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HVC-116 EXAM PREVIEW 

 
 
Instructions: 

 At your convenience and own pace, review the course material below.  When ready, 
click “Take Exam!” above to complete the live graded exam.  (Note it may take a few 
seconds for the link to pull up the exam.)  You will be able to re-take the exam as 
many times as needed to pass.   

 Upon a satisfactory completion of the course exam, which is a score of 70% or 
better, you will be provided with your course completion certificate.  Be sure to 
download and print your certificates to keep for your records.    

Exam Preview: 
1. While the lidar scanner, which uses online-waveform processing to capture multiple 

returns per pulse, is capable of successfully capturing focus surfaces through snowfall, 
the TIR sensor does not perform well. 

a. True 
b. False 

2. For coincident internal temperature measurements, a set of Onset HOBO UA-002-
64 pendant loggers were used for multiple temperature logging locations within the 
buildings. These low-cost, small-footprint sensors have a measurement range of 

20°C to ___°C, an accuracy of ±0.53°C, and a resolution of 0.14°C at 25°C. 
a. 30 
b. 50 
c. 70 
d. 100 

3. The lidar sensor is a Riegl VZ-1000 terrestrial laser scanner (TLS). It uses a 1550 nm 
eye-safe pulsed laser to measure range and surface reflectance values over a 360° 
horizontal by ___° vertical field of view. 

a. 75 
b. 80 
c. 90 
d. 100 

4. Subsequent scans around the buildings were tied to the baseline georeferenced scan 
through two processes: coarse registration and Multi Station Adjustment (MSA). 

a. True 
b. False 

 



5. The FLIR SC640 has similar technical specifications to the VarioCAM HD 880 
sensor, with the following main differences: spectral range of 7.5–13 m, 640 × 480 
pixel image, measurement range of 40°C to ____°C, measurement accuracy of 
±2°C or ±2% of the reading, and operating temperature range of 15°C to 50°C.  

a. 1100 
b. 1300 
c. 1500 
d. 1700 

6. As per the Palmer Station Master Plan, USAP is assessing the infrastructure for 
modernization to allow the station to be a viable platform for Ant-arctic research for 
the next _______ years. 

a. 15 to 30 
b. 25 to 40 
c. 35 to 50 
d. 40 to 65 

7. According to the reference material, coarse registration involves finding a minimum 
of ___ common points between overlapping scans to roughly align the point clouds 
together. 

a. 2 
b. 4 
c. 6 
d. 8 

8. According to the DWR section in the reference material, the black-trim windows 
displayed large temperature anomalies, whereas the all-trim windows displayed little 
to no hear loss below their frames. 

a. True 
b. False 

9. Which of the following facilities had a significantly lower temperature differential 
between its exterior surfaces and therefore a more uniform temperature gradient 
when observing the thermal envelope 3-D model? 

a. CRREL 
b. Biolab 
c. GWR 
d. Terralab 

10. The TIR sensor outputs a proprietary-format image file for each image captured. This 
file type, .irb, is then ingested into InfraTec’s IRBIS 3 soft-ware package for both 
analysis and processing. 

a. True 
b. False 

 



ERDC/CRREL TR-18-9 ii 

Abstract 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 iii 

Contents 

Abstract .......................................................................................................................................................... ii 

Figures and Tables ........................................................................................................................................ iv 

Preface ............................................................................................................................................................ vi 

Acronyms and Abbreviations .....................................................................................................................vii 

Unit Conversion Factors ........................................................................................................................... viii 

1 Introduction ............................................................................................................................................ 1 
1.1 Background ..................................................................................................................... 1 
1.2 Objectives ........................................................................................................................ 2 
1.3 Approach ......................................................................................................................... 3 
1.4 Instrumentation platform: lidar/TIR system .................................................................. 4 

2 Data Acquisition .................................................................................................................................... 7 
2.1 Interior temperature loggers .......................................................................................... 7 
2.2 Exterior climate station data .......................................................................................... 9 
2.3 GNSS RTK control survey ............................................................................................. 10 
2.4 TIR handheld imagery ................................................................................................... 12 
2.5 Electro-optical (EO) imagery ......................................................................................... 13 
2.6 Lidar/TIR system acquisition ....................................................................................... 13 

3 Data Processing .................................................................................................................................. 17 
3.1 Lidar registration/georeferencing ................................................................................ 17 
3.2 Temperature value registration .................................................................................... 18 

4 Results and Discussion ...................................................................................................................... 19 
4.1 Biolab ............................................................................................................................ 19 
4.2 GWR ............................................................................................................................... 22 
4.3 Terralab ......................................................................................................................... 25 

5 Conclusions .......................................................................................................................................... 28 

References ................................................................................................................................................... 29 

Appendix A: Palmer Survey Maps ............................................................................................................ 30 

