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3D Modeling: Imagery or Lidar?



Characteristics of Data from Mobile Mapping System
• High Density

- 2,000 pts/m2 to 6,000 pts/m2 
• High Accuracy

- Accuracy ≅ 1.8 cm (one sigma)  0.06 ft.
• Expensive to acquire and to process

Characteristics of Data from UAS
• High Density

– Few hundreds to 2,000+ pts/m2
• Lower Accuracy

– Accuracy ≅ 3.0 to 6.0 cm (one sigma)  0.1 
to 0.2 ft.

• Low cost to acquire and to process



Mobile Mapping Lidar



Mobile Mapping System Technology (MMS)

1,000,000 points per second (2,000 pts/m2 to 6,000 pts/m2) Accuracy≅1.8 cm



Anatomy of MMS
Optech Lynx M1 Mobile Mapping System

Dual LiDAR Sensors
1,000,000 points per second (2,000 pts/m2 to 6,000 pts/m2) 
200 meter range

4 integrated cameras
2-3 frames per second 
5 MP color cameras

Real-time point cloud viewing
Collection at highway speeds



MMS for Roads Assets Management



MMS for Design Survey



MMS for Design Survey



Woolpert’s Smart Feature Extraction Tool

• LiDAR (Spatial Information) 
– Sign Position/Location 
– Sign Dimensions
– Cardinal Direction 
– Mounting Type

• Imagery (Visual Information) 
– Sign Color 
– Sign Text 
– Condition 

• Functional
• Needs Attention
• Needs Replacement



MMS for Curb and Sidewalk Assessment

Functional Cracks Missing 
Concrete



MMS for Road Safety Audit Surveys
A proactive approach

• Road Crossfalls
– Slope calculations
– Road radius of curvature
– Superelevation measurements

• Horizontal & vertical line of sight 
analysis
– “Viewshed” analysis
– Lateral & vertical clearances

• Others
– Monitoring
– Change detection
– Missing signs
– 4D Modeling



Leveraging MMS Data with Other Departments

• Utilities
• Paint stripes
• Guardrails
• Fire hydrants
• City furniture
• Parking meters
• ADA ramps
• Engineering design



How Accurate is the MMS Survey?

Two ranges of accuracies depending on needs
Planning/Mapping Level Accuracy

No ground control (≅0.2’) with Good satellite visibility
No ground control (≅1.0’) with Poor satellite visibility

Design Level Accuracy
Done with benefit of ground control 

≅0.06’ using Mobile Mapping System (1σ)



Understanding UAS Mapping Operations



Types of UAS
• Fixed Wing

• The main advantages are large area coverage, ease of operation, heavier load, high 
flexibility, and stability

• The main disadvantages of a fixed wing UAV include limitations in takeoff and landing

• Rotary
• Rotary blade UAVs can perform vertical takeoff and landing and fly in every direction 

(horizontal and vertical) with the ability to hover over a fixed position
• They are most commonly used in large scale mapping with large overlaps. They offer ease 

of operation, high flexibility and stability. 
• They can provide nadir images with minimum crab angle. 
• They can fly at lower altitudes and can be programmed to fly autonomously along pre-

programmed waypoints with the ability to acquire oblique imagery.
• Some disadvantages include a short battery life (10-25 min in general) and smaller 

payload. Image translation and rotational component might exist. 

• Hybrid
• Uses a tilt rotor as the main driver and has the advantages of fixed and rotary blade 

systems



Camera Quality
• Camera systems have tremendous impacts on the achieved photogrammetric accuracy. 

Since almost every camera system used with UAS is a non-metric camera, it is highly 
recommended to use a camera with firm lens elements that maintains its calibration.

• The magnitude of the camera lens distortion is very large in small and mobile cameras.

• Many consumer grade cameras have image stabilization features to detect and correct 
camera movement during image acquisition by moving the camera lens elements. 

• In a UAS environment, the stability of camera calibration is a prerequisite for precise 
photogrammetric mapping. 

• It is recommended to disable image stabilization in UAV photography. 

• UAS camera shutter plays an important role on mapping accuracies



Image Blur
• Image blur is usually caused by the UAVs motion.
• This in turn degrades the quality of the acquired imagery. 
• Images with high image blur would detect less matching features using 

image correlation and can reduce the accuracy of a bundle solution. 
• Multi-copters can minimize image blur if they hover during the image 

exposure. 
• Image blur can be minimized also by having high exposure rate with 

short exposure time (1/2000 seconds).



GPS/IMU Camera Positioning and Orientation
• Single frequency GPS Receiver L1 – Meters accuracy  
• Dual frequency GPS Receiver L1, L2 - Few centimeters 

accuracy
• Real Time Kinematic GPS (RTK) – Few centimeters 

accuracy
• Post Processed Kinematic GPS (PPK) – Few centimeters 

accuracy

Camera Orientation Determination:
• Inertial Measurement Unit (IMU) – Low grade IMU for 

UAS



RTK versus no-RTK  GPS

RTK UAS:
• With the RTK’s and GSD of 1.5 cm:

• Relative accuracy of 1-3x GSD
• Absolute horizontal/vertical accuracy of down to 3/5 cm (without 

GCPs)**
No-RTK UAS:

• No GCPs: Depends on the accuracy of the GPS/IMU, usually 1 to 3 meters.
• With GCPs as good or better than the results from RTK UAS. 

** Based on a claim by Sensfly.com using their eBee RTK.



Camera Positioning
• Camera positioning has a large impact on the block accuracy. 

• It can be encoded in the image EXIF header or saved in a separate file. 

• Many UAVs use a single frequency L1 to establish positioning, which is not enough to 
achieve mapping accuracy since single frequency GPS systems’ precision is in meters 
level not in the order of centimeters. 

• New UAVs have on board receiver for GNSS L1 and L2 signals, with corrections sent 
from the master station to achieve the desired accuracy.

• The rationale for producing RTK-enabled UAVs is to minimize GCPs needed. 



Flight Planning
• Flight height
• Forward and side lap
• Flight direction
• GSD
• Ground points

• Size and shape
• Control points
• Number
• Distribution
• Check points



Flight Planning Best Practices
• Flight patterns are optimized for minimizing flight time, wind direction and 

topography. 
• Flight patterns can be vertical, oblique and circular . 
• Flights in opposite directions can contribute to a better estimation of the principal 

point when self-calibration is applied in the block adjustment.
• It is advisable to add extra frames at the end of each flight line since poor image 

quality results during turn-about. 
• The benefit of cross strips to the block is not clear. Some references claim it can 

reduce the number of GCPs and strengthen the bundle solution. Others claim it did 
not have an impact . 

• To take advantage of using structure from motion (SfM) algorithms, the forward 
overlap must be increased. Overlap (> 80% along strips and 70% across strips) will 
provide better accuracy, and reduce image mismatches. 



Flight Planning Best Practices
• Lowering the flight altitude demands a longer acquisition time and may increase 

image shadow effect. 
• Adding images with different altitudes (20% higher) may improve the block accuracy 

, which will contribute to better focal length estimation when self-calibration is 
being used. 

• For corridor mapping the accuracy will depend on the number and distribution of 
the GCPs and the accuracy of the directly measured camera positions using GNSS. 

• Measurements of camera angles using an Inertial Measurement Unit (IMU) may 
contribute to the accuracy.

• Use dedicated flight planning tools.
• Plan on using processing software that provides camera calibration capability and 

handles GPS issues.



Recommended Free Flight Planning Software
(Mission Planner by Ardupilot)

Flight Planning with “Mission Planner” 

Down load for free from: http://ardupilot.org/planner/index.html



Ground Control Points (GCPs)



Ground Control Points (GCPs)
• Ground control points are a must to achieve the accuracy required.
• Current direct geo-referencing technology and algorithms do not provide such 

accuracy. 
• The number of GCPs and their distribution depends on project size and accuracy 

requirements.
• It is recommended that the image size of the GCPs is 6 to 10 pixels
• GCPs are surveyed in most cases with GNSS surveys using RTK mode. Horizontal 

accuracy of 1-2 cm and vertical accuracy of 2-3 cm can be achieved
• Accuracy of check points should be at least three times better than that of the 

target validation results. This goes with ASPRS standards.
• Terrestrial laser scanning has been used as ground truth with an accuracy of 2 to 

4mm and GSD as low as 1.5 mm.



Processing Software
• The structure from Motion (SfM) is widely used because it provides 

greater flexibility and high quality results. 
• The major software used by the industry are:

• Photoscan by AgiSoft
• Pix4D. Photoscan
• SimActive – Correlator 3D

• The user in principle has very little control over the data processing. 
• It is another example of a black box approach 
• They show increasing robustness and visually appealing 3D models. 
• But they do not provide a thorough statistical analysis of results, but a 

mean re-projection and the RMS from check points are given in the 
report.  



Strength and Weakness of UAS-based Photogrammetry

Strength:
• High Resolution Imagery
• Low Altitude
• Excessive Overlap and Image Redundancy
• Capable Processing Software
Weakness:
• Small Size Projects
• Low Cost Non Metric Cameras
• Inaccurate IMU



Mostly consumer grade cameras:
Camera on board small Unmanned Aerial System (UAS)

Sony
Panasonic
Cannon

Nikon
GoPRO

Fixed Wings UAS Rotary UAS 



UAS Strength: High Resolution Imagery
Low altitude minimizes attitude errors on products and increase details



UAS Strength: Image Redundancy
Digital Imagery and Increased overlap

GCP shows in 45 images



Digital Multi-Rays Photogrammetry

Least squares finds the 
best point of 

intersection not 
human eyes

UAS Strength: Image Redundancy



How about B/H Ratio?

B

H

Traditional Stereo 
Geometry

Today’s Stereo 
Geometry Traditional Stereo Geometry

Intersection at a point
Good for manual stereo 

compilation
B

ok for digital 
correlation



UAS Strength: Capable Software
Plenty of tie points results in a strong geometrical fidelity



UAS Strength: Capable Software

It handles camera self calibration and 
structure from motion 

Platform used: Woolpert Kespry UAS



What the Geospatial Community Expect from UAS

• High Resolution Imagery:
a) Orth-rectified
b) High Resolution
c) Accurate

• Digital Terrain Data:
a) Dense points cloud
b) RGB colorized points cloud
c) Accurate

• Sites and Bridges Inspection:
a) Maneuverability  
b) Safe Operation



Demand #1: High Resolution Imagery



UAS Standard Deliverables



UAS Standard Deliverables



UAS Standard Deliverables



Bypass Construction project
2-cm Orthos Details



Power Station by UAS: >2000 pts/m2



Power Station by UAS: >2000 pts/m2



Demand #2: Can UAS Products be Accurate?



Woolpert UAS Assets

PLATRFORMS:

Platform Manufacturer Model
Phantom 2 DJI Phantom 2 Vision+
Inspire 1 Pro DJI Inspire 1 Pro
Inspire 1 #2 DJI Inspire 1
Phantom 3 Pro DJI Phantom 3 Professional
INSPIRE 2 - WOOLPERT 1 DJI INSPIRE 2
INSPIRE 2 - WOOLPERT 2 DJI INSPIRE 2
NOVA III Altavian NOVA III
Kespry Kespry Kespry 2S

Fixed Wings UAS 

Rotary UAS 



The Testing Site:
• 11 acre site
• Contained roadways and was 

relatively unobstructed

UAS Accuracy Evaluation – Project 1

Woolpert’s Control Field – Dayton, Ohio



UAS Accuracy Evaluation – Project 1

Flight Design



Accuracy Verification

- Two surveys
- 49 control/check points



Accuracy verification: Control Layout Scenarios

D

A

A

v

C

E

F G



A B C D E F G
29 0 4 5 7 9 13
20 49 45 44 42 40 36

0.22 2.34 0.16 0.18 0.17 0.18 0.18
0.18 1.40 0.14 0.14 0.14 0.14 0.15
0.29 2.73 0.21 0.23 0.22 0.23 0.24
0.32 1.62 1.35 0.32 0.23 0.25 0.29
0.49 4.72 0.36 0.40 0.39 0.39 0.41
0.62 3.17 2.65 0.63 0.45 0.49 0.57

Processing Scenario
Accuracy Term

Number of Control Points
Number of Check Points

RMSE E (ft.)
RMSE N (ft.)

Radial RMSE N,E (ft.)
RMSE Elev. (ft.)

Horizontal Accuracy at 95% (ft.)
Vertical Accuracy at 95% (ft.)

Horizontal
Vertical

Can we obtain < 0.2 
ft. vertical accuracy?

Perhaps: fly lower, use 
RTK/PPK GPS

How Accurate are the UAS-derived Products?

Imagery GSD = 2.7 cm Altitude 350 ft. AGL


Template

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values						Survey Check Point Values						Residual Values

				Easting		Northing		Elevation		Easting		Northing		Elevation		Error in Easting		Error in Northing		Error in Elevation

		1								1517215.433		629113.291		887.950		-1517215.433		-629113.291		-887.950

		2								1517194.331		629018.500		887.674		-1517194.331		-629018.500		-887.674

		3								1517178.393		628866.335		890.935		-1517178.393		-628866.335		-890.935

		4								1517186.644		628714.077		891.297		-1517186.644		-628714.077		-891.297

		5								1517261.738		628821.266		895.012		-1517261.738		-628821.266		-895.012

		7								1517379.569		629123.226		894.129		-1517379.569		-629123.226		-894.129

		8								1517353.044		628983.434		896.228		-1517353.044		-628983.434		-896.228

		9								1517360.613		628833.909		896.689		-1517360.613		-628833.909		-896.689

		10								1517533.413		629102.203		897.498		-1517533.413		-629102.203		-897.498

		11								1517576.336		628965.253		897.645		-1517576.336		-628965.253		-897.645

		12								1517583.150		628770.577		897.139		-1517583.150		-628770.577		-897.139

		13								1517669.155		628652.985		897.603		-1517669.155		-628652.985		-897.603

		14								1517666.724		628858.014		899.017		-1517666.724		-628858.014		-899.017

		15								1517949.639		629028.648		898.662		-1517949.639		-629028.648		-898.662

		16								1517811.994		628898.683		897.344		-1517811.994		-628898.683		-897.344

		17								1517795.501		628759.155		897.486		-1517795.501		-628759.155		-897.486

		19								1517841.669		628633.957		899.583		-1517841.669		-628633.957		-899.583

		20								1518022.354		628612.115		901.749		-1518022.354		-628612.115		-901.749

		21								1517956.224		628729.171		901.903		-1517956.224		-628729.171		-901.903

		22								1517964.090		628877.036		902.077		-1517964.090		-628877.036		-902.077

		23								1518103.506		628849.607		898.352		-1518103.506		-628849.607		-898.352

		24								1518084.825		628686.253		900.781		-1518084.825		-628686.253		-900.781

		25								1518112.028		628977.607		896.349		-1518112.028		-628977.607		-896.349

		26								1517221.575		629142.863		888.214		-1517221.575		-629142.863		-888.214

		GCP17								1517380.776		628697.182		894.405		-1517380.776		-628697.182		-894.405

		GCP20								1517736.122		629012.260		899.030		-1517736.122		-629012.260		-899.030

		GCP21								1518106.200		628978.245		896.496		-1518106.200		-628978.245		-896.496

		GCP22								1518160.130		628566.980		902.674		-1518160.130		-628566.980		-902.674

		CNPT_1								1517814.917		628949.484		897.269		-1517814.917		-628949.484		-897.269

		CNPT_2								1517792.917		628738.760		897.533		-1517792.917		-628738.760		-897.533

		Drain_1								1517717.563		629056.303		894.755		-1517717.563		-629056.303		-894.755

		Drain_2								1517840.099		628635.486		899.282		-1517840.099		-628635.486		-899.282

		Drain_3								1518083.324		628685.298		900.542		-1518083.324		-628685.298		-900.542

		Drain_4								1518102.044		628848.231		898.240		-1518102.044		-628848.231		-898.240

		Drain_5								1518096.624		629013.114		895.478		-1518096.624		-629013.114		-895.478

		Curb_7001								1517794.183		629028.128		899.166		-1517794.183		-629028.128		-899.166

		Curb_7084								1517652.417		629054.198		898.374		-1517652.417		-629054.198		-898.374

		Curb_7090								1517709.893		629047.459		899.107		-1517709.893		-629047.459		-899.107

		Curb_7104								1517725.096		629023.829		898.997		-1517725.096		-629023.829		-898.997

		Curb_7105								1517724.029		629013.689		898.905		-1517724.029		-629013.689		-898.905

		Curb_7149								1517693.076		628895.425		899.262		-1517693.076		-628895.425		-899.262

		Curb_7152								1517684.379		628816.352		899.266		-1517684.379		-628816.352		-899.266

		Curb_7211								1517669.117		628679.188		899.245		-1517669.117		-628679.188		-899.245

		Curb_7246								1517807.566		628659.353		898.943		-1517807.566		-628659.353		-898.943

		Curb_7251								1517832.486		628657.223		898.947		-1517832.486		-628657.223		-898.947

		Curb_7373								1518069.253		628800.721		899.518		-1518069.253		-628800.721		-899.518

		Curb_7375								1518072.243		628825.552		899.415		-1518072.243		-628825.552		-899.415

		Curb_7437								1518108.577		629005.109		896.036		-1518108.577		-629005.109		-896.036

		Curb_7483								1517882.360		629018.213		898.604		-1517882.360		-629018.213		-898.604

								Number of Check Points								49		49		49

								Mean Error				Mean Error				-1517740.354		-628871.917		-897.363

								Standard Deviation (StDEV)				Standard Deviation				292.041		160.730		3.395

								Root Mean Squares Error (RMSEx or y)				RMSE				1517740.381		628871.937		897.370

								Radial RMSEr				RMSEr				1642868.156

								NSSDA Horiz Accuracy at 95% accuracy Level								2843476.205

								NSSDA Vert Accuracy at 95% accuracy Level								1758.845

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing A

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.960		1517814.917		628949.484		897.269		0.576		-0.443		-0.309

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.370		1517717.563		629056.303		894.755		-0.359		0.046		0.615

		Drain_2		1517840.244		628635.470		899.710		1517840.099		628635.486		899.282		0.145		-0.016		0.428

		Drain_3		1518083.324		628685.298		901.130		1518083.324		628685.298		900.542		0.000		0.000		0.588

		Drain_4		1518102.044		628848.231		898.770		1518102.044		628848.231		898.240		0.000		0.000		0.530

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.840		1517794.183		629028.128		899.166		-0.005		0.041		-0.326

		Curb_7084		1517652.491		629054.136		898.570		1517652.417		629054.198		898.374		0.074		-0.062		0.196

		Curb_7090		1517709.893		629047.459		898.930		1517709.893		629047.459		899.107		0.000		0.000		-0.177

		Curb_7104		1517725.122		629023.935		899.110		1517725.096		629023.829		898.997		0.026		0.106		0.113

		Curb_7105		1517724.002		629013.817		899.050		1517724.029		629013.689		898.905		-0.027		0.128		0.145

		Curb_7149		1517692.942		628895.315		899.470		1517693.076		628895.425		899.262		-0.134		-0.110		0.208

		Curb_7152		1517684.287		628816.219		899.390		1517684.379		628816.352		899.266		-0.092		-0.133		0.124

		Curb_7211		1517669.048		628679.100		899.100		1517669.117		628679.188		899.245		-0.069		-0.088		-0.145

		Curb_7246		1517807.494		628658.950		899.340		1517807.566		628659.353		898.943		-0.072		-0.403		0.397

		Curb_7251		1517832.371		628656.788		899.280		1517832.486		628657.223		898.947		-0.115		-0.435		0.333

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.100		1518108.577		629005.109		896.036		0.074		-0.059		0.064

		Curb_7483		1517882.485		629018.146		898.360		1517882.360		629018.213		898.604		0.125		-0.067		-0.244

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.142

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.291

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.317

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.622

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		QT Modeler Results - Kespry

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.805		1517814.917		628949.484		897.269		0.576		-0.443		-0.464

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.437		1517717.563		629056.303		894.755		-0.359		0.046		0.682

		Drain_2		1517840.244		628635.470		899.701		1517840.099		628635.486		899.282		0.145		-0.016		0.419

		Drain_3		1518083.324		628685.298		901.128		1518083.324		628685.298		900.542		0.000		0.000		0.586

		Drain_4		1518102.044		628848.231		898.773		1518102.044		628848.231		898.240		0.000		0.000		0.533

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.835		1517794.183		629028.128		899.166		-0.005		0.041		-0.332

		Curb_7084		1517652.491		629054.136		898.576		1517652.417		629054.198		898.374		0.074		-0.062		0.202

		Curb_7090		1517709.893		629047.459		898.928		1517709.893		629047.459		899.107		0.000		0.000		-0.179

		Curb_7104		1517725.122		629023.935		899.112		1517725.096		629023.829		898.997		0.026		0.106		0.115

		Curb_7105		1517724.002		629013.817		898.995		1517724.029		629013.689		898.905		-0.027		0.128		0.090

		Curb_7149		1517692.942		628895.315		899.469		1517693.076		628895.425		899.262		-0.134		-0.110		0.207

		Curb_7152		1517684.287		628816.219		899.397		1517684.379		628816.352		899.266		-0.092		-0.133		0.131

		Curb_7211		1517669.048		628679.100		899.103		1517669.117		628679.188		899.245		-0.069		-0.088		-0.142

		Curb_7246		1517807.494		628658.950		899.246		1517807.566		628659.353		898.943		-0.072		-0.403		0.303

		Curb_7251		1517832.371		628656.788		899.234		1517832.486		628657.223		898.947		-0.115		-0.435		0.287

		Curb_7373		1518069.931		628800.609		899.665		1518069.253		628800.721		899.518		0.678		-0.112		0.147

		Curb_7375		1518072.427		628825.427		899.614		1518072.243		628825.552		899.415		0.184		-0.125		0.199

		Curb_7437		1518108.651		629005.050		896.102		1518108.577		629005.109		896.036		0.074		-0.059		0.066

		Curb_7483		1517882.485		629018.146		898.371		1517882.360		629018.213		898.604		0.125		-0.067		-0.233

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.125

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.304

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.321

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.630



		QT Modeler Results -MMS

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		897.205		1517814.917		628949.484		897.269		0.576		-0.443		-0.064

		CNPT_2		1517792.917		628738.760		897.458		1517792.917		628738.760		897.533		0.000		0.000		-0.075

		Drain_1		1517717.204		629056.349		894.856		1517717.563		629056.303		894.755		-0.359		0.046		0.101

		Drain_2		1517840.244		628635.470		899.548		1517840.099		628635.486		899.282		0.145		-0.016		0.266

		Drain_3		1518083.324		628685.298		900.545		1518083.324		628685.298		900.542		0.000		0.000		0.003

		Drain_4		1518102.044		628848.231		898.241		1518102.044		628848.231		898.240		0.000		0.000		0.001

		Drain_5		1518096.624		629013.114		895.370		1518096.624		629013.114		895.478		0.000		0.000		-0.108

		Curb_7001		1517794.178		629028.169		899.082		1517794.183		629028.128		899.166		-0.005		0.041		-0.084

		Curb_7084		1517652.491		629054.136		899.048		1517652.417		629054.198		898.374		0.074		-0.062		0.674

		Curb_7090		1517709.893		629047.459		899.249		1517709.893		629047.459		899.107		0.000		0.000		0.142

		Curb_7104		1517725.122		629023.935		899.002		1517725.096		629023.829		898.997		0.026		0.106		0.005

		Curb_7105		1517724.002		629013.817		898.962		1517724.029		629013.689		898.905		-0.027		0.128		0.057

		Curb_7149		1517692.942		628895.315		899.320		1517693.076		628895.425		899.262		-0.134		-0.110		0.058

		Curb_7152		1517684.287		628816.219		899.149		1517684.379		628816.352		899.266		-0.092		-0.133		-0.117

		Curb_7211		1517669.048		628679.100		899.076		1517669.117		628679.188		899.245		-0.069		-0.088		-0.169

		Curb_7246		1517807.494		628658.950		899.064		1517807.566		628659.353		898.943		-0.072		-0.403		0.120

		Curb_7251		1517832.371		628656.788		899.004		1517832.486		628657.223		898.947		-0.115		-0.435		0.057

		Curb_7373		1518069.931		628800.609		899.476		1518069.253		628800.721		899.518		0.678		-0.112		-0.042

		Curb_7375		1518072.427		628825.427		899.362		1518072.243		628825.552		899.415		0.184		-0.125		-0.053

		Curb_7437		1518108.651		629005.050		895.945		1518108.577		629005.109		896.036		0.074		-0.059		-0.091

		Curb_7483		1517882.485		629018.146		898.503		1517882.360		629018.213		898.604		0.125		-0.067		-0.101

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.028

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.181

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.179

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.351







Processing B

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517212.091		629115.626		888.590		1517215.433		629113.291		887.950		-3.342		2.335		0.640

		2		1517190.616		629020.269		888.250		1517194.331		629018.500		887.674		-3.715		1.769		0.576

		3		1517174.453		628866.922		891.190		1517178.393		628866.335		890.935		-3.940		0.587		0.255

		4		1517182.542		628713.452		891.510		1517186.644		628714.077		891.297		-4.102		-0.625		0.213

		5		1517258.514		628821.391		894.320		1517261.738		628821.266		895.012		-3.224		0.125		-0.692

		7		1517377.354		629125.771		893.380		1517379.569		629123.226		894.129		-2.215		2.545		-0.749

		8		1517350.632		628984.835		895.260		1517353.044		628983.434		896.228		-2.412		1.401		-0.968

