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Overview 

 
1.1 Vendor Contact Information: 

 
Continental Mapping Consultants, Inc. 
121 South Bristol Street 
Sun Prairie, WI 53590 
(888) 815‐3327 

 

Contact: Benjamin Leonard 
Telephone: (608) 501.1561 
Email: bleonard@continentalmapping.com 

 
 
 

1.2 Purpose 
 

The Strategic Alliance For Risk Reduction (STARR II) has been tasked to provide the Federal 
Emergency Management Agency (FEMA) with topographic data for Branch county, Michigan. 
For this effort, Continental Mapping Consultants (Continental) collected, processed, and 
classified high accuracy LiDAR data. 

 

The area of interest (AOI) covers approximately five hundred twenty (520) square miles and is 
located in south central Michigan. The AOI and specific project boundary are shown in Figure 
1.1. 

 

Project Specifications/Accuracy Requirements 
 

The specifications of this project were to conform to all applicable FEMA Standards, USGS LiDAR 
Base Specification v1.2 (2014), ASPRS LAS Specification Version 1.4‐R13 (2013), and ASPRS 
Positional Accuracy Standards for Digital Geospatial Data v1.0 (2014). 

 

LiDAR will be collected using the following requirements: 
• Atmospheric conditions will be cloud and fog free between the aircraft and the 

ground 

• Ground conditions will be snow free without extensive flooding or other 
inundation 

 

The county boundary was downloaded from the State of Michigan website, and buffered by 
100 meters. All classified LiDAR point cloud data, breaklines, and DEMs were created to the 
extent of the buffered project area. 

mailto:bleonard@continentalmapping.com
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The classification codes followed the USGS LiDAR Base Specification v1.2 (2014) classes utilizing 
the following: 

 

• Class 1 – Processed, but unclassified 
• Class 2 – Bare earth 
• Class 7 – Low noise 
• Class 9 – Water 
• Class 10 – Ignored ground (near a breakline) 
• Class 17 – Bridge decks 
• Class 18 – High noise 

 

Class 1 will be used for feature points that are not in Classes 2, 7, 9, 10, 17 and 18. 
Class 2 will be used for feature points that represent the bare‐earth. 
Class 7 will be used for feature points that represent low noise. 
Class 9 will be used for feature points that represent water. 
Class 10 will be used for feature points that represent ignored ground near breaklines. 
Class 17 will be used for feature points that represent bridge decks. 
Class 18 will be used for feature points that represent high noise. 

 

Resolution of LiDAR – To comply with the USGS Lidar Base Specification QL2, the project was 
flown at an altitude to produce at least 2 ppsm. 

 

 
Figure 1.1 Nominal Pulse Spacing Requirements 

 

Absolute Vertical Accuracy Requirement 
The USGS Lidar Base Specification QL2 non‐vegetated RMSE accuracy requirement is 10 cm 
RMSE. 

 
Figure 1.2 Project Accuracy Requirements 



 
Branch County, Michigan 2017 –Lidar Report 

 

Page 5 of 29  

Deliverables‐ 
 

• FEMA Certification of Completion 

• Flight Reports and Flight Logs 

• Raw lidar point cloud swaths in LAS v1.4 

o Including associated swath index in shapefile format 
• Tiled/classified lidar point clouds in LAS v1.4 

o Including associated tile index in shapefile format 
• 3D breaklines  

o ESRI File Geodatabase Polygon Z Feature Class 

o Polygon Z Feature Class Topology report 

o Polygon Z in shapefile format 

• Hydro‐Flattened DEMS in ERDAS Imagine .IMG 32‐bit floating point format 
o Including associated DEM tile index in shapefile format 

• Acquisition Spatial Data 

• Metadata 
• Ancillary Information 

 

 
 

Figure 1.3: Branch County, Michigan 
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Project Constraints 

• Lake effect snow. 

• Lake effect clouds. 

• Required lower altitude flights, due to cloud ceiling height 
• Leaf Off requirement 

 

2.1 Acquisition 
 

2.2 Project Planning 

A detailed project planning was performed for this project. Planning was based on project specific 
requirements, the project constraints, and industry best practices. The basis of planning for the 
project area included the required accuracies, shape of the project area, the amount   and type 
of vegetation within the project area, and the required data post spacing. A brief summary of the 
aerial acquisition parameters for this project are shown in Table 2.1. To acq u i re  the accuracies 
required, a control layout with checkpoints was developed. These points were presented to the 
STARR II for review, and surveyed by Compass Data, Inc. along with the required validation points. 

