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Summary of Test Results 
 
System: Citizen Cablevision:  Floyd-Fort Chiswell, VA 
Test Date: February 14, 2019 
 
A fly-over test for the above system was performed to assess the system’s signal leakage in the aeronautical 
band (108-140 MHz) as required by the FCC.  The purpose of the signal leakage testing is to identify and locate 
any non-complying leaks (leaks in excess of 10 µV/m at 1,476 feet (450m)).  Included in this report are a 
description of the test process, test results, probability graph, list of relatively high readings, and a map that 
shows the system boundary, flight pattern and locations of high readings.  A separate interactive map is 
supplied in a KMZ file format and it is provided to aid our cable customers in quickly identifying the physical 
location of leaks. 
 
Summary of the Results: 

1. Number of sample points ...................................................................................... 1293 points 
2. Number of points >  10 µV/m ...................................................................................... 0 points 
3. Maximum leakage Level ......................................................................................... 3.98 µV/m 
4. Average Leakage Level ............................................................................................ 0.23 µV/m 
5. Percentage of points < 10 µV/m ......................................................................... 100.00 
6. F.C.C. Requirement Result: ..................................................................................... Pass  

 
How to Use this Report 

1. All leaks that have a valid Signal to Noise Ratio (SNR) are visible within the KMZ file.  Leaks that are very 
close to a single major leak are collocated into that major leak source and the center of the leak is 
represented by that major leak source point.  Values of zero in the leakage level indicate a location 
where no leakage signal was detected with sufficient SNR to validate it as a leak. 
 

2. The leak locations depicted on the map are our best estimate of where the leak is, but they may not be 
the precise location of a leak.  Please use this as a starting point when looking for the cause of a leak. 

a. The distance to the actual leakage point is typically less than half of a nautical mile from the 
depicted leak location. 

 
3. Although all leakage levels with a valid SNR are mapped, only the leakage levels of 10 µV/m or greater, 

at the 450-meter altitude, are out of compliance.  The non-FCC leak levels (<10 µV/m) are only mapped 
in the KMZ file to aid the cable company in identifying potential areas of leakage concern. 
 

4. The provided KMZ file can be viewed in Google Earth Pro, which is available for free download and 
installation at the following link:  https://www.google.com/earth/download/gep/agree.html 

a. After installing Google Earth Pro, simply double click on the KMZ file and Google Earth Pro will 
be started and the tested area/results will be shown in Google Earth Pro. 

b. It is recommended that you do not save each test area in your “Temporary Places” folder upon 
exiting the program.  If you do, then after viewing multiple KMZs the performance of Google 
Earth Pro may become slow and require a reinstallation of Google Earth Pro. 

  

https://www.google.com/earth/download/gep/agree.html
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Test Process 
 
Approximately 30 days prior to the start of testing, the cable customer is sent a map of their system to be 
tested to confirm that the system boundaries are accurately captured.  After the cable customer’s verification 
of the system boundaries, the test system database is loaded with the cable system boundary along with a 
current USGS Digital Elevation Model (DEM).  The USGS DEM is used to ensure the test system has an up to 
date ground elevation database for the entire area to be flown.  This is required so that the test system can 
automatically adjust actual aircraft height to the FAA equivalent test height of 450 meters. 
 
A week prior to the start of testing, the test frequency is confirmed.  The frequency selected is verified that it 
won’t impact locally used FAA frequencies in that area.  The frequency is also confirmed that it complies with 
the FCC’s offset rules, which require odd multiples of 12.5 kHz in the 118-137 MHz band (FAA Communications 
band) and odd multiples of 25 kHz in the 108-117.9 MHz band (FAA Navigation band).  Given our 
comprehensive map of cable customers and frequencies used, we also verify that the frequency selected will 
not be impacted by adjacent cable operators in that area. 
 
If we provide signal injection equipment to the cable operator, then that equipment is delivered to the cable 
operator technician prior to the test.  We work with the local technician to confirm test equipment is installed 
and operating at the proper frequency and level prior to the commencement of testing.  If the cable 
operator’s equipment is being used, then the Mar-Tech test lead will confirm with the cable operator that the 
equipment is operating at the proper frequency and level as set by prior to the commencement of testing. 
 
Initial Setup and Calibration 
The Mar-Tech Digital system uses a comprehensive self-contained Built-In Test (BIT) to verify operation of the 
system.  During startup the day of testing, the internal BIT is used to confirm that the system is tuned to the 
correct frequency and all components are functioning properly.  During testing, the BIT periodically rechecks 
the system during flight to verify that the system is continuing to operate properly.  The BIT has three separate 
paths that it can run a test signal through the system.  The first closed loop path is to verify that the Software 
Defined Radio (digital receiver) is functioning properly.  The second closed loop path is to verify that the aft 
mounted Low Noise Amplifier (LNA) and switch are operating and the receive path gain is measured.  This 
second path is also used to set the system calibration level continuously during the flight to ensure all 
measurements have a calibrated reference level.  The final path is a brief external pulse pattern that is used by 
the system to verify the aft mounted antenna is fully functional and it also provides a full end to end check of 
the system.  Although antennas are highly reliable devices, this external radiation test is key to knowing that 
the full system is functioning properly throughout the testing. 

