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Abstract 
 
ViewGAS is a remote sensor that detects the product of the column concentration1 (CC) 
of natural gas (NG) and its thermal contrast (TC)2 with the background terrain.   It uses a 
highly selective gas-correlation filter wheel to “view” the targeted methane, 
independently of the background thermal environment.  However, its ultimate sensitivity 
depends on both the thermal contrast and the column concentration of methane. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ViewGAS as configured in van with pan and tilt scanner and video camera during 
demonstration in Upstate New York on June 24 2004 

 
 
 
 
This project demonstrated that the ViewGAS remote sensor could detect natural gas 
distribution leaks (NGDLs) in 60 to 70 percent of Canadian winter and spring field 
conditions. 
 
At the beginning of the program we estimated that a sensitivity of approximately 10 ppm-
m would be required to see most NGDLs.  We also estimated that the thermal contrast 
was likely to be 2 C or higher.  This meant that the TARGETED column concentration 

                                                 
1 Column concentration is the amount of gas in the field of view of the remote sensor.  Since this is 
dependent on both the average concentration of the gas in parts per million and the length of the gas 
column in meters is expressed in units of ppm x meters or ppm-m 
2 Thermal Contrast is the difference in radiant temperature between the background and the target gas 
methane 
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thermal contrast product (CCxTC) that represented the detection limit of ViewGAS was 
20 ppm-m-C.   By the end of the project (for the last 12 field sites) we achieved this 
sensitivity.  However, a detailed analysis of the field study data gathered in this program 
indicates that small local distribution natural gas leaks can have CCxTCs of 5 ppm-m-C 
or lower.  Thus, while ViewGAS achieved the targeted sensitivity, real-world conditions 
made the job of leak detection much harder than expected.    
 
We believe that the use of state of the art detector technology and a more efficient 
chopper design has the potential to increase ViewGAS’ sensitivity sufficiently to meet 
these revised field requirements.  However this would require significant re-engineering.   
 
In its present form, ViewGAS is an excellent candidate for airborne remote sensing of 
NG pipeline leaks.  These leaks have significantly larger and more concentrated plumes 
than distribution leaks which make for a natural fit to ViewGAS’s passive IR technology 
which can detect gases at large distances.  It is believed that proof of concept studies of 
pipeline leak detection could be accomplished with modest investments of capital and 
time since ViewGAS has proven to be an effective battery-operated field instrument that 
has remotely sensed NG leaks from a moving vehicular platform. 
 
A Resonance built predecessor to ViewGAS called MicroMAPS has demonstrated the 
power of this technology by viewing atmospheric CO at > 10 km. altitude in recent test 
flights on the Proteus aircraft.   These test flights of MicroMaps were carried out by, 
Mike Melvill, recently made aviation history as the first civilian to fly a spaceship out of 
the atmosphere into low Earth sub orbit.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proteus at NASA Langley, the Resonance MicroMAPS remote sensor (predecessor to 
ViewGAS) is in the left hand landing gear pod, this survey conclusively demonstrated 
the suitability of the technology for airborne remote gas sensing 
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Introduction   
 
This project was partially successful. While it demonstrated that a remote sensor could 
detect natural gas leaks under many field conditions it was not successful at 
demonstrating the technology under all conditions.  
 

Work Accomplished on the ViewGAS Sensor Hardware and 
Software 
 
A summary of the work accomplished on the ViewGAS remote sensor during this project 
is outlined in Appendices 1 to 8.  These accomplishments were made in two broad areas 
of computer software/hardware and electronic and opto-mechanical hardware, which are 
described in part below.  
 
The mobile application required the processing of high speed (100,000 samples per 
second) digital data from the ViewGAS high speed gas and clear cell chopper wheel.  
Since ViewGAS had to detect very small relative changes in signals between 
combinations of cells (clear and gas), it was important to know exactly where the chopper 
was in its rotation cycle.  This was accomplished by adding a pattern of light reflecting 
stripes to the chopper.  This pattern produced and electronic carrier frequency that the IR-
detector signal was played against.  This and other refinements enabled ViewGAS to 
detect very tiny signal changes between the clear and gas cells on the chopper.   
 
In this project we made a significant departure from earlier remote sensors by doing all 
signal processing in a WINDOWS-based computer.  Data was digitized in ViewGAS and 
delivered to the PC for processing through a USB 2.0 cable.  This made it possible to try 
out real time signal processing changes in software written in a high level computer 
language.  This flexibility enabled us to continually improve the system during the field 
trials. 
 
The computer chosen for the project was a palmtop running Microsoft Windows XP.  
The brand of palmtop was part of a family of computers made by Fujitsu which includes 
tablet PCs used in the gas industry for data logging.  The advantages of this approach 
were convenience of Windows, the size of a palmtop (2.2 lbs), and the processing speed 
of a Pentium.   
 
As the project progressed several visual/audio interfaces were developed and evaluated as 
displays of the survey results.    We found that the audio interfaces were ineffective 
owing to the complexity of the signals and the limitations of the Windows based 
software.  This area would require a significant amount of programming in a future 
sensor.  Visual interfaces either tended to be too simplistic resulting in errors in 
interpretation or too complex making it difficult to understand what was going on.   An 
example of the former was when we used the absolute value of the signal in order to 
capture both negative and positive thermal contrast signals on the same chart.  While this 
approach kept the signals on-scale, it made it very difficult to see the results of ambient 
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methane in a clear way.   Some of the questioning of the results in the field resulted from 
the inadequacy of the visual interface rather than the sensitivity limitations of the 
machine itself.  Such interface problems would normally be worked out when the 
instrument was productized.   
 
Although there was a real time data display, all data generated by ViewGAS were 
captured in a file for later processing.  In this way various signal processing algorithms 
were tried and evaluated.  The goal was always to maximize the sensitivity to natural gas 
while minimizing the sensitivity to thermal changes in the background.  This was done by 
combining the four sets of signals (1) fully transparent clear cells (2) partially transparent 
clear cells (3) cells with gas and (4) spokes.   Combinations of these cells signals were 
optimized to reject background radiant temperature changes while maximizing methane 
response.  The particular formula for combining signals was then programmed into the 
display program to give it a better performance.   Each trial of ViewGAS had a newer 
improved signal processing method analogous to a circuit re-design in an old-fashioned 
analog system.  This approach is similar to that used on the MARS rovers.  When a 
problem with for example the traction of rough terrain was encountered the programmers 
at JPL would “get busy” and develop navigational software to get through the rough 
spots. 
 
Thus the development of the software was driven by “discoveries” about the nature of the 
data from real field surveys.  While there were 18 formal tests in 2004 there were several 
days of field surveys conducted by Resonance in various local neighborhoods which 
aimed at algorithm development.  This background effort was largely unseen by the 
customer but had been anticipated by Resonance.  From the beginning we anticipated that 
the development would involve an iterative process of field discovery of equipment needs 
followed by equipment improvements.  In the end we actually made considerably more 
changes to the ViewGAS hardware than originally anticipated which resulted in a 
considerable improvement in the base sensitivity of the instrument. 
 
It is important to note that no group has ever field tested a passive thermal IR sensor as 
thoroughly as ViewGAS.  Most tests on IR sensors have been carefully staged events 
with simulated rather than real leaks.  Such tests are beneficial for instrument 
development because the parameters like leak rates are well characterized.  However they 
are artificial and do not represent “real-world” conditions.  In a sense ViewGAS had the 
real world thrown at it.  This was most useful for us but time limitations made it difficult 
to fully adapt the instrument to what was learned in the field. 
 
The ViewGAS project since its inception has been marked by a process of discovery and 
equipment modification refinement.  Since this area of application to distribution network 
leaks is new, we were not surprised.  The first ViewGAS sensor was replaced by a second 
sensor with approximately 100 x greater sensitivity before this project began.  During this 
project improvements to the optical hardware, reduction of microphonics and 
improvements to the software resulted in further factor of 7 to 10 x improvement in the 
ultimate sensitivity resulting in the final achieved level of 22 ppm-m-C.  The last 12 field 
tests were carried out at this improved level. 
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A number of hardware improvements were made to ViewGAS in the course of the 
project.  The first major improvement was the development of an in-line calibration 
system that allowed us to accurately control the thermal contrast and column 
concentration during lab test.  This setup also allowed us to simulate “hot spots” in the 
field of view.  This was important since ViewGAS was a mobile system which had to 
cope with the effects of rapid changes to the structure of the background.  This calibration 
set-up meant we could partially simulate field conditions in the lab. 
 
