminate the target at infinity.   
Each manufactured four-camera block is calibrated using this laboratory.  The curve fit 
parameters are maintained in a central database for all the camera blocks and are 
used for post-processing.  For splayed camera designs, the calibration terms for each 
camera are used in the post-processing.  
 

4.6 Inertial Measurement Unit and GPS Receiver 

 
The use of a merged IMU/GPS solution is used to achieve imagery geo-registration 
without ground control.  Although only recently adopted for commercial 
photogrammetry, this method has long been routine in military surveillance and image 
registration applications.  
 
The GeoScanner uses an Inertial Measurement Unit (IMU) to provide acceleration and 
rotation rates for the camera axes.  Internally, the IMU device mathematically 
integrates accelerations and rotations at sample rates of 2000 Hz, with integrated 
accelerations and output rates at 200 Hz and recorded by the flight computer.  The 
IMU data are processed by an algorithm within the digital computer to accomplish a 
complete position, velocity and attitude solution for the camera axes at the 200 Hz 
rate.  This solution will drift from the true solution due to attitude initialization errors, 
and instrument errors unless it is continuously “corrected” by a second navigation aid.  
The IMU-derived solution is compared with once-per-second position and velocity data 
from the GPS receiver to provide the continuous correction for IMU instrument errors 
and attitude errors.  
 
Generally, the merged IMU and GPS data provides an attitude measurement with an 
accuracy of less than 1-mrad and smoothed positions of less than 1-m. The 
computations of the smoothed attitude and position are performed after the mission 
using companion data from a GPS base station to provide a differential GPS solution.  
The differential correction process improves GPS pseudo-range errors from 
approximately 3m to approximately 0.5m and improves integrated carrier phase errors 
from 2mm to <1mm.  The precision attitude and position are computed within a WGS-
84 reference frame and because the camera frames are precisely triggered at IMU 
sample times, the position and attitude of each camera frame is precisely determined.  
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4.7 Post-Processing 

 
GeoVantage’s proprietary software package streamlines processing for increased 
efficiency: the airborne imagery collection system and is closely integrated with both 
the mission planning systems as well as the post-mission processing tools.  Because 
the software is custom-developed vs. off-the-shelf, GeoVantage Imagery Specialists 
maintain a high level of control over the underlying code, which allows them to make 
adjustments that will better accommodate custom imagery requests and special 
attributes of our sensor systems and aircraft flight procedures.  
 
After collection, three key steps are performed in the Geo-Post processing system: 
navigation processing, single-frame geo-registration, and mosaic preparation: 
 

4.7.1. Navigation Processing. Navigation processing consists of a Kalman 
filter-smoothing algorithm for merging the IMU data, airborne GPS data and 
base station GPS data.  The output of the navigation processing is the Time-
Position-Attitude (.tpa) file that contains the WGS-84 geometry of each 
triggered frame.  

 
4.7.2. Geo-registration Processing. The single-frame geo-registration 

processing uses the camera mathematical model derived from the calibration 
process and navigation-derived frame geometry (.tpa file) to perform the ray-
tracing of each pixel of each band onto the selected DEM.  This results in a 
database of geo-registered three-color image frames with separate images for 
RGB and Near-IR frames.  The single-frame geo-registration step allows 
selection of client-specific projections including geodetic (WGS-84), UTM, or 
State-Plane.  

 
4.7.3. Mosaic Processing. The final Geo-Post step, mosaic processing, 

merges the geo-registered images into a single composite image.  This stage 
of the processing provides tools for performing a number of operator-selected 
image-to-image color balance and edge-matching steps.  Different proprietary 
steps are used for sun-angle correction, Lambertian terrain reflectivity 
correction, global image tonal balancing and edge blending to achieve a 
seamless image.  
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4.8 Manufacturer’s Accuracy Claim 

GeoVantage has responded to a USGS questionnaire regarding typical planimetric 
accuracies which a user of the GeoScanner may expect to obtain at several 
operational resolutions.  These responses are given in Table 3 and are also illustrated 
in a subsequent chart (See Figure 6).  GeoVantage claims 15cm as their highest 
operational ground sample distance (GSD).  
 
 

 
Resolution (GSD) CE95 Accuracy using 

Direct Geo-referencing 
CE95 Accuracy using 
Ground Control Points 

1-meter 3 meters (Not applicable) 

12-inch (30cm) 2 meters (Not applicable) 

6-inch (15cm) 2 meters (Not applicable) 

3-inch (7.5cm) NA (Not applicable) 

Highest advertised 
resolution 

3-inch  

 
 
Table 3 - Claimed Accuracies for the GeoScanner Build III System 
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5 Documentation 
 
GeoVantage provided various documents to the USGS prior to the visit and additional 
documents that GeoVantage staff presented during the visit.  These documents 
included the following: 
 

1. Pod Drawings Package 
2. Aircraft Installation Instructions 
3. Flight Operations Manual  
4. Navigator Case Study 
5. IDP Software Release Notes 
6. Mission Theory 
7. Mission Planning 
8. RS Training Document 

 
Additional information was provided after the visit in response to USGS questions.  All 
documentation came from GeoVantage directly. 
 
The USGS team also referenced additional documents obtained from presentations 
and GeoVantage promotional material and is current as of the visit.  
 
Finally, the individual members of the USGS team took notes, pictures, and wrote 
comments regarding what they saw and heard during the visit to GeoVantage and 
while researching the GeoVantage GeoScanner system.  Copies of these notes have 
been collected and are filed with the GeoVantage Certification files at the USGS EROS. 
 
Copies of the documentation described above are kept in the GeoScanner Certification 
files at the USGS EROS for reference and the information within or derived from are 
GeoVantage proprietary information.  
 
