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Horizon’s, Inc.

LiDAR Acquisition/Processing/Quality Control

13582 Utah 2 Meter Area
        
LiDAR Acquisition

LiDAR Acquisition.  LiDAR acquisition for this project was performed by  FORMDROPDOWN 
 in a  FORMDROPDOWN 
 equipped with an LH System  FORMDROPDOWN 
 LiDAR system including an inertial measuring unit (IMU) and a dual frequency GPS receiver.  Acquisition was accomplished between 10/14/2006 and 5/15/2007. Maps identifying the flight lines and LiDAR collection log sheets containing information regarding flights, times, conditions, etc are included in the Appendix.  The LiDAR flight specifications follow:

Field of View
30 Degrees

Altitude
7000 feet AMT

Scan Rate
27.2 Hz 

Pulse Rate
43600 kHz

Airspeed
140 knots

Average Post Spacing
2 meters 

Average Swath Width
3215 feet

Intensity Mode
4+3 

Total Flight Lines:
223

Number of Lifts
12

GPS Data Collection

GPS Data Collection.  A GPS receiver was in constant operation over a  FORMDROPDOWN 
 control point during flight acquisition.  The base station identification and location are listed in the following table. Base station information is also included in the Appendix. 

Station
Location

                                   AA3700
40 28 59.92000

111 25 32.29221

                                   LO0622
40 37 05.78236 

111 59 47.19312

GPS base station

GPS Data Processing

GPS Data Processing. All GPS phase data was post processed with continuous kinematic survey techniques using “On the Fly” (OTF) integer ambiguity resolution.  The GPS data was processed with forward and reverse processing algorithms.  The results from each process, using the data collected at the airport, were combined to yield a single fixed integer phase differential solution of the aircraft trajectory.  Plots of altitude and the forward and reverse GPS solution residuals are included in the Appendix. The differences between the forward to reverse solution within the project area were within project specifications (<10cm) in both the horizontal and vertical components, indicating a valid and accurate solution.

IMU Data Processing

IMU Data Processing. An IMU was used to record precise changes in position and orientation of the LIDAR scanner at a rate of 200 Hz.  All IMU data was processed post flight with a filter to integrate inertial measurements and precise phase differential GPS positions.  The resulting solution contains geodetic position, omega, phi, kappa, and time for subsequent merging with the laser ranging information.LiDAR Data Processing

LIDAR Data Preprocess

Flight Line Data Acquisition/Quality Control Check.  LiDAR data and the IMU files were processed together using LIDAR processing software.  The data set for each flight line was checked for project area coverage, data gaps between overlapping flight lines, and tension/compression areas (areas where data points are more or less dense than the average project specified post spacing). Based on this check it appears the entire project area is covered without gaps. LiDAR Coverage Check and Line Overlap Check Diagrams are included in Appendix.

Boresighting Process.  Pre-processing of LiDAR corrects for rotational, atmospheric, and elevation differences that are inherent to LiDAR data sets. This process is called boresighting. LiDAR data was collected for bi- and cross-directional flight lines over the project area. Using an iterative process that involves analyzing raster difference calculations the Omega, Phi, Kappa angle corrections of the LiDAR instrument were determined. The corrections were applied to the LiDAR data set for the project area.

Vertical Accuracy Check. Extensive comparisons were made of vertical and horizontal positional differences between points common to two or more LiDAR flight lines. This was done for the airport bore-sight testing area and the project area. All flight lines (airport and project) were within project specifications for vertical accuracy.

LiDAR Intensity Check.  An intensity raster for each flight line was generated.  The raster was checked and verified that intensity was recorded for each LiDAR point. 

Project Coordinate System.  LiDAR preprocessing software outputs data to its corresponding UTM zone in meters and a GRS80 ellipsoidal height.  LiDAR data was transformed to a project coordinate system of   NAD83 NAVD88 Meters UTM zone 12 Geoid 03 .

Vertical Bias Correction.  LiDAR has a consistent vertical offset.  LiDAR ground points were compared to independently surveyed and positioned ground control points in the project area.  Based on the results of these comparisons, the LiDAR data was vertically biased down to the ground.  

