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1.  Introduction 
 

Trials were carried out using aircraft-based technologies to measure the emissions of 
Methane (CH4), nitrous oxygen (N2O) and Ammonia (NH3) from a large feedlot near 
Charlton, Victoria. 

The following document will describe details about the instrumentation, the airborne platform, 
the integration of the instrumentation into the airborne platform, the flight strategy and the 
results achieved so far. 

Key partners in these trials were Prof. Deli Chen (University of Melbourne) and Prof. Jorg M. 
Hacker (Flinders University - Airborne Research Australia - ARA), and their respective 
science and technical teams. 

Key instrumentation were two Aerodyne QCL (Quantum Gas Analyzers) plus meteorological 
sensors fitted to one of ARA's small research aircraft flown "low and slow" around and over 
the feedlot area during 8 days in March to May 2015. 

The aims of the trial were: 

• To confirm satisfactory operation of the QCLs in the airborne platform; 

• To determine the capability of the QCLs to detect the concentrations of the three 
emission parameters, including a test of the best sensitivity that can be achieved in 
this mode of operation; 

• To confirm that the combination of the QCLs with the meteorological instrumentation 
is capable to determine the spatial extent of the emission plumes; 

• To confirm that the methods can be used to identify the exact source regions of the 
emissions; 

• To determine the emission strengths at various distances from the sources. 

 

Note: At this stage, the document focuses on the measurement of methane (CH4) 
concentration with only some references to measurements of nitrous oxide (N2O) and 
ammonia (NH3) concentrations which were also carried out during these trials. A later version 
will give more retails about the latter quantities as well. 
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2. Instrumentation 
 

The following instrumentation was selected for the trial: 

 

• Aerodyne QCL gas analyser for CH4 and N2O (also able to measure H2O); 

• Aerodyne QCL gas analyser for NH3; 

• ARA MetPOD with sensors for the following quantities: 

• high-resolution 3D air motion (horizontal and vertical wind components) 

• air temperature 

• humidity 

• air pressure 

• CO2 concentrations (LiCor 7500 gas analyser) 

• IR surface temperature 

• flying altitude above terrain 

• high-resolution aircraft parameters such as position, altitude, ground- and 

airspeed, attitude (pitch, roll, heading) and air angles, accelerations. 

 

Specifications for the Aerodyne QCLs are available on the Aerodyne website 

(www.aerodyne.com) and for the ARA MetPOD on the ARA website 

(www.airborneresearch.org.au).  

Data from the sensors was logged at various rates - the QCL-data at 1Hz (limited by 

the size of the vacuum pump), to 20Hz for most meteorological parameters and up to 

250Hz for aircraft parameters such as for instance 3D-accelerations. 
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3. Airborne Platform 
 

One of two more or less identical Diamond Aircraft HK36TTC ECO-Dimonas were used as 
airborne platforms for the survey (registration VH-EOS and VH-OBS). 

 

Figure 1 shows the aircraft. 

 

Diamond Aircraft HK36TTC

ECO-Dimonas

VH-EOS & VH-OBS

Purpose-built special mission aircraft

based on modern gliding technology

FLINDERS UNIVERSITY

ADELAIDE    ● AUSTRALIA

FLINDERS UNIVERSITY

ADELAIDE    ● AUSTRALIA

 

Figure 1: The two special mission aircraft used for the trials, Diamond Aircraft 
HK36TTC-ECO Dimonas, VH-OBS and VH-EOS. Note the underwing pods carrying the 

instrumentation. 
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4. Integration and Testing of the Instrumentation 
 

The MetPOD is one of the standard underwing pods on the ARA research aircraft and 
therefore did not require any special installation procedures. 

Due to the available space and electrical power available in the aircraft, in the first instance 
only one of the two QCLs was able to be flown at a time. The actual integration of the QCL 
with its required ancillary units (a ThermoCube and a vacuum pump) required considerable 
engineering design and mechanical challenges at ARA and at Aerodyne. 

The following integration and testing steps were carried out: 

• Modification of the housing of the QCLs to fit the 19"-rack in the aircraft's underwing pod. 
This was done by Aerodyne. 

• After considering all options, it was decided that the ThermoCube and the vacuum pump 
would be installed in the baggage area in the aircraft's cockpit on a purpose-build tray 
which enabled easy installation and removal of the whole assembly.  