GeoVantage shared this information with the USGS for the purpose of type 
certification under a non-disclosure agreement.  This type of information is not 
contained in this report.  Due to the proprietary nature of detailed technical information 
used during certification, USGS suggests that external requests for any information 
about this unique camera system be directed to GeoVantage. 
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6 USGS Team Findings 
 
The design of the GeoScanner is modular and scalable and allows for flexibility based 
on the customer’s application and use of the product.  GeoVantage has presented a 
design for certification which included the following characteristics:   

1. The Build III housing accommodates four to eight cameras and lenses for 
RGB and NIR applications 

2. Sensor generated imagery produced from virtual (focal) plane overlap of 
the four-eight cameras.  

3. Software packages - as previously described an operational 64-bit software 
system and subsequent data processing. 

4. Camera and sensor infrastructure – e.g. the GPS/IMU, CPU, and data 
storage drives.  

 
The Quality Program at GeoVantage is sound and thorough and uses only two 
engineering partners with whom they have long term relationships.  These close 
working relationships allow for physical collaboration between engineers and 
assemblers and thus gives GeoVantage the ability to monitor quality and performance 
at the subsystem level during assembly and testing.  System engineering processes, 
including configuration control and management in use at GeoVantage, follow standard 
industry practices for manufacturing engineering, testing, and quality monitoring 
processes. 
 
Geometric calibration of the GeoVantage systems is performed using an advanced 
collimator technique in Ft. Walton Beach, Florida.  The geometric calibration addresses 
photogrammetric qualities of the imagery including focal length, radial distortion, lens 
de-centering, and principal point offsets, as well as the determination of the interlock 
angles between cameras.  Radiometric calibration for the GeoScanner system is a 
relative calibration (not absolute) and includes color and tonal balancing, shading and 
aperture correction, and smearing removal.  These measures control the qualitative 
radiometry of the produced imagery.   GeoVantage performs annual factory servicing 
of the GeoScanner systems.  During annual servicing, the calibration of the system is 
verified using the methods detailed above.   
 
The USGS Team was presented with overviews of the GeoVantage software used for 
processing the GeoScanner system output into orthophotos and ortho-mosaics.  
These orthophotos and ortho-mosaics can further be processed with third party 
software.  The GeoVantage software is designed and implemented following the ISO 
IEC 90003 guidelines established for software engineering.  It follows object oriented 
conceptual, logical, and physical design approaches.  
 
GeoVantage’s service and support operations were also briefed to the USGS Team 
and were found to be well implemented.  GeoVantage has tested and verified the 
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technical performance of the GeoScanner system, including test flights under harsh 
environmental conditions.  Each system is flown and verified before delivery.  
 
The GeoVantage system has the ability to improve its performance in the future with 
system and process changes.  The system could realize improved geometric 
performance using an enhanced, integrated photogrammetric solution that better ties 
together the system math model, calibration and boresight processes, and data 
processing.  The current design of the system allows for the creation of orthophotos 
with varying accuracies at different resolutions as shown in the table of manufacturer’s 
claimed accuracies in Section 4.8, Table 3 of this report.  The orthophotos evaluated 
by the USGS Team had good image balance and tonal constancy but minor pixel-line 
discontinuities (such as mosaic line discontinuities) that could be fixed for customers 
via software processes. 
 
The USGS Team has found the GeoScanner system to be designed, manufactured, 
tested, and supported to the level required to meet the performance claims of the 
manufacturer and when operated within manufacturer's intended operational 
parameters.  The GeoScanner system, when operated properly by a conscientious and 
technically qualified operator and at the performance levels provided in this report, are 
capable of delivering orthographic digital aerial data. 
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7. GeoScanner Technical Specifications 

 
 

Component Capability Specification 

System     

  System Nomenclature GeoScanner 

  Number of Lens Cones 4-8 

  Number of Sensor Chips/Lines 4-8 

  On-board Storage (GB/TB) 320GB 

  On-board Storage (images) 4000 frames  

  Image Storage Redundancy (Y/N) N 

  Power Consumption (Watts) <60 (max) 

  Camera Temperature Range (○C) 0-45C 

  Computer Temperature Range (○C) 0-45C 

  Output Pixel Size(s) 4.4µmx4.4µm 

  Fwd Motion Comp (FMC) Type NONE 

  Recommended Forward Overlap (%) 30% 

  Recommended Side Overlap (%) 25% 

Size/Weight    

  
Camera Size/Weight 19inx5.5in radius 12 

lbs 

  Processing System Size/Weight Tablet PC 5.5 lbs 

  Total System Weight <20 lbs 

Controls     

  Exposure Control Options YES 

  Light Metering Type NO 

  Shutter Type ELECTRONIC 

  Shutter Speed Range >.11 millisecond 

  Exposure Compensation 0-25 dB gain 

 



  
  

 
 
Department of Interior 
US Geological Survey 

18 
 

 

Component Capability Specification 

Sensor     

  Sensor Type Frame 

  Sensor Nomenclature GeoScanner 

  Manufacturer CCD Nomenclature ICX274AL 

  Total Pixels (MP) 1600X1200X4 

  Along Track Pixels 1200 

  Cross Track Pixels 1600 

  Aspect Ratio  

  Pixel Size (mm) 4.4µm 

  Radiometric Resolution (bits) 12 

  Max Exposure Rate (sec) < 2 image per sec 

Lens     

  Lens Type C-Mount 

  Lens Nomenclature Schneider 

  Focal Length (mm) 17mm 

  Aperture Range (f-stop) Per camera 

  Along Track FOV (deg) .75 *32 

  Cross Track FOV (deg) 32 

 

 