A second major improvement was the reduction of vibration and consequent signal 
distortion in the unit.  The effect of vibration on high sensitivity electo-optical systems is 
called “microphonics” since the effect is to translate the vibration signals into electrical 
signals which contaminate the signal.  This type of signal contamination is made worse 
by the fact that it is synchronous with the chopper rotation and hence the optical 
waveform of the chopper.  We greatly reduced this microphonic effect by both balancing 
the chopper and by adding acoustic wave damping to the instrument. 
 
ViewGAS was used both in mobile mode and statically with an alt azimuth scanner 
developed in this phase of the project.  This scanner enabled us to search for a leak and 
profile it from a stationary location.  In addition a digital camera was mounted to the 
scanner mirror giving a real time picture of the field of view of the sensor.   Later it was 
anticipated that the methane signal would be superimposed on the camera image on the 
computer screen so that the source of the leak would be seen immediately. 
 
  

Summary of all the Field Trials 
  
Field trials were carried in winter and spring at air temperatures from -16 C (app. 3 F) to 
+ 22 C (app. 68 F).   In the 18 field trials carried out in 2004 we found that ~1/3 of field 
leaks fell below the ViewGAS detection threshold.  The main difficulty was a 
combination of the low concentrations of natural gas plumes above the smaller leaks (1 
CFH) and the very low thermal contrast achieved under the worst field conditions (less 
than 1 C).  Using the data acquired during 7 months of field testing we found that actual 
plume from smaller leaks often had gas concentrations as low as 40 ppm with widths as 
small as 0.3 meters.  (12 ppm-m)  This situation was exacerbated by wind fields which 
could readily shear the plume off the ground at a few cm height.   
 
Figure 1 shows the distribution of thermal contrasts derived from a combination of 
ViewGAS radiant signal data and air and surface temperature measurements with 
thermocouple probes.  The distribution shows that a significant number of observations 
were made at thermal contrasts less than 1 C.  Thermal contrast was quite difficult to 
determine in many situations resulting in a fair number of “not measured” points.  It is 
fair to say that these “not measured” points represent low thermal contrasts.   
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 Figure 1:  Distribution of thermal contrasts during the ViewGAS field trials 

 
 
The conclusion we draw from these measurements is that about 40 percent of all thermal 
contrasts were less than 1 C.  Anecdotal data suggests that low thermal contrasts occur 
when the background targets were waterlogged.  The data also suggest that wind cooled 
hedges may also exhibit low thermal contrasts.  Surprisingly, winter conditions seemed to 
give good thermal contrast as did building and pavement background targets.  This was 
confirmed by the easy detection of 1 liter a min leak on the coldest test day of -16 C with 
a brick building background.   
 
Measurements of the gas concentrations and plume sizes were also attempted during most 
of the surveys.  These measurements were made with portable FI sensors and ViewGAS 
itself.  As seen in the next figure the measured column amounts varied from about 7 ppm-
m to several hundred ppm-m.  Not surprisingly the non-detections in the study occurred 
at low ppm-m.  There was some evidence that the low thermal contrast leaks also tended 
to be a low ppm-m.  This might be due to the tendency for small plumes to fall off rapidly 
away from the leak origin.  Thus a small leak will tend to be on the average nearer to the 
point of emission from the ground and as a result be closer to the ground temperature 
than a leak that has moved further from its source.   
 
Figure 3 and Figure 4 show the relationship between the ViewGAS signals in ppm-m-C 
and the best estimate of the plume ppm-m from coincident FI data, surface and air 
temperature measurements.  As expected the relationship is linear although owing to 
uncertainties in plume dimensions and actual plume temperature the error bars are quite 
large.  However is very evident that the non-detections occurred because of low signal 
levels which were due to the combined effect of low thermal contrast and low column 
concentration.  While in retrospect this might seem obvious, there are a host of other 
factors such as wind speed, solar effects and background methane variability which are 
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not major factors in this study.   However, it would be wrong to think that 18 field trials 
even remotely covered the range of possible field conditions.   
 
 
 Distribution of ppm-m from FI measurements 18 field sites
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 Figure 2:  Distribution of column concentrations during ViewGAS field trials             

(Non-detections are in red.)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  ViewGAS Observed vs. Predicted signals for all 18 field tests  
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Figure 4:  ViewGAS Observed vs. Predicted signals for all 12 field tests after sensitivity 
was improved to 20 ppm-m-C 

 
After pouring over all the observational data the author has come to the conclusion that 
by the end of the project ViewGAS met the original targeted detection limit of 10 ppm-m 
at approximately 2 C thermal contrast (TC).  This is clearly seen in figure 5 which shows 
the result of the final field demonstration of ViewGas in Upstate New York on June 24. 
 
 
This demo was carried out on a bright sunny clear day with a controlled leak and a 
plywood (sunlight) target for a background.  Thermal contrast was estimated with an air 
temperature radiant target and from the signal level for a range of distances of 0 to 15 m. 
 
The upper (blue) curve shows the radiant temperature of the background which is one of 
the outputs of the ViewGAS sensor.  The lower curve shows the actual signal from 
methane (with the background level of 55 ppm-m subtracted out).  The undulations seen 
in the methane signal are typical of other observations of plumes in a fixed location under 
turbulent wind conditions.  The “noise” in the signal is approximately the width of the 
dotted line or  ~10 ppm-m.  At the highest estimated thermal contrast of 2.2 C this would 
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yield a sensitivity of ~22 ppm-m-C.  This sensitivity level is supported by detailed signal 
to noise measurements under controlled conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5: Demo in Upstate New York demonstrating ViewGAS sensitivity at 0.6 

to 2.2 C TC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Demo in Upstate New York demonstrating ViewGAS showing plywood 
background target and ViewGAS Van 
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 Figure 7: Demo in Upstate New York showing the plywood target and gas leak 

distribution box (at bottom of target)  
 

Potential of the Technology 
 
Design studies indicate that a combination of a state of the art detector and more efficient 
chopper design would improve ViewGAS’ sensitivity to better than 5 ppm-m-C.   This 
approach would also reduce the cost, size and complexity of the system and allow 
chopper modulation at higher speeds.  This approach would be aided by the recent 
development of near IR fiber optics which facilitate more sophisticated optical systems. 
 
The existing ViewGAS would make an excellent airborne remote sensor without any 
further improvements although a larger telescope might be added for improved ground 
resolution.  An improved ViewGAS would be more sensitive, more compact and less 
costly to manufacture.  Such a remote sensor would be a strong contender in the pipeline 
leak detection field. 
 
Further work with ViewGAS as an airborne leak detector might be a good way to recover 
our mutual investment in the technology. 
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 Appendix 1: ViewGAS Detailed Report for period from June to 
Nov. 11, 2003 
 
By: Dr. W. H. Morrow with input from kick off meeting and reports by Angleo Fabiano  
 
Contents: 
1 ViewGAS Kickoff and Completed Action Items from April 29 03 meeting ................ 15 
2. ViewGAS Engineering Prototype Status: April 2003 .................................................. 23 
3. Other Remote Sensing Technologies for NG. Leaks Summary ................................... 24 
4   Potential problems and solutions with the digitally improved ViewGAS................... 28 
5. ViewGas Design notes and technical details ................................................................ 30 
6. ViewGas Project Update Summary for  November 11, 2003....................................... 34 
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1 ViewGAS Kickoff and Completed Action Items from April 
29 03 meeting 
 
ViewGas Objective  
 
To develop a remote sensing leak survey tool that be installed on a 
mobile platform (survey vehicle). ViewGas special optics collects 
infrared light images reflected from various backgrounds and is 
tuned to select the presence of only methane gas.  
 