• To supply electrical power to the QCL and its ancillary units, three 24V to 240V inverters 
were installed on the same tray in the aircraft's baggage area. 

• To connect the ThermoCube and the vacuum pump (mounted in the aircraft's baggage 
area) with the QCL (in the underwing pod), two fluid hoses (cooled fluid to the QCL and 
return flow) and a vacuum line, respectively, were fed through a conduit in the wing. 

• An Ethernet connection was established between the QCL and the aircraft's main PC 
(with a screen and keyboard in the cockpit) to control the QCL via "Remote Desktop". 

• The whole system was then extensively tested in ARA's hangar at Parafield Airport near 
Adelaide, SA. Part of the testing was carried out with remote assistance (trough the 
Internet) by Aerodyne specialists in the USA (Dr. Barry McManus) and one of the 
specialists at the University of Melbourne (Jianlei Sun). 

• As a last step, a test flight was carried out near some small feedlots and a landfill close to 
Adelaide - with satisfactory results. 
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5. Flight Strategy 
 

To enable detailed studies of the emission plumes, as well as thorough testing of the QCLs, it 
was necessary to carry out flights at rather low altitudes (approximately 15m above the 
ground) and at comparatively low speed (approximately 70kts - 35m/s). It was also essential 
to know the exact GPS position and altitude of the aircraft at all times. 

Furthermore, as low flying very close to the feedlot itself, as well as directly over it was 
required, it was of paramount importance to ensure that the aircraft would not upset the cattle 
(and feedlot workers) by flying in this manner. 

For all of these requirements, the small ARA research aircraft are by far the most appropriate 
and suitable platform available today. They can be flown safely (by appropriately licensed 
pilots holding a special low flying permit from the relevant authority - CASA) at low altitude 
and low speed. Their noise footprint is very low - much lower than from standard single-
engine aircraft. They will also only minimally contribute to the overall pollution/emission 
patterns along the flight path, as their engine is using Premium Unleaded Petrol. Furthermore, 
the visibility from the cockpit is excellent which adds another safety factor to such operations. 

For some of the flights, a side- or downward-looking video camera was installed to confirm 
that the aircraft operations do not upset the cattle in the feedlot. Ground-observations also 
confirmed this. 

All measured parameters can be monitored in real-time on a graphical display in the cockpit 
which was essential for locating the plumes and then adjust the flight strategy accordingly. 

To achieve the aims of the trials, the following flight patterns were used: 

• individual horizontal transects through the plumes from the feedlot at various distances; 

• stacks of horizontal transects at various elevations above ground level and at various 
distances from the feedlot; 

• horizontal transects across the feedlot to determine the sources of the emissions within 
the feedlot area; 

• circumnavigational transects of the feedlot to establish the concentrations of the 
measured gases upwind of the feedlot and to investigate potential other sources 

• vertical ascents and descents to determine the height of the atmospheric inversion level 

• circling and transects over and directly adjacent to the feedlot to investigate the transport 
of the emissions by thermal convection (in situations when the conditions were suitable); 

• some other patterns described in the section presenting the results. 

 

At all times, the aircraft was piloted by Prof. Jorg M. Hacker. The aircraft operations base was 
Charlton Airport. 
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6. Field Trials 
 

6.1. The Charlton Feedlot 

 

Figure 2 shows the layout and typical cattle numbers of the Charlton Feedlot (the cattle 
numbers are an example from 16 March 2015). There were 17,431 cattle in the feedlot. 

 

 

Figure 2: Cattle numbers valid for 16 March 2015. 

 

 

6.2. The Flights - Overview 

 

The flights carried out, the instrumentation carried and the overall weather conditions are 
given in Table 1. The MetPOD was fitted for all flights. The QCL measuring CH4, N2O and 
H2O is listed as "CH4". 

