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Abstract.  
1. Where are we now? - An overview of modern applications for the current range 
of RVI products  

 All applications that currently utilise RVI. This will illustrate the diversity of use 
of this technology and provide a starting benchmark to show the room for growth. 

 2. Measuring Success - The increasing importance of measurement accuracy 
across all applications 

 Aviation engines will be used as context highlighting the pressure that engineers 
are under (time/money) and their growing need for more accurate measurement of 
engine defects given ‘on-condition’ operations. 

 3. What do we see? - Imaging technology trends 
 The current technology used and highlight that the technology is being driven 

towards a tipping point in the CCD vs CMOS debate. It will also discuss the 
future trends and what the market will be demanding in terms of resolution and 
the issues that this raises for manufacturers. 

 4. Working together - Device connectivity trends and the increasing importance of 
metadata 

 A captured image is no longer expected to be just an image. Demand is increasing 
for associated metadata across all disciplines (some applications specific examples 
will be given, but for context the metadata supplied by a standard iPhone will be 
used as an example of this in everyday life). Expected future demands for 
connectivity will also be shown (WiFi/Bluetooth etc). 

 5. Time and quality are key - Inspection workflow optimization and inspection 
quality essentials 

 The increasing demand for application specific guided software and how this can 
improve workflows, decrease task time yet ensure consistency, quality and safety. 

 6. Conclusion – Time is Money and Image is Everything - The fundamental 
reason for the existence of RVI is to save time and therefore money. In the future 
the requirement for cost saving will drive the RVI sector to perform more 
complex tasks in a faster time (time is money). This will only occur if the imaging 
improves and the increasing requirement for better resolution will inevitably 
change the face of the market as it stands (image is everything). Finally, 
highlighting that this changing market has changed the way KARL STORZ works 
today already. We have moved from a transactional relationship with our 
customers, towards a partnership. We believe that this is the future. 

More info about this article: http://ndt.net/?id=19679
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1. Where are we now? - An overview of modern applications for the current range of 
RVI products. Remote Visual Inspection (RVI) is defined as an inspection in areas that are 
wholly inaccessible. The remote part refers to the fact that the user or operator does not have 
direct access to the area/cavity of inspection.  RVI technology enables an inspector to visually 
inspect these inaccessible areas and view parts of a pipe, engine, gear box, bearing or similar 
part or assembly. Without the use of RVI, the inspector would have to completely disassemble 
the entire assembly in order to inspect the area of interest. 

 
RVI technology can be loosely classified as follows: 

 
Rigid Borescopes - Rigid borescopes are a basic and proven type of RVI technology.  
Basically consisting of a hollow rigid tube, a fibreoptic light carrying bundle and a lensing 
system. The image from the target is illuminated by the fibreoptic light fibres and relayed to 
the operator by a lens relay system. As the name implies, the rigid borescope is not flexible. It 
is straight and rigid which means it requires line of sight to the area of inspection. Rigid 
borescopes can have side-view lenses so that the inspector can see what lies adjacent to as 
well as ahead of the borescope. The most advanced borescopes have sophisticated optical 
swing prisms to change the angle of view.  The rigid borescope will need to be combined with 
a light source and a light guide cable.  The light from the light source is carried via the light 
cable to the borescope and the light flows down the fibre optic light bundle to illuminate the 
area of inspection. Specialist borescope cameras are also commonly used in conjunction with 
rigid borescopes. They can be attached to the eyepiece by way of a clamp system.   Rigid 
borescopes remain a key tool in the RVI market for straightforward inspection where the 
inspection area can be accessed via a straight path (i.e. turbine blades, casting).   

Rigid Borescopes 
Advantages Disadvantages 

Low Cost.   Simple, straightforward design, 
rigid borescopes tend to have an extremely low 
Total Cost of Ownership (TCO). 

Limited motion and viewing 
capability.   Due to their limited 
manoeuvrability, rigid borescopes can’t be used 
to inspect places that have deep dents or curves. 
They are often used where one has linear, 
straight viewing access to the subject, such as 
gunsmithing or automotive examination of 
cylinders. 
 

Easy to use.   With their straightforward 
design, rigid borescopes are intuitive to use. 