Mar-Tech Test Aircraft Configuration 
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System Operation 
The Mar-Tech Digital system is a smart system that is left on continuously during flight.  The system knows 
when it is in or out of the customer’s cable system boundary area and thus, it knows when to collect energy 
and when not to.  In addition, the system knows its altitude above the terrain continuously throughout the 
flight based on the USGS DEM and thus, the system is able to correct collected data back to the equivalent 
level as if the system were flying precisely at the FCC required flying altitude of 450 meter (1,476 feet) above 
the terrain.  The system is designed so that potential hot spots are highlighted in real-time to the crew to 
enable the crew to provide technician’s immediate feedback on notable leakage locations. 
 
Because the system is autonomous with real time processing, we are now able to provide quick look feedback 
to the cable operator as to what the preliminary test results are.  The detailed data from the test must still be 
post processed to more accurately collocate and geo-locate the leakage findings to a leak point on the earth. 
 
During system operation, the system corrects for the following factors: 

1. Antenna Gain, which is dependent on the collection frequency 
2. System Calibration, which is continuously determined through BIT 
3. Flying Altitude, which is continuously recorded and adjusted to be height above terrain 
4. Signal to Noise Ratio, by continuously measuring the ambient RF noise levels 

 
The field strength and background noise are continuously measured to determine if the Signal is at least 10 dB 
above the noise levels, which means the signal is 10 times stronger than the noise levels (SNR of 10dB).  The 
system is capturing and processing data at a Nyquist rate that is twice the rate at which the data is recorded 
into the database (once per second).  An aircraft flying 135 kts is covering 228 ft per sec and since the antenna 
can detect leakage signals up to 2 miles away, the typical leak may be in range for up to 50 sample periods.  
That is another reason our digital system is able to more precisely locate the origination source of a leak on 
the ground.  During post processing of the data, we further refine the location of a leak by examining signal 
characteristics and leakage data from adjacent flight paths to better geo-locate the leak on the earth. 
 
All data is sent back to Mar-Tech headquarters for post processing and certification of the results.  A report is 
then issued to the cable operator along with an interactive “KMZ” file that allows the cable operator to pan 
around their property to more precisely identify the location of leaks in the cable system.  Any leakage energy 
with sufficient SNR is mapped to enable cable operators to identify potential integrity issues in their system. 
 
Test Equipment & Calibration Schedule 

Test Equipment Calibration Schedule 
Aircraft (e.g. Cessna 210, BE76, …) Annual Inspection 

Aircraft Folded Dipole Antenna Tested Continuously in Flight 

Monopole Calibration Antenna Tested Continuously in Flight 

Aft Mounted LNA & Switch Tested Continuously in Flight 

SDR Digital Receiver System Tested Continuously in Flight 

SDR Precision Radio Annual Calibration 

Garmin WAAS Enabled GPS Annual Inspection 

Signal Level Meters (Wavetek SAM) Annual Calibration 

Signal Generators (HP 8647-A) Annual Calibration 
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Test Results and Analyzed Data 
 
Apply Frequency Correction Factor to Data 

Frequencies below 108 MHz:  (Data Sample) + 20 * log (f/108) µV 
Frequencies above 140 MHz:  (Data Sample) + 20 * log(f/140) µV 
where “f” is the test frequency in MHz 

 
Calibration of the Receiver 
After startup, the system quickly performs a complete self-test by sending a test tone through Switches (Sw) 1, 
2, 3 & 4 to validate system operation.  A simplified System RF Block Diagram is shown here: 

 
System Radio Frequency (RF) Simplistic Block Diagram & Calibration Paths 

After receiving the Cable System’s test frequency, the system then sets up to assist the operator in tuning the 
Bandpass Filter to be centered within ±0.4% of the System Test Frequency of 133.2625 MHz.  The actual 
measured bandpass filter response from this test are shown here: 

 

Bandpass Filter Alignment Test Results 

With the filter centered properly, the system then verifies the system gain both in the closed loop (no external 
RF energy) and externally to ensure the aft mounted antenna is fully functioning.  This tested is repeated many 
times during the flight, but here are the initial gains from this setup calibration. 

Effective System Gain:  :  21.52  dB (greater than 10 dB is required) 
External Path Validation:  21.59 dB (relative strength of signal above minimum allowable) 

 
Finally, the average flying height, above ground level, for this test was 4,165 feet.  As mentioned previously, 

the system is continuously correcting the collected data back to the equivalent level as if the system were 

flying precisely at the FCC required flying altitude of 450 meter (1,476 feet) above the terrain. 