 

Date 

UTC 
LT 

QCL Weather Flight patterns 

All altitudes are AGL 
(further details - see Section 6.3) 

Remarks 

16 Mar 

21:45-00:12 
08:45-11:12 

CH4 Steady easterly 
wind 
at ~5m/s 

• Sounding to 550m 

• plume transect 110m, 2.8km dw 

• transect W of feedlot 70m 

• circle around feedlot 70m 

• plume stack 20-300m, 1.8km dw 

• feedlot transects 30-50m 

• transects N of feedlot 

• 7 plume transects 35m, 1-25km dw 

• 4 plume transects 100m, 25-10km dw  

Ideal plume tracking 
conditions 
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16 Mar 

01:00-03:36 
12:00-14:36 

CH4 Near calm; later 
~2m/s from NW 

• Sounding to 950m 

• circle around feedlot 100m 

• feedlot transects 40m 

• feedlot transects various altitudes 

• circling overhead feedlot to 1,500m 

Operations mainly directly 
over and around feedlot 

19 Mar 

22:34-01:04 
09:34-14:04 

CH4 Very hot, very 
windy; wind 
speed ~25m/s at 
200m altitude 
mainly from the 
North 

 Test of operation under 
extreme conditions. 

Strong thermal convection 
over the feedlot itself. 

     

15 May 

00:10-03:23 
10:10-13:23 

NH3 Cool, light winds   

15 May 

05:17-07:12 
15:17-17:12 

NH3 Cool, light winds   

16 May 

00:38-03:43 
10:38-14:43 

NH3 Cool, light winds   

17 May 

00:36-03:36 
10:36-13:36 

CH4 Cool, light winds   

21 May 

02:12-03:00 
12:12-13:00 

NH3 Cool, light winds   

21 May 

03:19-04:19 
13:19-14:19 

NH3 Cool, light winds   

Table 1: Overview of flights, instruments flown and weather conditions 

 

 

6.3. The Flights - Details 

 

16 March, Flight 1 

UTC time 
Local time 

Flight segments 

21:45 - 21:50 
08:45 - 08:50 

ascent from ground level to 550m AGL to determine the height of the inversion 

21:50 - 21:55 
08:50 - 08:55 

descent to 110m AGL 

21:55 - 21:57 
08:55 - 08:57 

first plume traverse at 110m AGL about 2.8km downwind of feedlot 

21:57 - 21:59 
08:57 - 08:59 

transect along road to the west of the feedlot at about 70m AGL 

21:59 - 22:04 
08:59 - 09:04 

circle around feedlot (about 2km distance) at about 70m AGL 

22:04 - 22:28 
09:04 - 09:28 

vertical stack of traverses through plume at altitudes between 20m and 300m AGL about 1.8km 
downwind from feedlot 

22:28 - 22:41 
09:28 - 09:41 

series of across wind traverses across feedlot itself  between 30m and 50m AGL 
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22:41 - 22:47 
09:41 - 09:47 

traverses along road just north of the feedlot at various altitudes 

22:47 - 22:56 
09:47 - 09:56 

various paths to determine plume orientation - wind did now change to a near exact Easterly 

22:56 - 23:40 
09:56 - 10:40 

across wind transects at 30m AGL through plume from directly over the feedlot to 24km west of it 

23:40 - 00:07 
10:40 - 11:07 

same traverses at 100m AGL in reverse order, but only to within 10km of feedlot 

00:07 - 00:13 
11:07 - 11:13 

Return to Charlton Airport 

Table 2: Details for the first flight on 16 March 

 

 

16 March, Flight 2 

UTC time 
Local time 

Flight segments 

01:00 - 01:06 
12:00 - 12:06 

ascent to 950m AGL 

01:14 - 01:20 
12:14 - 12:20 

circle around feedlot at about 100m AGL, about 1km distance 

01:20 - 01:47 
12:20 - 12:47 

across wind traverses from about 1km upwind to about 1km downwind of feedlot at about 40m 
AGL - (across feedlot) 

01:47 - 02:44 
12:47 - 13:44 

various transects along and across wind (over feedlot and close to it) at various altitudes 

02:44 - 03:28 
13:44 - 14:28 

investigating vertical plume over the feedlot by circling (up to 1,500m AGL) 

03:28 - 03:36 
14:28 - 14:36 

detour around northern edge of Charlton township, then landing 

Table 3: Details for the second flight on 16 March 

 

 