High-quality images.    Rigid borescopes 
offer clear images and the ability to identify 
imperfections like cracks as minute as 0.001.  

 
 

Fiberscopes - The fiberscope retains the core concepts from the rigid borescope but adds 
length and flexibility to the insertion tube. The fiberscope transmits an image from the target 
to the inspector by way of a coherent fibre optic bundle. The fibres in the bundle are arranged 
in the same order on the end next to the inspector as they are on the end next to the target. The 
light from the image travels along the bends of each individual fibre and are organized in a 
mosaic fashion to recreate the image. 
Due to the flexible nature of fiberscopes, the insertion tube can bend around turns and access 
areas that the rigid borescope cannot. The fiberscope also introduces the concept of 
articulation. Articulation is defined as the controlled curling of the last inch or so of the 
insertion tube in a 180 degree (in each direction) range. The articulation manipulates the end 
to look up, down, left, or right. The flexible insertion tube allows the inspector improved 
access to the area of inspection. The articulation can then perform fine movements in order to 
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centre the target in the image. The fiberscope is generally used in conjunction with a separate 
light source and camera in much the same way as the rigid borescope. 
Fibrescopes, whilst not is such common use as they were prior to the introduction of the 
videoscope, are still in everyday use.  This is mainly due to the fact that as they use a 
fibreoptic imaging bundle, there is no requirement for any electronics at the distal tip.  This 
allows for much smaller diameters (0.6mm upwards) as well as a much reduced bending (or 
articulating) section.  The smaller articulation section is key for application where a 
convoluted, tight access path is necessary.  In these instances, it is likely that a videoscope 
would not be able to navigate these paths due to their increased distal length. 

Fibrescopes 
Advantages Disadvantages 

High Level of articulation.  Due to the 
reduced length of the bending section, fibrescopes 
can reach into complex parts and castings easily. 

Image Quality.  As the fibre bundles 
consist of multiple strands, the image can 
appear pixelated (known as the Moire effect) 
  

Small Diameter.  Fibrescopes are available in 
smaller diameters than any other kind of RVI 
equipment (0.6mm upwards). 

Damage tolerance.  As fibrescopes use an 
imaging bundle. A level of gradual damage can be 
easily tolerated, unlike a videoscope which either 
functions or not.  

 
Videoscopes - Videoscopes are the latest evolution of RVI equipment. They have improved 
drastically over recent years. The fundamental difference between a fibrescope and 
videoscope is essentially that instead of transmitting an image through a fibre optic bundle, 
they transmit an image through an image sensor mounted directly at the tip. There are 
currently two main types of camera chips used, CCD (Charged Couple Device) and CMOS 
(Complementary Metal Oxide Semiconductor). One of the first and most obvious features is 
that as the videoscope processes the signal digitally, it is able to make and store images/video 
without the addition of any accessories. Other features include note taking, time and date 
stamping, and labelling of the area being inspected. An additional feature that can greatly 
improve a majority of inspections is the ability to remotely measure any defects that are seen 
on the image by using technologies such as stereo measurement, shadow, 3D phase and laser 
MULTIPOINT.  The video can also be enhanced when the digital signal is converted back 
into an image on the monitor. These allows for adjustments such as brightness control, defect 
edge enhancement, noise reduction, and automatic white balance.  Another feature made 
possible through videoscopes is the use of LED light technology. LED technology is used in 
two methods. Some transmit LED through a light fibre which is efficient and the preferred 
method as it the only limiting factor is the power and intensity of the light source. The second 
method is to have micro LEDs installed at the very end of the scope, however, this has been 
noted to reduce the amount of light available as the effect of miniaturising the LED’s to fit 
into the distal tip of the scope, inevitably reduces their power output. It has also been noted 
that LED on tip technology has been proven to increase repair prices (and therefore TCO) due 
to the increased complexity of the tip itself (which is the part of a videoscope most often 
damaged).  Videoscopes have a great range of different shaft technologies that allow various 
resistance levels. Some are as simple and a semi fixed aluminium or steel coil, others even are 
coated in hard polyurethane. The most advanced used in the inspection of jet engines are 
multi layered, extremely durable shafts consisting of steel coils, tungsten braids, resins and 
waterproofing materials. Different tube construction can allow for inexpensive replacement, 
or extremely damage resistant equipment.  The videoscope, with its long, flexible, and robust 
shaft, certainly allows easy access to the area of interest for an inspection. The high quality 
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image created by the small but dense CCD chip, or the less costly CMOS, allows the 
inspector to easily see the target. The enhancements and features (specifically the 
measurement) allow the inspector to fully analyse the target.  Through these technologies, 
industries are able to economically and safely extend the life of equipment that runs our 
modern world. 