 

Table 2.1: Planned LiDAR System Specifications 
 

Parameters 10 cm RMSEz (non‐vegetated) 

Flying Height 1402 m AGL 

Aircraft Ground Speed (knots) 120 

Pulse Rate (Hz) 70000 

Scan Rate (Hz) 43.6 

Full Field of View (degrees) 16 

Multi‐Pulse Yes 

Full Swath Width (meters) 802 

Swath Overlap (percentage) 50% 

Average point density (pts/mˆ2) 2 
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Figure 2.1 Planned Flight Lines 
 

 

2.3 Ground Survey 
All survey responsibilities were performed by Compass Data, Inc. 

 

Datum 
Coordinate Reference System: 
Michigan State Plane South, FIPS 2113 
Horizontal Datum: NAD83 (2011), Epoch 2010.00  
X, Y Linear Units: International Survey Feet Vertical 
Datum: NAVD88, Geoid 12B 
Z Linear Units: International Feet 
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2.4 Aerial LiDAR 
Aerial LiDAR Base Station 
The base stations determine where LiDAR can be collected with the highest confidence of 
accuracy as determined by reading the same satellites in the aircraft and on the ground. Base 
Stations typically are set at airports and provide coverage within 20 to 25 miles of the base if 
possible in order to cover in its entirety. Due to the timing constraints of weather and leaf off 
conditions requirement, and the high quality of the CORS network, the MIBC station located in 
Battle Creek and the MICW station located in Coldwater were used for this project. Both 
stations collect a 1 second sampling rate and are maintained by the Michigan Department of 
Transportation. 

 

Aerial LiDAR Boresight Procedures 
The purpose of boresighting is to determine the offset values for the IMU used in the LiDAR 
sensor. To determine the boresight offset values, the LiDAR sensor has to be flown in a certain 
configuration over a well‐controlled site. The boresighting is done both prior to the flight of 
the project area and after. This insures that the quality of the LiDAR was maintained 
throughout t h e  process. 

 

Aerial LiDAR Acquisition 
The aerial survey teams were deployed at the first opportunity based on availability of 
acceptable weather conditions. Due to snow cover and lake effect precipitation, the flight was 
delayed until March. ALTM‐Nav Planner software was utilized to conduct the final flight 
planning. The sensor used was an Optech Gemini, which is owned and operated by GRW Aerial 
Surveys, Inc. Due to weather conditions at the collection site or acquisition logistics, 14 total 
lifts were completed for collection. There were 90 project flight lines, and 6 cross flights 
collected of which 2 (lines 68 & 77) were used for calibrating. There was also 1 line (line 76) not 
used in production due to excessive cloud coverage that was successfully collected for coverage 
in an adjacent lift. The LiDAR acquisition started on March 22, 2017 and ended on April 24, 
2017. 

 
Table 2.3: Flight Line Detail 

 

Flight 
Plan Line 

 

LAS LINE 
 

TRJ NAME 
 

Flight Date 

1 1 s0001 3/22/2017 

2 2 s0002 3/22/2017 

3 3 s0003 3/22/2017 

4 4 s0004 3/22/2017 

5 5 s0005 3/22/2017 

6 6 s0006 3/22/2017 

7 7 s0007 3/22/2017 

8 8 s0008 3/22/2017 
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9 9 s0009 3/22/2017 
 

10 10 s0010 3/22/2017 

11 11 s0011 3/22/2017 

12 12 s0012 3/22/2017 

13 13 s0013 3/22/2017 

14 14 s0014 3/22/2017 

15 15 s0015 3/22/2017 

16 16 s0016 3/22/2017 

17 17 s0017 3/22/2017 

18 18 s0018 3/22/2017 

19 19 s0019 3/23/2017 

20 20 s0020 3/23/2017 

21 21 s0021 3/23/2017 

22 22 s0022 3/23/2017 

23 23 s0023 3/23/2017 

24 24 s0024 3/23/2017 

25 25 s0025 3/23/2017 

26 26 s0026 3/23/2017 

27 27 s0027 3/23/2017 

28 28 s0028 3/23/2017 

29 29 s0029 3/23/2017 

30 30 s0030 3/23/2017 

31 31 s0031 3/23/2017 

32 32 s0032 3/23/2017 

33 33 s0033 3/23/2017 

34 34 s0034 3/23/2017 

35 35 s0035 3/23/2017 

36 36 s0036 4/12/2017 

37 37 s0037 4/12/2017 

38 38 s0038 4/12/2017 

39 39 s0039 4/12/2017 

40 40 s0040 4/12/2017 

41 41 s0041 4/12/2017 

42 42 s0042 4/12/2017 

43 43 s0043 4/12/2017 

44 44 s0044 4/12/2017 

45 45 s0045 4/12/2017 

46 46 s0046 4/12/2017 
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47 47 s0047 4/12/2017 
 