The project will consider combining both mobile and walking 
surveys together. ViewGas will have the capability of scanning 
either both sides of the street with services or as a fall back option- 
single side only. The project will use the existing EP unit, which 
will be upgraded to give a more flexible operation and better 
performance. The existing EP unit requires 26 watts of power and 
based on this ViewGas is not suitable for portable applications. In 
addition, rough estimates for unit cost $20 K to $30 K is 
significantly more than current portable units, including RMLD. 
 

The ViewGAS EP 
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1.2 Tasks for ViewGAS project 
 
To modify ViewGas electronics and software in an effort to bring 
the technology from a lab application to a field adaptable 
experimental prototype. ViewGas will be operator friendly with 
interface screen and audio output.  
To provide a series of field test sequences on both simulated and a 
real field tests. To adequately test unit to achieve needed 
sensitivity, optimum scan angles and vehicle speeds to consistently 
locate all leak types.  
  
Tasks 3-5 will be decided on by NYSEARCH funders after 
completion of Task 2.  
 
1.3 ViewGas EP Unit Details 
Design is mechanically simple –few moving parts 
Uses passive IR – no light source is needed  
Gold mirror optical scanner has angle range of 0 to 120 degrees 
Unlike RMLD sensitivity is not dependant on distance  
Distances of 200 to 300 meters are well within range  
Field testing done previously was extremely limited and not 
performed on real leaks  
Technology senses the difference between the temperature of the 
methane plume and its background  
ViewGas EP unit has achieved sensitivity down to 10 ppm-m in a 
lab environment  
Presence of background is not concern for ViewGas and its use of 
passive IR.   
         
 
1.4 Technical Challenges 
Since ViewGas looks at temperature difference between 
foreground (gas plume) and background –leaks relatively close to a 
wall structure may be difficult to locate.  
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Need to identify limits of locating low-grade leaks at various 
distances. Smaller leaks with narrow leak plumes will need to be 
investigated thoroughly. 
Leaks must be in field of view of the optics- For example meter 
sets covered by heavy vegetation cannot be properly surveyed.   
Cloudy, misty or foggy weather will influence leak readings.            
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1.5 Results for Action Items at end of kickoff meeting on April 
29, 2003 
 
 
1.5.1 DRAFT ViewGas Performance Criteria and Basic 
Specifications 
Performance 
Sensitivity: 10 ppm-m (minimum) methane at 200 feet 
 In field environment must be able to achieve 

sensitivity of standard FI units (considered to be 
industry standard for leak survey). 

Vehicle 
Travel Rate  

Achieve the needed sensitivity at survey speeds up 
to 20 mph under clear weather conditions. 

Scanning 
Ability  

To be able to scan both sides of the street with 
services. A number of optical arrangements will be 
tested. 

Scan Rate TBD 
Maximum 
Target 
Distance:  

200 feet   

Scan distance 
from vehicle 
to background  

Range for distribution surveys (60 Meters or 200 
feet) 

Minimum 
Target 
Distance:  

3 feet 

Accuracy:  No “False negatives” and a small percentage of 
“False Positives”     

Response 
Time:  

TBD 

ENVIRONMENTAL  
Temperature 
Range:  

0 to 120 degrees F 

Humidity:  0 to 100% RH 
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Precipitation:  GPTC guidelines 
Wind:  GPTC guidelines 
Sealing:   TBD 
MATERIALS SIZE  AND POWER REQUIREMENTS 
Equipment must be field rugged enough to resist light impacts and vehicle vibrations and jolts (e.g.:  pot 
holes, debris, curbs) 
ViewGas must be small and compact as possible for easy mounting and storage. Actual size to be 
determined. 
Battery source must be able to last at least 8 hours before recharge. A direct link to vehicle battery will be 
considered. 

CALIBRATION AND MAINTENANCE 
ViewGas does not need to be calibrated – Will require periodic performance tests to assure accuracy and 
stability of the system.   

SCAN OPTICS  TBD  
USER INTERFACE  
Audible sound as primary indication of methane  
Video screen indicating area being scanned  
Other visual indicators regarding leak intensity, health of system and out of range/poor readings.    

 
 
1.5.2 More details of project tasks/items  
 
Demonstration of the digitally upgraded EP involves the following 
tasks: 
 
Resonance will replace the current obsolete microprocessor/data 
logger with higher speed up to date digital signal processing.  The 
method of approach will be to have a lightweight terminal 
computer inside the driver area connected to the ViewGAS optical 
module, which will typically be mounted on the roof of the 
vehicle.  An A to D converter will be chosen to digitise the 10 Khz 
bandwidth data from ViewGAS at a rate grater than 50 KHz.  This 
rate will allow detailed analysis of the signal waveform making 
more sophisticated analysis possible.  The results of this analysis 
will be to gain greater understanding of the radiometric aspects of 
the field of the sensor including artefacts caused by sun glints, 
thermal contrast with background, hot spots and obstacles.  This 
will help in avoiding false positives and should reduce the chances 
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of getting false negatives by potentially signalling when the data is 
suspect or masked by obstacles or other effects. 
 
Demonstration that the upgraded ViewGAS meets the signal-
processing objectives with laboratory testing.   
 
Resonance will test the digitally improved ViewGAS 
electronically to insure that the full analog chopper waveform is 
properly digitised and stored in the terminal computer.  Once in the 
terminal computer the waveform will be processed in real time to 
provide alarm tones and an indicator signal proportional to the gas 
signal. 
Demonstration of the EP with extensive lab and field-testing 
involves: 
 
Lab testing against a variety of laboratory targets in order to 
completely calibrate the digitally upgraded prototype  it against a 
matrix of target and gas temperatures.  
  
(1) Optimization  (by adjustments and small design changes) of the 
EP after the round of laboratory tests 
(2) Controlled outdoor testing under a variety of conditions with 
simulated leaks and a range of simulated backgrounds.  This task 
includes the set up a simulated leak outdoors with a known 
background target or targets.  The installation of the EP in a 
suitable vehicle and execution of  a limited shakedown survey 
involving repeated scans, at varying speeds, of the artificial leak.  
These tests will confirm system operation and survey procedures, 
and provide guidance as to effects of vehicle speed. 
(3) First round of field tests on existing known leaks with cross 
calibration with an FI unit.  In collaboration with the routine and 
emergency leak survey activities of a gas utility, conduct surveys 
of urban and suburban distribution networks in areas with known 
to have a significant incidence of leaks. This task includes the 
collection of ViewGAS data, meteorological data, operator 
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observations, and the FI and related data obtained by the utility 
crews.  (Resonance has been led to believe that Enbridge would 
consider providing the necessary collaboration.) Approximately 10 
days of data would be collected, spread over a period of eight to 
ten weeks.  Where leaks were detected, (by ViewGAS and/or the 
utility crew) multiple passes will be made to assess plume 
variability.  
(4) Field tests with a mobile survey (possibly including blind leaks) 
for further validation.        
(5) Reporting on results and making recommendations:  this 
includes the preparation of a report detailing the results of the 
design optimizations and testing and circulating it to the interested 
parties.   
(6) Presentation of results:  This involves convening a critical 
milestone review meeting and presenting the case for further work. 
 