Appendix B: CRREL Lidar/TIR System Data Acquisition Procedure ................................................ 33 

Appendix C: Scanning Log—Reflector Survey ....................................................................................... 35 

Report Documentation Page 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 iv 

Figures and Tables 

Figures 

 1 Site layout for Palmer Station, Antarctica, with the three surveyed buildings 
(Biolab, Garage-Warehouse-Recreation, and Terralab) identified ........................................... 3 

 2 CRREL’s lidar/TIR system in use on the GWR rooftop platform, October 2015. 
The InfraTec VarioCAM HD camera is mounted to a Riegl VZ-1000 terrestrial 
laser scanner .................................................................................................................................. 4 

 3 Sample TIR image captured by the VarioCAM sensor ............................................................... 6 
 4 Internal building temperatures from various locations within each of the three 

buildings at the time of external lidar and thermal scanning ................................................... 8 
 5 Palmer Station temperature climatology .................................................................................... 9 

 6 For the dates of deployment, Palmer Station daily temperature and temperature 
climatology ..................................................................................................................................... 10 

 7 Example image of a 10 cm reflector cylinder with a reflective tape face used in 
georeferencing lidar point clouds ............................................................................................... 11 

 8 CRREL’s Dr. Elias Deeb operating the FLIR SC640 during daytime for comparison 
to nighttime image collections .................................................................................................... 13 

 9 CRREL’s Adam LeWinter collecting data at Palmer Station using the lidar/TIR 
System ........................................................................................................................................... 14 

 10 Comparison of lidar data collected without snow precipitation (top) and with 
significant falling and blowing snow, highlighted by reflectance, in red (bottom). 
While the lidar system is capable of measuring the building surface through 
snowfall, the building surface resolution is reduced, and the thermal values are 
skewed ........................................................................................................................................... 16 

 11 Detail of damaged or unseated insulation along southwest roofline soffits on the 
Biolab. Multiple areas were completely devoid of this insulation material .......................... 19 

 12 Southwest face of Biolab. Significant venting of heat was observed at the 
ground-level doorway, along the lower connection of the cafeteria deck, at the 
cafeteria deck exit, and along the roofline soffit. In addition, degradation of 
insulation is evident below the upper-level windows ............................................................... 20 

 13 Ground-level entrance and vestibule on the south-southwest section of Biolab. 
Higher surface temperatures were measured at the entrance and within the 
vestibule. The second- and third-level soffits show heat loss. Some heat loss was 
observed along exterior metal sheeting overlaps .................................................................... 20 

 14 Southeast face of Biolab, including the walkway and entrance into the 
kitchen/cafeteria. Significant heat loss was observed along the top soffit with 
the highest temperature values measured on far right side of the image. 
Windows display varying levels of heat loss. There is degradation of insulation 
below the upper windows, possibly from water leaking. The ceiling level of the 
ground level/floor of second level has heat loss along the exterior ...................................... 21 

 15 Southeast face of Biolab. The far right of the roofline shows significant heat loss 
along the roofline soffit. There is degradation of insulation below upper windows, 
possibly due to water leaking. The ceiling of the ground level and floor of the 
second level has heat loss along the exterior. A hot spot is visible to the right of 
the kitchen exhaust vent ............................................................................................................. 21 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 v 

16 South face of GWR. There is significant degradation below white-trim windows. 
Smaller, black-trim windows display no leaking of heat below the frames, 
indicating a better seal. Heat loss is observed along the roofline soffit, though 
not as large of a temperature difference compared to observations of the Biolab 
soffits. Lower portions of the building were obstructed by heavy equipment 
parked by the building, a necessity for charging and heating purposes .............................. 22 

17 Detail images from the south face of GWR. The top image, captured with the 
handheld DSLR camera, demonstrates the two main types of windows in use in 
GWR: black-trim and white-trim. The white-trim windows clearly show significant 
heat loss below while no temperature differences were measured below the 
smaller black-trim windows ......................................................................................................... 23 

18 East face of GWR, displaying significant heat loss and insulation damage below 
white-trim windows. The damage to insulation continues from the top-floor 
windows fully down to ground level. A patched panel to the right of the windows 
also displays heat loss below. No significant heat loss was measured along the 
roofline or exterior panel seams ................................................................................................. 24 

19 Significant heat loss below all windows along the GWR north side. All windows 
are white-trim style ....................................................................................................................... 25 

20 Interior scan of the garage bay in GWR. The top image is a two-dimensional view 
of the point cloud colored by surface reflectance in the lidar laser wavelength 
(dark-to-light equals low-to-high surface reflectance). The bottom image is the 
same view colored by temperature. An even gradient from the floor up in 
temperature is visible along with areas of cold ingress and heat loss around the 
garage door and entry doorway .................................................................................................. 25 