		9		1517357.892		628833.889		895.340		1517360.613		628833.909		896.689		-2.721		-0.020		-1.349

		10		1517532.345		629104.500		895.830		1517533.413		629102.203		897.498		-1.068		2.297		-1.668

		11		1517575.652		628966.272		895.310		1517576.336		628965.253		897.645		-0.684		1.019		-2.335

		12		1517582.662		628770.089		894.630		1517583.150		628770.577		897.139		-0.488		-0.488		-2.509

		13		1517669.109		628651.626		895.220		1517669.155		628652.985		897.603		-0.046		-1.359		-2.383

		14		1517666.667		628858.238		896.680		1517666.724		628858.014		899.017		-0.057		0.224		-2.337

		15		1517952.056		629030.306		897.340		1517949.639		629028.648		898.662		2.417		1.658		-1.322

		16		1517813.204		628899.173		895.200		1517811.994		628898.683		897.344		1.210		0.490		-2.144

		17		1517796.564		628758.527		895.170		1517795.501		628759.155		897.486		1.063		-0.628		-2.316

		19		1517843.120		628632.388		897.790		1517841.669		628633.957		899.583		1.451		-1.569		-1.793

		20		1518025.398		628610.377		901.340		1518022.354		628612.115		901.749		3.044		-1.738		-0.409

		21		1517958.633		628728.360		900.490		1517956.224		628729.171		901.903		2.409		-0.811		-1.413

		22		1517966.546		628877.339		900.730		1517964.090		628877.036		902.077		2.456		0.303		-1.347

		23		1518106.983		628849.802		898.200		1518103.506		628849.607		898.352		3.477		0.195		-0.152

		24		1518088.170		628685.498		900.710		1518084.825		628686.253		900.781		3.345		-0.755		-0.071

		25		1518115.674		628978.788		896.410		1518112.028		628977.607		896.349		3.646		1.181		0.061

		26		1517218.132		629145.395		889.050		1517221.575		629142.863		888.214		-3.443		2.532		0.836

		GCP17		1517378.421		628696.171		892.950		1517380.776		628697.182		894.405		-2.355		-1.011		-1.455

		GCP20		1517736.754		629013.800		896.870		1517736.122		629012.260		899.030		0.632		1.540		-2.160

		GCP21		1518109.655		628979.417		896.570		1518106.200		628978.245		896.496		3.455		1.172		0.074

		GCP22		1518164.124		628565.101		903.770		1518160.130		628566.980		902.674		3.994		-1.879		1.096

		CNPT_1		1517816.714		628950.094		894.700		1517814.917		628949.484		897.269		1.797		0.610		-2.569

		CNPT_2		1517794.002		628738.048		894.940		1517792.917		628738.760		897.533		1.085		-0.712		-2.593

		Drain_1		1517717.495		629058.269		893.260		1517717.563		629056.303		894.755		-0.068		1.966		-1.495

		Drain_2		1517841.624		628633.961		897.810		1517840.099		628635.486		899.282		1.525		-1.525		-1.472

		Drain_3		1518083.324		628685.298		900.930		1518083.324		628685.298		900.542		0.000		0.000		0.388

		Drain_4		1518102.044		628848.231		898.560		1518102.044		628848.231		898.240		0.000		0.000		0.320

		Drain_5		1518100.052		629014.603		895.600		1518096.624		629013.114		895.478		3.428		1.489		0.122

		Curb_7001		1517795.221		629029.759		896.930		1517794.183		629028.128		899.166		1.038		1.631		-2.236

		Curb_7084		1517652.489		629055.963		896.550		1517652.417		629054.198		898.374		0.072		1.765		-1.824

		Curb_7090		1517710.289		629049.310		896.940		1517709.893		629047.459		899.107		0.396		1.851		-2.167

		Curb_7104		1517725.653		629026.783		901.820		1517725.096		629023.829		898.997		0.557		2.954		2.823

		Curb_7105		1517724.444		629015.331		896.860		1517724.029		629013.689		898.905		0.415		1.642		-2.045

		Curb_7149		1517693.355		628895.766		896.900		1517693.076		628895.425		899.262		0.279		0.341		-2.362

		Curb_7152		1517684.488		628816.120		896.870		1517684.379		628816.352		899.266		0.109		-0.232		-2.396

		Curb_7211		1517669.131		628677.801		896.720		1517669.117		628679.188		899.245		0.014		-1.387		-2.525

		Curb_7246		1517808.655		628657.527		897.230		1517807.566		628659.353		898.943		1.089		-1.826		-1.713

		Curb_7251		1517833.852		628655.423		897.360		1517832.486		628657.223		898.947		1.366		-1.800		-1.587

		Curb_7373		1518073.163		628800.349		899.070		1518069.253		628800.721		899.518		3.910		-0.372		-0.448

		Curb_7375		1518075.833		628825.441		898.980		1518072.243		628825.552		899.415		3.590		-0.111		-0.435

		Curb_7437		1518112.115		629006.536		896.000		1518108.577		629005.109		896.036		3.538		1.427		-0.036

		Curb_7483		1517884.233		629019.676		896.770		1517882.360		629018.213		898.604		1.873		1.463		-1.834

								Number of Check Points								49		49		49

								Mean Error				Mean Error				0.506		0.401		-1.059

								Standard Deviation (StDEV)				Standard Deviation				2.312		1.351		1.233

								Root Mean Squares Error (RMSEx or y)				RMSE				2.344		1.396		1.616

								Radial RMSEr				RMSEr				2.728

								NSSDA Horiz Accuracy at 95% accuracy Level								4.721

								NSSDA Vert Accuracy at 95% accuracy Level								3.168

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing C

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.614		629113.138		888.090		1517215.433		629113.291		887.950		0.181		-0.153		0.140

		2		1517194.319		629018.608		887.790		1517194.331		629018.500		887.674		-0.012		0.108		0.116

		3		1517178.393		628866.460		890.820		1517178.393		628866.335		890.935		0.000		0.125		-0.115

		5		1517261.768		628821.311		894.230		1517261.738		628821.266		895.012		0.030		0.045		-0.782

		7		1517379.565		629123.275		893.290		1517379.569		629123.226		894.129		-0.004		0.049		-0.839

		8		1517353.056		628983.486		895.350		1517353.044		628983.434		896.228		0.012		0.052		-0.878

		9		1517360.279		628833.719		895.520		1517360.613		628833.909		896.689		-0.334		-0.190		-1.169

		10		1517533.350		629102.260		896.010		1517533.413		629102.203		897.498		-0.063		0.057		-1.488

		11		1517576.295		628965.088		895.850		1517576.336		628965.253		897.645		-0.041		-0.165		-1.795

		12		1517583.270		628770.509		895.110		1517583.150		628770.577		897.139		0.120		-0.068		-2.029

		13		1517669.074		628652.997		895.570		1517669.155		628652.985		897.603		-0.081		0.012		-2.033

		14		1517666.620		628857.966		897.210		1517666.724		628858.014		899.017		-0.104		-0.048		-1.807

		15		1517949.738		629028.611		897.560		1517949.639		629028.648		898.662		0.099		-0.037		-1.102

		16		1517811.935		628898.580		895.700		1517811.994		628898.683		897.344		-0.059		-0.103		-1.644

		17		1517795.454		628759.030		895.590		1517795.501		628759.155		897.486		-0.047		-0.125		-1.896

		19		1517841.669		628633.957		898.040		1517841.669		628633.957		899.583		0.000		0.000		-1.543

		20		1518022.354		628612.115		901.030		1518022.354		628612.115		901.749		0.000		0.000		-0.719

		21		1517956.246		628729.109		900.580		1517956.224		628729.171		901.903		0.022		-0.062		-1.323

		22		1517964.117		628876.945		900.900		1517964.090		628877.036		902.077		0.027		-0.091		-1.177

		23		1518103.335		628849.597		898.010		1518103.506		628849.607		898.352		-0.171		-0.010		-0.342

		24		1518084.655		628686.489		900.360		1518084.825		628686.253		900.781		-0.170		0.236		-0.421

		GCP17		1517380.684		628697.169		893.090		1517380.776		628697.182		894.405		-0.092		-0.013		-1.315

		GCP20		1517736.122		629012.260		897.270		1517736.122		629012.260		899.030		0.000		0.000		-1.760

		GCP21		1518106.146		628978.191		896.340		1518106.200		628978.245		896.496		-0.054		-0.054		-0.156

		CNPT_1		1517815.441		628949.055		895.280		1517814.917		628949.484		897.269		0.524		-0.429		-1.989

		CNPT_2		1517792.917		628738.760		895.430		1517792.917		628738.760		897.533		0.000		0.000		-2.103

		Drain_1		1517717.244		629056.286		893.710		1517717.563		629056.303		894.755		-0.319		-0.017		-1.045

		Drain_2		1517840.337		628635.357		898.160		1517840.099		628635.486		899.282		0.238		-0.129		-1.122

		Drain_3		1518083.324		628685.298		900.440		1518083.324		628685.298		900.542		0.000		0.000		-0.102

		Drain_4		1518102.044		628848.231		898.140		1518102.044		628848.231		898.240		0.000		0.000		-0.100

		Drain_5		1518096.624		629013.114		895.410		1518096.624		629013.114		895.478		0.000		0.000		-0.068

		Curb_7001		1517794.183		629028.128		897.250		1517794.183		629028.128		899.166		0.000		0.000		-1.916

		Curb_7084		1517652.417		629054.198		896.880		1517652.417		629054.198		898.374		0.000		0.000		-1.494

		Curb_7090		1517709.893		629047.459		897.350		1517709.893		629047.459		899.107		0.000		0.000		-1.757

		Curb_7104		1517725.096		629023.829		897.390		1517725.096		629023.829		898.997		0.000		0.000		-1.607

		Curb_7105		1517724.029		629013.689		897.300		1517724.029		629013.689		898.905		0.000		0.000		-1.605

		Curb_7149		1517692.950		628895.292		897.450		1517693.076		628895.425		899.262		-0.126		-0.133		-1.812

		Curb_7152		1517684.317		628816.150		897.430		1517684.379		628816.352		899.266		-0.062		-0.202		-1.836

		Curb_7211		1517669.099		628678.990		897.110		1517669.117		628679.188		899.245		-0.018		-0.198		-2.135

		Curb_7246		1517807.481		628658.949		897.500		1517807.566		628659.353		898.943		-0.085		-0.404		-1.443

		Curb_7251		1517832.308		628656.985		897.590		1517832.486		628657.223		898.947		-0.178		-0.238		-1.357

		Curb_7373		1518069.850		628800.530		898.920		1518069.253		628800.721		899.518		0.597		-0.191		-0.598

		Curb_7375		1518072.374		628825.377		898.820		1518072.243		628825.552		899.415		0.131		-0.175		-0.595

		Curb_7437		1518108.467		629005.020		895.770		1518108.577		629005.109		896.036		-0.110		-0.089		-0.266

		Curb_7483		1517882.479		629018.098		897.060		1517882.360		629018.213		898.604		0.119		-0.115		-1.544

								Number of Check Points								45		45		45

								Mean Error				Mean Error				-0.001		-0.061		-1.168

								Standard Deviation (StDEV)				Standard Deviation				0.162		0.123		0.690

								Root Mean Squares Error (RMSEx or y)				RMSE				0.161		0.136		1.353

								Radial RMSEr				RMSEr				0.211

								NSSDA Horiz Accuracy at 95% accuracy Level								0.365

								NSSDA Vert Accuracy at 95% accuracy Level								2.651

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing D

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.541		629113.150		887.990		1517215.433		629113.291		887.950		0.108		-0.141		0.040

		2		1517194.329		629018.601		887.960		1517194.331		629018.500		887.674		-0.002		0.101		0.286

		3		1517178.361		628866.447		891.020		1517178.393		628866.335		890.935		-0.032		0.112		0.085

		5		1517261.738		628821.266		894.890		1517261.738		628821.266		895.012		0.000		0.000		-0.122

		7		1517379.532		629123.287		893.970		1517379.569		629123.226		894.129		-0.037		0.061		-0.159

		8		1517353.044		628983.434		896.220		1517353.044		628983.434		896.228		0.000		0.000		-0.008

		9		1517360.269		628833.822		896.540		1517360.613		628833.909		896.689		-0.344		-0.087		-0.149

		10		1517533.284		629102.312		897.090		1517533.413		629102.203		897.498		-0.129		0.109		-0.408

		11		1517576.336		628965.253		897.250		1517576.336		628965.253		897.645		0.000		0.000		-0.395

		12		1517583.199		628770.571		896.710		1517583.150		628770.577		897.139		0.049		-0.006		-0.429

		13		1517668.959		628653.027		897.080		1517669.155		628652.985		897.603		-0.196		0.042		-0.523

		15		1517949.775		629028.645		898.400		1517949.639		629028.648		898.662		0.136		-0.003		-0.262

		16		1517811.928		628898.632		897.210		1517811.994		628898.683		897.344		-0.066		-0.051		-0.134

		17		1517795.436		628759.113		897.110		1517795.501		628759.155		897.486		-0.065		-0.042		-0.376

		19		1517841.605		628634.021		899.290		1517841.669		628633.957		899.583		-0.064		0.064		-0.293

		20		1518022.411		628612.115		901.660		1518022.354		628612.115		901.749		0.057		0.000		-0.089

		21		1517956.217		628729.131		901.660		1517956.224		628729.171		901.903		-0.007		-0.040		-0.243

		22		1517964.121		628876.928		901.960		1517964.090		628877.036		902.077		0.031		-0.108		-0.117

		23		1518103.357		628849.562		898.480		1518103.506		628849.607		898.352		-0.149		-0.045		0.128

		24		1518084.648		628686.590		900.910		1518084.825		628686.253		900.781		-0.177		0.337		0.129

		GCP17		1517380.629		628697.196		894.190		1517380.776		628697.182		894.405		-0.147		0.014		-0.215

		GCP20		1517735.996		629012.361		898.650		1517736.122		629012.260		899.030		-0.126		0.101		-0.380

		GCP21		1518106.182		628978.216		896.630		1518106.200		628978.245		896.496		-0.018		-0.029		0.134

		CNPT_1		1517815.504		628949.052		896.540		1517814.917		628949.484		897.269		0.587		-0.432		-0.729

		CNPT_2		1517792.784		628738.787		896.940		1517792.917		628738.760		897.533		-0.133		0.027		-0.593

		Drain_1		1517717.190		629056.352		895.030		1517717.563		629056.303		894.755		-0.373		0.049		0.275

		Drain_2		1517840.273		628635.467		899.430		1517840.099		628635.486		899.282		0.174		-0.019		0.148

		Drain_3		1518083.324		628685.298		901.000		1518083.324		628685.298		900.542		0.000		0.000		0.458

		Drain_4		1518101.952		628848.178		898.610		1518102.044		628848.231		898.240		-0.092		-0.053		0.370

		Drain_5		1518096.624		629013.114		895.720		1518096.624		629013.114		895.478		0.000		0.000		0.242

		Curb_7001		1517794.183		629028.128		898.520		1517794.183		629028.128		899.166		0.000		0.000		-0.646

		Curb_7084		1517652.417		629054.198		898.300		1517652.417		629054.198		898.374		0.000		0.000		-0.074

		Curb_7090		1517709.893		629047.459		898.680		1517709.893		629047.459		899.107		0.000		0.000		-0.427

		Curb_7104		1517725.173		629023.937		898.750		1517725.096		629023.829		898.997		0.077		0.108		-0.247

		Curb_7105		1517724.066		629013.853		898.700		1517724.029		629013.689		898.905		0.037		0.164		-0.205

		Curb_7149		1517692.963		628895.307		898.990		1517693.076		628895.425		899.262		-0.113		-0.118		-0.272

		Curb_7152		1517684.292		628816.181		899.060		1517684.379		628816.352		899.266		-0.087		-0.171		-0.206

		Curb_7211		1517669.114		628679.017		898.630		1517669.117		628679.188		899.245		-0.003		-0.171		-0.615

		Curb_7246		1517807.480		628658.983		898.870		1517807.566		628659.353		898.943		-0.086		-0.370		-0.073

		Curb_7251		1517832.376		628656.950		898.920		1517832.486		628657.223		898.947		-0.110		-0.273		-0.027

		Curb_7373		1518069.931		628800.504		899.580		1518069.253		628800.721		899.518		0.678		-0.217		0.062

		Curb_7375		1518072.481		628825.353		899.470		1518072.243		628825.552		899.415		0.238		-0.199		0.055

		Curb_7437		1518108.740		629005.055		896.130		1518108.577		629005.109		896.036		0.163		-0.054		0.094

		Curb_7483		1517882.539		629018.124		898.000		1517882.360		629018.213		898.604		0.179		-0.089		-0.604

								Number of Check Points								44		44		44

								Mean Error				Mean Error				-0.001		-0.032		-0.148

								Standard Deviation (StDEV)				Standard Deviation				0.185		0.135		0.289

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.137		0.321

								Radial RMSEr				RMSEr				0.229

								NSSDA Horiz Accuracy at 95% accuracy Level								0.396

								NSSDA Vert Accuracy at 95% accuracy Level								0.630

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing E

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		2		1517194.351		629018.587		887.920		1517194.331		629018.500		887.674		0.020		0.087		0.246

		3		1517178.385		628866.476		891.120		1517178.393		628866.335		890.935		-0.008		0.141		0.185

		4		1517186.483		628714.265		891.400		1517186.644		628714.077		891.297		-0.161		0.188		0.103

		5		1517261.721		628821.373		895.020		1517261.738		628821.266		895.012		-0.017		0.107		0.008

		7		1517379.533		629123.284		893.930		1517379.569		629123.226		894.129		-0.036		0.058		-0.199

		8		1517353.046		628983.507		896.300		1517353.044		628983.434		896.228		0.002		0.073		0.072

		9		1517360.380		628833.783		896.780		1517360.613		628833.909		896.689		-0.233		-0.126		0.091

		10		1517533.303		629102.302		897.280		1517533.413		629102.203		897.498		-0.110		0.099		-0.218

		11		1517576.302		628965.228		897.540		1517576.336		628965.253		897.645		-0.034		-0.025		-0.105

		12		1517583.197		628770.524		896.990		1517583.150		628770.577		897.139		0.047		-0.053		-0.149

		15		1517949.774		629028.677		898.620		1517949.639		629028.648		898.662		0.135		0.029		-0.042

		16		1517811.961		628898.617		897.440		1517811.994		628898.683		897.344		-0.033		-0.066		0.096

		17		1517795.462		628759.097		897.370		1517795.501		628759.155		897.486		-0.039		-0.058		-0.116

		19		1517841.626		628634.000		899.540		1517841.669		628633.957		899.583		-0.043		0.043		-0.043

		20		1518022.433		628612.097		901.860		1518022.354		628612.115		901.749		0.079		-0.018		0.111

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		22		1517964.147		628876.963		902.120		1517964.090		628877.036		902.077		0.057		-0.073		0.043

		23		1518103.326		628849.573		898.560		1518103.506		628849.607		898.352		-0.180		-0.034		0.208

		24		1518084.564		628686.604		901.030		1518084.825		628686.253		900.781		-0.261		0.351		0.249

		GCP17		1517380.649		628697.178		894.370		1517380.776		628697.182		894.405		-0.127		-0.004		-0.035

		GCP21		1518106.207		628978.190		896.700		1518106.200		628978.245		896.496		0.007		-0.055		0.204

		CNPT_1		1517815.488		628949.026		896.820		1517814.917		628949.484		897.269		0.571		-0.458		-0.449

		CNPT_2		1517792.917		628738.760		897.170		1517792.917		628738.760		897.533		0.000		0.000		-0.363

		Drain_1		1517717.262		629056.306		895.240		1517717.563		629056.303		894.755		-0.301		0.003		0.485

		Drain_2		1517840.289		628635.462		899.590		1517840.099		628635.486		899.282		0.190		-0.024		0.308

		Drain_3		1518083.152		628685.288		901.070		1518083.324		628685.298		900.542		-0.172		-0.010		0.528

		Drain_4		1518102.044		628848.231		898.700		1518102.044		628848.231		898.240		0.000		0.000		0.460

		Drain_5		1518096.624		629013.114		895.690		1518096.624		629013.114		895.478		0.000		0.000		0.212

		Curb_7001		1517794.183		629028.128		898.720		1517794.183		629028.128		899.166		0.000		0.000		-0.446

		Curb_7084		1517652.417		629054.198		898.470		1517652.417		629054.198		898.374		0.000		0.000		0.096

		Curb_7090		1517709.893		629047.459		898.820		1517709.893		629047.459		899.107		0.000		0.000		-0.287

		Curb_7104		1517725.259		629023.944		899.010		1517725.096		629023.829		898.997		0.163		0.115		0.013

		Curb_7105		1517724.061		629013.777		898.830		1517724.029		629013.689		898.905		0.032		0.088		-0.075

		Curb_7149		1517692.932		628895.332		899.360		1517693.076		628895.425		899.262		-0.144		-0.093		0.098

		Curb_7152		1517684.235		628816.138		899.250		1517684.379		628816.352		899.266		-0.144		-0.214		-0.016

		Curb_7211		1517669.053		628679.044		898.940		1517669.117		628679.188		899.245		-0.064		-0.144		-0.305

		Curb_7246		1517807.501		628658.973		899.120		1517807.566		628659.353		898.943		-0.065		-0.380		0.177

		Curb_7251		1517832.351		628656.930		899.180		1517832.486		628657.223		898.947		-0.135		-0.293		0.233

		Curb_7373		1518069.843		628800.512		899.680		1518069.253		628800.721		899.518		0.590		-0.209		0.162

		Curb_7375		1518072.472		628825.386		899.610		1518072.243		628825.552		899.415		0.229		-0.166		0.195

		Curb_7437		1518108.665		629005.030		896.050		1518108.577		629005.109		896.036		0.088		-0.079		0.014

		Curb_7483		1517882.450		629018.112		898.330		1517882.360		629018.213		898.604		0.090		-0.101		-0.274

								Number of Check Points								42		42		42

								Mean Error				Mean Error				-0.000		-0.031		0.034

								Standard Deviation (StDEV)				Standard Deviation				0.174		0.143		0.232

								Root Mean Squares Error (RMSEx or y)				RMSE				0.172		0.145		0.232

								Radial RMSEr				RMSEr				0.225

								NSSDA Horiz Accuracy at 95% accuracy Level								0.389

								NSSDA Vert Accuracy at 95% accuracy Level								0.454

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing F

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		887.960		1517215.433		629113.291		887.950		0.147		-0.153		0.010

		2		1517194.349		629018.592		887.920		1517194.331		629018.500		887.674		0.018		0.092		0.246

		5		1517261.741		628821.323		895.010		1517261.738		628821.266		895.012		0.003		0.057		-0.002

		7		1517379.493		629123.302		893.990		1517379.569		629123.226		894.129		-0.076		0.076		-0.139

		8		1517353.001		628983.508		896.390		1517353.044		628983.434		896.228		-0.043		0.074		0.162

		9		1517360.293		628833.792		896.740		1517360.613		628833.909		896.689		-0.320		-0.117		0.051

		10		1517533.311		629102.279		897.270		1517533.413		629102.203		897.498		-0.102		0.076		-0.228

		13		1517669.011		628653.055		897.410		1517669.155		628652.985		897.603		-0.144		0.070		-0.193

		14		1517666.658		628858.008		899.090		1517666.724		628858.014		899.017		-0.066		-0.006		0.073

		15		1517949.755		629028.637		898.580		1517949.639		629028.648		898.662		0.116		-0.011		-0.082

		16		1517811.922		628898.677		897.380		1517811.994		628898.683		897.344		-0.072		-0.006		0.036

		17		1517795.463		628759.117		897.390		1517795.501		628759.155		897.486		-0.038		-0.038		-0.096

		19		1517841.626		628634.043		899.590		1517841.669		628633.957		899.583		-0.043		0.086		0.007

		20		1518022.450		628612.119		901.870		1518022.354		628612.115		901.749		0.096		0.004		0.121

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		23		1518103.347		628849.546		898.590		1518103.506		628849.607		898.352		-0.159		-0.061		0.238

		26		1517221.450		629142.730		888.490		1517221.575		629142.863		888.214		-0.125		-0.133		0.276

		GCP17		1517380.664		628697.133		894.360		1517380.776		628697.182		894.405		-0.112		-0.049		-0.045

		GCP21		1518106.200		628978.245		896.710		1518106.200		628978.245		896.496		0.000		0.000		0.214

		CNPT_1		1517815.493		628949.041		896.800		1517814.917		628949.484		897.269		0.576		-0.443		-0.469

		CNPT_2		1517792.917		628738.760		897.220		1517792.917		628738.760		897.533		0.000		0.000		-0.313

		Drain_1		1517717.204		629056.349		895.270		1517717.563		629056.303		894.755		-0.359		0.046		0.515

		Drain_2		1517840.244		628635.470		899.720		1517840.099		628635.486		899.282		0.145		-0.016		0.438

		Drain_3		1518083.324		628685.298		901.110		1518083.324		628685.298		900.542		0.000		0.000		0.568

		Drain_4		1518102.044		628848.231		898.750		1518102.044		628848.231		898.240		0.000		0.000		0.510

		Drain_5		1518096.624		629013.114		895.750		1518096.624		629013.114		895.478		0.000		0.000		0.272

		Curb_7001		1517794.178		629028.169		898.760		1517794.183		629028.128		899.166		-0.005		0.041		-0.406

		Curb_7084		1517652.491		629054.136		898.470		1517652.417		629054.198		898.374		0.074		-0.062		0.096