 GO/NO GO Milestone based on the success of testing. 
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1.5.3  Gantt Chart 
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1.5.4 Notes on Action items 
 
Resonance will need to supply a vehicle for testing purposes in 
Task 1 and 2. 
Enbridge will supply a survey vehicle to assist in Tasks 3 to 5 
 
    
  
 
 
2. ViewGAS Engineering Prototype Status: April 2003 
 
Extensive lab testing has been carried out 
 
Achieved less than 10 ppm-m lab detection limit 
Demonstrated sensitivity with very weak thermal IR signal 
 
Limited field testing has been carried out 
 
demonstrated sensitivity to leaks down to  0.8 scfh  
Operated in 0 deg. C conditions  
 
Operated from a static platform and from a slowly moving vehicle 
 
Issues and Concerns for EP 
Limited field tests with simulated leaks  
Testing not performed on “real” leaks  
ViewGas for distribution leaks is more risky 
Shorter distance, more backgrounds variables 
Has potential to compete with RMLD with some limitations  
May have difficulty in finding low grade leaks due to limitations of a street drive-by 
 
Project Status 
NGA RMLD experience and test protocol will help with ViewGas 
field tests – lessons learned  
Will seek manufacturer/distributor early in project  
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Possible Canadian funding supportProjected  “to market”  
timeframe –less than 3 years    
 
 
 
 Technology Overview 
True remote sensing (signal not dependent on distance) 
“Drive by” sensing will dramatically reduce survey costs 
Compact optics-can scan over 120° 
Low ppm-m sensitivity for methane & ethane 
ViewGas can be readily adapted to select other gases 
No maintenance is required 
Low mass and power (hand held could be achieved) 
 
 
ViewGAS Engineering Prototype (EP)  Specifications 
Night time operation ( uses 7.8 µ IR wavelength)  
 First field trial mounted sensor on roof of compact car 
Long range gives ViewGAS potential for transmission pipelines 
from aircraft  or helicopter as well as distribution leaks 
 
 
3. Other Remote Sensing Technologies for NG. Leaks Summary 
 
Laser systems-TDLAS 
Very sensitive but have limited range. NIR lasers restrict field of view (to reduce solar 
background)..result is rapidly changing signal when used on mobile platform 
Fourier transform systems-FT-IR 
Costly and massive.  Most FT-IR systems employ a moving mirror.  Changes in signal 
caused by motion of field spot can corrupt signal. 
Dispersive gas imaging-IMSS 
Limited sensitivity due to small detector elements 
Non-Dispersive Gas Imaging 
Limited sensitivity due to small detector elements 
 
Details for Other Remote Sensing Technologies 
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SRI Laser System 
5 mW 1651 nm diode laser  
Wavelength nodding TDLAS (tunable diode laser absorption 
spectroscopy) 
10-15 meter range 
Work on higher power laser predicted to improve detection limit to 
single digit ppm-m and range to at least double (max of 30 meters) 
Claim mobile operation  
SRI design details 
Transmitter 
Master oscillator: Distributed feedback (DFB) diode laser  
Output power 5 mW at 1651 nm 
Optical amp: Raman-based fiber can increase power to 100 mW 
Receiver 
7 in dia. f/2.5 telescope 
InGaAs APD 
Additional Instrumentation 
Diode laser range finder 
Video camera 
Meteorological instruments onboard 
 
Summary of SRI 
Cost is unknown but probably >> 20K 
Commercialization plans? 
Early stage of testing similar to ViewGAS 
Eye safety issues at higher power 
Not a long range system 
Effects of variable reflectance unknown  
 
PSI Laser System 
Distributed Feed Back diode laser (similar to SRI) 
Compact hand-held system 35 cm long by 20 x 20 cm  
Wavelength nodding TDLAS (Tunable Diode Laser Absorption 
Spectroscopy 
20 meter range 8.5 ppm-m sensitivity  
Mobile operation difficult because of noise introduced by 
reflectance variations 
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PSI Detailed Description 
Off the shelf laser components 
Same cost drivers as SRI and JGR 
Mobile operation made difficult by variations in reflectance 
Large field of view difficult in daylight  
Limited by optical noise in laser light (not by shot noise in signal) 
20 meter range and 8.5 ppm-m sensitivity could be improved with 
more laser power 
 
Tokyo Gas Portable Methane Detector (PRMD) 
Uses same technique as SRI and PSI 
>20,000 USD  
Limited range 
Use from moving vehicle made difficult by small beam and 
modulation of reflectance 
 
Imaging technologies 
Image Multi-Spectral Sensing (IMSS) 
DOD spin off uses IR camera and spectrally dispersive lens 
60 scfh leaks detected  (0.6 scfh with sky or building background?) 
 GTI has teamed with Pacific Advanced Technology (PAT) 
 
Non-Dispersive Gas Imaging 
Non dispersive IR imaging systems using gas correlation have 
been built 
Successfully imaged large leaks (hundreds of ppm-m) 
Costly IR cameras required to get even modest sensitivity 
Technology rapidly evolving 
 
Hyperspectral and Radar imaging 
Project (late 2001) to develop hyperspectral imager (imaging 
grating spectrometer for looking at botanical changes associated 
with pipeline leaks) 
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Lawrence Livermore National Labs  
Also has a radar imaging project for pipeline leaks 
Do not directly measure gas  
Cold climates may pose problems 
 
Active and Passive Gas Imagers 
Project  (late 2001) will evaluate active (laser) and passive 
(thermal emission) remote sensors 
Imaging and mapping approaches  
Detection of leaks for airborne and satellite platforms 
Sandia National Labs 
 
Microwave Radar Sensing of Gas Pipeline Leaks 
Pulsed microwave radar-imaging system 
Detects and locates gas leaks from above or underground 
The system can be mounted on a van or fitted on an aircraft for fast 
mapping of natural gas leaks. 
 Argonne National Labs (Chicago) 
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4   Potential problems and solutions with the digitally improved 
ViewGAS 
 
Problem: Sensitivity to “hot spots” in the field of view 
Solution: Use of digital signal processing to recognize 
characteristic signature of “hotspot” and signal user that data may 
not be valid 
 
Problem: Low sensitivity caused by dispersion of natural gas in 
high winds 
Solution: If concentration is low the signal will go down and not 
much can be done to prevent it.  However, by optimizing 
ViewGAS sensitivity to low ppm-m levels this may be overcome.  
Also under high wind condition turbulence often results which 
creates a characteristic signature in the signals.  This signature 
itself might be recognizable, partially compensating for the lower 
signals.  
 
Problem: Low sensitivity caused by low thermal contrast: 
 
Solution: Not much can be done to prevent loss of signal when 
thermal contrast (difference between target gas temperature and 
background temperature) is low.  We have found that the thermal 
contrast under most conditions is more than 3 C.  Natural gas has 
been detected indoors as well where the thermal contrast should be 
theoretically very low (less than a degree) since the inside of 
enclosures is maintained at a very uniform temperature. 
 
Problem: Missed leaks owing to obstacles between the ViewGAS 
and the leak. 
 
Solution: The wide field of view of ViewGAS will tend to 
compensate for this, in part.  One method of making this problem 
less likely would be to have two field angles (e. g. looking 
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forwards at 45 degrees and backwards at 45 degrees.  In this way 
one could look around obstacles. 
 
Problem: Leaks that arise far from the leak source by running 
under frozen ground, pavement or through underground pipes or 
drains 
 
Solution: ViewGAS will detect natural gas and not the leak source 
if it is hidden.   Having knowledge of the way NG travels 
underground and identifying those conditions where this might 
happen can solve this problem.  No optical sensor (including 
ViewGAS) can see underground. 
 
Problem:  Getting sufficient coverage from a moving vehicle 
 
Solution:  We see two approaches.  One is to scan the field of view 
to give maximum area coverage and the other is to have a wide 
field of view to cover a large area.   If covering both sides of the 
road is a requirement then we might have a split field of view with 
a switch.  However, since it may be difficult to see leaks on the 
opposite side of the road because of the sensor height above the 
roadway it might be better to simply drive both ways down each 
survey path.  Since all scanning methods involve signal sharing it 
might be possible to keep the survey time the same by driving 
twice as fast for the one sided survey as for the two sided one.  In 
addition in many subdivisions (in the greater Toronto area in any 
case) one has dead ends and cull de sacs making it necessary to 
drive on both sides of the road in any case. 
 
 
Problem: having an alarm that a single user (vehicle operator) can 
use 
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Solution: We intend to implement an audio alarm along with some 
kind of visual indication of leak level.  Our base line concept is to 
use a bar display of some kind for the visual alarm. 
 
 
5. ViewGas Design notes and technical details 
 
Intermittent erratic operation of the DT9804 digitizer with the 
Fujitsu notebook PC has been traced to the inability of the 
notebook to power the digitizer via the USB , although both 
devices claim to conform to the USB standard.  The problem goes 
away when the devices are connected via a powered USB hub. The 
hub weighs less than 200g and requires +5VDC at 2.5A, so it is 
only a minor inconvenience.  It will not be needed in an 
operational ViewGas. 
 
