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Abbreviation  

 

ASC    = Aviation Safety Council (Taiwan) 

CFIT   = controlled flight into terrain 

FAA    = Federal Aviation Administration (U.S.) 

FDM   = flight data monitoring 

GA    = general aviation 

LRS    =   lightweight recording system 

LOC-I   = loss of control in-flight 

NTSB   = National Transportation Safety Board (U.S.) 

TTSB   = Taiwan Transportation Safety Board  

 

I. Introduction 

While commercial airliner accidents have become relatively rare in developed countries, 

causalities resulted from general aviation (GA) accidents still present at an alarming rate each 

year.  This trend has been persistent in the recent decade.  In 2011, FAA reported that GA 

fatal accident rate was 1.14 accidents per 100k flight hours, or 268 accidents in 2010, with top 

accident causes as loss of control in-flight (LOC-I, >45%), aerodynamic stall at low altitude 

(20%), and controlled flight into terrain (CFIT, 8%).  In another statistic report made by 

National Transportation Safety Board in 2018, out of the 1,316 accidents and 346 fatalities in 

2017, 1,233 accidents (93.7%) and 330 fatalities (95.4%) were logged to Part 91 GA accidents, 

the former corresponded to 5.667 accidents/100k flight hours.  The ten-year average ending 

2017 illustrated an accident rate of 6.40/100k flight hours and a fatal accident rate of 1.17/100k 

flight hours for GA activities.   These numbers, while slightly reduced from previous years, 

still compared overwhelmingly to those Part 121 and Part 135 operations.  LOC-I accidents 

were also the most occurred accident type in GA, which counted for 43.6% of the fatal GA 

accidents and 18.8% of all GA accidents in 2015.  

The high accident rate in general aviation, in particular as a result of loss of control, has 

raised the attention from investigation authorities and industry.  Prevention of GA LOC-I 

accidents had been listed as one of items in NTSB’s most wanted list four years in a row (2015-

2018), which highlighted safety issues identified by the NTSB from its accident investigation 



to increase awareness from general public and promote its safety recommendations issued.  

The high safety event rate in general aviation reflects the fact that GA pilots are usually trained 

less rigorously as those flying commercial airliners and they in general fly irregularly and have 

longer interval between recurrent trainings.  This makes them maintain their flying skills 

almost exclusively on their own and hence, there is no doubt that they are likely more exposed 

to unpredictable scenarios which could lead to loss of control, as they rely more on individual 

capabilities and judgement to assure flight safety.  In Taiwan, there is no exception either.   

According to Aviation Safety Council (ASC*)’s annual safety report, in the ten-year period 

ending 2017, the GA accident rate was 35.64 per 100k flight hours while fatal accident rate 

was 13.71 per 100k flight hours.  Trend of the statistic result was not far from rest of the world, 

where accident rate of GA operation is counted significantly higher than that of air transport 

category.  

 From previous GA occurrence investigation, TTSB has concluded three main challenges 

in conducting general aviation flight occurrence investigation.  First, accident sites were 

mostly located in remote and mountainous area to which made investigators difficult to access. 

A remote accident site also eliminates most of efficient means to contain and transport aircraft 

wreckage for examination. Second, most of GA occurrences investigated were lack of data 

from navigation aids and weather related information due to the remote locations, and; third, 

unlike air transport airliner investigation, GA occurrence investigation usually comes without 

flight recorders.  Investigators have to more rely on traditional investigation techniques such 

as witness interview, site survey, and flight instrument examination to find out probable causes.  

In consequence, ASC has previously issued four safety recommendations in the recent decade 

to urge general aviation and public use aircraft operators to install lightweight recording system 

(LRS), and emphasized on the benefits of utilizing the data recorded in facilitating flight data 

monitoring and incident investigation that could bring to safety enhancement.  This echoed 

what other safety investigation agencies have accomplished previously, to promote or require 

GA operators to install LRS as a mean to improve safety.  

 In this research, a lightweight recording system on various GA aircraft was investigated.  

Use of LRS represents a promising way to achieve FDM in GA.  In 2016, ASC selected one 

LRS currently installed on many Airbus Helicopter products as the model, and teamed up with 

Emerald Pacific Airlines and National Airborne Service Corporation (NASC) of Taiwan for 

flight tests.  Emerald Pacific Airlines has a small fleet of Bell 206 mainly used on special 

operations such as high voltage insulators cleaning. NASC, on the other hand, an affiliation to 

the Ministry of Interior, has a fleet of Airbus AS365N3 for search and rescue purposes.  Both 

carriers once involved with hull-loss accidents that prompted ASC to issue safety 

recommendations to GA operators to promote installation of lightweight recording system. 

                                                      
*  The ASC was reorganized to a multi-modal transportation accident investigation agency, the Taiwan 
Transportation Safety Board (TTSB), on August 1st, 2019. 



II. Flight Tests and Data Qualities 

The chosen LRS (Figure 1) was selected due to its compact size and light weight as it only 

weights 250 grams, and requires aircraft power and ground to function.  It is a self-contained 

device, which means that besides ATC communication, all other data are self-acquired by the 

recorder, and thus does not require complicated modification to the existing aircraft wiring. 