Videoscopes 
Advantages Disadvantages 

Image Quality.   Excellent image quality as 
the image is captured directly at the distal tip. 
However, the overall image performance depends 
on the applied imager and digital image processing 
know- how and applied optics) 

TCO.   The total cost of ownership can be 
higher than other technologies due to the 
complex nature of both the mechanics and 
electronics of the product. 

 

 

Easy Documentation.   As the image is 
digital from the distal tip, it is extremely easy to 
capture and store the image and no ancillary 
equipment is necessary. 

Damage.    With a videoscope there is no 
gradual damage accumulation as there is with 
borescopes and fibrescopes.  Essentially, the 
unit either works or it doesn’t. 

Measurement.  A major advantage is the fact 
that measurement technologies can be incorporated 
into this technology, allowing for accurate decisions 
to be made. 

  

 
The market drive towards incremental increase in the market size of the RVI sector is noted 
for several reasons.  Firstly, given the recent Global Economic Crisis (GEC), cost pressures, 
efficiency demands, safety compliance and uptime have all become increasingly common 
terminologies throughout all industries.  Whilst preventative maintenance and inspection has 
long been employed as a cost saving measure, it has now been recognised and embraced as a 
philosophy.  Inevitably, this has led to an increase in inspection requirements on machinery, 
relying on the capability to detect failures before they happen, so preventive maintenance can 
be initiated accurately.   RVI technology has become instrumental for these types of 
inspections.  For example, if, during an inspection, maintenance personnel discover evidence 
that the equipment is approaching the end of its serviceable life, then it may be possible to 
delay the failure, prevent it from happening, or replace the equipment at the earliest 
convenience, rather than allowing the failure to occur with severe consequences to 
production/supply etc. Modern machinery is generally already equipped with access ports 
allowing either a videoscope/borescope or fiberscope to quickly gain access to components 
prone to failure.  New technology now allows for accurate measurement to take place, which 
in turn allows for detailed trend monitoring to take place.  Ultimately, the use of RVI 
equipment will shorten machinery downtime, safely detect any service requirements and save 
money. 

 
RVI technologies have long been employed in high reliability market sectors, 
however, in the interests of transparency and objectivity, core examples of sector 
and inspections are listed below: 

 Civil and Military Aviation MRO including fix wing, rotary-wing and Space MRO  Thermal (conventional) Energy, Hydro and Nuclear power plant MRO   Renewable Energy MRO in particular Wind turbine MRO  Quality assurance and assembly (casting, fabrication and assembly)  Security   Oil & Gas as well Mining sector exploration equipment inspection 



5 

 Plant Maintenance and processing equipment inspection of different industries including 
as example: Pipe inspection, Boiling Water Reactors, HVAC system and parts 
inspection, Heat exchanger inspection, Pump inspection, Hydraulic Cylinder inspection, 
AIR - Compressor inspection   Heavy Machinery MRO of Power generators, commercial vehicles / heavy duty trucks, 
agriculture equipment and construction equipment, e.g. Powertrain systems inspection 

 
2. Measuring Success - The increasing importance of measurement accuracy across all 

applications 
 
Historically, the emphasis in RVI was 
placed upon being able to visualise a defect 
in a remote areas.  However, as this sector 
has developed, it has now placed much 
greater emphasis on the ability to see and 
measure the defect.  This has been driven 
primarily by the Aviation market sector 
mainly due to the fact that what is seen as 
indisputable by all stakeholders within the 
aviation industry is the prime goal of 
airworthiness and operational safety.  
 