19 March, Flight 1 

UTC time 
Local time 

Flight segments 

22:34 - 22:45 
09:34 - 09:45 

Ascent to 1,160m followed by descent 

23:00 - 23:22 
10:00 - 10:22 

Plume transects at various distances and altitudes from feedlot 

23:22 - 23:34 
10:22 - 10:34 

Across wind transects at 35m at various distances from the feedlot 

23:37 - 23:48 
10:37 - 10:48 

Across wind transects at 60m at various distances from the feedlot 

23:51 - 00:02 
10:51 - 11:02 

Across wind transects at 110m at various distances from the feedlot 

00:05 - 00:12 
11:02 - 11:12 

Stack of transects 1km downwind of feedlot 

00:16 - 00:35 
11:16 - 11:35 

Across wind transects at various distances and altitudes 

00:35 - 00:40 
11:35 - 11:40 

Along plume descent from 10.6km downwind to centre of feedlot 
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00:40 - 00:48 
11:40 - 11:48 

Circles around some isolated cattle under some trees at low levels 

00:50 - 00:57 
11:50 - 11:57 

W-E transects across feedlot at 35m 

Table 4: Details for the flight on 19 March 
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7. Results 
 

7.1. General Performance of the System 

 

The trials were able to confirm that the overall performance of the combination of the 

QCLs, the meteorological instrumentation, the airborne platform and the ancillary 

sensors is satisfactory and suitable to the envisaged purposes. 

After some minor initial "teething problems" mainly related to overheating at extreme 

weather conditions, the system performed reliably and delivered reproducable 

measurements that compared well with independent estimates. 

The selected flight strategy ("low and slow") proved to be an essential factor to the 

success of the trials. 

Analysis of the data by Aerodyne specialists confirmed the high quality of the data, as 

well as the overall performance of the QCL under the given conditions in terms of 

signal-to-noise ratio and other parameters. One of the analyses carried out by 

Aerodyne (Dr. Barry McManus) is attached as a separate document. 

 

7.2. Plume Tracking / Sensitivity of QCL 

 

To establish the capability of the QCLs to track the plumes of CH4, N2O and NH3, 

horizontal traverses through the plume were flown downwind of the feedlot at 

distances of up to 25 km during suitable weather conditions. The most favourable 

wind and other atmospheric conditions for such a test were in the morning of 16 

March. The results are shown in Figure 1 - seven horizontal traverses at 1km, 2km, 

4km, 10km, 15km, 20km and 25km downwind of the feedlot boundary, all flown at 

35m above ground level. Green lines show the flight track, red lines and filled areas 

depict the CH4 concentration levels above the average for the whole traverse, and 

blue lines show CH4 concentrations lower than the average over the traverse. For 

some other analyses, the overall background value of CH4 for the day and time of the 

flight was used instead of averages over the traverses.  

Maximum elevated CH4-levels of up to +220ppb above the average were found for 

the transect 1km downwind, with up to +86ppb for the transect at 2km downwind and 

still +10ppb for the transect 25km downwind. The mean horizontal wind speed during 

these transects was 5m/s from the East. 

After the seven traverses, a further four traverses were then flown at 100m above 

ground level at 25km, 20km, 15km and 10km (not shown). Although the plume was 

less intense, elevated CH4 levels of up to +8ppb were still found during the 25km 

traverse. 

The data for all flight sections is available as interactive Google Earth files where 

most measured/derived parameters can be selected for display by the user in various 

forms. 

In terms of signal-to-noise ratio (SNR), the aircraft-mounted CH4 QCL seems to be 

performing exceptionally well as illustrated by its capability to still identify elevated  
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CH4 concentrations as low as 8ppb. Other QCL-users reported a SNR of up to 10ppb 

for ground-based CH4-QCLs (Junkermann, personal communication). 

 

 

Figure 3: Horizontal traverses flown at 35m above ground level at 1km, 2km, 4km, 10km, 15km, 

20km and 25km downwind of the feedlot boundary. Green lines show the flight track, red lines and 

filled areas depict the CH4 concentration levels above the average for the whole traverse, and blue 

lines show CH4 concentrations lower than the average over the traverse. 

 

 

7.3. Overall Emissions / Vertical Stacks 

 

Overall emissions from the feedlot were calculated from series of vertical transects 

through the plume at various altitudes. Several methods were used to determine these 

emissions making use of advice from various groups and individuals, namely Dr. 

Wolfgang Junkermann from KIT (Karlsruhe Institute of Technology, Germany) and 

Dr. Bruno Neininger from MetAir AG and ZHAW (Zurich University of Applied 

Sciences, Switzerland). 