21 Visible image (top) and lidar/TIR image (bottom) of Terralab. Small temperature 
gradients along the exterior panel seams are visible. The most significant heat 
loss occurs at the entryway doors and a vent halfway up the image foreground 
support post. Overall, this building appears sufficiently insulated ........................................ 26 

22 Temperature-colored point cloud view of the southeast side of Terralab............................. 27 
23 Panorama of the interior of Terralab’s south room. Slight cool air ingress is 

visible along the wall–ceiling interface. Studs and rafters are visible through the 
drywall. Of note is the minimal cool air ingress along all of the windows, 
indicating that they are performing very well............................................................................ 27 

24 Screen shot of the lidar/TIR survey data for the three major buildings at Palmer 
Station, Antarctica, in the web-based portal ............................................................................. 28 

Tables 

1 Lidar and thermal acquisition dates/times at Palmer Station ............................................... 10 
2 Recorded values from the RTK surveys of the 10 cm reflector cylinders used for 

georeferencing the lidar point clouds ........................................................................................ 12 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 vi 

Preface 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 vii 

Acronyms and Abbreviations 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 viii 

Unit Conversion Factors 

MMultiply  BBy  TTo Obtain  

bars 100 kilopascals 

degrees (angle) 0.01745329 radians 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

inches 0.0254 meters 

microinches 0.0254 micrometers 

microns 1.0 E-06 meters 

miles (U.S. statute) 1,609.347 meters 

miles per hour 0.44704 meters per second 

pounds (mass) 0.45359237 kilograms 

yards 0.9144 meters 
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1 Introduction 

1.1 Background 
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1.2 Objectives 
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FFigure 1.  Site layout for Palmer Station, Antarctica, with the three surveyed buildings (Biolab, 
Garage-Warehouse-Recreation, and Terralab) identified. Photo provided by the National 

Science Foundation. 

 

1.3 Approach 
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1.4 Instrumentation platform: lidar/TIR system 

FFigure 2.  CRREL’s lidar/TIR system in use on the GWR rooftop platform, 
October 2015. The InfraTec VarioCAM HD camera is mounted to a Riegl 

VZ-1000 terrestrial laser scanner. 
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FFigure 3.  Sample TIR image captured by the VarioCAM sensor. The color scale is 
15°C to 5°C. Temperature profiles (vertical and horizontal) are displayed on the 

bottom and right of the image for the pixels intersecting with the cross hairs. The 
horizontal profile clearly captures insulation deficiencies below windows. 
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2 Data Acquisition 

2.1 Interior temperature loggers  
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FFigure 4. Internal building temperatures from various locations
within each of the three buildings at the time of external lidar and

thermal scanning.
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2.2 Exterior climate station data 

FFigure 5.  Palmer Station temperature climatology. 
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TTable 1. Lidar and thermal acquisition dates/times at Palmer Station.

Building  Scan Date/Time (GMT)  Scan Date/Time (GMT--3)  

Terralab 11 Oct 2015 00:00 to 
11 Oct 2015 03:00 

10 Oct 2015 21:00 to 
11 Oct 2015 00:00 

Biolab 11 Oct 2015 23:30 to 
12 Oct 2015 03:00 

11 Oct 2015 20:30 to 
12 Oct 2015 00:00 

GWR 12 Oct 2015 04:00 to 
12 Oct 2015 06:00 

12 Oct 2015 01:00 to 
12 Oct 2015 03:00 

Figure 6.  For the dates of deployment, Palmer Station daily temperature (red) and 
temperature climatology (green = historical mean; solid blue = historical minimum and 

maximum; dashed blue = ±1 standard deviation from the mean). 

 

2.3 GNSS RTK control survey 
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FFigure 7.  Example image of a 10 cm reflector 
cylinder with a reflective tape face used in 

georeferencing lidar point clouds. 
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TTable 2.  Recorded values from the RTK surveys of the 10 cm reflector 
cylinders used for georeferencing the lidar point clouds. 

 

2.4 TIR handheld imagery  
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FFigure 8.  CRREL’s Dr. Elias Deeb operating the FLIR SC640 during 
daytime for comparison to nighttime image collections. 

 

2.5 Electro-optical (EO) imagery 

2.6 Lidar/TIR system acquisition 
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FFigure 9.  CRREL’s Adam LeWinter collecting data at Palmer Station 
using the lidar/TIR System. 

 

www.riegl.com
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FFigure 10.  Comparison of lidar data collected without snow 
precipitation (top) and with significant falling and blowing snow, 

highlighted by reflectance, in red (bottom). While the lidar 
system is capable of measuring the building surface through 
snowfall, the building surface resolution is reduced, and the 

thermal values are skewed. 
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3 Data Processing 

3.1 Lidar registration/georeferencing 

www.riegl.com
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3.2 Temperature value registration 
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4 Results and Discussion 

4.1 Biolab 

FFigure 11.  Detail of damaged or unseated insulation along southwest roofline soffits on the 
Biolab. Multiple areas were completely devoid of this insulation material.  
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FFigure 12. Southwest face of Biolab. Significant venting of
heat was observed at the ground-level doorway, along the

lower connection of the cafeteria deck, at the cafeteria deck
exit, and along the roofline soffit. In addition, degradation of

insulation is evident below the upper-level windows.
Temperature scale: 15°C to 5°C.