A Test Source has been designed and built. It consists of a 
collimator and a flow-through gas cell, and will provide a compact, 
stable, quantitative source of gas signals and also allow the 
simulation of spatially non-uniform sources.  The path length in 
the cell is 5.2cm, so we should obtain a mix of 0.4% CH4 in N2, 
which will give us 200ppm-m. Volume of the cell is ~100ml, so 
other column-densities can conveniently be obtained by injecting 
pure CH4. 
 
An aperture stop baffle has been made and installed. This will 
reduce the probability of stray light problems in outdoor testing.  
 
Gas cell testing  
 
EP Software 
 
The C++ sample code supplied by Data Translation has been 
modified, using Visual C++.NET Standard Ver2003,  to provide 
annotated ASCII output files for spreadsheet analysis.   The fact 
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that the low level functions supplied by Data Translation were 
written using last year’s version of Microsoft C++ means that 
some new features of the .NET environment cannot be used, but 
this is mostly an aggravation, not a problem. 
Visual Basic is more intuitive, and easier to use, than C, and Data 
Translation also supplies Visual Basic sample code, but modifying 
or extending this code would require that we purchase the DtX-EZ 
Active-X package.  However, Microsoft is abandoning Active-X, 
forcing Data Translation to re-write their Visual Basic package, so 
we should hold off on any move to VB for ViewGas until these 
issues are resolved.  The Microsoft SDK that I have includes 
VB.NET Standard Ver. 2003. 
 
Several Excel utilities for data analysis have been developed, 
including an iterative curve- fit procedure to interpolate time series 
data to fixed angular positions on the chopper.  
 
Design & Test 
 
The new software has been used to collect data (@50kSanples/sec) 
and make a preliminary estimate of the allowable sample timing 
errors if  sample accuracy is to be detector-noise-limited .  The 
results are summarized in Table I.      
    
  Detector Noise Fraction of 

Peak  
()T . 3K) 

Meas. RMS on single samples 0.0030 
Est.RMS Noise on 1sec avg of a 
sample 

0.0003 

Meas. RMS on avg. of 7 adjacent 
samples @ peak 

0.0021 

Est.RMS on 1sec avg of 7 adj. 
samples@peak 

0.0002 
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Sampling Error  
 

Max change per microsecond time 
error 

0.0043 

RMS error  over scan for 1µsec 
time error 

0.0016 

Max allowable timing error for less 
than 2E-4 error in pulse area 

6 
microseconds 
 

 
These indicate that  
a] for )T ~ 3C, and one-second averaging, the RMS detector noise 
limit on measurement of pulse area will be ~2 parts in 1E4; 
b] to realise this, each sample must correspond to a known constant 
chopper position to better than 5 milliradians. 
 
The second requirement has a number of implications, depending 
on the details of the timing method 
 
- if each pulse of the A/D sample clock is derived directly from an 
encoder, the encoder must supply at least 400 pulses/rev, and any 
latency between the passage of the encoder mark and the rising 
edge of the clock must be constant to better than 6µsec; these 
conditions can easily be achieved by an inexpensive, off-the-shelf 
encoder attached to the chopper shaft. 
 
- if the A/D sample clock is free-running, and acquisition is 
triggered from marks attached to the chopper (e.g. the “reset” or 
“clock” signals currently in ViewGas) then the actual chopper 
position corresponding to each sample can vary by the angle 
traversed by the chopper during one clock period, requiring that 
the chopper speed and the clock latency be measured and used to 
interpolate the data to fixed chopper positions. This is not difficult 
in post-time spreadsheet, and the data in a] and b], above, were 
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obtained in this way, but it will require some effort to realize the 
same process in real-time, and it appears easier to add an encoder 
to provide an A/D clock locked to chopper azimuth. 
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Appendix 2 ViewGas Project Update Summary for  November 
11, 2003   
 
 

Project background and technical investigation covering the 
following items (per the project milestones) has been completed.   
 
1a. Trade off known methods  
1b. Detection limits and interference (from gases other than natural gas) in known methods  
1c. Existing data on ViewGas  
1d. Problems to be solved for practical natural gas remote sensing  
1e. Potential problems and their solutions  
 
A formal report covering these items is being submitted by email (along with this report) under separate 
cover. 
 
The following action items from the ViewGas kickoff meeting have been addressed.   
 
A DRAFT ViewGas Performance Criteria and Basic Specifications has been prepared 
Presentation of more details of project tasks/items 
A project Gantt chart 
Resonance to supply survey vehicle for tasks 1 and 2 
No formal arrangements have been made with Enbridge for the supply of a survey vehicle for tasks 3 and 5 
although informal meetings with the Enbridge survey people have indicated their willingness for 
Resonance to ride along on surveys in Toronto or in the Barrie area. 
 
A formal report covering items 1 to 3 is being submitted by email (along with this report) under separate 
cover. 
 
The following technical concerns in the August 11 report that have been resolved 
 
The interface between the ViewGas electronics and the new digital hardware was developed in August and 
September.  This interface has two components (1) an interface signal processing board to the analog 
detector preamplifier digital USB A to D converter and (2) a reference signal conditioner that interfaces to 
the digital computer interface.  Both of these interfaces have fabricated and tested. 
The signal processing software approach has been chosen and been partially implemented.  We will are 
using the software drivers provided by the A to D interface to digitize the ViewGas gas signals and  
Microsoft C++.net to convert these signals to gas levels.  This approach gives us maximum code flexibility 
and is compatible with Windows-based notebook computers. 
The real time signal display method has been partially worked out.  Since we are at the instrument lab-
testing phase we have been digital scope emulator to view the real time signals from ViewGas on a Futjitsu 
Lifebook palmtop computer.  Signal processing to simulate the final result of an alarm type sensor has been 
carried out by sending the real time data to ASCII files with a C++ signal capture program.  These data files 
are then processed in an Excel spreadsheet to generate ViewGas signals proportional to the remotely sensed 
ppm-m of methane.  In this way we are able to evaluate various signal processing methods using Excel.  
Once the signal processing method is chosen we will write C++ code to put this data. 
 
 
Additional accomplishments in September October and November 
 
We finished the digital interface to ViewGas in September.  The results of the digitization of the ViewGas 
waveform are shown in figure 1.  This figure shows how the digital signal processing can capture the signal 
waveform of one 10 millisecond rotation of the high speed gas cell chopper.  
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We also constructed a field simulator to allow comprehensive lab testing in September.  This field 
simulator allows us to simulate moving far and intermediate field “hot spots” in the field of view as well as 
allowing us to change the ppm-m levels of Methane in the sensor field of view.   It employs a thermally 
controlled black body source with a temperature range of 0 to 100 C.  This source is placed at or near the 
focal position of a collimating lens that fills the aperture of ViewGas, thus simulating the background at 10 
to > 100 meters distance.   A full aperture gas cell is also employed to allow controlled amounts of gas 
mixtures to be introduced.  Thermal contrasts (background to gas of 0 to 50 C can thus be readily 
simulated.  Thus our lab testing incorporates many of the aspects of real field trials but enables us to control 
those aspects. 
A baseline software approach sufficient for us to measure the sensitivity of ViewGas to simulated field 
leaks in the lab was also developed. 
In early November we carried out laboratory simulations of field leaks.  A sensitivity of 4 x 10-5 change 
per ppm-m of methane has been measured.  This sensitivity is in line with theoretical predictions.  A lab 
detection limit of ~2.5 ppm-m (15 C thermal contrast) has been achieved with the digital engineering 
prototype (EP).  The results of one such calibration are shown in figure 2 below. 
  
Schedule/Budget compliance 
 
The April schedule had us starting limited field trials in September.  In the August report we revised the 
start of field trials to October.  As of this date (Nov. 11) we have not carried out any field trials owing to 
increased effort at developing the field simulator and problems with implementing the digital electronics.  
The field simulator is complete and in use and the problems with the digital electronics have been solved. 
 In early November we carried out laboratory simulations of field leaks with the simulator.  We anticipate 
the start of field trials in the last two weeks of November.    
We have spent ~1/3 the budgeted amount for the project and have accomplished 1/3 of the work.  No 
overrun is occurring. 
 