Project Ground Control Check. Comparisons between on-site ground survey control points and LiDAR data yielded the following results:

2 Meter Area

Vertical Accuracy (RMSE)
0.050

Standard Deviation
0.051

Mean Difference
-0.007

Number of Points
33

LiDAR Data Surfacing Process.  

Raw LiDAR Data Set.  LiDAR data in overlap areas of project flight lines was removed and data from all swaths was merged into a single data set.  The data set was trimmed to the digital project boundary including an additional buffer zone (buffer zone assures adequate contour generation from the DEM).  Resulting data set is the Raw LiDAR data. The Raw LiDAR data set was processed through a minimum block mean algorithm and points were classified as either bare earth or non-bare earth.  User developed “macros” that factor mean terrain angle and height from the ground, were used to determine bare earth point classification.

LiDAR Surfacing Process.  The surfacing process is a 2D-edit procedure that ensures the accuracy of the automated feature classification. Editors used a combination of imagery, intensity of the LiDAR reflection and tin-editing software to assess points.  The resulting data set is 2D Surfaced Bare Earth. The LiDAR data is filtered using a quadric error metric to remove redundant points. This method leaves points where there is a change in the slope of surfaces (road ditches) and eliminates points from evenly sloped terrain (flat field) where the points do not affect the TIN LiDAR data. The resulting data set is 2D Surfaced/Filtered Bare Earth

Appendix Items.

Flight Map 2 Meter Area

[image: image2.png]



LiDAR Collection Logsheet
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Diagram – GPS Solution Residuals

F and R Lift 4
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F and R RMS Lift 4
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Height Lift 4
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PDOP Lift 4
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Diagram – Aircraft Trajectory Plot

Trajectory Lift 4
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 4
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Diagram – GPS Solution Residuals

F and R combined Lift 5
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F and R RMS Lift 5
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Height Lift 5
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PDOP Lift 5
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Diagram – Aircraft Trajectory Plot

Trajectory Lift 5
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 5
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Diagram – GPS Solution Residuals

F and R combined Lift 8
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F and R RMS Lift 8
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Height Lift 8
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PDOP Lift 8
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Trajectory Lift 8
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 8
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Lift 9 Page 2
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Diagram – GPS Solution Residuals

F and R combined Lift 9
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F and R RMS Lift 9
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Height Lift 9
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PDOP Lift 9
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Diagram – Aircraft Trajectory Plot

Trajectory Lift 9
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 9
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Lift 10 Page 1

[image: image35.jpg]Ut LA e e Eo L B L L e i oot
TsserPuserale | AGC 11 #2 MU Sto o 1D Pict
MUl oo paviscounty | RS ©is e W2 teryosen | ong | 9¢ | 7¢
7 Date GPSDate [ UTCTHE AT Range Gele WU SER 7 Tt Zone At Tero | 7o l-6c
2 I o 7o o T

S DavS_061101_10 o o5 5 Tsvom conss | sating 99249021
NI | Ve |ver [ e e R B commerts Constons | #5vs | RSt
E 20.51:00 ENGINE START 9 | 1508
D50 | 269 | 6 | 1 213708 2138 30 | 272 | 122 8 |19 12

S EIEaREE 214217 2143 30 | 272 | 145 SNOW ON NORTH SIDE 7 1912
I 052 [ 265 [ 6 [ 1 214832 2150 30 | 272 | 130 OF AL PEAKS 6 | 14|08
D53 | 089 | 1 | & 215423 2156 30 | 272 | 182 8 | 1509

D54 | 269 | 6 | 1 220208 2204 30 | 272 | 126 | CLEARWMOD HAZE/SMOG | 8 | 16 | 1.0

% D55 | 083 | 1 | 6 220736 2209 30 272 | 140 LOW HUMIDITY 8 | 16|10
I D56 | 269 | 6 | 1 221238 2214 30 | 272 | 122 SMOOTH RIDE 8 |17 ] 10

8 D57 | 089 | 1 [ 6 221809 2219 30 | 272 | 141 NORTHWEST WINDS 8 |17 ] 10
D58 | 269 | 6 | 1 222336 2225 30 | 272 | 120 LIGHT MOUNTAIN WAVE 8 |17 [ 11