		Curb_7090		1517709.893		629047.459		898.900		1517709.893		629047.459		899.107		0.000		0.000		-0.207

		Curb_7104		1517725.122		629023.935		898.980		1517725.096		629023.829		898.997		0.026		0.106		-0.017

		Curb_7105		1517724.002		629013.817		898.930		1517724.029		629013.689		898.905		-0.027		0.128		0.025

		Curb_7149		1517692.942		628895.315		899.250		1517693.076		628895.425		899.262		-0.134		-0.110		-0.012

		Curb_7152		1517684.287		628816.219		899.320		1517684.379		628816.352		899.266		-0.092		-0.133		0.054

		Curb_7211		1517669.048		628679.100		898.950		1517669.117		628679.188		899.245		-0.069		-0.088		-0.295

		Curb_7246		1517807.494		628658.950		899.130		1517807.566		628659.353		898.943		-0.072		-0.403		0.187

		Curb_7251		1517832.371		628656.788		899.250		1517832.486		628657.223		898.947		-0.115		-0.435		0.303

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.080		1518108.577		629005.109		896.036		0.074		-0.059		0.044

		Curb_7483		1517882.485		629018.146		898.310		1517882.360		629018.213		898.604		0.125		-0.067		-0.294

								Number of Check Points								40		40		40

								Mean Error				Mean Error				0.002		-0.044		0.052

								Standard Deviation (StDEV)				Standard Deviation				0.183		0.132		0.246

								Root Mean Squares Error (RMSEx or y)				RMSE				0.181		0.138		0.249

								Radial RMSEr				RMSEr				0.227

								NSSDA Horiz Accuracy at 95% accuracy Level								0.393

								NSSDA Vert Accuracy at 95% accuracy Level								0.487

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing G

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		888.076		1517215.433		629113.291		887.950		0.147		-0.153		0.126

		2		1517194.349		629018.592		887.956		1517194.331		629018.500		887.674		0.018		0.092		0.282

		5		1517261.741		628821.323		895.075		1517261.738		628821.266		895.012		0.003		0.057		0.063

		7		1517379.493		629123.302		894.095		1517379.569		629123.226		894.129		-0.076		0.076		-0.034

		8		1517353.001		628983.508		896.481		1517353.044		628983.434		896.228		-0.043		0.074		0.253

		10		1517533.311		629102.279		897.426		1517533.413		629102.203		897.498		-0.102		0.076		-0.072

		12		1517583.173		628770.508		897.151		1517583.150		628770.577		897.139		0.023		-0.069		0.012

		15		1517949.755		629028.637		898.657		1517949.639		629028.648		898.662		0.116		-0.011		-0.005

		17		1517795.463		628759.117		897.557		1517795.501		628759.155		897.486		-0.038		-0.038		0.071

		19		1517841.626		628634.043		899.750		1517841.669		628633.957		899.583		-0.043		0.086		0.167

		20		1518022.450		628612.119		901.976		1518022.354		628612.115		901.749		0.096		0.004		0.227

		22		1517964.090		628877.036		902.283		1517964.090		628877.036		902.077		0.000		0.000		0.206

		24		1518084.562		628686.599		901.148		1518084.825		628686.253		900.781		-0.263		0.346		0.367

		GCP17               		1517380.664		628697.133		894.464		1517380.776		628697.182		894.405		-0.112		-0.049		0.059

		GCP21               		1518106.200		628978.245		896.713		1518106.200		628978.245		896.496		0.000		0.000		0.217

		CNPT_1              		1517815.493		628949.041		896.855		1517814.917		628949.484		897.269		0.576		-0.443		-0.414

		CNPT_2              		1517792.917		628738.760		897.424		1517792.917		628738.760		897.533		0.000		0.000		-0.109

		Drain_1             		1517717.204		629056.349		895.387		1517717.563		629056.303		894.755		-0.359		0.046		0.632

		Drain_2             		1517840.244		628635.470		899.907		1517840.099		628635.486		899.282		0.145		-0.016		0.625

		Drain_3             		1518083.324		628685.298		901.183		1518083.324		628685.298		900.542		0.000		0.000		0.641

		Drain_4             		1518102.044		628848.231		898.784		1518102.044		628848.231		898.240		0.000		0.000		0.544

		Drain_5             		1518096.624		629013.114		895.790		1518096.624		629013.114		895.478		0.000		0.000		0.312

		Curb_7001           		1517794.178		629028.169		898.874		1517794.183		629028.128		899.166		-0.005		0.041		-0.292

		Curb_7084           		1517652.491		629054.136		898.624		1517652.417		629054.198		898.374		0.074		-0.062		0.250

		Curb_7090           		1517709.893		629047.459		899.030		1517709.893		629047.459		899.107		0.000		0.000		-0.077

		Curb_7104           		1517725.122		629023.935		899.145		1517725.096		629023.829		898.997		0.026		0.106		0.148

		Curb_7105           		1517724.002		629013.817		898.923		1517724.029		629013.689		898.905		-0.027		0.128		0.018

		Curb_7149           		1517692.942		628895.315		899.498		1517693.076		628895.425		899.262		-0.134		-0.110		0.236

		Curb_7152           		1517684.287		628816.219		899.527		1517684.379		628816.352		899.266		-0.092		-0.133		0.261

		Curb_7211           		1517669.048		628679.100		899.129		1517669.117		628679.188		899.245		-0.069		-0.088		-0.116

		Curb_7246           		1517807.494		628658.950		899.328		1517807.566		628659.353		898.943		-0.072		-0.403		0.385

		Curb_7251           		1517832.371		628656.788		899.351		1517832.486		628657.223		898.947		-0.115		-0.435		0.404

		Curb_7373           		1518069.931		628800.609		899.751		1518069.253		628800.721		899.518		0.678		-0.112		0.233

		Curb_7375           		1518072.427		628825.427		899.692		1518072.243		628825.552		899.415		0.184		-0.125		0.277

		Curb_7437           		1518108.651		629005.050		896.008		1518108.577		629005.109		896.036		0.074		-0.059		-0.028

		Curb_7483           		1517882.485		629018.146		898.452		1517882.360		629018.213		898.604		0.125		-0.067		-0.152

								Number of Check Points								36		36		36

								Mean Error				Mean Error				0.020		-0.034		0.159

								Standard Deviation (StDEV)				Standard Deviation				0.184		0.151		0.247

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.153		0.291

								Radial RMSEr				RMSEr				0.238

								NSSDA Horiz Accuracy at 95% accuracy Level								0.413

								NSSDA Vert Accuracy at 95% accuracy Level								0.569

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Summary

		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		Mean Error E (ft.)				Mean Error				0.05		0.51		-0.00		-0.00		-0.00		0.00		0.02

		Mean Error N (ft.)				Mean Error				-0.08		0.40		-0.06		-0.03		-0.03		-0.04		-0.03

		Mean Error Elev. (ft.)				Mean Error				0.14		-1.06		-1.17		-0.15		0.03		0.05		0.16

		StDEV E (ft.)				Standard Deviation				0.22		2.31		0.16		0.19		0.17		0.18		0.18

		StDEV N (ft.)				Standard Deviation				0.16		1.35		0.12		0.13		0.14		0.13		0.15

		StDEV Elev. (ft.)				Standard Deviation				0.29		1.23		0.69		0.29		0.23		0.25		0.25

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57





		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57



		Accuracy Term								Processing Scenario														Processing Scenario

										A		B		C		D		E		F		G		A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13		29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36		20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18		6.82		71.44		4.90		5.59		5.24		5.51		5.57

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15		5.39		42.54		4.16		4.18		4.41		4.20		4.67

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24		8.70		83.14		6.42		6.98		6.85		6.93		7.27

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29		9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41		15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57		18.95		96.56		80.81		19.20		13.83		14.85		17.36



		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36																												Accuracy 		A		B		C		D		E		F		G

		RMSE E (cm)				RMSE				6.82		71.44		4.90		5.59		5.24		5.51		5.57																												RMSE E (ft.)		0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (cm)				RMSE				5.39		42.54		4.16		4.18		4.41		4.20		4.67																												RMSE N (ft.)		0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (cm)				RMSE				8.70		83.14		6.42		6.98		6.85		6.93		7.27																												RMSE Elev. (ft.)		0.32		1.62		1.35		0.32		0.23		0.25		0.29

		RMSE Elev. (cm)				RMSE				9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (cm)								15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95%  (cm)								18.95		96.56		80.81		19.20		13.83		14.85		17.36





RMSE E (ft.)	A	B	C	D	E	F	G	0.223906762091864	2.3436874051571048	0.16061949517768856	0.18332980713155947	0.17188887607552625	0.18061568316261556	0.18265001447108506	RMSE N (ft.)	A	B	C	D	E	F	G	0.1768873733913961	1.3957364525216491	0.13637065503375362	0.13726293613749799	0.14475225140719222	0.13790132342928879	0.15321344952485325	RMSE Elev. (ft.)	A	B	C	D	E	F	G	0.31722802374258174	1.6163064280598991	1.3527509009422214	0.32137580663595389	0.23155817946294524	0.24858650405845423	0.29054428903162888	

ODOT



		DTM Accuracy Class		Recommended Use		Maximum Allowable Average Dz (feet)		Maximum Allowable RMSE (feet)

		Class A 		Paved areas 		± 0.07 		0.16



		Class B		Vegetated areas outside of pavement that are maintained at a minimum biannual frequency (i.e.: farm fields, residential yards, roadside R/W, etcetera)		± 0.25		0.32

		Class C		Vegetated areas that are not maintained		± 0.50		0.5

		Class D		Areas where vertical accuracy is not critical or warranted (i.e.: planning engineering projects)		± 1.00		1.00





		Planimetric Accuracy Class 		Recommended Use 		Maximum Allowable RMSE (ft)

		Class I		Projects that require Class I planimetric features listed in Appendix A to be identified and mapped (ie: design engineering projects) 		0.3



		Class II		Projects that require Class II planimetric features listed in Appendix A to be identified and mapped (ie: planning studies)		1.0







UAS: Can we meet DOTs Vertical Accuracy Specs ?

DTM Accuracy Class Recommended Use
Maximum Allowable 

Average Dz (feet)
Maximum Allowable 

RMSE (feet)

Class B

Vegetated areas outside of pavement 
that are maintained at a minimum 
biannual frequency (i.e.: farm fields, 
residential yards, roadside R/W, 
etcetera)

± 0.25 0.32

Class C Vegetated areas that are not maintained ± 0.50 0.5

Class D
Areas where vertical accuracy is not 
critical or warranted (i.e.: planning 
engineering projects)

± 1.00 1.00

Class A Paved areas ± 0.07 0.16

0.29 2.73 0.21 0.23 0.22 0.23 0.24
0.32 1.62 1.35 0.32 0.23 0.25 0.29

Radial RMSE N,E (ft.)
RMSE Elev. (ft.)

Ohio DOT Specifications


Template

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values						Survey Check Point Values						Residual Values

				Easting		Northing		Elevation		Easting		Northing		Elevation		Error in Easting		Error in Northing		Error in Elevation

		1								1517215.433		629113.291		887.950		-1517215.433		-629113.291		-887.950

		2								1517194.331		629018.500		887.674		-1517194.331		-629018.500		-887.674

		3								1517178.393		628866.335		890.935		-1517178.393		-628866.335		-890.935

		4								1517186.644		628714.077		891.297		-1517186.644		-628714.077		-891.297

		5								1517261.738		628821.266		895.012		-1517261.738		-628821.266		-895.012

		7								1517379.569		629123.226		894.129		-1517379.569		-629123.226		-894.129

		8								1517353.044		628983.434		896.228		-1517353.044		-628983.434		-896.228

		9								1517360.613		628833.909		896.689		-1517360.613		-628833.909		-896.689

		10								1517533.413		629102.203		897.498		-1517533.413		-629102.203		-897.498

		11								1517576.336		628965.253		897.645		-1517576.336		-628965.253		-897.645

		12								1517583.150		628770.577		897.139		-1517583.150		-628770.577		-897.139

		13								1517669.155		628652.985		897.603		-1517669.155		-628652.985		-897.603

		14								1517666.724		628858.014		899.017		-1517666.724		-628858.014		-899.017

		15								1517949.639		629028.648		898.662		-1517949.639		-629028.648		-898.662

		16								1517811.994		628898.683		897.344		-1517811.994		-628898.683		-897.344

		17								1517795.501		628759.155		897.486		-1517795.501		-628759.155		-897.486

		19								1517841.669		628633.957		899.583		-1517841.669		-628633.957		-899.583

		20								1518022.354		628612.115		901.749		-1518022.354		-628612.115		-901.749

		21								1517956.224		628729.171		901.903		-1517956.224		-628729.171		-901.903

		22								1517964.090		628877.036		902.077		-1517964.090		-628877.036		-902.077

		23								1518103.506		628849.607		898.352		-1518103.506		-628849.607		-898.352

		24								1518084.825		628686.253		900.781		-1518084.825		-628686.253		-900.781

		25								1518112.028		628977.607		896.349		-1518112.028		-628977.607		-896.349

		26								1517221.575		629142.863		888.214		-1517221.575		-629142.863		-888.214

		GCP17								1517380.776		628697.182		894.405		-1517380.776		-628697.182		-894.405

		GCP20								1517736.122		629012.260		899.030		-1517736.122		-629012.260		-899.030

		GCP21								1518106.200		628978.245		896.496		-1518106.200		-628978.245		-896.496

		GCP22								1518160.130		628566.980		902.674		-1518160.130		-628566.980		-902.674

		CNPT_1								1517814.917		628949.484		897.269		-1517814.917		-628949.484		-897.269

		CNPT_2								1517792.917		628738.760		897.533		-1517792.917		-628738.760		-897.533

		Drain_1								1517717.563		629056.303		894.755		-1517717.563		-629056.303		-894.755

		Drain_2								1517840.099		628635.486		899.282		-1517840.099		-628635.486		-899.282

		Drain_3								1518083.324		628685.298		900.542		-1518083.324		-628685.298		-900.542

		Drain_4								1518102.044		628848.231		898.240		-1518102.044		-628848.231		-898.240

		Drain_5								1518096.624		629013.114		895.478		-1518096.624		-629013.114		-895.478

		Curb_7001								1517794.183		629028.128		899.166		-1517794.183		-629028.128		-899.166

		Curb_7084								1517652.417		629054.198		898.374		-1517652.417		-629054.198		-898.374

		Curb_7090								1517709.893		629047.459		899.107		-1517709.893		-629047.459		-899.107

		Curb_7104								1517725.096		629023.829		898.997		-1517725.096		-629023.829		-898.997

		Curb_7105								1517724.029		629013.689		898.905		-1517724.029		-629013.689		-898.905

		Curb_7149								1517693.076		628895.425		899.262		-1517693.076		-628895.425		-899.262

		Curb_7152								1517684.379		628816.352		899.266		-1517684.379		-628816.352		-899.266

		Curb_7211								1517669.117		628679.188		899.245		-1517669.117		-628679.188		-899.245

		Curb_7246								1517807.566		628659.353		898.943		-1517807.566		-628659.353		-898.943

		Curb_7251								1517832.486		628657.223		898.947		-1517832.486		-628657.223		-898.947

		Curb_7373								1518069.253		628800.721		899.518		-1518069.253		-628800.721		-899.518

		Curb_7375								1518072.243		628825.552		899.415		-1518072.243		-628825.552		-899.415

		Curb_7437								1518108.577		629005.109		896.036		-1518108.577		-629005.109		-896.036

		Curb_7483								1517882.360		629018.213		898.604		-1517882.360		-629018.213		-898.604

								Number of Check Points								49		49		49

								Mean Error				Mean Error				-1517740.354		-628871.917		-897.363

								Standard Deviation (StDEV)				Standard Deviation				292.041		160.730		3.395

								Root Mean Squares Error (RMSEx or y)				RMSE				1517740.381		628871.937		897.370

								Radial RMSEr				RMSEr				1642868.156

								NSSDA Horiz Accuracy at 95% accuracy Level								2843476.205

								NSSDA Vert Accuracy at 95% accuracy Level								1758.845

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing A

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.960		1517814.917		628949.484		897.269		0.576		-0.443		-0.309

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.370		1517717.563		629056.303		894.755		-0.359		0.046		0.615

		Drain_2		1517840.244		628635.470		899.710		1517840.099		628635.486		899.282		0.145		-0.016		0.428

		Drain_3		1518083.324		628685.298		901.130		1518083.324		628685.298		900.542		0.000		0.000		0.588

		Drain_4		1518102.044		628848.231		898.770		1518102.044		628848.231		898.240		0.000		0.000		0.530

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.840		1517794.183		629028.128		899.166		-0.005		0.041		-0.326

		Curb_7084		1517652.491		629054.136		898.570		1517652.417		629054.198		898.374		0.074		-0.062		0.196

		Curb_7090		1517709.893		629047.459		898.930		1517709.893		629047.459		899.107		0.000		0.000		-0.177

		Curb_7104		1517725.122		629023.935		899.110		1517725.096		629023.829		898.997		0.026		0.106		0.113

		Curb_7105		1517724.002		629013.817		899.050		1517724.029		629013.689		898.905		-0.027		0.128		0.145

		Curb_7149		1517692.942		628895.315		899.470		1517693.076		628895.425		899.262		-0.134		-0.110		0.208

		Curb_7152		1517684.287		628816.219		899.390		1517684.379		628816.352		899.266		-0.092		-0.133		0.124

		Curb_7211		1517669.048		628679.100		899.100		1517669.117		628679.188		899.245		-0.069		-0.088		-0.145

		Curb_7246		1517807.494		628658.950		899.340		1517807.566		628659.353		898.943		-0.072		-0.403		0.397

		Curb_7251		1517832.371		628656.788		899.280		1517832.486		628657.223		898.947		-0.115		-0.435		0.333

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.100		1518108.577		629005.109		896.036		0.074		-0.059		0.064

		Curb_7483		1517882.485		629018.146		898.360		1517882.360		629018.213		898.604		0.125		-0.067		-0.244

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.142

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.291

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.317

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.622

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		QT Modeler Results - Kespry

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.805		1517814.917		628949.484		897.269		0.576		-0.443		-0.464

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.437		1517717.563		629056.303		894.755		-0.359		0.046		0.682

		Drain_2		1517840.244		628635.470		899.701		1517840.099		628635.486		899.282		0.145		-0.016		0.419

		Drain_3		1518083.324		628685.298		901.128		1518083.324		628685.298		900.542		0.000		0.000		0.586

		Drain_4		1518102.044		628848.231		898.773		1518102.044		628848.231		898.240		0.000		0.000		0.533

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.835		1517794.183		629028.128		899.166		-0.005		0.041		-0.332

		Curb_7084		1517652.491		629054.136		898.576		1517652.417		629054.198		898.374		0.074		-0.062		0.202

		Curb_7090		1517709.893		629047.459		898.928		1517709.893		629047.459		899.107		0.000		0.000		-0.179

		Curb_7104		1517725.122		629023.935		899.112		1517725.096		629023.829		898.997		0.026		0.106		0.115

		Curb_7105		1517724.002		629013.817		898.995		1517724.029		629013.689		898.905		-0.027		0.128		0.090

		Curb_7149		1517692.942		628895.315		899.469		1517693.076		628895.425		899.262		-0.134		-0.110		0.207

		Curb_7152		1517684.287		628816.219		899.397		1517684.379		628816.352		899.266		-0.092		-0.133		0.131

		Curb_7211		1517669.048		628679.100		899.103		1517669.117		628679.188		899.245		-0.069		-0.088		-0.142

		Curb_7246		1517807.494		628658.950		899.246		1517807.566		628659.353		898.943		-0.072		-0.403		0.303

		Curb_7251		1517832.371		628656.788		899.234		1517832.486		628657.223		898.947		-0.115		-0.435		0.287

		Curb_7373		1518069.931		628800.609		899.665		1518069.253		628800.721		899.518		0.678		-0.112		0.147

		Curb_7375		1518072.427		628825.427		899.614		1518072.243		628825.552		899.415		0.184		-0.125		0.199

		Curb_7437		1518108.651		629005.050		896.102		1518108.577		629005.109		896.036		0.074		-0.059		0.066

		Curb_7483		1517882.485		629018.146		898.371		1517882.360		629018.213		898.604		0.125		-0.067		-0.233

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.125

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.304

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.321

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.630



		QT Modeler Results -MMS

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		897.205		1517814.917		628949.484		897.269		0.576		-0.443		-0.064

		CNPT_2		1517792.917		628738.760		897.458		1517792.917		628738.760		897.533		0.000		0.000		-0.075

		Drain_1		1517717.204		629056.349		894.856		1517717.563		629056.303		894.755		-0.359		0.046		0.101

		Drain_2		1517840.244		628635.470		899.548		1517840.099		628635.486		899.282		0.145		-0.016		0.266

		Drain_3		1518083.324		628685.298		900.545		1518083.324		628685.298		900.542		0.000		0.000		0.003

		Drain_4		1518102.044		628848.231		898.241		1518102.044		628848.231		898.240		0.000		0.000		0.001

		Drain_5		1518096.624		629013.114		895.370		1518096.624		629013.114		895.478		0.000		0.000		-0.108

		Curb_7001		1517794.178		629028.169		899.082		1517794.183		629028.128		899.166		-0.005		0.041		-0.084

		Curb_7084		1517652.491		629054.136		899.048		1517652.417		629054.198		898.374		0.074		-0.062		0.674

		Curb_7090		1517709.893		629047.459		899.249		1517709.893		629047.459		899.107		0.000		0.000		0.142

		Curb_7104		1517725.122		629023.935		899.002		1517725.096		629023.829		898.997		0.026		0.106		0.005

		Curb_7105		1517724.002		629013.817		898.962		1517724.029		629013.689		898.905		-0.027		0.128		0.057

		Curb_7149		1517692.942		628895.315		899.320		1517693.076		628895.425		899.262		-0.134		-0.110		0.058

		Curb_7152		1517684.287		628816.219		899.149		1517684.379		628816.352		899.266		-0.092		-0.133		-0.117

		Curb_7211		1517669.048		628679.100		899.076		1517669.117		628679.188		899.245		-0.069		-0.088		-0.169

		Curb_7246		1517807.494		628658.950		899.064		1517807.566		628659.353		898.943		-0.072		-0.403		0.120

		Curb_7251		1517832.371		628656.788		899.004		1517832.486		628657.223		898.947		-0.115		-0.435		0.057

		Curb_7373		1518069.931		628800.609		899.476		1518069.253		628800.721		899.518		0.678		-0.112		-0.042

		Curb_7375		1518072.427		628825.427		899.362		1518072.243		628825.552		899.415		0.184		-0.125		-0.053

		Curb_7437		1518108.651		629005.050		895.945		1518108.577		629005.109		896.036		0.074		-0.059		-0.091

		Curb_7483		1517882.485		629018.146		898.503		1517882.360		629018.213		898.604		0.125		-0.067		-0.101

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.028

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.181

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.179

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.351







Processing B

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517212.091		629115.626		888.590		1517215.433		629113.291		887.950		-3.342		2.335		0.640

		2		1517190.616		629020.269		888.250		1517194.331		629018.500		887.674		-3.715		1.769		0.576

		3		1517174.453		628866.922		891.190		1517178.393		628866.335		890.935		-3.940		0.587		0.255

		4		1517182.542		628713.452		891.510		1517186.644		628714.077		891.297		-4.102		-0.625		0.213

		5		1517258.514		628821.391		894.320		1517261.738		628821.266		895.012		-3.224		0.125		-0.692

		7		1517377.354		629125.771		893.380		1517379.569		629123.226		894.129		-2.215		2.545		-0.749

		8		1517350.632		628984.835		895.260		1517353.044		628983.434		896.228		-2.412		1.401		-0.968

		9		1517357.892		628833.889		895.340		1517360.613		628833.909		896.689		-2.721		-0.020		-1.349

		10		1517532.345		629104.500		895.830		1517533.413		629102.203		897.498		-1.068		2.297		-1.668

		11		1517575.652		628966.272		895.310		1517576.336		628965.253		897.645		-0.684		1.019		-2.335

		12		1517582.662		628770.089		894.630		1517583.150		628770.577		897.139		-0.488		-0.488		-2.509

		13		1517669.109		628651.626		895.220		1517669.155		628652.985		897.603		-0.046		-1.359		-2.383

		14		1517666.667		628858.238		896.680		1517666.724		628858.014		899.017		-0.057		0.224		-2.337

		15		1517952.056		629030.306		897.340		1517949.639		629028.648		898.662		2.417		1.658		-1.322

		16		1517813.204		628899.173		895.200		1517811.994		628898.683		897.344		1.210		0.490		-2.144

		17		1517796.564		628758.527		895.170		1517795.501		628759.155		897.486		1.063		-0.628		-2.316

		19		1517843.120		628632.388		897.790		1517841.669		628633.957		899.583		1.451		-1.569		-1.793

		20		1518025.398		628610.377		901.340		1518022.354		628612.115		901.749		3.044		-1.738		-0.409

		21		1517958.633		628728.360		900.490		1517956.224		628729.171		901.903		2.409		-0.811		-1.413

		22		1517966.546		628877.339		900.730		1517964.090		628877.036		902.077		2.456		0.303		-1.347

		23		1518106.983		628849.802		898.200		1518103.506		628849.607		898.352		3.477		0.195		-0.152

		24		1518088.170		628685.498		900.710		1518084.825		628686.253		900.781		3.345		-0.755		-0.071

		25		1518115.674		628978.788		896.410		1518112.028		628977.607		896.349		3.646		1.181		0.061