48 48 s0048 4/12/2017 

49 49 s0049 4/12/2017 

50 50 s0050 4/12/2017 

51 51 s0051 4/12/2017 

52 52 s0052 4/12/2017 

53 53 s0053 4/12/2017 

54 54 s0054 4/12/2017 

55 55 s0055 4/14/2017 

56 56 s0056 4/14/2017 

57 57 s0057 4/14/2017 

58 58 s0058 4/14/2017 

59 59 s0059 4/14/2017 

60 60 s0060 4/14/2017 

61 61 s0061 4/14/2017 

62 62 s0062 4/14/2017 

63 63 s0063 4/14/2017 

64 64 s0064 4/14/2017 

65 65 s0065 4/14/2017 

66 66 s0066 4/14/2017 

67 67 s0067 4/14/2017 

68 68 s0068 4/18/2017 

69 69 s0069 4/18/2017 

70 70 s0070 4/18/2017 

71 71 s0071 4/18/2017 

72 72 s0072 4/19/2017 

73 73 s0073 4/19/2017 

74 74 s0074 4/19/2017 

75 75 s0075 4/19/2017 

76 76 s0076 4/19/2017 

77 77 s0077 4/23/2017 

78 78 s0078 4/23/2017 

79 79 s0079 4/23/2017 

80 80 s0080 4/23/2017 

81 81 s0081 4/23/2017 

82 82 s0082 4/23/2017 

83 83 s0083 4/23/2017 

84 84 s0084 4/23/2017 
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85 85 s0085 4/23/2017 
 

86 86 s0086 4/23/2017 

87 87 s0087 4/23/2017 

88 88 s0088 4/23/2017 

89 89 s0089 4/23/2017 

90 90 s0090 4/24/2017 

91 91 s0091 4/24/2017 

92 92 s0092 4/24/2017 

93 93 s0093 4/24/2017 

94 94 s0094 4/24/2017 

95 95 s0095 4/24/2017 

96 96 s0096 4/24/2017 

97 97 s0097 4/24/2017 

 

Position Dilution of Precision Report (PDOP) 

 
  03/22/2017 A  
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  03/22/2017 B 

 
 

 

 

3/23/2017 A 
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  03/23/2017 B 

 

 
 
 
 
04/12/2017 A 

 
 



 
Branch County, Michigan 2017 –Lidar Report 

 

Page 14 of 29  

04/12/2017 B 

 
 

 

 

04/14/2017 A 
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  04/14/2017 B 

 
 

 

 

 

 

 

  04/14/2017 C 
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  04/18/2017 A 

 
 

 

 

  04/19/2017 A 
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  04/23/2017 A 

 
 

 

 

  04/23/2017 B 
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  04/24/2017 A 

 
 

 

 
Figure 2.5: Base Station Locations 
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Project Site Definition 
Min/Max Ground Elevation 836‐1173' 

Geographic Location Branch Co, MI 

Distance Units Int'l Feet 

Coordinate System SPC ‐ MI‐S 

Horizontal Datum NAD83 ‐ 2011 

Vertical Datum NAVD88 – Geoid12A 

Optech Gemini System Settings (SN246) 

Scan FOV 16 

Flying Altitude AMSL (ft)/ AGL (ft) 5500/4600 
Laser Pulse Rate (Hz) 70000 

Scan Rate (Hz) 43.6 
Laser Power % 100 

Raw Laser Statistics 

Swath Width (ft) 2630 

Swath Overlap % 50 

Average Point Density 2 points/sq meter 

Flight Mission Data 

Aircraft Cessna 206 Tail #N85PE 

Dates Flown 03/22/17, 03/23/17, 04/12/17, 04/14/17, 

04/18/17, 04/19/17, 04/23/17, 04/24/17 

Number of Flight Lines 97 

Flight Speed ~125 knots 

Base Station Type CORS 

GPS/INS Notes Multi-CORS/TPOS 

Data Processing 

  Tile Layout Used Arbitrary 

  Class 1 Unclassified 

  Data Formats Created LAS 1.4 

  Processing Notes Line 76 omitted from production (clouds) 