D59 | 089 | 1 | & 222839 2250 30 | 272 | 145 8 | 17| 14

D60 | 269 | 6 | 1 225333 2255 30 | 272 | 125 8 | 16| 14

L EREIREE 225654 2240 a0 | 272 | 150 8 | 16 11
D62 | 269 | 6 | 1 224307 2244 30 | 272 | 124 8 | 15| 14

] EEEEEG 224752 2249 a0 | 272 | 150 7 |25 16
D64 | 269 | 6 | 1 225277 2254 30 | 272 | 130 6 |88 17

DB o5 [ oss [ 1 [ 5 225724 2258 a0 | 272 | 150 6 | 34|16
D66 | 269 | 5 | 1 250253 2504 30 | 272 | 130 6 |80 16

D67 | 089 | 1 | 5 250725 2508 a0 | 272 | 150 7 2115

D27 | 359 | 1 | 10 251339 2516 30 | 272 | 142 PROJECT CROSS LINE 7 19 ] 14

D35 | 179 | 14 | 12 231952 2520 30 | 272 | 132 CALIBRATION LINE 7 18] 14

D35 | 369 | 12 | 14 252324 2524 30 | 272 | 130 CALIBRATION LINE 7 17|18
23.56:00 ENGINE STOP 8 [ 1410

N P




Diagram – GPS Solution Residuals

F and R combined Lift 10
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F and R RMS Lift 10
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Height Lift 10
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PDOP Lift 10
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Trajectory Lift 10
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 10
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LiDAR Collection Logsheet

Lift 11 Page 1

[image: image42.jpg]Horizons Job# | EarthData Job# | Lidar Ser.# Mode MU Start BASE PD# Operator
ToeerPuassats | AGC #1772 W St Airpor Pt

BN prosavene  saLTLaKeweST) I s 5526 iz Taryowon_| ona | 2© | 10©

o Tae P [UTCTHE AT Ronge Gats T SER T T Zone Fwet [ Temn | 50|50

2| I e e o s i e

S SLW 03110311 i o s oo canss | sating| 2071|011

W e | o | | v —segrnne e OV | e | e R #5%5 F Tes

E 17:32:00 ENGINE START 9 1.1 09
01 | 59 | 1 [ 17| 175708 1801 50 | 272 | 145 10 [ 1108

S R 180526 1811 30 | 272 | 127 9 | 1209

)M oo [ess [ 1 18| tetass 1819 30 | 272 | 140 9 [12]09
04 | 179 [ 18 | 1 182380 1629 30 | 272 | 127 9 | 1209
05 | 59 | 1 [ 18| 183209 1838 30 | 272 | 140 8 |16 10
06 | 179 [ 17 [ 1 184147 1847 30 | 272 | 125 8 [ 1710
07 [ 389 | 1 |6 185004 1850 30 | 272 | 142 8 | 17 11
08 [ 179 [ 8 [ 1 185542 1658 30 | 272 | 120 8 |18 11
09 [ 389 | 1|6 190136 1904 30 | 272 | 138 7 23] 13
22 | 179 [22 [ 1 190943 1916 30 | 272 | 138 7 2413
23 | 359 | 1 [23| 191940 1926 50 | 272 | 144 7 2413
20 | 179 [ 23 | 1 193130 1938 30 | 272 | 140 7 23] 12
41 089 1 6 194215 1943 30 27.2 160 PROJECT CROSS LINE 7 21 1.2
25 | 59 | 1 [25| 194728 1954 30 | 272 | 148 7 2012
26 | 179 [ 17 [ 1 195859 2004 30 | 272 | 130 8 | 1410
27 | 59 | 1 [ 17| 20078t 2012 30 | 272 | 145 9 | 1309
28 | 179 [ 17 [ 1 201608 2021 30 | 272 | 133 8 | 1509
29 | 59 | 1 [ 17| 200438 2029 30 | 272 | 145 8 | 1609
30 | 179 [ 17 [ 1 203411 2040 30 | 272 | 130 9 | 1508
36 | 359 | 1 [ 8 | o046as 2049 50 | 272 | 144 9 | 1508
37 [ 179 [ 8 [ 1 205308 2058 30 | 272 | 124 9 | 1508
38 | 359 | 1 [ 8 | 205020 2101 30 | 272 | 148 9 | 1508
39 | 179 [ 8 [ 1 210447 2107 30 | 272 | 132 9 | 1408
35 | oe9 | 1 [ | 2tata 2115 30 | 272 | 150 8 8016
34 | 269 | 6 | 1 211916 2121 30 | 272 | 118 8 2015