		26		1517218.132		629145.395		889.050		1517221.575		629142.863		888.214		-3.443		2.532		0.836

		GCP17		1517378.421		628696.171		892.950		1517380.776		628697.182		894.405		-2.355		-1.011		-1.455

		GCP20		1517736.754		629013.800		896.870		1517736.122		629012.260		899.030		0.632		1.540		-2.160

		GCP21		1518109.655		628979.417		896.570		1518106.200		628978.245		896.496		3.455		1.172		0.074

		GCP22		1518164.124		628565.101		903.770		1518160.130		628566.980		902.674		3.994		-1.879		1.096

		CNPT_1		1517816.714		628950.094		894.700		1517814.917		628949.484		897.269		1.797		0.610		-2.569

		CNPT_2		1517794.002		628738.048		894.940		1517792.917		628738.760		897.533		1.085		-0.712		-2.593

		Drain_1		1517717.495		629058.269		893.260		1517717.563		629056.303		894.755		-0.068		1.966		-1.495

		Drain_2		1517841.624		628633.961		897.810		1517840.099		628635.486		899.282		1.525		-1.525		-1.472

		Drain_3		1518083.324		628685.298		900.930		1518083.324		628685.298		900.542		0.000		0.000		0.388

		Drain_4		1518102.044		628848.231		898.560		1518102.044		628848.231		898.240		0.000		0.000		0.320

		Drain_5		1518100.052		629014.603		895.600		1518096.624		629013.114		895.478		3.428		1.489		0.122

		Curb_7001		1517795.221		629029.759		896.930		1517794.183		629028.128		899.166		1.038		1.631		-2.236

		Curb_7084		1517652.489		629055.963		896.550		1517652.417		629054.198		898.374		0.072		1.765		-1.824

		Curb_7090		1517710.289		629049.310		896.940		1517709.893		629047.459		899.107		0.396		1.851		-2.167

		Curb_7104		1517725.653		629026.783		901.820		1517725.096		629023.829		898.997		0.557		2.954		2.823

		Curb_7105		1517724.444		629015.331		896.860		1517724.029		629013.689		898.905		0.415		1.642		-2.045

		Curb_7149		1517693.355		628895.766		896.900		1517693.076		628895.425		899.262		0.279		0.341		-2.362

		Curb_7152		1517684.488		628816.120		896.870		1517684.379		628816.352		899.266		0.109		-0.232		-2.396

		Curb_7211		1517669.131		628677.801		896.720		1517669.117		628679.188		899.245		0.014		-1.387		-2.525

		Curb_7246		1517808.655		628657.527		897.230		1517807.566		628659.353		898.943		1.089		-1.826		-1.713

		Curb_7251		1517833.852		628655.423		897.360		1517832.486		628657.223		898.947		1.366		-1.800		-1.587

		Curb_7373		1518073.163		628800.349		899.070		1518069.253		628800.721		899.518		3.910		-0.372		-0.448

		Curb_7375		1518075.833		628825.441		898.980		1518072.243		628825.552		899.415		3.590		-0.111		-0.435

		Curb_7437		1518112.115		629006.536		896.000		1518108.577		629005.109		896.036		3.538		1.427		-0.036

		Curb_7483		1517884.233		629019.676		896.770		1517882.360		629018.213		898.604		1.873		1.463		-1.834

								Number of Check Points								49		49		49

								Mean Error				Mean Error				0.506		0.401		-1.059

								Standard Deviation (StDEV)				Standard Deviation				2.312		1.351		1.233

								Root Mean Squares Error (RMSEx or y)				RMSE				2.344		1.396		1.616

								Radial RMSEr				RMSEr				2.728

								NSSDA Horiz Accuracy at 95% accuracy Level								4.721

								NSSDA Vert Accuracy at 95% accuracy Level								3.168

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing C

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.614		629113.138		888.090		1517215.433		629113.291		887.950		0.181		-0.153		0.140

		2		1517194.319		629018.608		887.790		1517194.331		629018.500		887.674		-0.012		0.108		0.116

		3		1517178.393		628866.460		890.820		1517178.393		628866.335		890.935		0.000		0.125		-0.115

		5		1517261.768		628821.311		894.230		1517261.738		628821.266		895.012		0.030		0.045		-0.782

		7		1517379.565		629123.275		893.290		1517379.569		629123.226		894.129		-0.004		0.049		-0.839

		8		1517353.056		628983.486		895.350		1517353.044		628983.434		896.228		0.012		0.052		-0.878

		9		1517360.279		628833.719		895.520		1517360.613		628833.909		896.689		-0.334		-0.190		-1.169

		10		1517533.350		629102.260		896.010		1517533.413		629102.203		897.498		-0.063		0.057		-1.488

		11		1517576.295		628965.088		895.850		1517576.336		628965.253		897.645		-0.041		-0.165		-1.795

		12		1517583.270		628770.509		895.110		1517583.150		628770.577		897.139		0.120		-0.068		-2.029

		13		1517669.074		628652.997		895.570		1517669.155		628652.985		897.603		-0.081		0.012		-2.033

		14		1517666.620		628857.966		897.210		1517666.724		628858.014		899.017		-0.104		-0.048		-1.807

		15		1517949.738		629028.611		897.560		1517949.639		629028.648		898.662		0.099		-0.037		-1.102

		16		1517811.935		628898.580		895.700		1517811.994		628898.683		897.344		-0.059		-0.103		-1.644

		17		1517795.454		628759.030		895.590		1517795.501		628759.155		897.486		-0.047		-0.125		-1.896

		19		1517841.669		628633.957		898.040		1517841.669		628633.957		899.583		0.000		0.000		-1.543

		20		1518022.354		628612.115		901.030		1518022.354		628612.115		901.749		0.000		0.000		-0.719

		21		1517956.246		628729.109		900.580		1517956.224		628729.171		901.903		0.022		-0.062		-1.323

		22		1517964.117		628876.945		900.900		1517964.090		628877.036		902.077		0.027		-0.091		-1.177

		23		1518103.335		628849.597		898.010		1518103.506		628849.607		898.352		-0.171		-0.010		-0.342

		24		1518084.655		628686.489		900.360		1518084.825		628686.253		900.781		-0.170		0.236		-0.421

		GCP17		1517380.684		628697.169		893.090		1517380.776		628697.182		894.405		-0.092		-0.013		-1.315

		GCP20		1517736.122		629012.260		897.270		1517736.122		629012.260		899.030		0.000		0.000		-1.760

		GCP21		1518106.146		628978.191		896.340		1518106.200		628978.245		896.496		-0.054		-0.054		-0.156

		CNPT_1		1517815.441		628949.055		895.280		1517814.917		628949.484		897.269		0.524		-0.429		-1.989

		CNPT_2		1517792.917		628738.760		895.430		1517792.917		628738.760		897.533		0.000		0.000		-2.103

		Drain_1		1517717.244		629056.286		893.710		1517717.563		629056.303		894.755		-0.319		-0.017		-1.045

		Drain_2		1517840.337		628635.357		898.160		1517840.099		628635.486		899.282		0.238		-0.129		-1.122

		Drain_3		1518083.324		628685.298		900.440		1518083.324		628685.298		900.542		0.000		0.000		-0.102

		Drain_4		1518102.044		628848.231		898.140		1518102.044		628848.231		898.240		0.000		0.000		-0.100

		Drain_5		1518096.624		629013.114		895.410		1518096.624		629013.114		895.478		0.000		0.000		-0.068

		Curb_7001		1517794.183		629028.128		897.250		1517794.183		629028.128		899.166		0.000		0.000		-1.916

		Curb_7084		1517652.417		629054.198		896.880		1517652.417		629054.198		898.374		0.000		0.000		-1.494

		Curb_7090		1517709.893		629047.459		897.350		1517709.893		629047.459		899.107		0.000		0.000		-1.757

		Curb_7104		1517725.096		629023.829		897.390		1517725.096		629023.829		898.997		0.000		0.000		-1.607

		Curb_7105		1517724.029		629013.689		897.300		1517724.029		629013.689		898.905		0.000		0.000		-1.605

		Curb_7149		1517692.950		628895.292		897.450		1517693.076		628895.425		899.262		-0.126		-0.133		-1.812

		Curb_7152		1517684.317		628816.150		897.430		1517684.379		628816.352		899.266		-0.062		-0.202		-1.836

		Curb_7211		1517669.099		628678.990		897.110		1517669.117		628679.188		899.245		-0.018		-0.198		-2.135

		Curb_7246		1517807.481		628658.949		897.500		1517807.566		628659.353		898.943		-0.085		-0.404		-1.443

		Curb_7251		1517832.308		628656.985		897.590		1517832.486		628657.223		898.947		-0.178		-0.238		-1.357

		Curb_7373		1518069.850		628800.530		898.920		1518069.253		628800.721		899.518		0.597		-0.191		-0.598

		Curb_7375		1518072.374		628825.377		898.820		1518072.243		628825.552		899.415		0.131		-0.175		-0.595

		Curb_7437		1518108.467		629005.020		895.770		1518108.577		629005.109		896.036		-0.110		-0.089		-0.266

		Curb_7483		1517882.479		629018.098		897.060		1517882.360		629018.213		898.604		0.119		-0.115		-1.544

								Number of Check Points								45		45		45

								Mean Error				Mean Error				-0.001		-0.061		-1.168

								Standard Deviation (StDEV)				Standard Deviation				0.162		0.123		0.690

								Root Mean Squares Error (RMSEx or y)				RMSE				0.161		0.136		1.353

								Radial RMSEr				RMSEr				0.211

								NSSDA Horiz Accuracy at 95% accuracy Level								0.365

								NSSDA Vert Accuracy at 95% accuracy Level								2.651

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing D

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.541		629113.150		887.990		1517215.433		629113.291		887.950		0.108		-0.141		0.040

		2		1517194.329		629018.601		887.960		1517194.331		629018.500		887.674		-0.002		0.101		0.286

		3		1517178.361		628866.447		891.020		1517178.393		628866.335		890.935		-0.032		0.112		0.085

		5		1517261.738		628821.266		894.890		1517261.738		628821.266		895.012		0.000		0.000		-0.122

		7		1517379.532		629123.287		893.970		1517379.569		629123.226		894.129		-0.037		0.061		-0.159

		8		1517353.044		628983.434		896.220		1517353.044		628983.434		896.228		0.000		0.000		-0.008

		9		1517360.269		628833.822		896.540		1517360.613		628833.909		896.689		-0.344		-0.087		-0.149

		10		1517533.284		629102.312		897.090		1517533.413		629102.203		897.498		-0.129		0.109		-0.408

		11		1517576.336		628965.253		897.250		1517576.336		628965.253		897.645		0.000		0.000		-0.395

		12		1517583.199		628770.571		896.710		1517583.150		628770.577		897.139		0.049		-0.006		-0.429

		13		1517668.959		628653.027		897.080		1517669.155		628652.985		897.603		-0.196		0.042		-0.523

		15		1517949.775		629028.645		898.400		1517949.639		629028.648		898.662		0.136		-0.003		-0.262

		16		1517811.928		628898.632		897.210		1517811.994		628898.683		897.344		-0.066		-0.051		-0.134

		17		1517795.436		628759.113		897.110		1517795.501		628759.155		897.486		-0.065		-0.042		-0.376

		19		1517841.605		628634.021		899.290		1517841.669		628633.957		899.583		-0.064		0.064		-0.293

		20		1518022.411		628612.115		901.660		1518022.354		628612.115		901.749		0.057		0.000		-0.089

		21		1517956.217		628729.131		901.660		1517956.224		628729.171		901.903		-0.007		-0.040		-0.243

		22		1517964.121		628876.928		901.960		1517964.090		628877.036		902.077		0.031		-0.108		-0.117

		23		1518103.357		628849.562		898.480		1518103.506		628849.607		898.352		-0.149		-0.045		0.128

		24		1518084.648		628686.590		900.910		1518084.825		628686.253		900.781		-0.177		0.337		0.129

		GCP17		1517380.629		628697.196		894.190		1517380.776		628697.182		894.405		-0.147		0.014		-0.215

		GCP20		1517735.996		629012.361		898.650		1517736.122		629012.260		899.030		-0.126		0.101		-0.380

		GCP21		1518106.182		628978.216		896.630		1518106.200		628978.245		896.496		-0.018		-0.029		0.134

		CNPT_1		1517815.504		628949.052		896.540		1517814.917		628949.484		897.269		0.587		-0.432		-0.729

		CNPT_2		1517792.784		628738.787		896.940		1517792.917		628738.760		897.533		-0.133		0.027		-0.593

		Drain_1		1517717.190		629056.352		895.030		1517717.563		629056.303		894.755		-0.373		0.049		0.275

		Drain_2		1517840.273		628635.467		899.430		1517840.099		628635.486		899.282		0.174		-0.019		0.148

		Drain_3		1518083.324		628685.298		901.000		1518083.324		628685.298		900.542		0.000		0.000		0.458

		Drain_4		1518101.952		628848.178		898.610		1518102.044		628848.231		898.240		-0.092		-0.053		0.370

		Drain_5		1518096.624		629013.114		895.720		1518096.624		629013.114		895.478		0.000		0.000		0.242

		Curb_7001		1517794.183		629028.128		898.520		1517794.183		629028.128		899.166		0.000		0.000		-0.646

		Curb_7084		1517652.417		629054.198		898.300		1517652.417		629054.198		898.374		0.000		0.000		-0.074

		Curb_7090		1517709.893		629047.459		898.680		1517709.893		629047.459		899.107		0.000		0.000		-0.427

		Curb_7104		1517725.173		629023.937		898.750		1517725.096		629023.829		898.997		0.077		0.108		-0.247

		Curb_7105		1517724.066		629013.853		898.700		1517724.029		629013.689		898.905		0.037		0.164		-0.205

		Curb_7149		1517692.963		628895.307		898.990		1517693.076		628895.425		899.262		-0.113		-0.118		-0.272

		Curb_7152		1517684.292		628816.181		899.060		1517684.379		628816.352		899.266		-0.087		-0.171		-0.206

		Curb_7211		1517669.114		628679.017		898.630		1517669.117		628679.188		899.245		-0.003		-0.171		-0.615

		Curb_7246		1517807.480		628658.983		898.870		1517807.566		628659.353		898.943		-0.086		-0.370		-0.073

		Curb_7251		1517832.376		628656.950		898.920		1517832.486		628657.223		898.947		-0.110		-0.273		-0.027

		Curb_7373		1518069.931		628800.504		899.580		1518069.253		628800.721		899.518		0.678		-0.217		0.062

		Curb_7375		1518072.481		628825.353		899.470		1518072.243		628825.552		899.415		0.238		-0.199		0.055

		Curb_7437		1518108.740		629005.055		896.130		1518108.577		629005.109		896.036		0.163		-0.054		0.094

		Curb_7483		1517882.539		629018.124		898.000		1517882.360		629018.213		898.604		0.179		-0.089		-0.604

								Number of Check Points								44		44		44

								Mean Error				Mean Error				-0.001		-0.032		-0.148

								Standard Deviation (StDEV)				Standard Deviation				0.185		0.135		0.289

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.137		0.321

								Radial RMSEr				RMSEr				0.229

								NSSDA Horiz Accuracy at 95% accuracy Level								0.396

								NSSDA Vert Accuracy at 95% accuracy Level								0.630

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing E

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		2		1517194.351		629018.587		887.920		1517194.331		629018.500		887.674		0.020		0.087		0.246

		3		1517178.385		628866.476		891.120		1517178.393		628866.335		890.935		-0.008		0.141		0.185

		4		1517186.483		628714.265		891.400		1517186.644		628714.077		891.297		-0.161		0.188		0.103

		5		1517261.721		628821.373		895.020		1517261.738		628821.266		895.012		-0.017		0.107		0.008

		7		1517379.533		629123.284		893.930		1517379.569		629123.226		894.129		-0.036		0.058		-0.199

		8		1517353.046		628983.507		896.300		1517353.044		628983.434		896.228		0.002		0.073		0.072

		9		1517360.380		628833.783		896.780		1517360.613		628833.909		896.689		-0.233		-0.126		0.091

		10		1517533.303		629102.302		897.280		1517533.413		629102.203		897.498		-0.110		0.099		-0.218

		11		1517576.302		628965.228		897.540		1517576.336		628965.253		897.645		-0.034		-0.025		-0.105

		12		1517583.197		628770.524		896.990		1517583.150		628770.577		897.139		0.047		-0.053		-0.149

		15		1517949.774		629028.677		898.620		1517949.639		629028.648		898.662		0.135		0.029		-0.042

		16		1517811.961		628898.617		897.440		1517811.994		628898.683		897.344		-0.033		-0.066		0.096

		17		1517795.462		628759.097		897.370		1517795.501		628759.155		897.486		-0.039		-0.058		-0.116

		19		1517841.626		628634.000		899.540		1517841.669		628633.957		899.583		-0.043		0.043		-0.043

		20		1518022.433		628612.097		901.860		1518022.354		628612.115		901.749		0.079		-0.018		0.111

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		22		1517964.147		628876.963		902.120		1517964.090		628877.036		902.077		0.057		-0.073		0.043

		23		1518103.326		628849.573		898.560		1518103.506		628849.607		898.352		-0.180		-0.034		0.208

		24		1518084.564		628686.604		901.030		1518084.825		628686.253		900.781		-0.261		0.351		0.249

		GCP17		1517380.649		628697.178		894.370		1517380.776		628697.182		894.405		-0.127		-0.004		-0.035

		GCP21		1518106.207		628978.190		896.700		1518106.200		628978.245		896.496		0.007		-0.055		0.204

		CNPT_1		1517815.488		628949.026		896.820		1517814.917		628949.484		897.269		0.571		-0.458		-0.449

		CNPT_2		1517792.917		628738.760		897.170		1517792.917		628738.760		897.533		0.000		0.000		-0.363

		Drain_1		1517717.262		629056.306		895.240		1517717.563		629056.303		894.755		-0.301		0.003		0.485

		Drain_2		1517840.289		628635.462		899.590		1517840.099		628635.486		899.282		0.190		-0.024		0.308

		Drain_3		1518083.152		628685.288		901.070		1518083.324		628685.298		900.542		-0.172		-0.010		0.528

		Drain_4		1518102.044		628848.231		898.700		1518102.044		628848.231		898.240		0.000		0.000		0.460

		Drain_5		1518096.624		629013.114		895.690		1518096.624		629013.114		895.478		0.000		0.000		0.212

		Curb_7001		1517794.183		629028.128		898.720		1517794.183		629028.128		899.166		0.000		0.000		-0.446

		Curb_7084		1517652.417		629054.198		898.470		1517652.417		629054.198		898.374		0.000		0.000		0.096

		Curb_7090		1517709.893		629047.459		898.820		1517709.893		629047.459		899.107		0.000		0.000		-0.287

		Curb_7104		1517725.259		629023.944		899.010		1517725.096		629023.829		898.997		0.163		0.115		0.013

		Curb_7105		1517724.061		629013.777		898.830		1517724.029		629013.689		898.905		0.032		0.088		-0.075

		Curb_7149		1517692.932		628895.332		899.360		1517693.076		628895.425		899.262		-0.144		-0.093		0.098

		Curb_7152		1517684.235		628816.138		899.250		1517684.379		628816.352		899.266		-0.144		-0.214		-0.016

		Curb_7211		1517669.053		628679.044		898.940		1517669.117		628679.188		899.245		-0.064		-0.144		-0.305

		Curb_7246		1517807.501		628658.973		899.120		1517807.566		628659.353		898.943		-0.065		-0.380		0.177

		Curb_7251		1517832.351		628656.930		899.180		1517832.486		628657.223		898.947		-0.135		-0.293		0.233

		Curb_7373		1518069.843		628800.512		899.680		1518069.253		628800.721		899.518		0.590		-0.209		0.162

		Curb_7375		1518072.472		628825.386		899.610		1518072.243		628825.552		899.415		0.229		-0.166		0.195

		Curb_7437		1518108.665		629005.030		896.050		1518108.577		629005.109		896.036		0.088		-0.079		0.014

		Curb_7483		1517882.450		629018.112		898.330		1517882.360		629018.213		898.604		0.090		-0.101		-0.274

								Number of Check Points								42		42		42

								Mean Error				Mean Error				-0.000		-0.031		0.034

								Standard Deviation (StDEV)				Standard Deviation				0.174		0.143		0.232

								Root Mean Squares Error (RMSEx or y)				RMSE				0.172		0.145		0.232

								Radial RMSEr				RMSEr				0.225

								NSSDA Horiz Accuracy at 95% accuracy Level								0.389

								NSSDA Vert Accuracy at 95% accuracy Level								0.454

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing F

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		887.960		1517215.433		629113.291		887.950		0.147		-0.153		0.010

		2		1517194.349		629018.592		887.920		1517194.331		629018.500		887.674		0.018		0.092		0.246

		5		1517261.741		628821.323		895.010		1517261.738		628821.266		895.012		0.003		0.057		-0.002

		7		1517379.493		629123.302		893.990		1517379.569		629123.226		894.129		-0.076		0.076		-0.139

		8		1517353.001		628983.508		896.390		1517353.044		628983.434		896.228		-0.043		0.074		0.162

		9		1517360.293		628833.792		896.740		1517360.613		628833.909		896.689		-0.320		-0.117		0.051

		10		1517533.311		629102.279		897.270		1517533.413		629102.203		897.498		-0.102		0.076		-0.228

		13		1517669.011		628653.055		897.410		1517669.155		628652.985		897.603		-0.144		0.070		-0.193

		14		1517666.658		628858.008		899.090		1517666.724		628858.014		899.017		-0.066		-0.006		0.073

		15		1517949.755		629028.637		898.580		1517949.639		629028.648		898.662		0.116		-0.011		-0.082

		16		1517811.922		628898.677		897.380		1517811.994		628898.683		897.344		-0.072		-0.006		0.036

		17		1517795.463		628759.117		897.390		1517795.501		628759.155		897.486		-0.038		-0.038		-0.096

		19		1517841.626		628634.043		899.590		1517841.669		628633.957		899.583		-0.043		0.086		0.007

		20		1518022.450		628612.119		901.870		1518022.354		628612.115		901.749		0.096		0.004		0.121

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		23		1518103.347		628849.546		898.590		1518103.506		628849.607		898.352		-0.159		-0.061		0.238

		26		1517221.450		629142.730		888.490		1517221.575		629142.863		888.214		-0.125		-0.133		0.276

		GCP17		1517380.664		628697.133		894.360		1517380.776		628697.182		894.405		-0.112		-0.049		-0.045

		GCP21		1518106.200		628978.245		896.710		1518106.200		628978.245		896.496		0.000		0.000		0.214

		CNPT_1		1517815.493		628949.041		896.800		1517814.917		628949.484		897.269		0.576		-0.443		-0.469

		CNPT_2		1517792.917		628738.760		897.220		1517792.917		628738.760		897.533		0.000		0.000		-0.313

		Drain_1		1517717.204		629056.349		895.270		1517717.563		629056.303		894.755		-0.359		0.046		0.515

		Drain_2		1517840.244		628635.470		899.720		1517840.099		628635.486		899.282		0.145		-0.016		0.438

		Drain_3		1518083.324		628685.298		901.110		1518083.324		628685.298		900.542		0.000		0.000		0.568

		Drain_4		1518102.044		628848.231		898.750		1518102.044		628848.231		898.240		0.000		0.000		0.510

		Drain_5		1518096.624		629013.114		895.750		1518096.624		629013.114		895.478		0.000		0.000		0.272

		Curb_7001		1517794.178		629028.169		898.760		1517794.183		629028.128		899.166		-0.005		0.041		-0.406

		Curb_7084		1517652.491		629054.136		898.470		1517652.417		629054.198		898.374		0.074		-0.062		0.096

		Curb_7090		1517709.893		629047.459		898.900		1517709.893		629047.459		899.107		0.000		0.000		-0.207

		Curb_7104		1517725.122		629023.935		898.980		1517725.096		629023.829		898.997		0.026		0.106		-0.017

		Curb_7105		1517724.002		629013.817		898.930		1517724.029		629013.689		898.905		-0.027		0.128		0.025

		Curb_7149		1517692.942		628895.315		899.250		1517693.076		628895.425		899.262		-0.134		-0.110		-0.012

		Curb_7152		1517684.287		628816.219		899.320		1517684.379		628816.352		899.266		-0.092		-0.133		0.054

		Curb_7211		1517669.048		628679.100		898.950		1517669.117		628679.188		899.245		-0.069		-0.088		-0.295

		Curb_7246		1517807.494		628658.950		899.130		1517807.566		628659.353		898.943		-0.072		-0.403		0.187

		Curb_7251		1517832.371		628656.788		899.250		1517832.486		628657.223		898.947		-0.115		-0.435		0.303

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.080		1518108.577		629005.109		896.036		0.074		-0.059		0.044

		Curb_7483		1517882.485		629018.146		898.310		1517882.360		629018.213		898.604		0.125		-0.067		-0.294

								Number of Check Points								40		40		40

								Mean Error				Mean Error				0.002		-0.044		0.052

								Standard Deviation (StDEV)				Standard Deviation				0.183		0.132		0.246

								Root Mean Squares Error (RMSEx or y)				RMSE				0.181		0.138		0.249

								Radial RMSEr				RMSEr				0.227

								NSSDA Horiz Accuracy at 95% accuracy Level								0.393

								NSSDA Vert Accuracy at 95% accuracy Level								0.487

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing G

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		888.076		1517215.433		629113.291		887.950		0.147		-0.153		0.126

		2		1517194.349		629018.592		887.956		1517194.331		629018.500		887.674		0.018		0.092		0.282

