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SECTION 1: OVERVIEW 
 

This report contains a comprehensive outline of the airborne imagery acquisition for Lake Erie 
Watershed of Pennsylvania.  The project area was approximately 583 square miles, which included a 
500 foot buffer and full tiles around the outer edge of the County. Sixty lines were flown to acquire 
digital imagery capable of producing 1”=100’ scale digital orthophotos with a 0.5-foot pixel resolution. 

Aerial digital imagery was collected by the Leica ADS80 (Airborne Digital Sensor) SH82 in Leica’s PAV80 
gyro-stabilized mounts. The ADS is a push-broom geometry sensor, collecting multiple spectral bands 
and angles simultaneously. The digital aerial imagery was collected at the following sensor 
specifications: 

0.5-foot Pixel Resolution: 

Ground sample distance (pixel size):   0.5 ft / 15 cm 
AGL (Above Ground Level) average flying height: 4,747 ft / 1447 m 
MSL (Mean Sea Level) flying height:   5,714 ft / 1,742 m 

 Average Ground Speed:     150-160 kts / 173-184 mph 
Bands Collected:      RGB 

NIR 
PANCHROMATIC 

Side Lap:       25.0% 
Forward Lap:       Continuous (push-broom) 

The imagery data was produced in Pennsylvania State Plane North Zone, North American Datum of 1983 
(NAD83). Coordinate positions were specified in units of US Survey Feet. The vertical datum used for 
the project was referenced to North American Vertical Datum of 1988 (NAVD88) in units of US Survey 
Feet.  

Table 1.1: Aerial Imagery Acquisition Specifications 

Project 
Imagery 

Resolution 
Number of 
Flight Lines 

Number of 
Collection Days 

Acquisition Dates 

Erie Lakeshore, PA 0.5-ft GSD 
Digital Imagery 

1”=100’ 60 2 
April 26, April 29, 
2015 

 
 

Table 1.2: Aerial Imagery Acquisition Summary – 0.5-ft GSD 

Date of Flying Lines Flown 
Time ON/Off Line 

(UTC) 
Time On/Off Line 

(Local – EDT) 

April 26, 2015 
Leica ADS80 SH82 
S/N 27 

1-7, 30-57 15:37-20:09 11:37AM-4:09PM 

April 26, 2015 
Leica ADS80 SH81 
S/N 101 

8-29, 58-60 15:55-19:48 11:55AM-3:48PM 

April 29, 2015 
Leica ADS80 SH82 
S/N 27 

4-20, 22-31, 35-37, 
39-43, 47-49 

19:11-20:55 3:11PM-4:55PM 
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Weather and Ground Conditions 

No significant weather issues, flooding, or ponding were observed during the flight missions.   
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Figure 1.1:  ADS Flight Diagram of Lake Erie Watershed, PA 
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SECTION 2: GPS AND IMAGERY QUALITY 
ASSURANCE 
 

EQUIPMENT 

The Woolpert Aerial Acquisition Team owns all the equipment used for the ground control and ABGNSS 
missions with the exception of CORS stations. 
 
Flight navigation is performed using IGI CCNS (Computer Controlled Navigation System). The pilots are 
thoroughly trained and highly skilled at maintaining their planned trajectory, while holding the aircraft 
steady and level. If atmospheric conditions are such that the trajectory, ground speed, roll, pitch and 
heading cannot be properly maintained, the mission is aborted until suitable conditions occur. 
 
All of the aircraft are all configured with a NovAtel Millennium 12-channel, L1/L2 dual frequency GNSS 
receivers collecting at 2 Hz. 
 
All of Woolpert’s aerial cameras and sensors are equipped with Litton LN200 series IMU’s operating at 
200 Hz. 
 
Woolpert’s Aerial Acquisition Team coordinated with the necessary Air Traffic Control personnel prior 
to flying to ensure access.  
 
Flight navigation is performed using IGI CCNS (Computer Controlled Navigation System). The pilots are 
thoroughly trained and highly skilled at maintaining their planned trajectory, while holding the aircraft 
steady and level. If atmospheric conditions are such that the trajectory, ground speed, roll, pitch and 
heading cannot be properly maintained, the mission is aborted until suitable conditions occur. 

The aircraft are all configured with a NovAtel Millennium 12-channel, L1/L2 dual frequency GNSS 
receivers collecting at 2 Hz. 