Accuracy Results 

  Number of Control Points Used in Analysis 21 

  Number of Control Points Eliminated from Original Set 0 

  Reasons for Point Removal N/A 

  Average Elevation Variation 0.038 

  Minimum Elevation Dz 0.19 

  Maximum Elevation Dz   0.14 

  RMS 0.98 

 Standard Deviation 0.93 

 Horizontal Accuracy <1m 

 

3.0 Processing Summary 
The Continental team utilized PosPac v7.1 software to process the sbet and precision files. 
Optech Lidar Mapping Suite v2.4.1.14540 used for LAS creation. TerraMatch was then used to 
refine the calibration of the LiDAR dataset. The trajectory files and point cloud swaths are 
imported into GeoCue to perform project setup and calibration QC. This project set up phase 
sets the project parameters, tiling scheme, and is the platform for initial macro runs.  
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After import, checkpoints are run against the point cloud to verify the accuracy of the data prior 
to classification. The detailed description of this process is below in 4.0 Accuracy Assessment. 
After verifying the a curacy, the processing continues. Multiple macros are run through 

TerraScan to flag overlap, and to classify the ground. Due to differing terrain, this step may 
take multiple iterations. Once the analyst has verified the results with the ground macro, the 
ground classification QC begins. 
 
During the QC phase, analysts are reclassifying the point cloud in areas where the macro was not 
able to, or were misclassified. Multiple macros are run on the dataset after the ground 
classification is complete including water macros.  The water macros utilize the hydro breaklines 
that were manually digitized. These digitized breaklines were classified as ponds and rivers. After 
the hydro features were digitized, the ponds were flattened. This process calculated the lowest 
elevation of the feature, and used that elevation to populate the remaining vertices. This process 
verifies that all ponds are flat. 
 
The river polygons that were digitized were ran against a monotonicity tool.  This tool utilized the 
elevation of a centerline that had the correct elevation and pushed that elevation to the river 
polygon.  This process not only maintains the monotonicity of the river, but also ensures that the 
river is flat from bank to bank. Then rigorous quality steps are performed each classification level. 
The bare earth lidar points that were within 3 feet of the water were classified to class 10.  After 
the analysts have completed the QC process in TerraScan, raster files were produced into 32‐bit 
floating GeoTiffs and Erdas Imagine IMG files using LP360.  These files were creted using only the 
ground class. The DEMS are ran against proprietary tools to identify any remaining potential 
blunders. These checks look for issues with the breaklines, and the overall DEM deviations. 
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4.0 Accuracy Assessment 
Continental utilized various software packages and techniques to verify the accuracy of the 
data. Utilizing QCoherent’s LP360, Continental ran a survey to las check, followed by seamline 
analysis (swath to swath analysis) to verify the absolute and relative accuracy of the dataset. 
The survey to las check calculates the deviation between the survey point elevation and the 
point cloud elevation and exports an RMSE report. This check was run by Continental, utilizing 
the provided control. This check was also run by Compass Data Inc. utilizing the NVA points. The 
second check, calculates the deviation between the seamlines of the point cloud swaths. This 
check is performed in QCoherent’s GeoCue after classifying the initial ground. The output of the 
seamline analysis is represented visually on an intensity image. These images were delivered 
with the project deliverables. Below is the specification for this check. 

 

 
Table 4.1 Seamline analysis requirements 
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The third and final check, the Bare Earth surface Non-Vegetated and Vegetated Vertical Accuracy 
(VVA) testing occurred after the ground classification has been completed. The VVA testing 
was performed by Compass Data Inc. 

 

 
Table 4.2 NVA and VVA accuracy requirements 

 

LiDAR Swath Non‐Vegetated Vertical Accuracy Assessment 
There were 37 NVA points collected and tested using swath data in Branch County. The NVA 
test has passed with a 95% confidence level of 6.5 cm. 
 

Bare Earth Non‐Vegetated Vertical Accuracy Assessment 
There were 37 NVA points collected and tested using bare earth DEMs in Branch County. The 
NVA test has passed with a 95% confidence level of 5.5 cm. 

 

Bare Earth Vegetated Vertical Accuracy Assessment 

There were 28 VVA points collected and tested using bare earth DEMs in Branch County. The VVA 
test has passed at a 95th percentile of 7.7 cm. 

Once all the deliverables have been produced and verified, the data was moved to the Quality 
office for final review. The Quality office verifies that the correct procedures were followed, 
tests the data, and verifies that all the deliverables in the SOW are finished. 
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APPENDIX A FLIGHT LOG 
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