		5		1517261.741		628821.323		895.075		1517261.738		628821.266		895.012		0.003		0.057		0.063

		7		1517379.493		629123.302		894.095		1517379.569		629123.226		894.129		-0.076		0.076		-0.034

		8		1517353.001		628983.508		896.481		1517353.044		628983.434		896.228		-0.043		0.074		0.253

		10		1517533.311		629102.279		897.426		1517533.413		629102.203		897.498		-0.102		0.076		-0.072

		12		1517583.173		628770.508		897.151		1517583.150		628770.577		897.139		0.023		-0.069		0.012

		15		1517949.755		629028.637		898.657		1517949.639		629028.648		898.662		0.116		-0.011		-0.005

		17		1517795.463		628759.117		897.557		1517795.501		628759.155		897.486		-0.038		-0.038		0.071

		19		1517841.626		628634.043		899.750		1517841.669		628633.957		899.583		-0.043		0.086		0.167

		20		1518022.450		628612.119		901.976		1518022.354		628612.115		901.749		0.096		0.004		0.227

		22		1517964.090		628877.036		902.283		1517964.090		628877.036		902.077		0.000		0.000		0.206

		24		1518084.562		628686.599		901.148		1518084.825		628686.253		900.781		-0.263		0.346		0.367

		GCP17               		1517380.664		628697.133		894.464		1517380.776		628697.182		894.405		-0.112		-0.049		0.059

		GCP21               		1518106.200		628978.245		896.713		1518106.200		628978.245		896.496		0.000		0.000		0.217

		CNPT_1              		1517815.493		628949.041		896.855		1517814.917		628949.484		897.269		0.576		-0.443		-0.414

		CNPT_2              		1517792.917		628738.760		897.424		1517792.917		628738.760		897.533		0.000		0.000		-0.109

		Drain_1             		1517717.204		629056.349		895.387		1517717.563		629056.303		894.755		-0.359		0.046		0.632

		Drain_2             		1517840.244		628635.470		899.907		1517840.099		628635.486		899.282		0.145		-0.016		0.625

		Drain_3             		1518083.324		628685.298		901.183		1518083.324		628685.298		900.542		0.000		0.000		0.641

		Drain_4             		1518102.044		628848.231		898.784		1518102.044		628848.231		898.240		0.000		0.000		0.544

		Drain_5             		1518096.624		629013.114		895.790		1518096.624		629013.114		895.478		0.000		0.000		0.312

		Curb_7001           		1517794.178		629028.169		898.874		1517794.183		629028.128		899.166		-0.005		0.041		-0.292

		Curb_7084           		1517652.491		629054.136		898.624		1517652.417		629054.198		898.374		0.074		-0.062		0.250

		Curb_7090           		1517709.893		629047.459		899.030		1517709.893		629047.459		899.107		0.000		0.000		-0.077

		Curb_7104           		1517725.122		629023.935		899.145		1517725.096		629023.829		898.997		0.026		0.106		0.148

		Curb_7105           		1517724.002		629013.817		898.923		1517724.029		629013.689		898.905		-0.027		0.128		0.018

		Curb_7149           		1517692.942		628895.315		899.498		1517693.076		628895.425		899.262		-0.134		-0.110		0.236

		Curb_7152           		1517684.287		628816.219		899.527		1517684.379		628816.352		899.266		-0.092		-0.133		0.261

		Curb_7211           		1517669.048		628679.100		899.129		1517669.117		628679.188		899.245		-0.069		-0.088		-0.116

		Curb_7246           		1517807.494		628658.950		899.328		1517807.566		628659.353		898.943		-0.072		-0.403		0.385

		Curb_7251           		1517832.371		628656.788		899.351		1517832.486		628657.223		898.947		-0.115		-0.435		0.404

		Curb_7373           		1518069.931		628800.609		899.751		1518069.253		628800.721		899.518		0.678		-0.112		0.233

		Curb_7375           		1518072.427		628825.427		899.692		1518072.243		628825.552		899.415		0.184		-0.125		0.277

		Curb_7437           		1518108.651		629005.050		896.008		1518108.577		629005.109		896.036		0.074		-0.059		-0.028

		Curb_7483           		1517882.485		629018.146		898.452		1517882.360		629018.213		898.604		0.125		-0.067		-0.152

								Number of Check Points								36		36		36

								Mean Error				Mean Error				0.020		-0.034		0.159

								Standard Deviation (StDEV)				Standard Deviation				0.184		0.151		0.247

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.153		0.291

								Radial RMSEr				RMSEr				0.238

								NSSDA Horiz Accuracy at 95% accuracy Level								0.413

								NSSDA Vert Accuracy at 95% accuracy Level								0.569

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Summary

		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		Mean Error E (ft.)				Mean Error				0.05		0.51		-0.00		-0.00		-0.00		0.00		0.02

		Mean Error N (ft.)				Mean Error				-0.08		0.40		-0.06		-0.03		-0.03		-0.04		-0.03

		Mean Error Elev. (ft.)				Mean Error				0.14		-1.06		-1.17		-0.15		0.03		0.05		0.16

		StDEV E (ft.)				Standard Deviation				0.22		2.31		0.16		0.19		0.17		0.18		0.18

		StDEV N (ft.)				Standard Deviation				0.16		1.35		0.12		0.13		0.14		0.13		0.15

		StDEV Elev. (ft.)				Standard Deviation				0.29		1.23		0.69		0.29		0.23		0.25		0.25

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57





		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57



		Accuracy Term								Processing Scenario														Processing Scenario

										A		B		C		D		E		F		G		A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13		29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36		20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18		6.82		71.44		4.90		5.59		5.24		5.51		5.57

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15		5.39		42.54		4.16		4.18		4.41		4.20		4.67

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24		8.70		83.14		6.42		6.98		6.85		6.93		7.27

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29		9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41		15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57		18.95		96.56		80.81		19.20		13.83		14.85		17.36



		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36																												Accuracy 		A		B		C		D		E		F		G

		RMSE E (cm)				RMSE				6.82		71.44		4.90		5.59		5.24		5.51		5.57																												RMSE E (ft.)		0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (cm)				RMSE				5.39		42.54		4.16		4.18		4.41		4.20		4.67																												RMSE N (ft.)		0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (cm)				RMSE				8.70		83.14		6.42		6.98		6.85		6.93		7.27																												RMSE Elev. (ft.)		0.32		1.62		1.35		0.32		0.23		0.25		0.29

		RMSE Elev. (cm)				RMSE				9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (cm)								15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95%  (cm)								18.95		96.56		80.81		19.20		13.83		14.85		17.36





RMSE E (ft.)	A	B	C	D	E	F	G	0.223906762091864	2.3436874051571048	0.16061949517768856	0.18332980713155947	0.17188887607552625	0.18061568316261556	0.18265001447108506	RMSE N (ft.)	A	B	C	D	E	F	G	0.1768873733913961	1.3957364525216491	0.13637065503375362	0.13726293613749799	0.14475225140719222	0.13790132342928879	0.15321344952485325	RMSE Elev. (ft.)	A	B	C	D	E	F	G	0.31722802374258174	1.6163064280598991	1.3527509009422214	0.32137580663595389	0.23155817946294524	0.24858650405845423	0.29054428903162888	

ODOT



		DTM Accuracy Class		Recommended Use		Maximum Allowable Average Dz (feet)		Maximum Allowable RMSE (feet)

		Class A 		Paved areas 		± 0.07 		0.16



		Class B		Vegetated areas outside of pavement that are maintained at a minimum biannual frequency (i.e.: farm fields, residential yards, roadside R/W, etcetera)		± 0.25		0.32

		Class C		Vegetated areas that are not maintained		± 0.50		0.5

		Class D		Areas where vertical accuracy is not critical or warranted (i.e.: planning engineering projects)		± 1.00		1.00





		Planimetric Accuracy Class 		Recommended Use 		Maximum Allowable RMSE (ft)

		Class I		Projects that require Class I planimetric features listed in Appendix A to be identified and mapped (ie: design engineering projects) 		0.3



		Class II		Projects that require Class II planimetric features listed in Appendix A to be identified and mapped (ie: planning studies)		1.0







UAS: Can we meet DOTs Horizontal Accuracy Specs ?

0.29 2.73 0.21 0.23 0.22 0.23 0.24
0.32 1.62 1.35 0.32 0.23 0.25 0.29

Radial RMSE N,E (ft.)
RMSE Elev. (ft.)

Ohio DOT Specifications
Planimetric 

Accuracy Class 
Recommended Use 

Maximum Allowable 
RMSE (ft)

Class II
Projects that require Class II planimetric features listed 
in Appendix A to be identified and mapped (ie: 
planning studies)

1.0

Class I
Projects that require Class I planimetric features listed 
in Appendix A to be identified and mapped (ie: design 
engineering projects) 

0.3


Template

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values						Survey Check Point Values						Residual Values

				Easting		Northing		Elevation		Easting		Northing		Elevation		Error in Easting		Error in Northing		Error in Elevation

		1								1517215.433		629113.291		887.950		-1517215.433		-629113.291		-887.950

		2								1517194.331		629018.500		887.674		-1517194.331		-629018.500		-887.674

		3								1517178.393		628866.335		890.935		-1517178.393		-628866.335		-890.935

		4								1517186.644		628714.077		891.297		-1517186.644		-628714.077		-891.297

		5								1517261.738		628821.266		895.012		-1517261.738		-628821.266		-895.012

		7								1517379.569		629123.226		894.129		-1517379.569		-629123.226		-894.129

		8								1517353.044		628983.434		896.228		-1517353.044		-628983.434		-896.228

		9								1517360.613		628833.909		896.689		-1517360.613		-628833.909		-896.689

		10								1517533.413		629102.203		897.498		-1517533.413		-629102.203		-897.498

		11								1517576.336		628965.253		897.645		-1517576.336		-628965.253		-897.645

		12								1517583.150		628770.577		897.139		-1517583.150		-628770.577		-897.139

		13								1517669.155		628652.985		897.603		-1517669.155		-628652.985		-897.603

		14								1517666.724		628858.014		899.017		-1517666.724		-628858.014		-899.017

		15								1517949.639		629028.648		898.662		-1517949.639		-629028.648		-898.662

		16								1517811.994		628898.683		897.344		-1517811.994		-628898.683		-897.344

		17								1517795.501		628759.155		897.486		-1517795.501		-628759.155		-897.486

		19								1517841.669		628633.957		899.583		-1517841.669		-628633.957		-899.583

		20								1518022.354		628612.115		901.749		-1518022.354		-628612.115		-901.749

		21								1517956.224		628729.171		901.903		-1517956.224		-628729.171		-901.903

		22								1517964.090		628877.036		902.077		-1517964.090		-628877.036		-902.077

		23								1518103.506		628849.607		898.352		-1518103.506		-628849.607		-898.352

		24								1518084.825		628686.253		900.781		-1518084.825		-628686.253		-900.781

		25								1518112.028		628977.607		896.349		-1518112.028		-628977.607		-896.349

		26								1517221.575		629142.863		888.214		-1517221.575		-629142.863		-888.214

		GCP17								1517380.776		628697.182		894.405		-1517380.776		-628697.182		-894.405

		GCP20								1517736.122		629012.260		899.030		-1517736.122		-629012.260		-899.030

		GCP21								1518106.200		628978.245		896.496		-1518106.200		-628978.245		-896.496

		GCP22								1518160.130		628566.980		902.674		-1518160.130		-628566.980		-902.674

		CNPT_1								1517814.917		628949.484		897.269		-1517814.917		-628949.484		-897.269

		CNPT_2								1517792.917		628738.760		897.533		-1517792.917		-628738.760		-897.533

		Drain_1								1517717.563		629056.303		894.755		-1517717.563		-629056.303		-894.755

		Drain_2								1517840.099		628635.486		899.282		-1517840.099		-628635.486		-899.282

		Drain_3								1518083.324		628685.298		900.542		-1518083.324		-628685.298		-900.542

		Drain_4								1518102.044		628848.231		898.240		-1518102.044		-628848.231		-898.240

		Drain_5								1518096.624		629013.114		895.478		-1518096.624		-629013.114		-895.478

		Curb_7001								1517794.183		629028.128		899.166		-1517794.183		-629028.128		-899.166

		Curb_7084								1517652.417		629054.198		898.374		-1517652.417		-629054.198		-898.374

		Curb_7090								1517709.893		629047.459		899.107		-1517709.893		-629047.459		-899.107

		Curb_7104								1517725.096		629023.829		898.997		-1517725.096		-629023.829		-898.997

		Curb_7105								1517724.029		629013.689		898.905		-1517724.029		-629013.689		-898.905

		Curb_7149								1517693.076		628895.425		899.262		-1517693.076		-628895.425		-899.262

		Curb_7152								1517684.379		628816.352		899.266		-1517684.379		-628816.352		-899.266

		Curb_7211								1517669.117		628679.188		899.245		-1517669.117		-628679.188		-899.245

		Curb_7246								1517807.566		628659.353		898.943		-1517807.566		-628659.353		-898.943

		Curb_7251								1517832.486		628657.223		898.947		-1517832.486		-628657.223		-898.947

		Curb_7373								1518069.253		628800.721		899.518		-1518069.253		-628800.721		-899.518

		Curb_7375								1518072.243		628825.552		899.415		-1518072.243		-628825.552		-899.415

		Curb_7437								1518108.577		629005.109		896.036		-1518108.577		-629005.109		-896.036

		Curb_7483								1517882.360		629018.213		898.604		-1517882.360		-629018.213		-898.604

								Number of Check Points								49		49		49

								Mean Error				Mean Error				-1517740.354		-628871.917		-897.363

								Standard Deviation (StDEV)				Standard Deviation				292.041		160.730		3.395

								Root Mean Squares Error (RMSEx or y)				RMSE				1517740.381		628871.937		897.370

								Radial RMSEr				RMSEr				1642868.156

								NSSDA Horiz Accuracy at 95% accuracy Level								2843476.205

								NSSDA Vert Accuracy at 95% accuracy Level								1758.845

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing A

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.960		1517814.917		628949.484		897.269		0.576		-0.443		-0.309

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.370		1517717.563		629056.303		894.755		-0.359		0.046		0.615

		Drain_2		1517840.244		628635.470		899.710		1517840.099		628635.486		899.282		0.145		-0.016		0.428

		Drain_3		1518083.324		628685.298		901.130		1518083.324		628685.298		900.542		0.000		0.000		0.588

		Drain_4		1518102.044		628848.231		898.770		1518102.044		628848.231		898.240		0.000		0.000		0.530

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.840		1517794.183		629028.128		899.166		-0.005		0.041		-0.326

		Curb_7084		1517652.491		629054.136		898.570		1517652.417		629054.198		898.374		0.074		-0.062		0.196

		Curb_7090		1517709.893		629047.459		898.930		1517709.893		629047.459		899.107		0.000		0.000		-0.177

		Curb_7104		1517725.122		629023.935		899.110		1517725.096		629023.829		898.997		0.026		0.106		0.113

		Curb_7105		1517724.002		629013.817		899.050		1517724.029		629013.689		898.905		-0.027		0.128		0.145

		Curb_7149		1517692.942		628895.315		899.470		1517693.076		628895.425		899.262		-0.134		-0.110		0.208

		Curb_7152		1517684.287		628816.219		899.390		1517684.379		628816.352		899.266		-0.092		-0.133		0.124

		Curb_7211		1517669.048		628679.100		899.100		1517669.117		628679.188		899.245		-0.069		-0.088		-0.145

		Curb_7246		1517807.494		628658.950		899.340		1517807.566		628659.353		898.943		-0.072		-0.403		0.397

		Curb_7251		1517832.371		628656.788		899.280		1517832.486		628657.223		898.947		-0.115		-0.435		0.333

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.100		1518108.577		629005.109		896.036		0.074		-0.059		0.064

		Curb_7483		1517882.485		629018.146		898.360		1517882.360		629018.213		898.604		0.125		-0.067		-0.244

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.142

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.291

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.317

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.622

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		QT Modeler Results - Kespry

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		896.805		1517814.917		628949.484		897.269		0.576		-0.443		-0.464

		CNPT_2		1517792.917		628738.760		897.300		1517792.917		628738.760		897.533		0.000		0.000		-0.233

		Drain_1		1517717.204		629056.349		895.437		1517717.563		629056.303		894.755		-0.359		0.046		0.682

		Drain_2		1517840.244		628635.470		899.701		1517840.099		628635.486		899.282		0.145		-0.016		0.419

		Drain_3		1518083.324		628685.298		901.128		1518083.324		628685.298		900.542		0.000		0.000		0.586

		Drain_4		1518102.044		628848.231		898.773		1518102.044		628848.231		898.240		0.000		0.000		0.533

		Drain_5		1518096.624		629013.114		895.710		1518096.624		629013.114		895.478		0.000		0.000		0.232

		Curb_7001		1517794.178		629028.169		898.835		1517794.183		629028.128		899.166		-0.005		0.041		-0.332

		Curb_7084		1517652.491		629054.136		898.576		1517652.417		629054.198		898.374		0.074		-0.062		0.202

		Curb_7090		1517709.893		629047.459		898.928		1517709.893		629047.459		899.107		0.000		0.000		-0.179

		Curb_7104		1517725.122		629023.935		899.112		1517725.096		629023.829		898.997		0.026		0.106		0.115

		Curb_7105		1517724.002		629013.817		898.995		1517724.029		629013.689		898.905		-0.027		0.128		0.090

		Curb_7149		1517692.942		628895.315		899.469		1517693.076		628895.425		899.262		-0.134		-0.110		0.207

		Curb_7152		1517684.287		628816.219		899.397		1517684.379		628816.352		899.266		-0.092		-0.133		0.131

		Curb_7211		1517669.048		628679.100		899.103		1517669.117		628679.188		899.245		-0.069		-0.088		-0.142

		Curb_7246		1517807.494		628658.950		899.246		1517807.566		628659.353		898.943		-0.072		-0.403		0.303

		Curb_7251		1517832.371		628656.788		899.234		1517832.486		628657.223		898.947		-0.115		-0.435		0.287

		Curb_7373		1518069.931		628800.609		899.665		1518069.253		628800.721		899.518		0.678		-0.112		0.147

		Curb_7375		1518072.427		628825.427		899.614		1518072.243		628825.552		899.415		0.184		-0.125		0.199

		Curb_7437		1518108.651		629005.050		896.102		1518108.577		629005.109		896.036		0.074		-0.059		0.066

		Curb_7483		1517882.485		629018.146		898.371		1517882.360		629018.213		898.604		0.125		-0.067		-0.233

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.125

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.304

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.321

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.630



		QT Modeler Results -MMS

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		CNPT_1		1517815.493		628949.041		897.205		1517814.917		628949.484		897.269		0.576		-0.443		-0.064

		CNPT_2		1517792.917		628738.760		897.458		1517792.917		628738.760		897.533		0.000		0.000		-0.075

		Drain_1		1517717.204		629056.349		894.856		1517717.563		629056.303		894.755		-0.359		0.046		0.101

		Drain_2		1517840.244		628635.470		899.548		1517840.099		628635.486		899.282		0.145		-0.016		0.266

		Drain_3		1518083.324		628685.298		900.545		1518083.324		628685.298		900.542		0.000		0.000		0.003

		Drain_4		1518102.044		628848.231		898.241		1518102.044		628848.231		898.240		0.000		0.000		0.001

		Drain_5		1518096.624		629013.114		895.370		1518096.624		629013.114		895.478		0.000		0.000		-0.108

		Curb_7001		1517794.178		629028.169		899.082		1517794.183		629028.128		899.166		-0.005		0.041		-0.084

		Curb_7084		1517652.491		629054.136		899.048		1517652.417		629054.198		898.374		0.074		-0.062		0.674

		Curb_7090		1517709.893		629047.459		899.249		1517709.893		629047.459		899.107		0.000		0.000		0.142

		Curb_7104		1517725.122		629023.935		899.002		1517725.096		629023.829		898.997		0.026		0.106		0.005

		Curb_7105		1517724.002		629013.817		898.962		1517724.029		629013.689		898.905		-0.027		0.128		0.057

		Curb_7149		1517692.942		628895.315		899.320		1517693.076		628895.425		899.262		-0.134		-0.110		0.058

		Curb_7152		1517684.287		628816.219		899.149		1517684.379		628816.352		899.266		-0.092		-0.133		-0.117

		Curb_7211		1517669.048		628679.100		899.076		1517669.117		628679.188		899.245		-0.069		-0.088		-0.169

		Curb_7246		1517807.494		628658.950		899.064		1517807.566		628659.353		898.943		-0.072		-0.403		0.120

		Curb_7251		1517832.371		628656.788		899.004		1517832.486		628657.223		898.947		-0.115		-0.435		0.057

		Curb_7373		1518069.931		628800.609		899.476		1518069.253		628800.721		899.518		0.678		-0.112		-0.042

		Curb_7375		1518072.427		628825.427		899.362		1518072.243		628825.552		899.415		0.184		-0.125		-0.053

		Curb_7437		1518108.651		629005.050		895.945		1518108.577		629005.109		896.036		0.074		-0.059		-0.091

		Curb_7483		1517882.485		629018.146		898.503		1517882.360		629018.213		898.604		0.125		-0.067		-0.101

								Number of Check Points								21		21		21

								Mean Error				Mean Error				0.048		-0.082		0.028

								Standard Deviation (StDEV)				Standard Deviation				0.224		0.160		0.181

								Root Mean Squares Error (RMSEx or y)				RMSE				0.224		0.177		0.179

								Radial RMSEr				RMSEr				0.285

								NSSDA Horiz Accuracy at 95% accuracy Level								0.494

								NSSDA Vert Accuracy at 95% accuracy Level								0.351







Processing B

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517212.091		629115.626		888.590		1517215.433		629113.291		887.950		-3.342		2.335		0.640

		2		1517190.616		629020.269		888.250		1517194.331		629018.500		887.674		-3.715		1.769		0.576

		3		1517174.453		628866.922		891.190		1517178.393		628866.335		890.935		-3.940		0.587		0.255

		4		1517182.542		628713.452		891.510		1517186.644		628714.077		891.297		-4.102		-0.625		0.213

		5		1517258.514		628821.391		894.320		1517261.738		628821.266		895.012		-3.224		0.125		-0.692

		7		1517377.354		629125.771		893.380		1517379.569		629123.226		894.129		-2.215		2.545		-0.749

		8		1517350.632		628984.835		895.260		1517353.044		628983.434		896.228		-2.412		1.401		-0.968

		9		1517357.892		628833.889		895.340		1517360.613		628833.909		896.689		-2.721		-0.020		-1.349

		10		1517532.345		629104.500		895.830		1517533.413		629102.203		897.498		-1.068		2.297		-1.668

		11		1517575.652		628966.272		895.310		1517576.336		628965.253		897.645		-0.684		1.019		-2.335

		12		1517582.662		628770.089		894.630		1517583.150		628770.577		897.139		-0.488		-0.488		-2.509

		13		1517669.109		628651.626		895.220		1517669.155		628652.985		897.603		-0.046		-1.359		-2.383

		14		1517666.667		628858.238		896.680		1517666.724		628858.014		899.017		-0.057		0.224		-2.337

		15		1517952.056		629030.306		897.340		1517949.639		629028.648		898.662		2.417		1.658		-1.322

		16		1517813.204		628899.173		895.200		1517811.994		628898.683		897.344		1.210		0.490		-2.144

		17		1517796.564		628758.527		895.170		1517795.501		628759.155		897.486		1.063		-0.628		-2.316

		19		1517843.120		628632.388		897.790		1517841.669		628633.957		899.583		1.451		-1.569		-1.793

		20		1518025.398		628610.377		901.340		1518022.354		628612.115		901.749		3.044		-1.738		-0.409

		21		1517958.633		628728.360		900.490		1517956.224		628729.171		901.903		2.409		-0.811		-1.413

		22		1517966.546		628877.339		900.730		1517964.090		628877.036		902.077		2.456		0.303		-1.347

		23		1518106.983		628849.802		898.200		1518103.506		628849.607		898.352		3.477		0.195		-0.152

		24		1518088.170		628685.498		900.710		1518084.825		628686.253		900.781		3.345		-0.755		-0.071

		25		1518115.674		628978.788		896.410		1518112.028		628977.607		896.349		3.646		1.181		0.061

		26		1517218.132		629145.395		889.050		1517221.575		629142.863		888.214		-3.443		2.532		0.836

		GCP17		1517378.421		628696.171		892.950		1517380.776		628697.182		894.405		-2.355		-1.011		-1.455

		GCP20		1517736.754		629013.800		896.870		1517736.122		629012.260		899.030		0.632		1.540		-2.160

		GCP21		1518109.655		628979.417		896.570		1518106.200		628978.245		896.496		3.455		1.172		0.074

		GCP22		1518164.124		628565.101		903.770		1518160.130		628566.980		902.674		3.994		-1.879		1.096

		CNPT_1		1517816.714		628950.094		894.700		1517814.917		628949.484		897.269		1.797		0.610		-2.569

		CNPT_2		1517794.002		628738.048		894.940		1517792.917		628738.760		897.533		1.085		-0.712		-2.593

		Drain_1		1517717.495		629058.269		893.260		1517717.563		629056.303		894.755		-0.068		1.966		-1.495

		Drain_2		1517841.624		628633.961		897.810		1517840.099		628635.486		899.282		1.525		-1.525		-1.472

		Drain_3		1518083.324		628685.298		900.930		1518083.324		628685.298		900.542		0.000		0.000		0.388