All methods basically used the concentrations of CH4 as measured by the QCL in the 

aircraft and the horizontal wind vector as measured by the aircraft's MetPOD. In 

addition, the height of the atmospheric inversion was derived from the initial ascent of 

the aircraft, as well as from the Hybrid Single-Particle Lagrangian Integrated 

Trajectory Model (HYSPLIT) (Draxler and Rolph, 2013) analyses available on the 

Internet at NOAA ARL READY. NOAA Air Resources Laboratory, Silver Spring, 

MD. 

Most of the assessments were focused on the vertical stack flown 2km downwind 

from the centre of the feedlot in the morning of 16 March - see Figure 4. 
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One can clearly see that the elevated concentration level decreases from 

approximately 100ppb at 45m AGL to about 43ppb at 260m AGL. The figure also 

clearly shows the decreasing width of the plume with altitude from approximately 

440m at 45m AGL to 170m at 260m AGL. At 380m AGL, the plume structure has 

basically disappeared, but one can still see an area of elevated CH4 concentrations of 

up to 2ppb. 

 

 

260m AGL 

 

380m AGL 

 

115m AGL 

 

150m AGL 

 

45m AGL 

 

70m AGL 

Figure 4: Vertical stack through plume - 6 levels as shown. red areas show CH4 values 
(all at identical scaling) above mean of traverses. 
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A simple integration of these concentrations over altitude and along the flight path 

multiplied by the wind speed yields a total CH4 flux in the plume of 24g/s.  

To assess whether or not this estimate is of the correct order of magnitude, a value of 

113 g head
-1
 d

-1
 of CH4 as found from ground-based measurements at two feedlots 

(including the Charlton Feedlot) and quoted in a previous report to the MLA (Meat & 

Livestock Australia) entitled "Greenhouse gas emissions from Australian beef cattle 

feedlots" (October 2009) can be used. Multiplied by the number of cattle in the 

Charlton Feedlot on 16 March 2015 (17,431), this would give a total CH4 emission of 

23g/s - a surprisingly close fit for a first guess. 

Subsequent calculations using more sophisticated equations developed during a study 

of natural CH4-sources in Switzerland (B. Neininger, personal communication) gave 

very similar values for the total CH4 emission. 

The various algorithms will be used in the near futire to also calculate the total 

emissions of N2O and NH3. 

 

7.4. Identification of Individual Sources 

 

The comparatively fast response time of the QCL combined with the mobility of the 

airborne platform allows an attempt to identify individual sources for the CH4 

plumes, as well as their development under varying wind conditions and other 

influences. 

To demonstrate this capability, nine transects were flown across the feedlot between 

distances of 380m NNW of the centre of the feedlot (upwind side) and 1.3km ESE of 

the centre of the feedlot (downwind side) , perpendicular to the prevailing NW-wind 

(approximately 2-3m/s) in the afternoon of 16 March 2015 - see Figure 5. 

Panel 1 of this Figure shows the four most upwind traverses. The various source 

regions of the CH4 plumes are clearly visible with the largest values of elevated CH4 

from the northernmost rows of the feedlot itself and somewhat smaller levels from the 

western part of the feedlot. There is also a small plume visible from the small pens at 

the NE-corner of the feedlot. All plumes are still very narrow. The highest elevated 

CH4 value is 2,300ppb which equals 530ppb above the average over the the whole 

transect or about 600ppb above the overall background concentration of CH4 

(1,700ppb). 

Panel 2 shows two wider plumes, most probably a combination of the collection of 

smaller plumes over the western and eastern parts of the feedlot visible in the 

transects further upwind in Panel 1. 

In Panel 3, only one large and wide plume is left. The bulk of the other plumes may 

have already moved to higher elevations. 

Panels 4 and 5 show more and more less pronounced, but wider plumes. This may 

either be an effect that the plumes have reached higher elevations or that horzontal 

and vertical mixing has started to erode the plume structures. 
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An inspection of the many other transects immediately indicates that much more 

detailed information can be derived from these measurements which would be 

prohibitively difficult to make from localised ground-based observations. 

Repeated overpasses will also enable the study of diurnal and shorter time-scale 

variations. 

Finally it should be mentioned that small elevated CH4 concentrations were detected 

repeatedly on the eastern side of the feedlot which was often on the upwind side of 

the pens. Closer inspection showed that there was a small number of cattle present in 

a paddock under some trees - probably around 20 heads - and a more detailed 

analyses was able to prove that the elevated CH4 concentrations were indeed a result 

of this small number of cattle. 