All Woolpert aerial sensors are equipped with Litton LN200 series IMU’s operating at 200 Hz. 

A base-station unit was mobilized for the acquisition mission, and was operated by a member of the 
Woolpert survey and/or flight crew. Each base-station setup consisted of one (1) Trimble 5000 series 
dual frequency receiver, one (1) Trimble Zephyr Geodetic L1/L2 dual frequency antenna, one (1) 2-
meter fixed-height tripod, and essential battery power and cabling. Ground planes were used on the 
base-station antennas. Data was collected at 1 or 2 Hz. 
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GPS Base Station Information 

The following GPS base station was used in support of the aerial acquisition. 

Table 2.1: GNSS Base Station Coordinates 

Station Name Latitude (DMS) Longitude (DMS) 
Ellipsoid Height 

(L1 Phase Center) 
Meters 

OHAS CORS N 41° 55’ 30.22147” W 80° 33’ 03.84436” 181.660 

 

The collected data was shipped back to the Woolpert Dayton, Ohio office for processing and quality 
control. All data was downloaded into a standard Woolpert directory structure. The data was 
immediately checked for missing files, corrupt files, etc. Once verified, the GPS data was processed 
using Inertial Explorer software, combining airborne GPS data with base station data.  

Within the trajectory processing, there are many factors that affect the overall quality, but the most 
indicative are the Combined Separation, the Estimated Positional Accuracy, and the Positional Dilution 
of Precision (PDOP). 
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Trajectory 

Figure 2.1: Graph of the Flight Trajectory of Day116, Leica ADS80 SH82 S/N 27, in N404CP 
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Combined Separation 

The Combined Separation is a measure of the difference between the forward run and the backward 
run solution of the trajectory. The Kalman filter is processed in both directions to remove the 
combined directional anomalies. In general, when these two solutions match closely, an optimally 
accurate reliable solution is achieved. 

Woolpert’s goal is to maintain a Combined Separation Difference of less than ten (10) centimeters. In 
most cases we achieve results below this threshold. 

Figure 2.2: Representative Graph from Day116 of Combined Separation 
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Estimated Positional Accuracy 

The Estimated Positional Accuracy plots the standard deviations of the east, north, and vertical 
directions along a time scale of the trajectory. It illustrates loss of satellite lock issues, as well as 
issues arising from long baselines, noise, and/or other atmospheric interference. 

Woolpert’s goal is to maintain an Estimated Positional Accuracy of less than ten (10) centimeters, often 
achieving results well below this threshold. 

Figure 2.3: Representative Graph from Day116 of Estimated Positional Accuracy 
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Positional Dilution of Precision (PDOP) 

The PDOP measures the precision of the GPS solution in regards to the geometry of the satellites 
acquired and used for the solution. Woolpert’s goal is to maintain an average PDOP value below 3.0. 
Brief periods of PDOP over 3.0 are acceptable due to the calibration and control process if other 
metrics are within specification. 

Figure 2.4 Representative Graph from Day116 of PDOP 

 

 
The imagery data was processed using Leica’s X-Pro processing software. The processed imagery data 
was immediately checked against the flight line layout for spatial accuracy and coverage, image 
quality, and atmospheric anomalies such as clouds, etc. 

The results of the GPS/IMU analysis and the analysis of the processed imagery data were immediately 
provided back to the flight crew so that any necessary re-flights can be acquired as soon as weather 
conditions permitted. 
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SECTION 3:  IMAGERY EDITING 
 

This section contains the Aerial Digital Imagery Acquisition Editing Report(s) covering the project. The 
imagery is immediately processed and reviewed by trained professional imagery editors for overall 
quality and to determine if it meets the project specifications. Anything outside of project 
specifications is marked for re-flight and re-flown as soon as possible in conditions as similar as possible 
to the original ground and flying conditions. 
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SECTION 4: FLIGHT LOGS 

This section contains the Flight Log(s) covering the project. Flight Logs list mission specific details such 
as crew members, airports, weather conditions, real time PDOP values and document any issues 
encountered during the mission. Flight Logs are filled out by the sensor operator during the acquisition 
flight. 
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SECTION 5: SENSOR CALIBRATION REPORT 
 

This section contains the Sensor Calibration Report(s) and Sensor Specifications covering the aerial 
sensor(s) utilized for this project. These are the manufacturer’s lab calibrated values.
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