More than ever, operational uptime of turbines and aircraft is absolutely key.  Inevitably, this 
has placed emphasis on faster turn-around times in MRO shops.  From an engine perspective, 
maximization of ‘on-wing’ time is now viewed as the primary objectives for the key 
stakeholders such as airline operators, lessors,  MRO Service providers and turbine OEM’s.  
 
In this context borescope/videoscope inspection solutions are increasingly becoming a key 
enabler to support safety, performance and quality control of turbines and other airframe 
structural parts to detect and evaluate defects or imperfections without costly disassembly or 
removal. 
In this microcosm of the aviation industry, a concurrent paradigm shift is also occurring as 
borescope/videoscope inspection is no longer simply about performing a visual inspection.  
Defects increasingly have a requirement to be measured to enable firstly a go/no go decision, 
but also subsequent measurements to monitor the defect for propagation or further damage.  
Increasingly, modern engines and airframes have significant damage tolerances, allowing 
continued operation as long as the damage is closely monitored with proven and accurate 
technology.   
Accurate measurement can enable failures to be predicted and for appropriate maintenance to 
be scheduled at a convenient time.   
Today, specialized and trained aircraft technicians can select from four main types of video-
endoscopic measurement technologies offered by the leading players KARL STORZ, GE and 
Olympus.  
Essentially, shadow measurement and stereo measurement are the most established 
technologies, but increasingly have become problematic for the modern MRO sector as they 
fail to meet the levels of accuracy and repeatability expected due to certain restrictions and 
application complexity.  However, the fundamental flaw with both shadow and stereo is that 
the tip of the probe has to be changed from a viewing tip to a measurement tip, adding time to 
the inspection process, and therefore, cost.  
 
 Shadow measurement 
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Shadow measurements require the use of Shadow measurement tips, which 
project a shadow onto a target. To measure the target, the videoscope 
processor uses triangulation based on the shadow’s location. Shadow 
measurements can only be taken on a frozen image or on a recalled image 
that was saved in measurement mode. 
 
 
Stereo-Measurement  
Stereo Measurement technology uses a prism to split images, 
allowing the camera to capture left and right views with a precise 
angle of separation. The reporting technology then analyses the 
position of user-placed cursors, applies a triangulation geometry 
calculation and returns a measurement value.  
 
3D Phase 
Some years later GE launched next to this stereo – measurement 
solutions the 3D Phase measurement. 3D Phase measurement as 
surface scan technology principal is well known and applicable in the 
automotive industry. GE miniaturized the technology for endoscopic 
solutions. 
 
MULTIPOINT 

In 2007 KARL STORZ launched its proprietary laser based 
measurement technology called MULTIPOINT. The first solution 
in the market with “See & Measure” concept allowing fast 
measurement results and full scale view without need to change 
measurement tips leading to significant work-flow improvement.  
MULTIPOINT uses a 3D laser 
system with 49 laser points which 
allows the camera in co-operation 
with the software to detect the 
surface structure of the subject 

surface. Laser based MULTIPOINT measurement system 
ensures very precise certified measurement in universal 
positions and on different surfaces. 
 
 
A precondition for an effective inspection process is high visual 
performance of a system.  So the videoscope system needs to provide 
precise probe articulation, high quality image sensor processing paired 
with fully adjustable high light intensity to guarantee a bright and sharp 
image for effective and precise defect detection and assessment.   
The size and scale of the live screen image is a strong factor with 
impact on visual fatigue, ergonomics and inspection effectiveness and 
worthiness.  Many systems come along with an integrated 4-7” display, 
but this display size is often too small to ensure sufficient visual comfort and also to visually 
detect small but critical defects. Operators using systems with stereo measurement face the 
issue that the screen live image is split into two stereo images during the measurement process 
and they have no full scale view.  
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This reduces vision and operational comfort significantly and operators have to change the 
probe tips during the inspection multiple times.  
 
Both MULTIPOINT and 3D Phase measurement have the strong benefit that the user has a 
full scale view and requires no tip change and instant measurement when a defect is 
recognized.   
An additional factor that drives work-flow and usability is the capability of the technology to 
cope with so called “parallax error”, it means to measure precisely in appendicular tip 
positions, even when the probe tip is not positioned steady or  the objects swing due to 
vibration  and measurement can be done despite dust / hairs on tips or other operational 
restrictions.   
All established systems have an indirect indication of measurement accuracy. KARL 
STORZ provides uniquely for its MULTIPOINT a scientifically proven calibration certificate 
indicating the true accuracy of the system.  
 