 

 

1 

 

2 

 

3 

 

4 
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5 

 

Figure 5: Transects flown at 60m AGL perpendicular to 

the prevailing wind from 380m upwind of the centre of the 

feedlot to 1.3km downwind of it. Red sticks show CH4 

concentrations above the average along each transect. 
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8. Conclusions 
 

Overall, the trials confirmed the suitability of the systems and flight strategy for the 

envisaged purposes. 

It was demonstrated that the integration of the QCLs into the aircraft was successfully 

carried out and that the system is able to perform reliably and to generate reliable data 

that cannot be obtained by any other means. 

The spatial resolution of the CH4 measurements at a sampling rate of 1Hz is already 

very good, but it may well be possible to increase to 2Hz or even higher. The only 

limiting factor seems to be the size (and required power) for the vacuum pump. Trials 

with a larger pump are planned for the future. 

It will be very interesting to combine the airborne observations and aircraft-derived 

emission estimates with the point measurements made simultaneously on the ground 

and on the tower. 

 

 

 

 

 

Appendices / Additional Documents 
 

 

• Assessment of the flight on 17 May by Aerodyne (Dr. Barry McManus) 
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U. Melbourne/U. Flinders Flight 5/17/2015, N2O/CH4 instrument. (rev c) JBM  5/22/2015 
 
Summary and questions: 
 
Jorg Hacker flew the CH4-H2O instrument for ~3.4 hr on 5/17/2015, circling the feedlot in 
Charlton.  Sensing altitude was as low as 20 m, at speeds of ~35 m/s. 
 
The instrument worked well, despite initial worries.  There is no sign of a mode break in the 
recorded data. 
 
The data shows strong CH4 plumes (to ~1500 ppb over background) and weak N2O plumes (to 
~6 ppb above background).  Flow/measurement response times are ~1s or better.  The plumes 
appear in stable and show clear spatial patterns. 
 
Instrument issues: 
 
The laser tuning rate could have been better during the measurement.  Doing a refit with adjusted 
tuning rate reduces Chi-square by ~0.1x, and improves background concentration noise. 
 
The background concentrations look low to us: N2O~302, CH4~1750.  [Check what is normal in  
Australia.] 
 
Significant variation was seen in some instrument variables: 
 Cell temperature increased ~2.5 degrees over the flight.  Was the thermocube not 
effective, or was it just turned on and still equilibrating?  
[Consider using the Thermocube just for the laser.] 
 Light level was high, but fell by ~1/2 as the instrument warmed up.   
[Look at past history of light level.  Is this a left-over issue from electronics swap?  Realign 
optics] 
 Pressure in the cell changed by ~2out of 70 Torr.  That also apparently drove fringe phase. 
[Consider options for simple inlet pressure control.] 
 Electronics temperature changed in response to altitude, apparently driving peak position. 
 
Baseline structure: 
 A set of low-frequency fringes was seen moving in phase.  The most significant were 9 
and 38 cm.  The amplitude and frequency of the fringes could have affected N2O concentrations.  
Doing fits to determine fringe amplitudes and phases allows us to correct for those effects.  The 
fringe phase is driven by both temperature and pressure.  The temperature dependence is just as 
would be expected from thermal expansion of the aluminum baseplate. The pressure effect may 
be mechanical stress. 
 
Flight maneuvers and the instrument: 
 Turning maneuvers did not badly affect the measurement.  Light level changes were 
small.  Peak position did not respond to turning maneuvers.  The brace on the vertical circuit 
boards appears to have helped. 
 
The 1s absorption noise in flight was ~1-2e-5, based on N2O (refit). 
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The aircraft in flight carrying both QCL instruments in wing pods: 

 
 
 
(L-R) Tom Denmead, Jorg Hacker and Jianlei Sun on the tarmac, operating on the N2O-CH4 
instrument: 
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Tom Denmead on the flight line. 

 
 
 
Charlton flight 5/17/2015, with N2O-CH4 instrument (#55). 
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Observe both N2O and CH4 plumes on 5/17/2015. 
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Flight records: 
CH4 plumes are strong at low altitude.  Cell pressure and electronics temperature fall at high 
altitude. 