The status of the project on November 11, 2003 is: 

Task 1 Develop and Demonstrate Digitally Upgraded ViewGas 
1a. Trade off known methods  Complete 
1b. Calculate and report on detection limits and interferent effects of known methods Complete 
1c. Summarize existing data on ViewGas  Complete 
1d. Catalog problems to be solved for practical NG. Remote sensing Complete 
1e. Report on  potential problems and their solutions Complete 

Subtask 1.2 Design of upgraded experimental prototype   
2a. Trade off digital signal processing methods  Complete 
2b.Preliminary design including choosing digital approach Complete 
2c Design and report on digital processor  design complete  
3a. Design test and document software  Started  

Subtask 1.3 Development of digitally improved ViewGas 
4a. Carry out lab testing of digitally improved ViewGas  partially complete 
4b. Carry out limited field trial and report  Start by Nov. 20 demo scheduled 

for Dec. 15 or 16 
Task 2 Lab and Field Test on digitally upgraded Engineering Prototype 
Subtask 2.1 Demonstration of the EP with extensive lab and field-testing. started   
5a.Test in lab against a variety of laboratory targets  Started with field simulator 
5b Calibrate in lab and field  and report  Started 
6a Further calibrate in field and report  Not started 
Subtask 2.12 Extensive lab and field testing 
7a. Lab test on digitally optimized ViewGas  Not started 
8a Field test on simulated leaks  Not started 
8b. Field test on actual leaks  Not started 
9.  Report on optimization, lab and field tests  Not started 
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Figure 1 Digitized signal from one 10 millisecond rotation of the ViewGAS chopper
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Figure 2 Results from calibration of digitally improved ViewGAS EP. vs. Methane in a 
natural gas leak simulator 
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ViewGas Project Update Date: December 23, 2003   
By William Morrow and Robert Dick of Resonance Ltd. 
 

Since the last report on Nov. 11 the following tasks have been 
carried out 
 
A real time audio alarm has been implemented.  An alpha version 
of real time signal processing of the digital data acquisition signals 
in software has been implemented.  This software sounds a pulsing 
alarm that is related to the gas correlation signal from the chopper.  
It has been verified that this signal increases with remotely sensed 
methane in the field of view of the sensor.  This is a “first cut” of 
the software and is expected to improve a great deal as we gain 
field experience. 
 
Extensive lab trials to test the digital processing have been carried 
out:   These trials were carried out in the lab simulator.  During 
these trials sensitivity to a hot spot at the edge of the field of view 
was detected.  This seems to be caused by change in the clear/gas 
cell optical path with field angle.   
 
Limited field trials against snowy backgrounds have been started  
Prior to the brief field trial conducted  on Dec. 16  a series of 
exploratory outdoor trials against a snowy background were 
carried out.  These trials indicated that the thermal contrast was 
very weak when the sky was overcast and the background was a 
snow covered parking lot.   
    
On the 16’th of Dec field trials were carried out with Bob Naper 
and Angelo Fabiano representing North East Gas and Bill Morrow 
and Bob Dick representing Resonance. 
 
Technical comments on the meetings and the field trials on the 
15’th and 16’th  
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 Resonance’s additional comments on the field trials 
 
The first test conducted was with the methane tube on top of the 
tub.  Bill Morrow thought he could see a 0.7 liter a min leak from 
this tube.  However he did not see the same leak from the sand tub 
set-up.   One problem is that the span of the analog chart recorder 
was not set to high sensitivity.  This will be corrected with the 
digital signal processing.  While the digital signal processing was 
working for these limited trials it set to sound an alarm but not to 
simultaneously record data.   Simultaneous alarm and recording 
will be implemented before the next field trials in Jan. 
  
We were not sure of the response time of the tub set-up.  There 
was a volume of about ½ a cubic foot below the sand, which would 
have to be filled with methane before the full concentration was 
available above the soil.  At one liter a min this would take about 
14 minutes.  Also the sand volume was approximately 1.5 cubic 
feet.  The sand was wet and partially frozen having been stored 
outside.  The lag time between turning on the gas and the build up 
of gas above the soil was not tested.   The tests were carried out in 
the time frame of 10 min to 30 min.    
  
Further testing will be carried out under similar environmental 
conditions with a leak set-up with non-absorbing stones, which 
should have a faster response time.  During the tests an FID sensor 
would have been most useful to verify the presence of methane 
above the soil and to confirm that there were no plumbing leaks. 
  
 The increase in modulation after the 0.7 liter a min. tub trial 
looked like a small leak to Bill.  However this modulation persisted 
for 10 min after the gas valve was closed.  This modulation was 
not apparent when the ViewGAS was scanned over to an adjacent 
forest and then scanned back to a higher point on the building wall.  
Bill Morrow could not explain how this modulation would persist 
after the leak was switched off.  However it should be noted that 
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the sand filled tub may have acted like a gas “capacitor” at low 
flow rates and might be expected to keep evolving gas after the gas 
delivery was switched off at the tank owing to the significant 
holding volume.  Concurrent FID measurements are needed to 
prove or disprove this possibility.  In any case the signal from the 
small leak was very low if present at all and work to enhance the 
signal with the digital processing is underway. 
  
After the testing it was noticed that a possibility exists that the 
beam area may have been smaller than the 2.0 ft estimate.   A more 
accurate estimate of the beam at the wall was 2.2 feet and at the 
tub was 1.8 feet.   When doing the earlier direct pipe trial it was 
noticed that the signal went up when the vertical angle was 
adjusted.  This suggests that this angle is important.  Perhaps the 
gas was shearing off the tub due to the local wind field making it 
easy to point over the gas plume.  Concurrent testing with an FID 
to determine the plume extent will be carried out in Jan.  It is 
anticipated that these concurrent tests will provide valuable first 
time information about the best way to insure the intersection of 
the sensor field of view with the gas plume. 
 
The ViewGAS field of view and the ideal optic size 
 
As ViewGAS moves further from the leak source the image area 
increases in a cone shape.  The signal from background methane 
will not increase.  However, if the extent of a leak is smaller than 
the field of view, the IR signal will go down because the leak 
signal averages with the background.   Going to a larger front lens 
would narrow the field of view on the leak enabling a full recovery 
of the signal.  This however, comes at the expense of covering a 
smaller angle, which would reduce the probability of finding leaks.  
The ViewGAS field angle (1 foot for each 10 feet distance) was 
chosen as a compromise between wide coverage and focusing on 
leaks.  However, we want to test the system on real leaks before 
finalizing on this field of view.  In addition a zoom feature would 
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be possible if it was decided that one field of view was not 
sufficient. 
 
Schedule/Budget compliance 
 
Resonance is reviewing its costs for the project to date and will report on this early in the New Year.  Our 
bookkeeper retired in October making this fairly simple task a bit more complicated and we apologize for 
the delay.  

 
The status of the project on December 23, 2003 is: 
Task 1 Develop and Demonstrate Digitally Upgraded ViewGas 
1a. Trade off known methods  Complete 
1b. Calculate and report on detection limits and interferent effects of known 
methods 

Complete 

1c. Summarize existing data on ViewGas  Complete 
1d. Catalog problems to be solved for practical NG. Remote sensing Complete 
1e. Report on  potential problems and their solutions Complete 

Subtask 1.2 Design of upgraded experimental prototype   
2a. Trade off digital signal processing methods  Complete 
2b.Preliminary design including choosing digital approach Complete 
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Appendix 3: ViewGas outdoor test with supporting wind and 
Flame ionization detector measurements  Date: Jan. 9, 2004   
 
  Bill Morrow & Bob Dick Resonance Ltd. 
 
Equipment: 

1. ViewGas after noise reduction efforts in December and early Jan. (Resonance) 
2. Velocicalc plus temperature/air velocity meter (Resonance) 
3. Flame-Pack Southern cross Model 400 flame ionization detector (Enbridge). 