This directly benefits the potential operators as it would reduce installation cost and time 

without complicated integration with existing avionics.  The chosen LRS has received Type 

Certificate (TC) or FAA Supplemental Type Certificate (STC) on various types of aircraft 

models, including: AS350/365 (TC, STC), EC 135/145/175 (TC), AW139 (TC), Bell 206 

(STC), AW109 (STC), and Cessna 172 (STC).  It also complies with U.S. FAR 135.607†, 

which requires air ambulance operators to install an approved FDM device.  

Two recording media are available for the chosen LRS as data are recorded to a removable 

16GB SD card and an 8GB internal crash-hardened memory; however, the chosen LRS does 

not meet ED-155 (minimum performance) standards for a lightweight recorder.  Both 

recording media are capable of storing 200+ hours of flight data while recording 4 / 2 hours of 

in-flight images to the SD card/ internal memory, respectively.  It can record 14 flight 

parameters with sampling rate at 4 Hz.  Table 1 lists all parameters recorded with resolution. 

 

Figure 1 Chosen lightweight recording system 

Table 1 Vision 1000 Recorded Parameters 

Parameter Unit Rate 

Latitude deg. 4 Hz 

Longitude deg. 4 Hz 

GPS Altitude meters 4 Hz 

Ground Speed knots 4 Hz 

Vertical Speed ft./min 4 Hz 

                                                      
† 14 CFR 135.607 – Flight Data Monitoring System. “After April 23, 2018, no person may operate a helicopter in 
air ambulance operations unless it is equipped with an approved flight data monitoring system capable of 
recording flight performance data. This system must: (a) Receive electrical power from the bus that provides the 
maximum reliability for operation without jeopardizing service to essential or emergency loads, and (b) Be 
operated from the application of electrical power before takeoff until the removal of electrical power after 
termination of flight.” 



Magnetic Heading deg. 4 Hz 

Pitch deg. 4 Hz 

Roll deg. 4 Hz 

Pitch Rate deg./sec 4 Hz 

Roll Rate deg./sec 4 Hz 

Yaw Rate deg./sec 4 Hz 

Normal Acceleration G 4 Hz 

Longitudinal Acceleration  G 4 Hz 

Lateral Acceleration G 4 Hz 

The LRS also records flight instrument images in 4Hz, ambient noise, and ATC 

communications, and they can be playback on manufacturer’s utility software (Figure 2). Each 

recorded image is 1600 x 1200 pixels in resolution and the audio can be exported in wave 

format in pieces of 4 Hz / 0.5 seconds. 

Three flight tests were conducted on a Bell 206 of Emerald Pacific Airlines, an AS365 of 

NASC, and a fixed-wing ultra-light aircraft STOL CH701.  For the latter two tests, the LRS 

was installed on a temporary stand due to standard installation kit was not yet available, and 

only the flight test on Bell 206 had the recorder installed on genuine bracket from the LRS 

manufacturer.  A 16V lithium battery was attached to the Vision 1000 to provide power during 

each of the flight tests performed on AS365 and ultra-light aircraft. 

To validate the flight track logged by Vision 1000, a handheld GPS device, Garmin 60CS, 

was carried by flight crew during the flight tests.  GPS data were downloaded each time after 

the tests with manufacturer’s recommended tool. 

 

Figure 2 LRS flight data playback platform 



 

Figure 3 LRS acquired flight data comparison with handheld GPS data 

The recorded LRS GPS location data were then compared with handheld GPS data.  

Comparisons of data from AS365 flight test are shown in Figure 3 where overlaid data are 

illustrated.  It can be observed that data from the LRS and handheld GPS almost match to 

each other in entire flight, except during ground proximity where handheld GPS altitude data 

show minor deviation due to ground effect as its reading was temporarily affected by the 

embedded pressure altimeter.  Maximum deviation in altitude was about 20 m. On the other 

hand, handheld GPS data show many zig-zag along entire flight path where that of the LRS 

was smooth, which matched the actual flight as observed from the images recorded.   

According to manufacturers’ specification, handheld GPS’ accuracy in latitude/longitude is 10 

meters whereas that of the LRS is 2.5 meters.  In overall, the 4 Hz data from the LRS provide 

satisfying precision in recorded location. 

 

III. Image Identification  

It has been shown that the recorded LRS images useful information not acquired by the 

recorder as flight parameters, e.g. engine RPM and torque, which might be beneficial to GA 

FDM analysis and safety investigation if known; however, image data recorded in 4Hz for a 

flight of few hours would generate large amount of images that prohibit reading them out 

manually.  In consequence, developing an image processing scheme that is capable of 

automatically identifying instrument of interest, and accurately reading out the values, becomes 

necessary in order to further expand the application of recorded data from a LRS.  The scheme, 

nevertheless, is also required to function robustly when processing irregular in-flight images 

such as ones with pilot obstruction and sunlight luminosity issues (as illustrated in Figure 4.)  