 
 
Sensing flight altitude was ~20 - 30 m!  Typical velocity was ~35 m/s. 
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Turn rates: 

 
 
Methane plume: 
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STC Data: 
 
Temperatures: cell and electronics intake.  Note 2.5 C rise in T-cell early in the flight. 

 
 
Big change in range (light level) as the temperature changes.  Why is range so high? 
Is there detector saturation?  Measured CH4 base level is steady, so it appears not. 
 

 
 
Peak position appears to be driven by the electronics temperature. 
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Playback data: 
 
Do playbacks to improve fit:  Adjust tuning rate and float peaks, Replays 2 & 3. 
Replay 3 has Poly 6 instead of 5. 

 
 
N2O, in refits.  Playback 3 has lower base fluctuation than initially. 

 
Playback 3: N2O s'dev for the flight = 1 ppb.  N2O reads low, ~302 ppb.  [What is normal in 
Australia?] 
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CH4 base level reads low.  [What is normal in Australia?] 
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Examine Spectra: 
 
Question 1: Was there a mode break in the laser? [No indication of that in the saved data.  Lines 
were in the (~) same place throughout the data record. Why is light level so high?] 
 
Question 2:  Was there significant detector nonlinearity?  [No] 
Re. detector nonlinearity: Average spectra, early (a) and late (b), with range 12000 and 6000 
respectively. 

 
Ratio of spectra vs spectral level (b).  Nonlinearity is not strong. 
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Change of zero offset with range reminds us this detector (7 micron) is AC coupled. 

 
 
 
Absorption lines:   

 
 
Line Frequency, cm-1 Position, ch Depth Depth/ppb Width, channels 
CH4 1275.387  70.0  0.044 2.4e-5  6.3 
N2O 1275.493  168.3  0.031 1e-4  8.47 
H2O 1275.663  338.6  0.0076  3e-9  8.96 
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Question 3:  Use Wintel fit residuals to observe baseline structure, and effects on performance. 
 
Average Wintel residual, replay 3. 

 
 
Residuals with average subtracted:  A stack of processed spectra 12,172 deep. 

 
 
High frequency fringes include: 150, 281 cm.  Those should not influence the measurement. 

 



 14 

Residual spectra smoothed to the width of the absorption lines shows relevant baseline changes. 

 
 
Smoothed array Lomb power spectra:  Low frequency fringes include 10, 38 cm. 
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Synth-array from a fit with 6 low frequency fringes:  {8.25, 16.4, 22.4, 28.2, 33.8, 37.6 cm}. 
Synth array s'dev 4.45e-5;  Fit residual s'dev 3.45e-5 

 
 
 
Gaussian overlap integral applied to synth-array:  The low-frequency fringes appear to matter. 
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The phase of the strong 37.6 cm fringe is derived from the 6-fringe fit: 
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The 38 cm fringe phase (dark blue) can be described with a combination of pressure and 
temperature. The fit residual is light blue. 

 
 
Fit coefficients for phase:  pressure -1.32/Torr; temperature -9.78/K. 
 
Phase temperature coefficient analysis: 
 At 1275 cm-1, 7.84 µm, 1wave in 38 cm is a fractional change of 2.06e-5. 
9.78 rads/degree is 1.55 waves/degree, or ~3e-5 fractional change per degree, which is close to 
the expansion coefficient of aluminum (2.5e-5). 
 
The thermal motion of the fringe is consistent with thermal expansion of the baseplate. 
 
Phase pressure coefficient analysis: 
 The dependence of fringe phase on cell pressure is curious, since this fringe does not 
originate in the cell.  It may be due to transmission of mechanical stresses. 
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Other correlations: 
 
Measure peak positions and widths with Gaussian fits, with Wintel OD = Ln( Spec/Bkgn): 
 
Pressure dependence is seen.  [We can measure pressure, and thus height off the ground, with 
spectral linewidths, but not with a fast enough response to be useful for ground avoidance.] 

 
 

 
Pressure sensitivity of N2O suggests refitting with optimized air broadening coefficient. 
 
Correct for fringes and pressure sensitivity. 
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The corrected N2O still shows plausible peaks, that are displaced from the CH4 peaks, and that 
are not coincident with turning maneuvers. 

 
 
 
The corrected N2O produces a "hot spot" on the flight trajectories. 
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Absorption noise during the flight, based on N2O, corrected.  Spikes in 1s noise are due to actual 
peaks. 

 