Calibrated before delivery from Enbridge on the 7’th of Jan. 
4. Leak disperser consisting of 5 gallon pail with about 5 inches of 0.5 inch gravel at 

bottom, ¼ inch ID tygon pipe  
5. T sized cylinder of Pure methane with regulator 
6. Flow control and measurement manifold with steel ball type flow meter 

(calibrated with methane on Jan. 8) and app., Nucro flow control valve and 50 
feet of 3/8 OD tygon tubing (Resonance) 

 
A series of measurements of a simulated leak were carried out in the Resonance parking 
lot.  ViewGas was located about 5 meters from the Resonance building south wall.  The 
environmental conditions were: 
 

1. Wind speed 50 to 150 feet per min parallel to building wall Easterly direction (to 
right in photos) 

2. Outdoor temperature –16 C 
3. Background sunlight building wall or shadowed building wall 
4. Blue cloudless sky 

 
FID measurements: 
 
FID measurements were made on all sides of the pail at a flow rate of 1 liter a minute.  
Concentrations were highly variable but a persistent plume of 50 to 100 ppm of methane 
was found app. 2 meters above the ground out to 3 to 4 meters downwind.   The plume 
was highly variable and measurements would range from 0 to 100 ppm on the downwind 
side.  0 to 20 ppm methane was also detected upwind which was attributed to eddy 
currents around the building.  The levels 0.5 to 1.5 meters from the bucket, downwind 
from the plume were also ranged from 0 to 100 ppm.  The plume seemed to rise as might 
be expected since methane is lighter than air.  Grid measurements suggested that at a few 
meters from the pail the plume was less than 1 meter thick and less than two meters in 
height. 
 
ViewGas measurements: 
 
The baseline of ViewGas was very smooth on the 0.1 V scale when the methane was off.   
This might be a result of the noise reduction work carried out since the last 
measurements.  The gas signals were promptly and unambiguously seen when the 
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methane leak of 1 liter a min was turned on.  The signal with the leak was highly variable 
ranging from 0 to .07 volts when the target was sunlight and 0 to 0.05 volts when the wall 
was in shadow.  The lower signal when the wall was in shadow was presumably due to a 
lowering of the “thermal contrast” when solar heating was not applied to the wall.  The 
field of view of ViewGas at the plume distance was less than 0.5 meters.  The high 
degree of variability of the ViewGas measurements was similar to the variability of the FI 
measurements but the response time of ViewGas was on the order of 0.1 seconds 
compared to > 10 seconds for the FI.  This makes comparison of the temporal variability 
of the signals difficult. 
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Conclusions: 
 
This is the first of a series of outdoor measurements with ViewGas supported by 
flame ionization measurements taken at nearly the same time at the same flow rates.  
These tests gave a better signal to noise than the tests carried out in December.  This 
is partially due to the noise reduction efforts (which are continuing) and possibly the 
higher thermal contrast on this particular day.  During the Dec test the noise was 
about 0.02 V peak to peak.  On Jan 9 the peak-to-peak noise was less than 0.005 V 
and was clearly distinguishable from the 0.05 to 0.07 V signal for 1 liter a min. 
simulated leak. 
 
 
This data represents only one set of conditions and is the beginning of a series of tests 
to more fully characterize the sensor under realistic conditions.   
 
Efforts are underway to further reduce the noise and improve the digital interface as 
well as to continue to validate the ViewGas with outdoor tests on quantitative leaks.   
 
Testing on actual leaks is also planned but at present looks like it will take place in 
Toronto since no leaks are currently available in Barrie. 
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Appendix 4: Results from ViewGAS Optical Re-alignment and 
Digital Processing Modifications 
Quick Update: Feb:20, 2004 by Bill Morrow and Bob Dick 
 
In calibrations conducted prior to the field trials of Feb. 8, 9 and 10 2004 ViewGas was 
found to have a detection limit of 17.5 ppm-m for a 10 degree C thermal contrast (10 C 
TC).  After the attempts to find leaks at McKee and Beecroft (Toronto) on Feb. 9 Dr. 
Morrow decided to re-calibrate ViewGAS in order to determine if it was operating 
properly.  He found that after minor adjustments the sensitivity of ViewGas was 
improved to 13.8 ppm-m (10CTC).    Both of these detection limits were worse (higher) 
than those observed earlier.  This prompted Resonance to re-align ViewGas. 
 
In addition to the re-alignment, the signal processing algorithm was modified to optimize 
the signal to noise ratio.  The results of the realignment and signal processing 
optimization are shown in figure 1.  After alignment and processing algorithm 
improvement the ViewGas detection limit was improved by a factor of 3.8 to a level of 
4.6 ppm-m.  This was very close the improvement of 1/.27 =3.7 that was predicted from a 
comparison of earlier calibrations to those conducted prior to the survey.  
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 
  
This re-alignment exercise was the first time in the program that feedback from field 
studies was used to implement changes to ViewGas.  This process was anticipated in the 
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work plan and Resonance expects that further changes will be made in response to 
evaluation of signals from actual distribution leaks. 
 
The outcome of this re-alignment and change to the digital signal processing was an 
increase in the sensitivity of ViewGas of 3.8 times over that obtained during the February 
9th trial.   
 
It was also found that the digital signal processing would allow further improvements to 
the ViewGas sensitivity.  This is currently being investigated.  
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Appendix 5.  ViewGas Project Technical Update for Feb. 12 2004 
covering period from Nov. 12 to Feb. 12 2004. 
 
 
 
Resonance has successfully detected actual methane leaks from a slow moving mobile 
platform with an azimuth scanned ViewGas.  Detection of ~118 ppm-m methane (with a 
SNR of 6 and a response time of ¼ second) has been conducted under adverse field 
thermal conditions (snowing).  The leaks detected were considered large by Enbridge and 
the NE Gas observers and considerable effort needs to be applied to increase the 
sensitivity of ViewGas.  Resonance personnel reported that significant sensitivity 
increases are possible and an intense effort is underway to improve the signal to noise 
ratio and fully implement an engineering interface on the digital signal processing.  Plans 
for the next three months are to: 

1. Align the optics to improve the signal to noise ratio and complete the 
implementation of the digital engineering interface. 

2. Further test ViewGas in the field and make necessary changes to bring it 
closer to a useful field instrument 

3. To conduct a formal test of ViewGas with witnesses from NE Gas. 
 
The data presented below show the three mains leaks detected by ViewGas on Feb. 10, 
2004. 
 

Figure 3 Scans of three field leaks on Feb. 10, 2004 
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Figure 4 ViewGas in snow squall when Beecroft leak was detected on Feb. 10-field leak survey 

 
 
 

Conclusions from Field Testing in view of Improvements made by 
Feb. 19, 2004 
 
An unusually low ViewGas sensitivity was noticed after the Monday Feb. 9, tests that 
may explain the lower than expected sensitivity on that day.  Subsequent alignment 
efforts and use of the digital processing improved the ViewGas detection limit by a factor 
of 3.8, restoring it to the predicted sensitivity.  This effort is covered in a follow on report 
presented under separate cover. 
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Appendix 6: ViewGAS Technical Update covering period from 
Feb. 12 to May 12 2004 

 
 
 
Technical summary: 
 
After the Feb test Resonance made a focused effort to improve ViewGas for the detection 
of small service leaks.  The significant hardware and software changes during this stage 
led to an improvement in sensitivity from ~20 ppm-m to ~2 ppm-m at 10 C thermal 
contrast.  In addition a scanner and digital camera were added to ViewGAS and the 
software interface was improved sufficiently to allow ViewGAS data to be viewed solely 
on a notebook computer without a chart recorder.  Figure 1 shows ViewGAS after this 
major re-work of the sensor. 
 
 
 
 

Figure 1: ViewGAS in April 2004 after adding a scanner, digital camera etc. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On April 6 and 7 a series of field trials were carried out on medium to low level leaks 
which indicated that the ViewGAS sensitivity was significantly better than in Feb. 
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After the field trials in April a second set of modifications and improvements to 
ViewGAS were executed to solve the problem of chopper temperature instability and to 
improve the detection limits by further improvement of the software.  These efforts led to 
an improvement in sensitivity (to ~2 ppm-m at 5 C thermal contrast.) 
 
 
The large reduction in the noise in the ViewGAS signal is illustrated in figures 2a and 2b 
below.  . 
 