Produced: 2019-02-14 2.03 - 2.0.7 : 10  
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Probability Graph 
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Relatively High Readings 
 
MAJOR LEAKS (> 10 µV/m): 

Reference # Coordinates Leak (uV/m) 

 No Major Leaks  

 
 
MINOR LEAKS (First 100 leaks that are ≤10 µV/m): 

Reference # Coordinates Leak (uV/m) 

1 36.922077,-80.318092  3.98 

2 36.921963,-80.317139  3.87 

3 36.921364,-80.308914  3.56 

4 36.921162,-80.303596  3.53 

5 36.922176,-80.318962  3.45 

6 36.921108,-80.302696  3.34 

7 36.921318,-80.308037  3.28 

8 36.921211,-80.304489  3.23 

9 36.934361,-80.946251  3.21 

10 37.530853,-80.066093  3.11 

11 36.938881,-80.946365  3.09 

12 36.942173,-80.944633  2.88 

13 36.823219,-80.958862  2.88 

14 37.530083,-80.066895  2.86 

15 36.921391,-80.309830  2.83 

16 36.936649,-80.946503  2.80 

17 36.941589,-80.945145  2.78 

18 36.921307,-80.307137  2.75 

19 36.921040,-80.301796  2.70 

20 36.942764,-80.944046  2.67 

21 36.827847,-80.987534  2.64 

22 36.920982,-80.300941  2.60 

23 36.922325,-80.319901  2.58 

24 36.939598,-80.946175  2.58 

25 36.935104,-80.946350  2.51 

26 36.931370,-80.945511  2.47 

27 36.820168,-80.957794  2.44 

28 36.921867,-80.316162  2.43 

29 36.940998,-80.945564  2.42 

30 36.921547,-80.312515  2.35 

31 36.919819,-80.940704  2.25 

32 36.937397,-80.946503  2.22 

33 36.921772,-80.315262  2.17 



 

7 
 

34 36.932072,-80.945755  2.14 

35 36.824020,-80.959145  2.13 

36 36.951176,-80.885071  2.05 

37 37.521576,-80.083389  2.05 

38 36.810234,-80.980553  2.05 

39 36.940296,-80.945877  2.04 

40 37.531509,-80.065422  1.98 

41 36.930519,-80.945221  1.98 

42 36.944061,-80.941978  1.95 

43 36.982914,-80.948997  1.92 

44 36.922993,-80.323547  1.91 

45 36.923893,-80.327164  1.90 

46 36.923183,-80.324478  1.90 

47 36.954716,-80.874825  1.90 

48 36.981483,-80.950447  1.84 

49 36.906364,-80.959412  1.84 

50 36.920914,-80.300041  1.84 

51 36.916721,-80.939636  1.84 

52 36.952175,-80.880951  1.84 

53 36.982227,-80.949722  1.83 

54 37.529259,-80.067764  1.83 

55 36.918247,-80.940117  1.82 

56 36.813236,-80.982300  1.82 

57 36.812466,-80.981850  1.79 

58 36.906326,-80.305428  1.78 

59 37.510548,-80.106407  1.75 

60 36.932922,-80.290428  1.73 

61 36.904636,-80.298592  1.72 

62 36.813999,-80.982681  1.72 

63 36.909702,-80.960709  1.72 

64 36.825607,-80.959663  1.72 

65 36.943195,-80.943489  1.70 

66 36.920574,-80.940971  1.67 

67 36.923378,-80.325218  1.67 

68 36.838234,-80.963959  1.65 

69 36.921688,-80.314331  1.64 

70 36.928249,-80.944313  1.64 

71 36.929020,-80.944672  1.63 

72 36.932941,-80.292717  1.62 

73 36.835869,-80.963188  1.61 

74 36.920742,-80.297394  1.60 

75 36.904739,-80.958771  1.60 

76 36.922634,-80.321747  1.60 

77 36.935993,-80.946465  1.58 
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78 36.979855,-80.951958  1.58 

79 36.951939,-80.881767  1.58 

80 36.905552,-80.959076  1.57 

81 36.951015,-80.885925  1.57 

82 36.809471,-80.980087  1.57 

83 36.915916,-80.939346  1.56 

84 36.810966,-80.981003  1.56 

85 36.933277,-80.296211  1.55 

86 36.920837,-80.299057  1.55 

87 36.952427,-80.880165  1.54 

88 36.921242,-80.305389  1.54 

89 36.932999,-80.294037  1.52 

90 36.907204,-80.959740  1.52 

91 36.943623,-80.942802  1.52 

92 36.933102,-80.295029  1.52 

93 36.917500,-80.939865  1.51 

94 36.980568,-80.951347  1.51 

95 36.938129,-80.946449  1.50 

96 36.983746,-80.948029  1.48 

97 36.920574,-80.293808  1.48 

98 36.811722,-80.981430  1.47 

99 36.907944,-80.960007  1.46 

100 36.903919,-80.958466  1.46 
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Summary Map 

 
 