rmE [y




Lift 11 Page 2

[image: image43.jpg]Uttt B B L8 Bl i) L RN el
ToserpuseFte | AGC #1 772 U St gt Piot
B oo sauTikewesT) Mgy ©is 550 W2 teryosen | ond | 2¢ |10€
7 Do GPSDas [UTCTHE AT Range Gete I SER. 7 T Zone At [Temn | _pol 50
2| I p T e 7o o T
° SLW_061102_11 1 03 6 1800 m cens s seting| 9021|3011
R o P e e e i ol e L
E 33 | 089 | 1|6 212439 2126 30 | 272 | 148 7 |28 15
40 269 [ 10| 1 213111 2134 30 27.2 116 PROJECT CROSS LINE 8 18 1.2
Q o1 359 6 8 213856 2139 30 27.2 143 CALIBRATION LINE 7 18 1.1
NN e Toes [ 1 [0 214245 2145 30 | 272 | 148 7 |19 14
3 | 269 | 9 | 1 214819 2151 30 | 272 | 125 8 | 15 09
01 179 8 6 215452 2155 30 27.2 130 CALIBRATION LINE 8 1.6 1.0
% 15 | a9 | 1[4 215833 2159 30 | 272 | 128 8 | 16] 10
IN 6 [ 179 [a [ 1 220404 2205 30 | 272 | 120 8 | 16] 10
N 7 [ 353 | 1 |11 220816 2211 30 [ 272 | 134 8 [17[10
18 | 179 [12] 1 221504 2219 30 | 272 | 122 8 | 17| 14
19 | aso | 1 [ 12| 200313 2226 30 | 272 | 145 8 | 17| 14
20 | 179 |18 1 225011 2255 30 | 272 | 185 8 | 16| 14
IO 2 | aso | 1 [20] 203780 2243 a0 | 272 | 140 8 | 15| 14
12 | 089 | 1[4 225435 2255 30 | 272 | 155 6 |34 16
| EEEEEEEE 225858 2500 30 | 272 | 128 6 |80 16
4 | 089 | 1|8 250254 2504 a0 | 272 | 160 6 |27 16
DN 260 [ 4 [ 1 230725 2508 30 | 272 | 120 7 |20 15
0 | o89 | 1[4 251135 2512 30 | 272 | 156 7 |19 ] 14
23:31:00 ENGINE STOP 7 1.6 1.3
SNOW ON NORTH FACE
OF ALL PEAKS
OVERCAST / CLEAR BELOW
MODERATE HAZE / SMOG
MOSTLY SMOOTH RIDE

Fageioi




Diagram – GPS Solution Residuals

F and R combined Lift 11
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F and R RMS Lift 11
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Height Lift 11
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PDOP Lift 11
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Trajectory Lift 11
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 11
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Diagram – GPS Solution Residuals

F and R combined Lift 12
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F and R RMS Lift 12
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Height Lift 12
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PDOP Lift 12
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Trajectory Lift 12
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 12
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LiDAR Collection Logsheet

Lift 14 Page 1
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Lift 14 Page 2
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Diagram – GPS Solution Residuals

F and R combined Lift 14
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F and R RMS Lift 14
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Height Lift 14
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PDOP Lift 14
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Trajectory Lift 14
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 14
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Diagram – GPS Solution Residuals

F and R combined Lift 15
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F and R RMS Lift 15
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Height Lift 15
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PDOP Lift 15
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Trajectory Lift 15
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 15
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Diagram – GPS Solution Residuals

F and R combined Lift 16
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F and R RMS Lift 16
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Height Lift 16
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PDOP Lift 16
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Trajectory Lift 16
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 16
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Diagram – GPS Solution Residuals

F and R combined Lift 17
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F and R RMS Lift 17
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Height Lift 17
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PDOP Lift 17
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Trajectory Lift 17
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Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 17
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Diagram – GPS Solution Residuals

F and R combined Lift 28
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F and R RMS Lift 28
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Height Lift 28
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PDOP Lift 28
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Trajectory Lift 28

[image: image93.jpg]Combined - Map Run (9)





Diagram – LiDAR Coverage Check for Project Lines

LiDAR Coverage Check Lift 28
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