 

Figure 4 Images with pilot obstruction (left) and sunlight luminosity (right) 

To achieve this goal, over 12,000 sample images recorded from the Bell-206 flight test 

were used, shown in Figure 5.  Images correspond to 50 minutes of flight data.  The airspeed 

indicator (shown in red in Figure 5) was chosen as the benchmark to analyze, as the aircraft 

speed was also available as an acquired parameter (in terms of aircraft ground speed), and 

served better for validation purpose.   The airspeed indicator (as illustrated in Figure 5) 

locates at the upper center of the flight instrument panel of a Bell-206, and has one indicative 

needle. 

 
Figure 5 Left: Bell-206 Flight instrument and; Right: airspeed indicator 

To make the instrument reading possible, all color (RGB) images to be processed first 

need to be binarized (i.e. black and white).  Two generations of image identification schemes 

were then developed.  The first generation scheme, with a “fixed” binarization threshold, had 

the needle detection process begin with the assumption of a “clean” first image, i.e. needle 

location can be easily determined without much disturbance or pilot obstruction of the 

instrument.  The idea to detect the location of the indication needle is to create an interim, 

artificial needle, and made it turn, degree by degree, until the multiplication with the processed 

image finding the maximum value at the indicator needle location.  Once the indicator needle 

location was found in the first clean image, for the needle locations in those subsequent images, 

it would be assumed that the helicopter did not experience any extreme maneuver in the 



following 0.25 seconds, and hence the indication change was limited to +/- 25 degrees.  In 

consequence, the interim needle only would need to turn over a smaller range to find the 

locations of the indicator needle in subsequent images.  

Although the first generation scheme proved to function well with precise results; however, 

the lengthy time in computation (near 4 hours for 50 min. of image data) prevented it from 

practical use in potential daily FDM operations.  Thus an improved second generation scheme 

was developed.  The scheme adopted a dynamic binarization idea with floating thresholds to 

take care of sunlight luminosity issue.  The instrument needle reading was found by 

performing Eigen analysis to calculate its slope, before converting to real reading.   The 

computation efficiency gain in the second generation scheme was significant: for the same 

amount of image data, less than 40 minutes was needed to finish the computation, comparing 

to close to 4 hours with the first generation. 

 

Figure 6 Comparison of airspeed calculation by the two schemes and LRS ground speed  

 

Promising results were also shown.  Figure 6 illustrates comparison of airspeed 

calculation between the two schemes and the acquired data.  Result of 5 minutes flight time 

during cruise is demonstrated for better illustration. It can be observed that the airspeeds 

computed by the two schemes had similar trends, with deviation stayed mostly within 3%.  It 

shall be noted here that the LRS measured ground speed of the aircraft through its embedded 

GPS, while the algorithms detected indication from the instrument panel images which directly 

returned aircraft airspeed.  Depending on aircraft attitude and local wind condition, a 

displacement can exist between aircraft ground speed and airspeed, as seen in Figure 6.  The 

wind condition was observed consistent throughout the presented duration of flight and 

therefore the displacement between aircraft ground speed and airspeed seemed constant.   

Moreover, the second generation scheme seemed to pick up most of the trends in aircraft 



ground speed, which better reflected the wind condition encountered by the aircraft during 

cruise.  

 

IV. Data Application in GAFDM and Safety Investigation 

Flight data from LRS enables GA operators to achieve FDM. Though not as numerous 

flight parameters monitored as those used by civil air transport carriers, GA communities still 

can benefit from data recorded to understand aircraft states and handling qualities throughout 

the flights, and flight operation and maintenance specialists are capable of further examining 

operational environment and detailed aircraft system status assisted by the images recorded, 

such that any preventive remedies for safety enhancement can be taken if any risks are found 

from recorded data.  Multiple event triggering thresholds can be further set with different 

severity levels to make sure that flight operations are performed within company safety policy 

limits.  For private GA operators, lightweight recording system gives an opportunity to review 

flight operation quality post-flight with easy access to more flight parameter data and in-flight 

images.  It is also very useful for flight training purposes.   

The application of LRS also serves two objectives from flight occurrence investigators’ 

perspective.  For GA aircraft with traditional analog instrument system, it serves as a data 

recorder storing fundamental flight parameters; in addition, during a hull-loss accident, 

investigators will no longer heavily rely on traditional investigative techniques to determine 

the probable causes.  Thus flight data from a LRS potentially will augment investigation 

efficiency by providing first-hand information of aircraft states, handling quantities, and crew 

communication in the cockpit.   For aircraft equipped with an advanced integrated flight 

instrument system, more flight parameters could be available; however, those data may not 

survive during a hull-loss accident, where a LRS can provide recorded data with better crash 

survivability.  Cockpit images and ambient sound recorded by a LRS not only serve as an 

unique evidence for aircraft states, but a direct way to review crew communication, an indicator 

of crew resource management (CRM), which cannot be accomplished by any EFIS currently 

on market 
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