  

Figure 13.  Ground-level entrance and vestibule on the south-southwest section of 
Biolab. Higher surface temperatures were measured at the entrance and within the 

vestibule. The second- and third-level soffits show heat loss. Some heat loss was 
observed along exterior metal sheeting overlaps. Temperature scale: .
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FFigure 14. Southeast face of Biolab, including the walkway and entrance into the
kitchen/cafeteria. Significant heat loss was observed along the top soffit with the

highest temperature values measured on far right side of the image. Windows display
varying levels of heat loss. There is degradation of insulation below the upper

windows, possibly from water leaking. The ceiling level of the ground level/floor of
second level has heat loss along the exterior. Temperature scale: .

  

Figure 15.  Southeast face of Biolab. The far right of the roofline 
shows significant heat loss along the roofline soffit. There is 

degradation of insulation below upper windows, possibly due to 
water leaking. The ceiling of the ground level and floor of the 

second level has heat loss along the exterior. A hot spot is 
visible to the right of the kitchen exhaust vent. Temperature 

scale: . 
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4.2 GWR 

FFigure 16.  South face of GWR. There is significant degradation below white-trim windows 
(see Fig. 17 for the electro-optical image). Smaller, black-trim windows display no leaking of 

heat below the frames, indicating a better seal. Heat loss is observed along the roofline soffit, 
though not as large of a temperature difference compared to observations of the Biolab 

soffits. Lower portions of the building were obstructed by heavy equipment parked by the 
building, a necessity for charging and heating purposes. Temperature scale: . 
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FFigure 17. Detail images from the south face of GWR. The top image, captured with the
handheld DSLR camera, demonstrates the two main types of windows in use in GWR: black-
trim and white-trim. The white-trim windows clearly show significant heat loss below while no
temperature differences were measured below the smaller black-trim windows. Temperature

scale for the bottom image: .
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FFigure 18. East face of GWR, displaying significant heat loss and insulation
damage below white-trim windows. The damage to insulation continues from the
top-floor windows fully down to ground level. A patched panel to the right of the
windows also displays heat loss below. No significant heat loss was measured
along the roofline or exterior panel seams. Temperature scale for the bottom

image: to 5°C.
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FFigure 19. Significant heat loss below all windows along the GWR north side. All
windows are white-trim style. Temperature scale: .

Figure 20.  Interior scan of the garage bay in GWR. The top image is a two-dimensional view of 
the point cloud colored by surface reflectance in the lidar laser wavelength (dark-to-light 
equals low-to-high surface reflectance). The bottom image is the same view colored by 

temperature. An even gradient from the floor up in temperature is visible along with areas of 
cold ingress and heat loss around the garage door and entry doorway. Temperature scale for 

the bottom image: 10°C to 45°C. 

4.3 Terralab 
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FFigure 21.  Visible image (top) and lidar/TIR image (bottom) of Terralab. Small 
temperature gradients along the exterior panel seams are visible. The most 

significant heat loss occurs at the entryway doors and a vent halfway up the image 
foreground support post. Overall, this building appears sufficiently insulated. 

Temperature scale for the bottom image: 10°C to 5°C. 

 

ENGINEERING-PDH.COM 
| HVC-116 | 



ERDC/CRREL TR-18-9 27 

FFigure 22.  Temperature-colored point cloud view of the southeast side of Terralab. 
Temperature scale:  (same temperature scale as Fig. 21). 

 

Figure 23.  Panorama of the interior of Terralab’s south room. Slight cool air ingress is visible 
along the wall–ceiling interface. Studs and rafters are visible through the drywall. Of note is 

the minimal cool air ingress along all of the windows, indicating that they are performing very 
well. Temperature scale: 17°C to 30°C. 
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5 Conclusions 

FFigure 24.  Screen shot of the lidar/TIR survey data for the three major buildings at Palmer 
Station, Antarctica, in the web-based portal. 
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Appendix A: Palmer Survey Maps 
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Appendix B: CRREL Lidar/TIR System Data Ac-
quisition Procedure 

B.1 Overview 

B.2 Acquisition PC setup 

B.2.1 Network 

B.2.2 RiSCAN Pro setup 
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B.2.3 InfraTec IRBIS 3 Professional setup 

B.3 Hardware setup 

B.4 Collection of data 
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Appendix C: Scanning Log—Reflector Survey 
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