		Drain_4		1518102.044		628848.231		898.560		1518102.044		628848.231		898.240		0.000		0.000		0.320

		Drain_5		1518100.052		629014.603		895.600		1518096.624		629013.114		895.478		3.428		1.489		0.122

		Curb_7001		1517795.221		629029.759		896.930		1517794.183		629028.128		899.166		1.038		1.631		-2.236

		Curb_7084		1517652.489		629055.963		896.550		1517652.417		629054.198		898.374		0.072		1.765		-1.824

		Curb_7090		1517710.289		629049.310		896.940		1517709.893		629047.459		899.107		0.396		1.851		-2.167

		Curb_7104		1517725.653		629026.783		901.820		1517725.096		629023.829		898.997		0.557		2.954		2.823

		Curb_7105		1517724.444		629015.331		896.860		1517724.029		629013.689		898.905		0.415		1.642		-2.045

		Curb_7149		1517693.355		628895.766		896.900		1517693.076		628895.425		899.262		0.279		0.341		-2.362

		Curb_7152		1517684.488		628816.120		896.870		1517684.379		628816.352		899.266		0.109		-0.232		-2.396

		Curb_7211		1517669.131		628677.801		896.720		1517669.117		628679.188		899.245		0.014		-1.387		-2.525

		Curb_7246		1517808.655		628657.527		897.230		1517807.566		628659.353		898.943		1.089		-1.826		-1.713

		Curb_7251		1517833.852		628655.423		897.360		1517832.486		628657.223		898.947		1.366		-1.800		-1.587

		Curb_7373		1518073.163		628800.349		899.070		1518069.253		628800.721		899.518		3.910		-0.372		-0.448

		Curb_7375		1518075.833		628825.441		898.980		1518072.243		628825.552		899.415		3.590		-0.111		-0.435

		Curb_7437		1518112.115		629006.536		896.000		1518108.577		629005.109		896.036		3.538		1.427		-0.036

		Curb_7483		1517884.233		629019.676		896.770		1517882.360		629018.213		898.604		1.873		1.463		-1.834

								Number of Check Points								49		49		49

								Mean Error				Mean Error				0.506		0.401		-1.059

								Standard Deviation (StDEV)				Standard Deviation				2.312		1.351		1.233

								Root Mean Squares Error (RMSEx or y)				RMSE				2.344		1.396		1.616

								Radial RMSEr				RMSEr				2.728

								NSSDA Horiz Accuracy at 95% accuracy Level								4.721

								NSSDA Vert Accuracy at 95% accuracy Level								3.168

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing C

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.614		629113.138		888.090		1517215.433		629113.291		887.950		0.181		-0.153		0.140

		2		1517194.319		629018.608		887.790		1517194.331		629018.500		887.674		-0.012		0.108		0.116

		3		1517178.393		628866.460		890.820		1517178.393		628866.335		890.935		0.000		0.125		-0.115

		5		1517261.768		628821.311		894.230		1517261.738		628821.266		895.012		0.030		0.045		-0.782

		7		1517379.565		629123.275		893.290		1517379.569		629123.226		894.129		-0.004		0.049		-0.839

		8		1517353.056		628983.486		895.350		1517353.044		628983.434		896.228		0.012		0.052		-0.878

		9		1517360.279		628833.719		895.520		1517360.613		628833.909		896.689		-0.334		-0.190		-1.169

		10		1517533.350		629102.260		896.010		1517533.413		629102.203		897.498		-0.063		0.057		-1.488

		11		1517576.295		628965.088		895.850		1517576.336		628965.253		897.645		-0.041		-0.165		-1.795

		12		1517583.270		628770.509		895.110		1517583.150		628770.577		897.139		0.120		-0.068		-2.029

		13		1517669.074		628652.997		895.570		1517669.155		628652.985		897.603		-0.081		0.012		-2.033

		14		1517666.620		628857.966		897.210		1517666.724		628858.014		899.017		-0.104		-0.048		-1.807

		15		1517949.738		629028.611		897.560		1517949.639		629028.648		898.662		0.099		-0.037		-1.102

		16		1517811.935		628898.580		895.700		1517811.994		628898.683		897.344		-0.059		-0.103		-1.644

		17		1517795.454		628759.030		895.590		1517795.501		628759.155		897.486		-0.047		-0.125		-1.896

		19		1517841.669		628633.957		898.040		1517841.669		628633.957		899.583		0.000		0.000		-1.543

		20		1518022.354		628612.115		901.030		1518022.354		628612.115		901.749		0.000		0.000		-0.719

		21		1517956.246		628729.109		900.580		1517956.224		628729.171		901.903		0.022		-0.062		-1.323

		22		1517964.117		628876.945		900.900		1517964.090		628877.036		902.077		0.027		-0.091		-1.177

		23		1518103.335		628849.597		898.010		1518103.506		628849.607		898.352		-0.171		-0.010		-0.342

		24		1518084.655		628686.489		900.360		1518084.825		628686.253		900.781		-0.170		0.236		-0.421

		GCP17		1517380.684		628697.169		893.090		1517380.776		628697.182		894.405		-0.092		-0.013		-1.315

		GCP20		1517736.122		629012.260		897.270		1517736.122		629012.260		899.030		0.000		0.000		-1.760

		GCP21		1518106.146		628978.191		896.340		1518106.200		628978.245		896.496		-0.054		-0.054		-0.156

		CNPT_1		1517815.441		628949.055		895.280		1517814.917		628949.484		897.269		0.524		-0.429		-1.989

		CNPT_2		1517792.917		628738.760		895.430		1517792.917		628738.760		897.533		0.000		0.000		-2.103

		Drain_1		1517717.244		629056.286		893.710		1517717.563		629056.303		894.755		-0.319		-0.017		-1.045

		Drain_2		1517840.337		628635.357		898.160		1517840.099		628635.486		899.282		0.238		-0.129		-1.122

		Drain_3		1518083.324		628685.298		900.440		1518083.324		628685.298		900.542		0.000		0.000		-0.102

		Drain_4		1518102.044		628848.231		898.140		1518102.044		628848.231		898.240		0.000		0.000		-0.100

		Drain_5		1518096.624		629013.114		895.410		1518096.624		629013.114		895.478		0.000		0.000		-0.068

		Curb_7001		1517794.183		629028.128		897.250		1517794.183		629028.128		899.166		0.000		0.000		-1.916

		Curb_7084		1517652.417		629054.198		896.880		1517652.417		629054.198		898.374		0.000		0.000		-1.494

		Curb_7090		1517709.893		629047.459		897.350		1517709.893		629047.459		899.107		0.000		0.000		-1.757

		Curb_7104		1517725.096		629023.829		897.390		1517725.096		629023.829		898.997		0.000		0.000		-1.607

		Curb_7105		1517724.029		629013.689		897.300		1517724.029		629013.689		898.905		0.000		0.000		-1.605

		Curb_7149		1517692.950		628895.292		897.450		1517693.076		628895.425		899.262		-0.126		-0.133		-1.812

		Curb_7152		1517684.317		628816.150		897.430		1517684.379		628816.352		899.266		-0.062		-0.202		-1.836

		Curb_7211		1517669.099		628678.990		897.110		1517669.117		628679.188		899.245		-0.018		-0.198		-2.135

		Curb_7246		1517807.481		628658.949		897.500		1517807.566		628659.353		898.943		-0.085		-0.404		-1.443

		Curb_7251		1517832.308		628656.985		897.590		1517832.486		628657.223		898.947		-0.178		-0.238		-1.357

		Curb_7373		1518069.850		628800.530		898.920		1518069.253		628800.721		899.518		0.597		-0.191		-0.598

		Curb_7375		1518072.374		628825.377		898.820		1518072.243		628825.552		899.415		0.131		-0.175		-0.595

		Curb_7437		1518108.467		629005.020		895.770		1518108.577		629005.109		896.036		-0.110		-0.089		-0.266

		Curb_7483		1517882.479		629018.098		897.060		1517882.360		629018.213		898.604		0.119		-0.115		-1.544

								Number of Check Points								45		45		45

								Mean Error				Mean Error				-0.001		-0.061		-1.168

								Standard Deviation (StDEV)				Standard Deviation				0.162		0.123		0.690

								Root Mean Squares Error (RMSEx or y)				RMSE				0.161		0.136		1.353

								Radial RMSEr				RMSEr				0.211

								NSSDA Horiz Accuracy at 95% accuracy Level								0.365

								NSSDA Vert Accuracy at 95% accuracy Level								2.651

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing D

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.541		629113.150		887.990		1517215.433		629113.291		887.950		0.108		-0.141		0.040

		2		1517194.329		629018.601		887.960		1517194.331		629018.500		887.674		-0.002		0.101		0.286

		3		1517178.361		628866.447		891.020		1517178.393		628866.335		890.935		-0.032		0.112		0.085

		5		1517261.738		628821.266		894.890		1517261.738		628821.266		895.012		0.000		0.000		-0.122

		7		1517379.532		629123.287		893.970		1517379.569		629123.226		894.129		-0.037		0.061		-0.159

		8		1517353.044		628983.434		896.220		1517353.044		628983.434		896.228		0.000		0.000		-0.008

		9		1517360.269		628833.822		896.540		1517360.613		628833.909		896.689		-0.344		-0.087		-0.149

		10		1517533.284		629102.312		897.090		1517533.413		629102.203		897.498		-0.129		0.109		-0.408

		11		1517576.336		628965.253		897.250		1517576.336		628965.253		897.645		0.000		0.000		-0.395

		12		1517583.199		628770.571		896.710		1517583.150		628770.577		897.139		0.049		-0.006		-0.429

		13		1517668.959		628653.027		897.080		1517669.155		628652.985		897.603		-0.196		0.042		-0.523

		15		1517949.775		629028.645		898.400		1517949.639		629028.648		898.662		0.136		-0.003		-0.262

		16		1517811.928		628898.632		897.210		1517811.994		628898.683		897.344		-0.066		-0.051		-0.134

		17		1517795.436		628759.113		897.110		1517795.501		628759.155		897.486		-0.065		-0.042		-0.376

		19		1517841.605		628634.021		899.290		1517841.669		628633.957		899.583		-0.064		0.064		-0.293

		20		1518022.411		628612.115		901.660		1518022.354		628612.115		901.749		0.057		0.000		-0.089

		21		1517956.217		628729.131		901.660		1517956.224		628729.171		901.903		-0.007		-0.040		-0.243

		22		1517964.121		628876.928		901.960		1517964.090		628877.036		902.077		0.031		-0.108		-0.117

		23		1518103.357		628849.562		898.480		1518103.506		628849.607		898.352		-0.149		-0.045		0.128

		24		1518084.648		628686.590		900.910		1518084.825		628686.253		900.781		-0.177		0.337		0.129

		GCP17		1517380.629		628697.196		894.190		1517380.776		628697.182		894.405		-0.147		0.014		-0.215

		GCP20		1517735.996		629012.361		898.650		1517736.122		629012.260		899.030		-0.126		0.101		-0.380

		GCP21		1518106.182		628978.216		896.630		1518106.200		628978.245		896.496		-0.018		-0.029		0.134

		CNPT_1		1517815.504		628949.052		896.540		1517814.917		628949.484		897.269		0.587		-0.432		-0.729

		CNPT_2		1517792.784		628738.787		896.940		1517792.917		628738.760		897.533		-0.133		0.027		-0.593

		Drain_1		1517717.190		629056.352		895.030		1517717.563		629056.303		894.755		-0.373		0.049		0.275

		Drain_2		1517840.273		628635.467		899.430		1517840.099		628635.486		899.282		0.174		-0.019		0.148

		Drain_3		1518083.324		628685.298		901.000		1518083.324		628685.298		900.542		0.000		0.000		0.458

		Drain_4		1518101.952		628848.178		898.610		1518102.044		628848.231		898.240		-0.092		-0.053		0.370

		Drain_5		1518096.624		629013.114		895.720		1518096.624		629013.114		895.478		0.000		0.000		0.242

		Curb_7001		1517794.183		629028.128		898.520		1517794.183		629028.128		899.166		0.000		0.000		-0.646

		Curb_7084		1517652.417		629054.198		898.300		1517652.417		629054.198		898.374		0.000		0.000		-0.074

		Curb_7090		1517709.893		629047.459		898.680		1517709.893		629047.459		899.107		0.000		0.000		-0.427

		Curb_7104		1517725.173		629023.937		898.750		1517725.096		629023.829		898.997		0.077		0.108		-0.247

		Curb_7105		1517724.066		629013.853		898.700		1517724.029		629013.689		898.905		0.037		0.164		-0.205

		Curb_7149		1517692.963		628895.307		898.990		1517693.076		628895.425		899.262		-0.113		-0.118		-0.272

		Curb_7152		1517684.292		628816.181		899.060		1517684.379		628816.352		899.266		-0.087		-0.171		-0.206

		Curb_7211		1517669.114		628679.017		898.630		1517669.117		628679.188		899.245		-0.003		-0.171		-0.615

		Curb_7246		1517807.480		628658.983		898.870		1517807.566		628659.353		898.943		-0.086		-0.370		-0.073

		Curb_7251		1517832.376		628656.950		898.920		1517832.486		628657.223		898.947		-0.110		-0.273		-0.027

		Curb_7373		1518069.931		628800.504		899.580		1518069.253		628800.721		899.518		0.678		-0.217		0.062

		Curb_7375		1518072.481		628825.353		899.470		1518072.243		628825.552		899.415		0.238		-0.199		0.055

		Curb_7437		1518108.740		629005.055		896.130		1518108.577		629005.109		896.036		0.163		-0.054		0.094

		Curb_7483		1517882.539		629018.124		898.000		1517882.360		629018.213		898.604		0.179		-0.089		-0.604

								Number of Check Points								44		44		44

								Mean Error				Mean Error				-0.001		-0.032		-0.148

								Standard Deviation (StDEV)				Standard Deviation				0.185		0.135		0.289

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.137		0.321

								Radial RMSEr				RMSEr				0.229

								NSSDA Horiz Accuracy at 95% accuracy Level								0.396

								NSSDA Vert Accuracy at 95% accuracy Level								0.630

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing E

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		2		1517194.351		629018.587		887.920		1517194.331		629018.500		887.674		0.020		0.087		0.246

		3		1517178.385		628866.476		891.120		1517178.393		628866.335		890.935		-0.008		0.141		0.185

		4		1517186.483		628714.265		891.400		1517186.644		628714.077		891.297		-0.161		0.188		0.103

		5		1517261.721		628821.373		895.020		1517261.738		628821.266		895.012		-0.017		0.107		0.008

		7		1517379.533		629123.284		893.930		1517379.569		629123.226		894.129		-0.036		0.058		-0.199

		8		1517353.046		628983.507		896.300		1517353.044		628983.434		896.228		0.002		0.073		0.072

		9		1517360.380		628833.783		896.780		1517360.613		628833.909		896.689		-0.233		-0.126		0.091

		10		1517533.303		629102.302		897.280		1517533.413		629102.203		897.498		-0.110		0.099		-0.218

		11		1517576.302		628965.228		897.540		1517576.336		628965.253		897.645		-0.034		-0.025		-0.105

		12		1517583.197		628770.524		896.990		1517583.150		628770.577		897.139		0.047		-0.053		-0.149

		15		1517949.774		629028.677		898.620		1517949.639		629028.648		898.662		0.135		0.029		-0.042

		16		1517811.961		628898.617		897.440		1517811.994		628898.683		897.344		-0.033		-0.066		0.096

		17		1517795.462		628759.097		897.370		1517795.501		628759.155		897.486		-0.039		-0.058		-0.116

		19		1517841.626		628634.000		899.540		1517841.669		628633.957		899.583		-0.043		0.043		-0.043

		20		1518022.433		628612.097		901.860		1518022.354		628612.115		901.749		0.079		-0.018		0.111

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		22		1517964.147		628876.963		902.120		1517964.090		628877.036		902.077		0.057		-0.073		0.043

		23		1518103.326		628849.573		898.560		1518103.506		628849.607		898.352		-0.180		-0.034		0.208

		24		1518084.564		628686.604		901.030		1518084.825		628686.253		900.781		-0.261		0.351		0.249

		GCP17		1517380.649		628697.178		894.370		1517380.776		628697.182		894.405		-0.127		-0.004		-0.035

		GCP21		1518106.207		628978.190		896.700		1518106.200		628978.245		896.496		0.007		-0.055		0.204

		CNPT_1		1517815.488		628949.026		896.820		1517814.917		628949.484		897.269		0.571		-0.458		-0.449

		CNPT_2		1517792.917		628738.760		897.170		1517792.917		628738.760		897.533		0.000		0.000		-0.363

		Drain_1		1517717.262		629056.306		895.240		1517717.563		629056.303		894.755		-0.301		0.003		0.485

		Drain_2		1517840.289		628635.462		899.590		1517840.099		628635.486		899.282		0.190		-0.024		0.308

		Drain_3		1518083.152		628685.288		901.070		1518083.324		628685.298		900.542		-0.172		-0.010		0.528

		Drain_4		1518102.044		628848.231		898.700		1518102.044		628848.231		898.240		0.000		0.000		0.460

		Drain_5		1518096.624		629013.114		895.690		1518096.624		629013.114		895.478		0.000		0.000		0.212

		Curb_7001		1517794.183		629028.128		898.720		1517794.183		629028.128		899.166		0.000		0.000		-0.446

		Curb_7084		1517652.417		629054.198		898.470		1517652.417		629054.198		898.374		0.000		0.000		0.096

		Curb_7090		1517709.893		629047.459		898.820		1517709.893		629047.459		899.107		0.000		0.000		-0.287

		Curb_7104		1517725.259		629023.944		899.010		1517725.096		629023.829		898.997		0.163		0.115		0.013

		Curb_7105		1517724.061		629013.777		898.830		1517724.029		629013.689		898.905		0.032		0.088		-0.075

		Curb_7149		1517692.932		628895.332		899.360		1517693.076		628895.425		899.262		-0.144		-0.093		0.098

		Curb_7152		1517684.235		628816.138		899.250		1517684.379		628816.352		899.266		-0.144		-0.214		-0.016

		Curb_7211		1517669.053		628679.044		898.940		1517669.117		628679.188		899.245		-0.064		-0.144		-0.305

		Curb_7246		1517807.501		628658.973		899.120		1517807.566		628659.353		898.943		-0.065		-0.380		0.177

		Curb_7251		1517832.351		628656.930		899.180		1517832.486		628657.223		898.947		-0.135		-0.293		0.233

		Curb_7373		1518069.843		628800.512		899.680		1518069.253		628800.721		899.518		0.590		-0.209		0.162

		Curb_7375		1518072.472		628825.386		899.610		1518072.243		628825.552		899.415		0.229		-0.166		0.195

		Curb_7437		1518108.665		629005.030		896.050		1518108.577		629005.109		896.036		0.088		-0.079		0.014

		Curb_7483		1517882.450		629018.112		898.330		1517882.360		629018.213		898.604		0.090		-0.101		-0.274

								Number of Check Points								42		42		42

								Mean Error				Mean Error				-0.000		-0.031		0.034

								Standard Deviation (StDEV)				Standard Deviation				0.174		0.143		0.232

								Root Mean Squares Error (RMSEx or y)				RMSE				0.172		0.145		0.232

								Radial RMSEr				RMSEr				0.225

								NSSDA Horiz Accuracy at 95% accuracy Level								0.389

								NSSDA Vert Accuracy at 95% accuracy Level								0.454

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing F

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		887.960		1517215.433		629113.291		887.950		0.147		-0.153		0.010

		2		1517194.349		629018.592		887.920		1517194.331		629018.500		887.674		0.018		0.092		0.246

		5		1517261.741		628821.323		895.010		1517261.738		628821.266		895.012		0.003		0.057		-0.002

		7		1517379.493		629123.302		893.990		1517379.569		629123.226		894.129		-0.076		0.076		-0.139

		8		1517353.001		628983.508		896.390		1517353.044		628983.434		896.228		-0.043		0.074		0.162

		9		1517360.293		628833.792		896.740		1517360.613		628833.909		896.689		-0.320		-0.117		0.051

		10		1517533.311		629102.279		897.270		1517533.413		629102.203		897.498		-0.102		0.076		-0.228

		13		1517669.011		628653.055		897.410		1517669.155		628652.985		897.603		-0.144		0.070		-0.193

		14		1517666.658		628858.008		899.090		1517666.724		628858.014		899.017		-0.066		-0.006		0.073

		15		1517949.755		629028.637		898.580		1517949.639		629028.648		898.662		0.116		-0.011		-0.082

		16		1517811.922		628898.677		897.380		1517811.994		628898.683		897.344		-0.072		-0.006		0.036

		17		1517795.463		628759.117		897.390		1517795.501		628759.155		897.486		-0.038		-0.038		-0.096

		19		1517841.626		628634.043		899.590		1517841.669		628633.957		899.583		-0.043		0.086		0.007

		20		1518022.450		628612.119		901.870		1518022.354		628612.115		901.749		0.096		0.004		0.121

		21		1517956.224		628729.171		901.870		1517956.224		628729.171		901.903		0.000		0.000		-0.033

		23		1518103.347		628849.546		898.590		1518103.506		628849.607		898.352		-0.159		-0.061		0.238

		26		1517221.450		629142.730		888.490		1517221.575		629142.863		888.214		-0.125		-0.133		0.276

		GCP17		1517380.664		628697.133		894.360		1517380.776		628697.182		894.405		-0.112		-0.049		-0.045

		GCP21		1518106.200		628978.245		896.710		1518106.200		628978.245		896.496		0.000		0.000		0.214

		CNPT_1		1517815.493		628949.041		896.800		1517814.917		628949.484		897.269		0.576		-0.443		-0.469

		CNPT_2		1517792.917		628738.760		897.220		1517792.917		628738.760		897.533		0.000		0.000		-0.313

		Drain_1		1517717.204		629056.349		895.270		1517717.563		629056.303		894.755		-0.359		0.046		0.515

		Drain_2		1517840.244		628635.470		899.720		1517840.099		628635.486		899.282		0.145		-0.016		0.438

		Drain_3		1518083.324		628685.298		901.110		1518083.324		628685.298		900.542		0.000		0.000		0.568

		Drain_4		1518102.044		628848.231		898.750		1518102.044		628848.231		898.240		0.000		0.000		0.510

		Drain_5		1518096.624		629013.114		895.750		1518096.624		629013.114		895.478		0.000		0.000		0.272

		Curb_7001		1517794.178		629028.169		898.760		1517794.183		629028.128		899.166		-0.005		0.041		-0.406

		Curb_7084		1517652.491		629054.136		898.470		1517652.417		629054.198		898.374		0.074		-0.062		0.096

		Curb_7090		1517709.893		629047.459		898.900		1517709.893		629047.459		899.107		0.000		0.000		-0.207

		Curb_7104		1517725.122		629023.935		898.980		1517725.096		629023.829		898.997		0.026		0.106		-0.017

		Curb_7105		1517724.002		629013.817		898.930		1517724.029		629013.689		898.905		-0.027		0.128		0.025

		Curb_7149		1517692.942		628895.315		899.250		1517693.076		628895.425		899.262		-0.134		-0.110		-0.012

		Curb_7152		1517684.287		628816.219		899.320		1517684.379		628816.352		899.266		-0.092		-0.133		0.054

		Curb_7211		1517669.048		628679.100		898.950		1517669.117		628679.188		899.245		-0.069		-0.088		-0.295

		Curb_7246		1517807.494		628658.950		899.130		1517807.566		628659.353		898.943		-0.072		-0.403		0.187

		Curb_7251		1517832.371		628656.788		899.250		1517832.486		628657.223		898.947		-0.115		-0.435		0.303

		Curb_7373		1518069.931		628800.609		899.750		1518069.253		628800.721		899.518		0.678		-0.112		0.232

		Curb_7375		1518072.427		628825.427		899.630		1518072.243		628825.552		899.415		0.184		-0.125		0.215

		Curb_7437		1518108.651		629005.050		896.080		1518108.577		629005.109		896.036		0.074		-0.059		0.044

		Curb_7483		1517882.485		629018.146		898.310		1517882.360		629018.213		898.604		0.125		-0.067		-0.294

								Number of Check Points								40		40		40

								Mean Error				Mean Error				0.002		-0.044		0.052

								Standard Deviation (StDEV)				Standard Deviation				0.183		0.132		0.246

								Root Mean Squares Error (RMSEx or y)				RMSE				0.181		0.138		0.249

								Radial RMSEr				RMSEr				0.227

								NSSDA Horiz Accuracy at 95% accuracy Level								0.393

								NSSDA Vert Accuracy at 95% accuracy Level								0.487

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing G

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		1		1517215.580		629113.138		888.076		1517215.433		629113.291		887.950		0.147		-0.153		0.126

		2		1517194.349		629018.592		887.956		1517194.331		629018.500		887.674		0.018		0.092		0.282

		5		1517261.741		628821.323		895.075		1517261.738		628821.266		895.012		0.003		0.057		0.063

		7		1517379.493		629123.302		894.095		1517379.569		629123.226		894.129		-0.076		0.076		-0.034

		8		1517353.001		628983.508		896.481		1517353.044		628983.434		896.228		-0.043		0.074		0.253

		10		1517533.311		629102.279		897.426		1517533.413		629102.203		897.498		-0.102		0.076		-0.072

		12		1517583.173		628770.508		897.151		1517583.150		628770.577		897.139		0.023		-0.069		0.012

		15		1517949.755		629028.637		898.657		1517949.639		629028.648		898.662		0.116		-0.011		-0.005