 

Figure 2a, 2b Improvement in SNR obtained during Feb. and Mar. 2004 by 
aligning optics and increasing resp. time

 
 
 
 
 
 
 
 
 
 
 
 

 
 
The field tests in April clearly showed that ViewGAS could detect background methane 
levels.  The figures below illustrate the ViewGAS sensitivity to background methane and 
leaks when the thermal contrast was 3 to 7.5 degrees K and the ppm-m amount ranged 
from 0 to 25 ppm-m.  These measurements were made in the filed on a real leak 
identified by Enbridge Inc. using FID sensors.  The methane amounts were in agreement 
with the levels seen with the FID sensors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3 ViewGAS response to background methane.  Path is increased from 
left to right while VeiwGAS response increases from 5 ppm-m to 20 ppm-m 
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Figure 4 ViewGAS signal for a small leak in roadway.  As field of view 
scanned on an off the leak the signal changes appropriately. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary and Work Planned in May and June 
 
At the beginning of this report period a major effort was undertaken to improve the 
sensitivity of ViewGAS.  This resulted in an improvement of approximately 10x through 
improved signal processing with the digital electronics and improved optical alignment. 
 
At the end of the report period a major effort was underway to further increase the 
sensitivity of ViewGAS in order to improve its performance under conditions of low 
thermal contrast.  These efforts centered on optical and software changes to minimize 
response to hot spots while maximizing methane response.  A major improvement is 
expected when an optical randomizer tube is used to reduce the effect of hot spots in the 
field of view and the software is modified to correct for rapid radiance changes that occur 
when the field of view is moving at speeds of meters per second. 
 
A method to use of the radiometer channel for measuring the thermal background 
temperature has been devised and special targets to characterize the target gas 
temperature has been designed.  This hardware will allow us to directly measure thermal 
contrast using the ViewGAS radiometer channels 
 
In addition further efforts to characterize the limiting thermal contrast sensitivity of the 
system are underway.  Field trials in the Resonance parking lot to characterize ViewGAS 
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ultimate thermal contrast sensitivity have been carried out in May and June.  Two field 
trials on distribution and or service leaks (with the assistance of Enbridge) are scheduled 
for mid June.   
 
A demonstration of the thermal contrast characteristic of field conditions is planned for 
June 24’th.  During this field trial ViewGAS will be operated along with an RMLD and 
another passive IR remote sensor.   
 
 
  

Appendix 7: Report on the measured and potential sensitivity of 
ViewGAS after the sensitivity improvement in March 2004 
 
To Angelo Fabiano from Bill Morrow…..March 23, 2004 
 
Three curves are presented.  The uppermost curve represents where we are today after re-
aligning the optics and optimizing the digital signal processing.  This shows an 
improvement of about 10 x from the sensitivity on Feb. 8 and 9.  This system has a 
sensitivity (NEA) of 4 ppm-m at a thermal contrast of 5 C. 
 
The middle curve represents the sensitivity for ViewGas with an optimized gas fill in the 
gas cell chopper.  Improving the gas cell chopper by increasing the pressure and/or path 
length could improve the correlation efficiency by a factor of 2.8 (by the detailed 
instrument model of performance of the system).  This system would have a sensitivity of  
2 ppm-m at a thermal contrast of 5 C. 
 
The lower curve represents the sensitivity predicted for a ViewGas with a chopper that 
had a larger dwell time on the clear and gas cells and a detector with a higher sensitivity 
(by 4x).  This represents the maximum sensitivity of such a system that uses the current 
state of the art in detection methods.  This system would have sensitivity well below 1 
ppm-m for all thermal contrasts above 1 C. 
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The observed range of thermal contrasts thus far observed in the environment ranges 
from a low of 2 C to a high of 16 C.   The lowest thermal contrast was against a wall 
application in a light rain shower at about 10 C.  The highest thermal contrast was for a 
very cold day with a wall illuminated by sunlight.  Our experience suggests that on most 
days the thermal contrast will be above 5 C. 
 
I offer the following comments in response the issues raised by Bob. 
 
1. Among the smallest volume leaks that an FIU finds, what is the 
typical delta T associated with them under varying environmental 
conditions? 
 
It’s a bit early to tell but I think under most weather conditions the thermal contrast will 
be better than 4 C.  Very bad conditions (raining with heavy cloud) result in thermal 
contrasts of 2C. 
 
2. What is the smallest delta T that the current technology can detect? 
 
We actually detect gas with certain sensitivity at a given delta T.  Right now we can 
detect 4 ppm-m at a delta T of 5 C in one second.  Recent discoveries suggest we can 
improve this to less than 2 ppm-m by improving the chopper.  Our detailed model 
indicates that ultimate technology limit is less than 1 ppm-m for a thermal contrast of 1 
C.   I have catalogued the ppm-m associated with a number of leaks.  This data indicates 
that a 2 Cubic foot per hour leak (CFH) has between 20 and 500 ppm-m methane in the 
plume.     
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Appendix 8: Scans taken on partially sunny day Gas on 16 June 
2004 prior to demo in Toronto  for N. E. Gas 
 
A fairly definitive peak is seen in leak location for thermal contrast of 4 C.  Note the 
column amount x thermal contrast level is about 15 ppm-m-C.  
 
The next day after a heavy rain this leak was not seen. 
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Appendix 9: June 17, 2004 leak observed on Walmsley Ave 
 
This leak had peaks in the 15 to 20 ppm-m-C range.  It was readily detected by ViewGAS 
when the time constant was increased.  At one second time constant this leak represents 
the limits of detection of ViewGAS in the current configuration.  An increase in 
ViewGAS sensitivity would enable the detection of this magnitude leak and smaller ones 
in less than one second for mobile applications. 
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Picture Gallery 
 
Sniffing for NG on Yong Street in Toronto 
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Whose idea was this, anyway? 
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If the cold doesn’t get you…the food will 
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Our friendly ever helpful comrades at Engridge John, Ken and Tony 
 
 

 
 
 
 
There’s no place like it…NEW YORK NEW YORK home of our sponsor’s HQ 
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Final cost summary 
 
Breakout of NE Gas project costs for period from May 12, 2003 to June 25, 2004 
 total USD billed  $    32,177.73    
 Total USD spent  $    44,547.95 
Note 35,000 spent between May 12 and June 18, 2004  
Labour from Resonance salaried employees  $       28,295.28 
  (Dr. W. Morrow,  B. Bowles ) 
Labour from Resonance consulting employees (R Dick)  $       14,737.67 
Equipment total and Vehichle 
expenses----> 
   $         1,000.00 
 Consumables total---->   $            515.00  
   Vehicle expense for field testing 1200 
km   $     1000.00   
   Lg Bottle rental ((1 mo)   $     50   
   Med bottle rental    $       0  
   Env charge on bottles   $       30  
   Liquid nitrogen   $     435  

 
 Status on May. 12, 2004  
Task 
1  Develop and demonstrate digitally upgraded  ViewGAS % complete 
ST1.1    Project background and technical investigation 100% 
ST1.2    Design of upgraded experimental prototype   100% 
ST1.3    Development of digitally improved ViewGAS 100% 

 
Task 2 Lab and Field Tests on digitally upgraded Engineering 
Prototype  

 ST2.1 Demonstration of the EP with extensive lab and field-testing.    
  5a. Test in lab against a variety of laboratory targets 100% 
  5b  Calibrate in lab and field  and report 100% 
  6a  Further calibrate in field and report including: 100% 

 
   Carry out vehicle tests on urban and suburban backgrounds to characterize ViewGas 
sensitivity to changing scenes 

ST2.2  Extensive lab and field testing  
  7a.  Lab test on digitally optimized ViewGas 100% 
  8a  Field test on simulated leaks 100% 
     Build and test "Simulated Small Service Leak " (S3L)  

 
    Carry out field test on simulated leaks on Resonance property (parking lot, gas 
service, against building wall, pavement, grass, snow , shed wall, vehicles etc. 

  8b.  Field test on actual leaks 2 formal field trials thus far 100% 
 For the second formal rounds of field leak testing tasks A, B, C,  
  9 Report on optimization, lab and field tests 100% 

 
Expenditure summary: 
At this juncture Resonance has expended more than 100% of the funds and has billed 
for100% of the project. 
 
Technical summary:    
Refer to final report pages 1 to 13 
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