Nevertheless many measurement errors or inaccuracy is due to infrequent use of the system 
by the operator, so one of the key factors to look for when choosing a measurement 
videoscope provider is to establish the after sales support service provided.  
 
Overall the user needs to be well aware of limitations of the different measurement 
technologies and understand with adequate training the pre-conditions to conduct an 
accurate measurement.  For instance MULTIPOINT measurement is excellent for linear 
measurements, whereas 3D Phase Measurements is good for topographical depth analysis, but 
key users experience for selective tasks that 3D Phase is more prone to parallax errors when 
compared to MULTIPOINT, Stereo and Shadow measurement.  
All solution providers work constantly to minimize the required process steps to derive more 
intuitively to meaningful measurement data in minimal time.  
 
Current understanding of this sector and its associated technologies indicate that the ‘holy 
grail’ of measurement technology that is suitable for every kind of measurement task and 
application does not currently exist.  
 
Ultimately, it is believed that with the increasing emphasis on ‘on-condition’ monitoring and 
the enormous responsibility of making the decision to either fix or fly, that engineers should 
have the most accurate information possible, in the fastest time possible.  This will drive 
measurement technologies forward at an ever increasing pace and complexity. 
 
 
3. What do we see? - Imaging technology trends 
Videoscope and borescope cameras typically utilise one of two technologies, CCD (charge 
coupled device) and CMOS (complementary metal oxide semiconductor). To briefly explain 
the technology, both CCD and CMOS imagers depend on the photoelectric effect to create an 
electrical signal from light.  Both types of imagers convert light into electric charge and 
process it into electronic signals. In a CCD sensor, every pixel's charge is transferred through 
a limited number of output nodes, converted to voltage, buffered, and sent ‘off-chip’ as an 
analogue signal. All of the pixel can be devoted to light capture, and the output's uniformity (a 
key factor in image quality) is high. In a CMOS sensor, each pixel has its own charge-to-
voltage conversion, and the sensor often also includes amplifiers, noise-correction, and 
digitization circuits, so that the chip outputs digital bits. These other functions increase the 
design complexity and reduce the area available for light capture. With each pixel doing its 
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own conversion, uniformity is lower, but it is also massively parallel, allowing high total 
bandwidth for high speed.   
 
Whilst CCD has long been the preferred and established choice for high grade image quality, 
the relatively recent proliferation in CMOS technology was based on market drives towards 
reduced power consumption, camera-on-a-chip integration, and lower manufacturing costs 
(on a volume basis). Due to these factors and the associated investment in development, it is 
now felt that CMOS imagers have joined or indeed superseded CCDs as a proven and mature 
imaging technology. 
 
However, in terms of the RVI market sector, whilst the imaging chips used are of importance, 
as important is the processing or conversion of the signals by the unit.  This is performed 
using proprietary software systems and each manufacturer has a different method.  The 
importance of this software is expected only to increase as future imaging chips (CMOS or 
CCD) are expected to be standardised, placing greater emphasis on the role of the signal 
processing software. 

 
4. Working together - Device connectivity trends and the increasing importance of 
metadata 
 
In current RVI markets there is a strong drive towards networked RVI equipment.  
Essentially, a captured image is no longer expected to be simply just an image.  For context, 
an example scenario from aviation: 
 
An engineer is performing a scheduled inspection on a mid-size aircraft engine.  The engine is 
‘on-wing’ and the aircraft is serviceable.  The engineer finds a small crack on the stage 2 
turbine blade that is very close to the OEM limits.  Currently, the engineer would typically 
take three endoscopic measurements with their videoscope (to ensure accuracy) and contact 
the OEM service department for clarification and a second opinion.  If the OEM requests, the 
engineer may upload images of the defect from his videoscope unit to a networked PC and 
transmit via email.  Inevitably, this is time consuming and the OEM representative is dealing 
with captured images and not real time data.   
 