		17		1517795.463		628759.117		897.557		1517795.501		628759.155		897.486		-0.038		-0.038		0.071

		19		1517841.626		628634.043		899.750		1517841.669		628633.957		899.583		-0.043		0.086		0.167

		20		1518022.450		628612.119		901.976		1518022.354		628612.115		901.749		0.096		0.004		0.227

		22		1517964.090		628877.036		902.283		1517964.090		628877.036		902.077		0.000		0.000		0.206

		24		1518084.562		628686.599		901.148		1518084.825		628686.253		900.781		-0.263		0.346		0.367

		GCP17               		1517380.664		628697.133		894.464		1517380.776		628697.182		894.405		-0.112		-0.049		0.059

		GCP21               		1518106.200		628978.245		896.713		1518106.200		628978.245		896.496		0.000		0.000		0.217

		CNPT_1              		1517815.493		628949.041		896.855		1517814.917		628949.484		897.269		0.576		-0.443		-0.414

		CNPT_2              		1517792.917		628738.760		897.424		1517792.917		628738.760		897.533		0.000		0.000		-0.109

		Drain_1             		1517717.204		629056.349		895.387		1517717.563		629056.303		894.755		-0.359		0.046		0.632

		Drain_2             		1517840.244		628635.470		899.907		1517840.099		628635.486		899.282		0.145		-0.016		0.625

		Drain_3             		1518083.324		628685.298		901.183		1518083.324		628685.298		900.542		0.000		0.000		0.641

		Drain_4             		1518102.044		628848.231		898.784		1518102.044		628848.231		898.240		0.000		0.000		0.544

		Drain_5             		1518096.624		629013.114		895.790		1518096.624		629013.114		895.478		0.000		0.000		0.312

		Curb_7001           		1517794.178		629028.169		898.874		1517794.183		629028.128		899.166		-0.005		0.041		-0.292

		Curb_7084           		1517652.491		629054.136		898.624		1517652.417		629054.198		898.374		0.074		-0.062		0.250

		Curb_7090           		1517709.893		629047.459		899.030		1517709.893		629047.459		899.107		0.000		0.000		-0.077

		Curb_7104           		1517725.122		629023.935		899.145		1517725.096		629023.829		898.997		0.026		0.106		0.148

		Curb_7105           		1517724.002		629013.817		898.923		1517724.029		629013.689		898.905		-0.027		0.128		0.018

		Curb_7149           		1517692.942		628895.315		899.498		1517693.076		628895.425		899.262		-0.134		-0.110		0.236

		Curb_7152           		1517684.287		628816.219		899.527		1517684.379		628816.352		899.266		-0.092		-0.133		0.261

		Curb_7211           		1517669.048		628679.100		899.129		1517669.117		628679.188		899.245		-0.069		-0.088		-0.116

		Curb_7246           		1517807.494		628658.950		899.328		1517807.566		628659.353		898.943		-0.072		-0.403		0.385

		Curb_7251           		1517832.371		628656.788		899.351		1517832.486		628657.223		898.947		-0.115		-0.435		0.404

		Curb_7373           		1518069.931		628800.609		899.751		1518069.253		628800.721		899.518		0.678		-0.112		0.233

		Curb_7375           		1518072.427		628825.427		899.692		1518072.243		628825.552		899.415		0.184		-0.125		0.277

		Curb_7437           		1518108.651		629005.050		896.008		1518108.577		629005.109		896.036		0.074		-0.059		-0.028

		Curb_7483           		1517882.485		629018.146		898.452		1517882.360		629018.213		898.604		0.125		-0.067		-0.152

								Number of Check Points								36		36		36

								Mean Error				Mean Error				0.020		-0.034		0.159

								Standard Deviation (StDEV)				Standard Deviation				0.184		0.151		0.247

								Root Mean Squares Error (RMSEx or y)				RMSE				0.183		0.153		0.291

								Radial RMSEr				RMSEr				0.238

								NSSDA Horiz Accuracy at 95% accuracy Level								0.413

								NSSDA Vert Accuracy at 95% accuracy Level								0.569

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Summary

		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		Mean Error E (ft.)				Mean Error				0.05		0.51		-0.00		-0.00		-0.00		0.00		0.02

		Mean Error N (ft.)				Mean Error				-0.08		0.40		-0.06		-0.03		-0.03		-0.04		-0.03

		Mean Error Elev. (ft.)				Mean Error				0.14		-1.06		-1.17		-0.15		0.03		0.05		0.16

		StDEV E (ft.)				Standard Deviation				0.22		2.31		0.16		0.19		0.17		0.18		0.18

		StDEV N (ft.)				Standard Deviation				0.16		1.35		0.12		0.13		0.14		0.13		0.15

		StDEV Elev. (ft.)				Standard Deviation				0.29		1.23		0.69		0.29		0.23		0.25		0.25

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57





		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57



		Accuracy Term								Processing Scenario														Processing Scenario

										A		B		C		D		E		F		G		A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13		29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36		20		49		45		44		42		40		36

		RMSE E (ft.)				RMSE				0.22		2.34		0.16		0.18		0.17		0.18		0.18		6.82		71.44		4.90		5.59		5.24		5.51		5.57

		RMSE N (ft.)				RMSE				0.18		1.40		0.14		0.14		0.14		0.14		0.15		5.39		42.54		4.16		4.18		4.41		4.20		4.67

		Radial RMSE N,E (ft.)				RMSE				0.29		2.73		0.21		0.23		0.22		0.23		0.24		8.70		83.14		6.42		6.98		6.85		6.93		7.27

		RMSE Elev. (ft.)				RMSE				0.32		1.62		1.35		0.32		0.23		0.25		0.29		9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (ft.)								0.49		4.72		0.36		0.40		0.39		0.39		0.41		15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95% (ft.)								0.62		3.17		2.65		0.63		0.45		0.49		0.57		18.95		96.56		80.81		19.20		13.83		14.85		17.36



		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G

		Number of Control Points								29		0		4		5		7		9		13

		Number of Check Points								20		49		45		44		42		40		36																												Accuracy 		A		B		C		D		E		F		G

		RMSE E (cm)				RMSE				6.82		71.44		4.90		5.59		5.24		5.51		5.57																												RMSE E (ft.)		0.22		2.34		0.16		0.18		0.17		0.18		0.18

		RMSE N (cm)				RMSE				5.39		42.54		4.16		4.18		4.41		4.20		4.67																												RMSE N (ft.)		0.18		1.40		0.14		0.14		0.14		0.14		0.15

		Radial RMSE N,E (cm)				RMSE				8.70		83.14		6.42		6.98		6.85		6.93		7.27																												RMSE Elev. (ft.)		0.32		1.62		1.35		0.32		0.23		0.25		0.29

		RMSE Elev. (cm)				RMSE				9.67		49.27		41.23		9.80		7.06		7.58		8.86

		Horizontal Accuracy at 95% (cm)								15.05		143.91		11.12		12.08		11.86		11.99		12.58

		Vertical Accuracy at 95%  (cm)								18.95		96.56		80.81		19.20		13.83		14.85		17.36





RMSE E (ft.)	A	B	C	D	E	F	G	0.223906762091864	2.3436874051571048	0.16061949517768856	0.18332980713155947	0.17188887607552625	0.18061568316261556	0.18265001447108506	RMSE N (ft.)	A	B	C	D	E	F	G	0.1768873733913961	1.3957364525216491	0.13637065503375362	0.13726293613749799	0.14475225140719222	0.13790132342928879	0.15321344952485325	RMSE Elev. (ft.)	A	B	C	D	E	F	G	0.31722802374258174	1.6163064280598991	1.3527509009422214	0.32137580663595389	0.23155817946294524	0.24858650405845423	0.29054428903162888	

ODOT



		DTM Accuracy Class		Recommended Use		Maximum Allowable Average Dz (feet)		Maximum Allowable RMSE (feet)

		Class A 		Paved areas 		± 0.07 		0.16



		Class B		Vegetated areas outside of pavement that are maintained at a minimum biannual frequency (i.e.: farm fields, residential yards, roadside R/W, etcetera)		± 0.25		0.32

		Class C		Vegetated areas that are not maintained		± 0.50		0.5

		Class D		Areas where vertical accuracy is not critical or warranted (i.e.: planning engineering projects)		± 1.00		1.00





		Planimetric Accuracy Class 		Recommended Use 		Maximum Allowable RMSE (ft)

		Class I		Projects that require Class I planimetric features listed in Appendix A to be identified and mapped (ie: design engineering projects) 		0.3



		Class II		Projects that require Class II planimetric features listed in Appendix A to be identified and mapped (ie: planning studies)		1.0







Accuracy Evaluation – Project 2

Corridor Environment using RENAISSANCETM



RENAISSANCETM

• Nikon D800E
• 7360 x 4912 pixels (36 megapixels)
• 36mm x 24mm CMOS
• 85mm lens
• Up to 2cm resolution
• Up to 2 frames per second
• 60% - 70% sidelap
• 70% - 80% forward lap

Driven by Affordability
• Consumer Grade Camera
• Single-Engine Aircraft
• Pilot-Only Operation
• Computer-Vision Processing



UAS Accuracy Evaluation – Project 2

1.
3 

m
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B C D E F G



A B C D E F G
0 4 6 8 10 21 38

38 34 32 30 28 17 0
4.47 0.23 0.16 0.18 0.13 0.05 0.05
1.89 0.26 0.20 0.14 0.14 0.07 0.05
4.86 0.35 0.26 0.23 0.19 0.08 0.06

13.51 0.54 0.71 0.40 0.35 0.26 0.17
8.40 0.60 0.45 0.39 0.34 0.14 0.11

26.49 1.05 1.40 0.78 0.69 0.52 0.34

Accuracy Term

Horizontal Accuracy at 95% (ft.)
Vertical Accuracy at 95% (ft.)

RMSE Elev. (ft.)

Processing Scenario

Number of Control Points
Number of Check Points

RMSE E (ft.)
RMSE N (ft.)

Radial RMSE N,E (ft.)

How Accurate are the Renaissance-derived Products?

Horizontal
Vertical

The winner: Pair of GCPs 
every 500 to 700 ft. along 

the route


Renaming

		old name		New		#GCPs

		A		G		38

		B		A		NO GCP

		C		B		4

		D		C		6

		E		D		8

		F		E		10

		AA		F		21





Processing A

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP1		1516887.505		622367.952		988.640		1516891.573		622365.508		1000.134		-4.068		2.444		-11.494

		GCP2		1516524.562		622288.146		983.586		1516529.076		622286.132		993.794		-4.514		2.014		-10.208

		GCP3		1516958.513		623250.830		949.420		1516962.888		623248.295		962.431		-4.375		2.535		-13.011

		GCP4		1516601.585		623166.581		963.850		1516606.064		623164.155		975.206		-4.479		2.426		-11.356

		GCP5		1516800.745		623837.020		946.760		1516805.411		623834.611		958.860		-4.666		2.409		-12.100

		GCP6		1516386.293		623892.044		948.080		1516390.915		623889.613		959.540		-4.622		2.431		-11.460

		GCP7		1516872.136		624673.327		952.590		1516877.041		624671.222		963.713		-4.905		2.105		-11.123

		GCP8		1516432.717		624906.344		943.280		1516437.459		624904.285		954.104		-4.742		2.059		-10.824

		GCP9		1517254.737		625834.553		902.190		1517259.529		625833.164		915.042		-4.792		1.389		-12.852

		GCP10		1516436.822		625526.998		915.300		1516441.771		625525.485		926.788		-4.949		1.513		-11.488

		GCP11		1517195.697		626476.469		905.230		1517200.353		626475.193		917.972		-4.656		1.276		-12.742

		GCP12		1516545.616		626865.728		891.160		1516550.743		626864.187		903.622		-5.127		1.541		-12.462

		GCP13		1517260.208		627710.423		893.050		1517264.757		627709.096		907.554		-4.549		1.327		-14.504

		GCP14		1516723.772		627667.190		883.040		1516728.653		627665.659		896.811		-4.881		1.531		-13.771

		GCP15		1517535.934		628023.833		893.260		1517540.344		628022.474		907.598		-4.410		1.359		-14.338

		GCP16		1516785.896		628550.007		876.210		1516790.680		628548.220		891.611		-4.784		1.787		-15.401

		GCP17		1517376.538		628698.798		878.370		1517380.776		628697.182		894.405		-4.238		1.616		-16.035

		GCP18		1517032.920		628970.734		872.650		1517037.351		628968.743		889.030		-4.431		1.991		-16.380

		GCP20		1517732.419		629013.779		882.450		1517736.122		629012.259		899.030		-3.703		1.520		-16.580

		GCP21		1518102.541		628979.520		879.190		1518106.201		628978.246		896.496		-3.660		1.274		-17.306

		GCP22		1518156.104		628568.059		885.870		1518160.130		628566.980		902.674		-4.026		1.079		-16.804

		MM3		1517119.463		629340.534		867.810		1517123.452		629338.312		884.597		-3.989		2.222		-16.787

		MM4		1517040.381		628130.327		884.900		1517045.125		628128.870		899.773		-4.744		1.457		-14.873

		MM5		1517068.440		628131.317		885.340		1517073.252		628129.758		900.255		-4.812		1.559		-14.915

		MM6		1516916.807		626877.606		895.160		1516921.607		626876.213		908.110		-4.800		1.393		-12.950

		MM7		1516946.570		626870.535		895.660		1516951.442		626869.102		908.489		-4.872		1.433		-12.829

		MM8		1516800.474		625582.357		914.250		1516805.427		625580.779		926.294		-4.953		1.578		-12.044

		MM9		1516831.502		625578.826		914.340		1516836.423		625577.288		926.355		-4.921		1.538		-12.015

		MM10		1516745.520		623882.295		948.940		1516750.277		623881.976		960.902		-4.757		0.319		-11.962

		MM11		1516625.246		622568.186		974.510		1516629.675		622565.778		985.687		-4.429		2.408		-11.177

		MM12		1516639.047		622287.147		987.490		1516643.243		622284.852		998.120		-4.196		2.295		-10.630

		MM21		1516616.883		622046.348		990.230		1516621.227		622044.011		1000.830		-4.344		2.337		-10.600

		MM22		1516686.687		622457.666		979.730		1516691.146		622455.348		990.978		-4.459		2.318		-11.248

		MM23		1516784.316		623860.440		948.100		1516788.123		623857.227		959.930		-3.807		3.213		-11.830

		MM24		1516985.305		626851.276		895.940		1516988.388		626850.479		908.757		-3.083		0.797		-12.817

		MM25		1517105.034		628123.051		885.110		1517109.545		628121.701		900.051		-4.511		1.350		-14.941

		MM26		1517156.781		629327.302		869.110		1517160.817		629324.828		885.805		-4.036		2.474		-16.695

		MM27		1517197.755		629329.751		868.590		1517201.649		629327.648		885.123		-3.894		2.103		-16.533

								Number of Check Points								38		38		38

								Mean Error				Mean Error				-4.452		1.801		-13.344

								Standard Deviation (StDEV)				Standard Deviation				0.443		0.575		2.161

								Root Mean Squares Error (RMSEx or y)				RMSE				4.474		1.888		13.514

								Radial RMSEr				RMSEr				4.856

								NSSDA Horiz Accuracy at 95% accuracy Level								8.404

								NSSDA Vert Accuracy at 95% accuracy Level								26.487

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing B

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP3		1516963.174		623247.891		960.920		1516962.888		623248.295		962.431		0.286		-0.404		-1.511

		GCP4		1516606.220		623163.973		974.950		1516606.064		623164.155		975.206		0.156		-0.182		-0.256

		GCP5		1516805.593		623834.246		958.070		1516805.411		623834.611		958.860		0.182		-0.365		-0.790

		GCP6		1516390.967		623889.522		958.830		1516390.915		623889.613		959.540		0.052		-0.091		-0.710

		GCP7		1516877.393		624670.792		964.020		1516877.041		624671.222		963.713		0.352		-0.430		0.307

		GCP8		1516437.576		624904.155		954.240		1516437.459		624904.285		954.104		0.117		-0.130		0.136

		GCP9		1517260.141		625832.812		914.680		1517259.529		625833.164		915.042		0.612		-0.352		-0.362

		GCP10		1516441.823		625525.081		926.630		1516441.771		625525.485		926.788		0.052		-0.404		-0.158

		GCP11		1517200.965		626475.180		918.290		1517200.353		626475.193		917.972		0.612		-0.013		0.318

		GCP12		1516550.626		626864.434		904.060		1516550.743		626864.187		903.622		-0.117		0.247		0.438

		GCP13		1517265.056		627709.382		907.880		1517264.757		627709.096		907.554		0.299		0.286		0.326

		GCP14		1516728.796		627665.919		897.440		1516728.653		627665.659		896.811		0.143		0.260		0.629

		GCP15		1517540.552		628022.669		908.700		1517540.344		628022.474		907.598		0.208		0.195		1.102

		GCP16		1516790.680		628548.220		892.250		1516790.680		628548.220		891.611		0.000		0.000		0.639

		GCP17		1517380.776		628697.182		894.780		1517380.776		628697.182		894.405		0.000		0.000		0.375

		GCP21		1518105.915		628978.194		895.830		1518106.201		628978.246		896.496		-0.286		-0.052		-0.666

		GCP22		1518160.065		628567.470		902.130		1518160.130		628566.980		902.674		-0.065		0.490		-0.544

		MM3		1517123.355		629338.294		884.740		1517123.452		629338.312		884.597		-0.097		-0.018		0.143

		MM4		1517045.268		628129.013		900.260		1517045.125		628128.870		899.773		0.143		0.143		0.487

		MM5		1517073.382		628129.940		900.960		1517073.252		628129.758		900.255		0.130		0.182		0.705

		MM6		1516921.906		626876.239		908.540		1516921.607		626876.213		908.110		0.299		0.026		0.430

		MM7		1516951.689		626869.310		909.050		1516951.442		626869.102		908.489		0.247		0.208		0.561

		MM8		1516805.726		625580.545		926.120		1516805.427		625580.779		926.294		0.299		-0.234		-0.174

		MM9		1516836.788		625576.910		926.220		1516836.423		625577.288		926.355		0.365		-0.378		-0.135

		MM10		1516750.441		623881.734		960.280		1516750.277		623881.976		960.902		0.164		-0.242		-0.622

		MM11		1516629.636		622565.700		985.430		1516629.675		622565.778		985.687		-0.039		-0.078		-0.257

		MM12		1516643.256		622284.696		998.090		1516643.243		622284.852		998.120		0.013		-0.156		-0.030

		MM21		1516621.073		622044.141		1000.870		1516621.227		622044.011		1000.830		-0.154		0.130		0.040

		MM22		1516691.001		622455.179		990.710		1516691.146		622455.348		990.978		-0.145		-0.169		-0.268

		MM23		1516788.265		623856.752		959.420		1516788.123		623857.227		959.930		0.142		-0.475		-0.510

		MM24		1516988.259		626849.986		909.250		1516988.388		626850.479		908.757		-0.129		-0.493		0.493

		MM25		1517109.760		628121.783		900.540		1517109.545		628121.701		900.051		0.215		0.082		0.489

		MM26		1517160.869		629324.958		886.090		1517160.817		629324.828		885.805		0.052		0.130		0.285

		MM27		1517201.700		629327.542		885.500		1517201.649		629327.648		885.123		0.051		-0.106		0.377

								Number of Check Points								34		34		34

								Mean Error				Mean Error				0.122		-0.070		0.038

								Standard Deviation (StDEV)				Standard Deviation				0.203		0.251		0.545

								Root Mean Squares Error (RMSEx or y)				RMSE				0.234		0.257		0.538

								Radial RMSEr				RMSEr				0.348

								NSSDA Horiz Accuracy at 95% accuracy Level								0.602

								NSSDA Vert Accuracy at 95% accuracy Level								1.054

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing C

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP3		1516963.235		623248.108		960.430		1516962.888		623248.295		962.431		0.347		-0.187		-2.001

		GCP4		1516606.265		623164.120		974.490		1516606.064		623164.155		975.206		0.201		-0.035		-0.716

		GCP5		1516805.626		623834.667		957.510		1516805.411		623834.611		958.860		0.215		0.056		-1.350

		GCP6		1516390.880		623889.891		958.230		1516390.915		623889.613		959.540		-0.035		0.278		-1.310

		GCP7		1516877.284		624671.409		963.770		1516877.041		624671.222		963.713		0.243		0.187		0.057

		GCP8		1516437.556		624904.743		954.180		1516437.459		624904.285		954.104		0.097		0.458		0.076

		GCP11		1517200.492		626475.089		918.480		1517200.353		626475.193		917.972		0.139		-0.104		0.508

		GCP12		1516550.431		626864.437		904.260		1516550.743		626864.187		903.622		-0.312		0.250		0.638

		GCP13		1517264.993		627709.256		907.740		1517264.757		627709.096		907.554		0.236		0.160		0.186

		GCP14		1516728.590		627665.916		897.420		1516728.653		627665.659		896.811		-0.063		0.257		0.609

		GCP15		1517540.545		628022.675		908.420		1517540.344		628022.474		907.598		0.201		0.201		0.822

		GCP16		1516790.680		628548.220		892.240		1516790.680		628548.220		891.611		0.000		0.000		0.629

		GCP17		1517380.776		628697.182		894.770		1517380.776		628697.182		894.405		0.000		0.000		0.365

		GCP21		1518105.923		628978.253		895.720		1518106.201		628978.246		896.496		-0.278		0.007		-0.776

		GCP22		1518160.326		628567.704		902.340		1518160.130		628566.980		902.674		0.196		0.724		-0.334

		MM3		1517123.432		629338.363		884.670		1517123.452		629338.312		884.597		-0.020		0.051		0.073

		MM4		1517045.188		628128.981		900.200		1517045.125		628128.870		899.773		0.063		0.111		0.427

		MM5		1517073.335		628129.876		900.940		1517073.252		628129.758		900.255		0.083		0.118		0.685

		MM6		1516921.607		626876.213		908.710		1516921.607		626876.213		908.110		0.000		0.000		0.600

		MM7		1516951.380		626869.206		909.180		1516951.442		626869.102		908.489		-0.062		0.104		0.691

		MM8		1516805.496		625580.897		926.350		1516805.427		625580.779		926.294		0.069		0.118		0.056

		MM9		1516836.513		625577.344		926.630		1516836.423		625577.288		926.355		0.090		0.056		0.275

		MM10		1516750.536		623882.148		959.730		1516750.277		623881.976		960.902		0.259		0.172		-1.172

		MM11		1516629.606		622565.681		985.240		1516629.675		622565.778		985.687		-0.069		-0.097		-0.447

		MM12		1516643.257		622284.769		998.150		1516643.243		622284.852		998.120		0.014		-0.083		0.030

		MM21		1516621.077		622044.155		1000.940		1516621.227		622044.011		1000.830		-0.150		0.144		0.110

		MM22		1516691.008		622455.155		990.550		1516691.146		622455.348		990.978		-0.138		-0.193		-0.428

		MM23		1516788.317		623857.199		958.850		1516788.123		623857.227		959.930		0.194		-0.028		-1.080

		MM24		1516988.261		626850.759		909.400		1516988.388		626850.479		908.757		-0.127		0.280		0.643

		MM25		1517109.670		628121.757		900.440		1517109.545		628121.701		900.051		0.125		0.056		0.389

		MM26		1517160.880		629324.890		886.020		1517160.817		629324.828		885.805		0.063		0.062		0.215

		MM27		1517201.705		629327.620		885.460		1517201.649		629327.648		885.123		0.056		-0.028		0.337

								Number of Check Points								32		32		32

								Mean Error				Mean Error				0.051		0.097		-0.037

								Standard Deviation (StDEV)				Standard Deviation				0.155		0.183		0.724

								Root Mean Squares Error (RMSEx or y)				RMSE				0.161		0.205		0.713

								Radial RMSEr				RMSEr				0.260

								NSSDA Horiz Accuracy at 95% accuracy Level								0.450

								NSSDA Vert Accuracy at 95% accuracy Level								1.398

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing D

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP3		1516963.235		623248.108		961.510		1516962.888		623248.295		962.431		0.347		-0.187		-0.921				0.094		-0.147

		GCP4		1516606.065		623164.030		975.470		1516606.064		623164.155		975.206		0.001		-0.125		0.264				-0.073		-0.105

		GCP6		1516390.631		623889.898		959.480		1516390.915		623889.613		959.540		-0.284		0.285		-0.060				ERROR:#REF!		ERROR:#REF!

		GCP7		1516877.284		624671.409		964.370		1516877.041		624671.222		963.713		0.243		0.187		0.657				0.021		0.210

		GCP8		1516437.556		624904.743		954.660		1516437.459		624904.285		954.104		0.097		0.458		0.556				0.105		0.010

		GCP11		1517200.492		626475.089		918.350		1517200.353		626475.193		917.972		0.139		-0.104		0.378				0.000		0.000

		GCP12		1516550.264		626864.257		903.900		1516550.743		626864.187		903.622		-0.479		0.070		0.278				-0.232		-0.147

		GCP14		1516728.369		627665.819		897.040		1516728.653		627665.659		896.811		-0.284		0.160		0.229				ERROR:#REF!		ERROR:#REF!

		GCP15		1517540.552		628022.523		908.140		1517540.344		628022.474		907.598		0.208		0.049		0.542				0.073		0.199

		GCP16		1516790.680		628548.220		892.090		1516790.680		628548.220		891.611		0.000		0.000		0.479				0.158		0.000

		GCP17		1517380.776		628697.182		894.680		1517380.776		628697.182		894.405		0.000		0.000		0.275				0.000		0.000

		GCP21		1518105.923		628978.253		895.840		1518106.201		628978.246		896.496		-0.278		0.007		-0.656				0.000		0.000

		GCP22		1518159.856		628567.116		902.130		1518160.130		628566.980		902.674		-0.274		0.136		-0.544				-0.073		-0.105

		MM3		1517123.432		629338.363		884.780		1517123.452		629338.312		884.597		-0.020		0.051		0.183				0.000		0.000

		MM4		1517045.125		628128.926		900.020		1517045.125		628128.870		899.773		0.000		0.056		0.247				0.021		0.168

		MM5		1517073.169		628129.772		900.580		1517073.252		628129.758		900.255		-0.083		0.014		0.325				0.000		0.000

		MM6		1516921.420		626876.227		908.410		1516921.607		626876.213		908.110		-0.187		0.014		0.300				-0.179		-0.063

		MM7		1516951.193		626869.151		908.960		1516951.442		626869.102		908.489		-0.249		0.049		0.471				-0.178		-0.063

		MM8		1516805.496		625580.897		926.430		1516805.427		625580.779		926.294		0.069		0.118		0.136				0.000		0.000

		MM9		1516836.513		625577.344		926.820		1516836.423		625577.288		926.355		0.090		0.056		0.465				0.000		0.000

		MM10		1516750.335		623882.023		961.030		1516750.277		623881.976		960.902		0.058		0.047		0.128				0.000		0.000

		MM11		1516629.606		622565.681		985.550		1516629.675		622565.778		985.687		-0.069		-0.097		-0.137				0.000		0.000

		MM12		1516643.257		622284.769		998.100		1516643.243		622284.852		998.120		0.014		-0.083		-0.020				0.000		0.000

		MM21		1516621.077		622044.155		1000.650		1516621.227		622044.011		1000.830		-0.150		0.144		-0.180				0.000		0.000

		MM22		1516691.008		622455.155		990.770		1516691.146		622455.348		990.978		-0.138		-0.193		-0.208				0.000		0.000

		MM23		1516788.151		623857.109		960.210		1516788.123		623857.227		959.930		0.028		-0.118		0.280				0.000		0.000

		MM24		1516988.412		626850.569		909.150		1516988.388		626850.479		908.757		0.024		0.090		0.393				0.231		0.337

		MM25		1517109.670		628121.757		900.210		1517109.545		628121.701		900.051		0.125		0.056		0.159				0.074		0.190

		MM26		1517160.880		629324.890		886.170		1517160.817		629324.828		885.805		0.063		0.062		0.365				0.000		0.000

		MM27		1517201.705		629327.620		885.590		1517201.649		629327.648		885.123		0.056		-0.028		0.467				0.000		0.000

								Number of Check Points								30		30		30

								Mean Error				Mean Error				-0.031		0.039		0.162

								Standard Deviation (StDEV)				Standard Deviation				0.182		0.135		0.369

								Root Mean Squares Error (RMSEx or y)				RMSE				0.181		0.138		0.397

								Radial RMSEr				RMSEr				0.228

								NSSDA Horiz Accuracy at 95% accuracy Level								0.394

								NSSDA Vert Accuracy at 95% accuracy Level								0.778

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.







Processing E

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP3		1516963.141		623248.255		961.440		1516962.888		623248.295		962.431		0.253		-0.040		-0.991

		GCP4		1516606.138		623164.135		975.300		1516606.064		623164.155		975.206		0.074		-0.020		0.094

		GCP7		1516877.263		624671.199		963.940		1516877.041		624671.222		963.713		0.222		-0.023		0.227

		GCP8		1516437.451		624904.733		954.050		1516437.459		624904.285		954.104		-0.008		0.448		-0.054

		GCP11		1517200.492		626475.089		918.240		1517200.353		626475.193		917.972		0.139		-0.104		0.268

		GCP12		1516550.496		626864.404		903.640		1516550.743		626864.187		903.622		-0.247		0.217		0.018

		GCP15		1517540.479		628022.324		908.060		1517540.344		628022.474		907.598		0.135		-0.150		0.462

		GCP16		1516790.522		628548.220		891.830		1516790.680		628548.220		891.611		-0.158		0.000		0.219

		GCP17		1517380.776		628697.182		894.620		1517380.776		628697.182		894.405		0.000		0.000		0.215

		GCP21		1518105.923		628978.253		895.820		1518106.201		628978.246		896.496		-0.278		0.007		-0.676

		GCP22		1518159.929		628567.221		902.040		1518160.130		628566.980		902.674		-0.201		0.241		-0.634

		MM3		1517123.432		629338.363		884.830		1517123.452		629338.312		884.597		-0.020		0.051		0.233

		MM4		1517045.104		628128.758		899.690		1517045.125		628128.870		899.773		-0.021		-0.112		-0.083

		MM5		1517073.169		628129.772		900.310		1517073.252		628129.758		900.255		-0.083		0.014		0.055

		MM6		1516921.599		626876.290		908.320		1516921.607		626876.213		908.110		-0.008		0.077		0.210

		MM7		1516951.371		626869.214		908.890		1516951.442		626869.102		908.489		-0.071		0.112		0.401

		MM8		1516805.496		625580.897		926.330		1516805.427		625580.779		926.294		0.069		0.118		0.036

		MM9		1516836.513		625577.344		926.740		1516836.423		625577.288		926.355		0.090		0.056		0.385

		MM10		1516750.335		623882.023		961.060		1516750.277		623881.976		960.902		0.058		0.047		0.158

		MM11		1516629.606		622565.681		985.490		1516629.675		622565.778		985.687		-0.069		-0.097		-0.197

		MM12		1516643.257		622284.769		998.040		1516643.243		622284.852		998.120		0.014		-0.083		-0.080

		MM21		1516621.077		622044.155		1000.670		1516621.227		622044.011		1000.830		-0.150		0.144		-0.160

		MM22		1516691.008		622455.155		990.660		1516691.146		622455.348		990.978		-0.138		-0.193		-0.318

		MM23		1516788.151		623857.109		960.200		1516788.123		623857.227		959.930		0.028		-0.118		0.270

		MM24		1516988.181		626850.232		909.040		1516988.388		626850.479		908.757		-0.207		-0.247		0.283

		MM25		1517109.596		628121.567		899.950		1517109.545		628121.701		900.051		0.051		-0.134		-0.101

		MM26		1517160.880		629324.890		886.190		1517160.817		629324.828		885.805		0.063		0.062		0.385

		MM27		1517201.705		629327.620		885.610		1517201.649		629327.648		885.123		0.056		-0.028		0.487

								Number of Check Points								28		28		28

								Mean Error				Mean Error				-0.015		0.009		0.040

								Standard Deviation (StDEV)				Standard Deviation				0.134		0.145		0.355

								Root Mean Squares Error (RMSEx or y)				RMSE				0.132		0.142		0.351

								Radial RMSEr				RMSEr				0.194

								NSSDA Horiz Accuracy at 95% accuracy Level								0.336

								NSSDA Vert Accuracy at 95% accuracy Level								0.688

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing F

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		MM3		1517123.355		629338.294		884.848		1517123.452		629338.312		884.597		-0.097		-0.018		0.250

		MM4		1517045.125		628128.870		899.528		1517045.125		628128.870		899.773		0.000		0.000		-0.245

		MM5		1517073.252		628129.758		900.256		1517073.252		628129.758		900.255		0.000		0.000		0.000

		MM6		1516921.607		626876.213		908.117		1516921.607		626876.213		908.110		0.000		-0.000		0.007

		MM7		1516951.442		626869.102		908.704		1516951.442		626869.102		908.489		0.000		-0.000		0.215

		MM8		1516805.427		625580.779		926.525		1516805.427		625580.779		926.294		-0.000		-0.000		0.231

		MM9		1516836.423		625577.288		926.767		1516836.423		625577.288		926.355		0.000		-0.000		0.412

		MM10		1516750.272		623882.085		961.037		1516750.277		623881.976		960.902		-0.005		0.109		0.135

		MM11		1516629.675		622565.778		985.282		1516629.675		622565.778		985.687		0.000		0.000		-0.405

		MM12		1516643.243		622284.852		998.175		1516643.243		622284.852		998.120		0.000		-0.000		0.055

		MM21		1516621.216		622044.141		1000.941		1516621.227		622044.011		1000.830		-0.011		0.130		0.111

		MM22		1516691.092		622455.218		990.521		1516691.146		622455.348		990.978		-0.054		-0.130		-0.457

		MM23		1516788.109		623857.130		960.199		1516788.123		623857.227		959.930		-0.014		-0.097		0.269

		MM24		1516988.478		626850.430		908.729		1516988.388		626850.479		908.757		0.090		-0.049		-0.028

		MM25		1517109.552		628121.666		899.845		1517109.545		628121.701		900.051		0.007		-0.035		-0.206

		MM26		1517160.817		629324.828		886.022		1517160.817		629324.828		885.805		0.000		-0.000		0.217

		MM27		1517201.531		629327.516		885.601		1517201.649		629327.648		885.123		-0.118		-0.132		0.478

								Number of Check Points								17		17		17

								Mean Error				Mean Error				-0.012		-0.013		0.061

								Standard Deviation (StDEV)				Standard Deviation				0.045		0.068		0.265

								Root Mean Squares Error (RMSEx or y)				RMSE				0.045		0.067		0.265

								Radial RMSEr				RMSEr				0.081

								NSSDA Horiz Accuracy at 95% accuracy Level								0.140

								NSSDA Vert Accuracy at 95% accuracy Level								0.519

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Processing G

		Horizonntal and Vertical Accuracy Computation Form**

		Point ID		Measured Map Values 						Survey Check Point Values						Residual Values (ft.)

				Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Easting (svy ft.)		Northing (svy ft.)		Elevation (ft.)		Error in Easting		Error in Northing		Error in Elevation

		GCP1		1516891.736		622365.486		1000.040		1516891.573		622365.508		1000.134		0.163		-0.022		-0.094				622365.508

		GCP2		1516529.076		622286.132		993.600		1516529.076		622286.132		993.794		0.000		0.000		-0.194

		GCP3		1516962.888		623248.295		962.350		1516962.888		623248.295		962.431		0.000		0.000		-0.081				623248.295

		GCP4		1516606.064		623164.155		975.060		1516606.064		623164.155		975.206		0.000		0.000		-0.146				623164.155

		GCP5		1516805.411		623834.611		958.830		1516805.411		623834.611		958.860		0.000		0.000		-0.030				623834.611

		GCP6		1516390.915		623889.613		959.360		1516390.915		623889.613		959.540		0.000		0.000		-0.180				623889.613

		GCP7		1516877.041		624671.222		963.730		1516877.041		624671.222		963.713		0.000		0.000		0.017				624671.222

		GCP8		1516437.459		624904.285		954.530		1516437.459		624904.285		954.104		0.000		0.000		0.426				624904.285

		GCP9		1517259.529		625833.164		915.000		1517259.529		625833.164		915.042		0.000		0.000		-0.042				625833.164

		GCP10		1516441.771		625525.485		927.040		1516441.771		625525.485		926.788		0.000		0.000		0.252				625525.485

		GCP11		1517200.353		626475.193		917.950		1517200.353		626475.193		917.972		0.000		0.000		-0.022				626475.193

		GCP12		1516550.743		626864.187		903.790		1516550.743		626864.187		903.622		0.000		0.000		0.168				626864.187

		GCP13		1517264.757		627709.096		907.520		1517264.757		627709.096		907.554		0.000		0.000		-0.034				627709.096

		GCP14		1516728.653		627665.659		896.780		1516728.653		627665.659		896.811		0.000		0.000		-0.031				627665.659

		GCP15		1517540.344		628022.474		908.080		1517540.344		628022.474		907.598		0.000		0.000		0.482				628022.474

		GCP16		1516790.680		628548.220		891.640		1516790.680		628548.220		891.611		0.000		0.000		0.029				628548.220

		GCP17		1517380.776		628697.182		894.600		1517380.776		628697.182		894.405		0.000		0.000		0.195				628697.182

		GCP18		1517037.351		628968.743		889.120		1517037.351		628968.743		889.030		0.000		0.000		0.090				628968.743

		GCP20		1517736.122		629012.259		899.140		1517736.122		629012.259		899.030		0.000		0.000		0.110				629012.259

		GCP21		1518106.201		628978.246		896.860		1518106.201		628978.246		896.496		0.000		0.000		0.364				628978.246

		GCP22		1518160.000		628566.989		902.790		1518160.130		628566.980		902.674		-0.130		0.009		0.116				628566.980

		MM3		1517123.355		629338.294		884.350		1517123.452		629338.312		884.597		-0.097		-0.018		-0.247				629338.312

		MM4		1517045.125		628128.870		899.810		1517045.125		628128.870		899.773		0.000		0.000		0.037				628128.870

		MM5		1517073.252		628129.758		900.380		1517073.252		628129.758		900.255		0.000		0.000		0.125				628129.758

		MM6		1516921.607		626876.213		907.830		1516921.607		626876.213		908.110		0.000		0.000		-0.280				626876.213

		MM7		1516951.442		626869.102		908.530		1516951.442		626869.102		908.489		0.000		0.000		0.041				626869.102

		MM8		1516805.427		625580.779		926.000		1516805.427		625580.779		926.294		0.000		0.000		-0.294				625580.779

		MM9		1516836.423		625577.288		926.360		1516836.423		625577.288		926.355		0.000		0.000		0.005				625577.288

		MM10		1516750.272		623882.085		960.910		1516750.277		623881.976		960.902		-0.005		0.109		0.008				623881.976

		MM11		1516629.675		622565.778		985.810		1516629.675		622565.778		985.687		0.000		0.000		0.123				622565.778

		MM12		1516643.243		622284.852		998.040		1516643.243		622284.852		998.120		0.000		0.000		-0.080				622284.852

		MM21		1516621.216		622044.141		1000.870		1516621.227		622044.011		1000.830		-0.011		0.130		0.040				622044.011

		MM22		1516691.092		622455.218		990.910		1516691.146		622455.348		990.978		-0.054		-0.130		-0.068				622455.348

		MM23		1516788.109		623857.130		960.090		1516788.123		623857.227		959.930		-0.014		-0.097		0.160				623857.227

		MM24		1516988.478		626850.430		908.700		1516988.388		626850.479		908.757		0.090		-0.049		-0.057				626850.479

		MM25		1517109.552		628121.666		900.070		1517109.545		628121.701		900.051		0.007		-0.035		0.019				628121.701

		MM26		1517160.817		629324.828		885.830		1517160.817		629324.828		885.805		0.000		0.000		0.025				629324.828

		MM27		1517201.531		629327.516		885.260		1517201.649		629327.648		885.123		-0.118		-0.132		0.137				629327.648

								Number of Check Points								38		38		38

								Mean Error				Mean Error				-0.004		-0.006		0.029

								Standard Deviation (StDEV)				Standard Deviation				0.046		0.045		0.173

								Root Mean Squares Error (RMSEx or y)				RMSE				0.045		0.045		0.173

								Radial RMSEr				RMSEr				0.064

								NSSDA Horiz Accuracy at 95% accuracy Level								0.111

								NSSDA Vert Accuracy at 95% accuracy Level								0.340

		** By Dr. Qassim Abdullah, Woolpert, Inc.

		** By Dr. Qassim Abdullah, Woolpert, Inc.





Summary

		Accuracy Term								Processing Scenario

										A		B		C		D		E		F		G																								A

		Number of Control Points								0		4		6		8		10		21		38																								38

		Number of Check Points								38.00		34.00		32		30		28		17		0																								0

		Mean Error E (ft.)				Mean Error				-4.45		0.12		0.05		-0.03		-0.01		-0.01		-0.00																								-0.0044473684

		Mean Error N (ft.)				Mean Error				1.80		-0.07		0.10		0.04		0.01		-0.01		-0.01																								-0.0061842105

		Mean Error Elev. (ft.)				Mean Error				-13.34		0.04		-0.04		0.16		0.04		0.06		0.03																								0.0286578947

		StDEV E (ft.)				Standard Deviation				0.44		0.20		0.15		0.18		0.13		0.04		0.05																								0.0457541594

		StDEV N (ft.)				Standard Deviation				0.58		0.25		0.18		0.13		0.14		0.07		0.05																								0.0451949861

		StDEV Elev. (ft.)				Standard Deviation				2.16		0.54		0.72		0.37		0.36		0.27		0.17																								0.1734083255

		RMSE E (ft.)				RMSE				4.47		0.23		0.16		0.18		0.13		0.05		0.05																								0.0453666351

		RMSE N (ft.)				RMSE				1.89		0.26		0.20		0.14		0.14		0.07		0.05																								0.0450230935

		Radial RMSE N,E (ft.)				RMSE				4.86		0.35		0.26		0.23		0.19		0.08		0.06																								0.0639156516

		RMSE Elev. (ft.)				RMSE				13.51		0.54		0.71		0.40		0.35		0.26		0.17																								0.1734946533

		Horizontal Accuracy at 95% (ft.)								8.40		0.60		0.45		0.39		0.34		0.14		0.11																								0.1106252099

		Vertical Accuracy at 95% (ft.)								26.49		1.05		1.40		0.78		0.69		0.52		0.34																								0.3400495205





		Accuracy Term								Processing Scenario														Processing Scenario

										A		B		C		D		E		F		G		A		B		C		D		E		F		G

		Number of Control Points								0		4		6		8		10		21		38		0		4		6		8		10		21		38

		Number of Check Points								38		34		32		30		28		17		0		38		34		32		30		28		17		0

		RMSE E (ft.)				RMSE				4.47		0.23		0.16		0.18		0.13		0.05		0.05		136.35		7.14		4.90		5.52		4.03		1.38		1.38

		RMSE N (ft.)				RMSE				1.89		0.26		0.20		0.14		0.14		0.07		0.05		57.54		7.84		6.23		4.20		4.34		2.05		1.37										A		G		38

		Radial RMSE N,E (ft.)				RMSE				4.86		0.35		0.26		0.23		0.19		0.08		0.06		148.00		10.61		7.93		6.94		5.92		2.47		1.95										B		A		NO GCP

		RMSE Elev. (ft.)				RMSE				13.51		0.54		0.71		0.40		0.35		0.26		0.17		411.90		16.40		21.74		12.10		10.70		8.06		5.29										C		B		4

		Horizontal Accuracy at 95% (ft.)								8.40		0.60		0.45		0.39		0.34		0.14		0.11		256.16		18.36		13.72		12.02		10.24		4.27		3.37										D		C		6

		Vertical Accuracy at 95% (ft.)								26.49		1.05		1.40		0.78		0.69		0.52		0.34		807.32		32.14		42.62		23.71		20.96		15.81		10.36										E		D		8

																																														F		E		10

		Accuracy Term								Processing Scenario																																				AA		F		21

										A		B		C		D		E		F		G

		Number of Control Points								0		4		6		8		10		21		38

		Number of Check Points								38		34		32		30		28		17		0

		RMSE E (cm)				RMSE				136.35		7.14		4.90		5.52		4.03		1.38		1.38

		RMSE N (cm)				RMSE				57.54		7.84		6.23		4.20		4.34		2.05		1.37

		Radial RMSE N,E (cm)				RMSE				148.00		10.61		7.93		6.94		5.92		2.47		1.95

		RMSE Elev. (cm)				RMSE				411.90		16.40		21.74		12.10		10.70		8.06		5.29

		Horizontal Accuracy at 95% (cm)								256.16		18.36		13.72		12.02		10.24		4.27		3.37

		Vertical Accuracy at 95%  (cm)								807.32		32.14		42.62		23.71		20.96		15.81		10.36









Accuracy Evaluation – Project 3

19 Miles of Portsmouth Bypass, OH

• Joint venture effort to develop a 16 mi, 4 
lane, limited access highway bypass

• Collected with our Surrogate UAS platform

• Project area was too complex to rely on 
standard UAS:
• Dynamic construction
• Limited visibility
• Size of project

We deployed the RENAISSANCETM



Ortho-rectified Imagery GSD = 2-cm



Imagery Triangulation and Sensor Calibration for Manned and Unmanned Aerial Systems – PART II  Dr. Abdullah & Dr. Munjy

3-D Terrain Model



3-D Terrain Model



Portsmouth Bypass Project:
Client Testimony on Accuracy

“The conventional topo matched up well with the Dec flight, +/-0.2ft.”

“Everyone on our end was pleased with the data provided from the 
Dec flight.”

“Tell your crew I appreciate all their work and efforts”



UAS Accuracy Evaluation – Project 4
Intersection of Petersburg and Overman Roads, Ohio



Altitude = 100’ AGL

Altitude = 300’ AGL



2013 and 2017 Check Points

Green – 2013                                Red - 2017



Mobile Mapping (MMS) Data



Check points with MMS Data

Created five points along a cross section of the road every 25 ft. 



Accuracy Evaluation According to 2013 Ground Controls
lidar DSM accuracy according to 2013 controls

Number of Check Points 79
Mean Error 0.023 ft. 0.007 m

Standard Deviation (StDEV) 0.037 ft. 0.011 m
Root Mean Squares Error (RMSEz) 0.043 ft. 0.013 m

NSSDA Vert Accuracy at 95% Confidence Level 0.085 ft. 0.026 m

100 ft. DSM Accuracy according to 2013 check points
Number of Check Points 73

Mean Error 0.085 ft. 0.026 m
Standard Deviation (StDEV) 0.130 ft. 0.040 m

Root Mean Squares Error (RMSEz) 0.154 ft. 0.047 m
NSSDA Vert Accuracy at 95% Confidence 

Level 0.302 ft. 0.092 m

300 ft. DSM Accuracy according to 2013 check points
Number of Check Points 73

Mean Error 0.067 ft. 0.020 m
Standard Deviation (StDEV) 0.290 ft. 0.088 m

Root Mean Squares Error (RMSEz) 0.296 ft. 0.090 m
NSSDA Vert Accuracy at 95% Confidence Level 0.579 ft. 0.177 m



Comparing UAS Data MMS lidar Data

Lidar DSM Versus UAS DSM
Number of Check Points 528 509 509

DSM300 - DSM100 DSM300 - lidar DSM100 - lidar
Mean Error -0.058 ft. 0.030 ft. 0.080 ft.

Standard Deviation (StDEV) 0.327 ft. 0.247 ft. 0.124 ft.

Root Mean Squares Error (RMSEz) 0.332 ft. 0.249 ft. 0.147 ft.

NSSDA Vert Accuracy at 95% Confidence 
Level 0.651 ft. 0.488 ft. 0.289 ft.



Required accuracy for the products:
Ortho Accuracy: 4 cm (RMSEx or y)
DSM Accuracy: 4 cm (RMSEz)

ASPRS Standards Requires:
RMSEx, RMSEy or RMSEz (ground control)= ¼ * RMSEx(Map), RMSEy(Map) or RMSEz(DEM)

Ground Control for AT accuracy = 1 cm (RMSEx,y,z)
Check points for QC accuracy = 1.33 cm

The Problem: People are claiming they can deliver 1-cm accuracy

The Question: Did you survey your controls to 0.25 cm accuracy?
Ask surveyors about what it takes to get this type of vertical accuracy. No GPS survey 
supports 0.25 cm accuracy

Fact: Usually control points are surveyed to 2 cm accuracy which support ortho accuracy of 
8-cm

What does ASPRS standards mean for UAS products?



Independent Vertical Accuracy Testing Statement:
“This data set was tested to meet ASPRS Positional Accuracy Standards for Digital Geospatial Data (2014) 
for a 10-cm RMSEz Vertical Accuracy Class. Actual NVA accuracy was found to be RMSEz = 4.7-cm, 
equating to +/- 9.2 cm at 95% confidence level. Actual VVA accuracy was found to be +/- N/A cm at the 
95th percentile.”

Accuracy Reporting According to ASPRS Standard



Imagery-base Points Cloud versus Lidar: Data 
Quality Comparative Analysis



UAS versus MMS: Data Coverage
UAS Bird’s Eye View

MMS Obscured Viewing Capability



UAS versus MMS: RGB Colorization
UAS ortho is perfectly co-registered with point clouds resulting in perfect RGB values



UAS versus MMS: Data Smoothness

Imagery DSM

MMS DSM



UAS versus MMS: Data Smoothness

UAS

MMS



UAS versus MMS: Features Mapping
MMS: The ever proven technology for the road survey



UAS versus MMS: Features Mapping

Power Lines 
Power Poles

UAS

MMS

UAS products may catch up with the MMS 
products accuracy but not necessarily the 
3D features details



UAS versus MMS: Features Mapping
Roads Signs Only in MMS Data

UAS

MMS



UAS versus MMS: Features Mapping
2D Features Mapping is superior with UAS/Renaissance Imagery



Final Remarks
a. 3D products may not match the quality and accuracy of products 

generated from MMS, but it comes very close

b. UAS can provide an alternative to manned aircraft for mapping 
small projects

c. Products accuracy can further be enhanced by adding more 
ground control and RTK/PPK UAS

d. UAS ortho-rectified imagery provides best 2D details for mapping



e. UAS products are good for certain specifications but not all

f. UAS derived products can be used to augment MMS products as long 
the final products accuracy is stamped within the UAS products 
accuracy

g. Accuracy can further be enhanced by adding more ground control 
and RTK/PPK UAS

h. For transportation projects, a hybrid solution of UAS and manned 
aircraft is the best approach to cover the entire ROW

Final Remarks



Thank you!

Qassim Abdullah:
qassim.abdullah@woolpert.com

Mapping_matters@asprs.org

mailto:qassim.abdullah@woolpert.com
mailto:Mapping_matters@asprs.org
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