It is now important to consider the alternate scenario using current networking technology.  If, 
for example, the engineers’ videoscope was connected to the internet via Wi-Fi, and the 
facilities were built into the unit, the OEM representative could potentially see real time data 
through a live stream.   
 
Consider as well the use of ‘cloud’ data storage, potentially allowing full, unhindered access 
to all historical and current data associated with that engine.  For example, the engineer could 
use the cloud to import the images from the last inspection, isolate the image of the defect and 
compare it side by side in real time to ascertain propagation.  Cloud data storage would also 
limit the risk of data loss (through non transfer) and could simply be done during the 
inspection in the background without the engineer even being aware of the process. 
 
Given the proliferation of the OEM MRO engine market in aviation (most modern large 
aviation engines are leased by the OEM rather than purchased), and then this indicates both 
the importance of connectivity for RVI units as well as the market drive. 
 
However, it should be noted that in this case, there is a juxtaposition between this requirement 
and the difficult task of miniaturising the technology into the desired lightweight, battery 
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powered units whilst ensuring a stable, secure wireless connection in a wide variety of 
environments. 
 
Other issues also need to be considered in the event of a switch to electronic reporting or 
streaming: 

 Security - Security issues need to be considered for safe communication between 
devices.   Smart devices and mobile connectivity – Industry will expect that products interact with 
consumer devices and applications (Plug and Play)  Remote Update - Product software can be updated / upgrade remotely and device 
failures can be analysed and fixed without the need to send in devices. 

 
Ultimately, the addition of connectivity and metadata into the RVI sector can only serve to 
reduce the pressure on end users/operators, provide enhanced data acquisition methods, 
improve data analysis and decision-making, and open all industries to the possibility of ‘big-
data’.  This is the key direction of development for the RVI sector as it stands. 
  
5. Time and quality are key - Inspection workflow optimization and inspection quality 
essentials 
  
It is highly likely that the requirement for standardised reporting will become an increasing 
element in high reliability inspection market sectors.  Coupled to this is the potential for 
increasingly complex inspections as sectors realise the benefits of and what can be 
accomplished through RVI, which will inevitably be more prone to human error and therefore 
necessitate a more rigid, instructional and segmented process approach. 
 
The aviation sector has recognised the need for standardised, focused reporting and has 
already invested heavily in this market.  The governing bodies agree, below is an extract from 
an FAA report: 
 
‘A series of recommendations have been proposed that are believed would improve the 
quality of maintenance technical documentation. In most cases, the recommendations follow 
directly from suggestions made by representatives from the aircraft industry that participated 
in the project. Some of the recommendations require minor modifications to existing 
programs or efforts within the manufacturers, while others, such as the prioritization of 
maintenance procedures for validation, require the cooperation of manufacturers, regulators, 
and operators to be realized. These recommendations are an attempt to shift from a reactive, 
production-centered approach towards a more proactive, user-centered process of generating 
technical documentation that focuses resources on those aspects of the manual that may have 
the greatest impact on usability, safety, and economics.’ Source: DOT/FAA/AR-02/123 - 
Survey of Aviation Maintenance Technical Manuals Phase 3 Report: Final Report and 
Recommendations – Section 5 (summary). 

 
Guided software whilst primarily intended as a safety feature can also be used as a key tool 
for efficiency as information can be retained/displayed at the users’ fingertips, when it is 
needed, where it is needed. 

 
6. Conclusion – Time is Money and Image is Everything 
The fundamental reason for the existence of RVI is to save time and therefore money. In the 
future, the requirement for cost saving will drive the RVI sector to perform more complex 
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tasks in a faster time (time is money). This will only occur if the imaging improves and the 
increasing requirement for better resolution, connectivity and guided software will inevitably 
change the face of the market as it stands (image is everything). It should also be noted that it 
is expected that new industries and applications will continually enter the market as they 
discover the benefits that RVI can provide.  Finally, highlighting that this changing market 
has changed the way KARL STORZ works today. We have moved from a transactional 
relationship with our customers, towards a full partnership. We believe that this is the future 
as we have fully realised the entirely symbiotic nature of our relationship with our customers.  
Ultimately, the future trend of the RVI market can be summarised in a simple sentence: More 
compact, more versatile, better and smarter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


