
The HELIOS technique, multi-element television testing for the 

detection and characterization of surface defects

Background 

Television testing is commonly used for inspecting 

nuclear components, both during their manufacture 

and throughout their operating lives. This TV testing is 

part of the family of non-destructive testing (NDT) 

techniques, which include, in addition, ultrasound, 

radiography and electromagnetic techniques. 

The types of defects sought during these television 

tests (called "Visual Testing" or "VT") are very varied 

and principally concerned with manufacturing, 

welding and ageing faults. These may involve cracking, 

corrosion, scuffing, scratches, porosity, burns, 

grinding marks, blistering, guttering, etc. 

This technique offers many advantages: 

 It is easy to implement

 A variety of materials can be tested

 It has adaptive sensitivity (ability to perform

this operation over a very large area or to do

it on a very small surface and achieve

detection performance of the order of a

micrometer.)

Figure 1: Preliminary image of the cracked RPV bottom head 

penetration 

Figure 2: Detailed image of a cracked RPV bottom head 

penetration in the near field 

One of the main difficulties in this form of testing lies 

in the subjective nature of the "human" analysis. As 

there is no scoring threshold this technique ultimately 

provides the user with too much information. 

For example, it will be very difficult to assert the 

presence of a crack with an aperture of the order of 

5 μm in a component that has been ground and has a 

roughness of the order of 6.4 µm. 

This is why VT (despite certified Cofrend training) 

remains subjective and is sometimes equated with a 

technique with a low confidence rating. 

Developments in the standards for 

nuclear pressure equipment 
In recent years, a tightening of regulations has been 

initiated, in particular by the introduction of end-of-

production visual checks, for all level 1 and 2 

pressurised equipments in a nuclear environment 

(Equipements Sous Pression Nucléaire (ESPN)). 

Strengthened radio testing on castings has also been 

introduced. 

The available solutions do not allow small indications 

to be detected or to characterize them on a large 

component; a technology capable of meeting these 

requirements has been developed by Intercontrôle 

NETEC. 

The HELIOS concept 
The idea of the HELIOS device ("HEmispherical LIght 

Oriented Sensor" and personification of the Greek god 

of the sun) came from a well-known observation in 

the field of visual testing. This observation is that the 

type of lighting that is incident on a surface makes it 

possible to highlight certain types of defect. 

For example, light that grazes a surface will 

predominantly highlight surface irregularities, because 

the shadows generated by any uneveness will be 

magnified.  
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On the basis of this initial idea, a device has been 

devised that is capable of shining any kind of light 

onto a surface to be tested. 

 

Theoretical approach 
For reflective surfaces (i.e. all solid metals), the 

theoretical response of the surface to luminous 

excitation is relatively simple. 

 

Figure 3: Illustration of the reflectivity of an ideal surface 

However, except in the case of components with a 

mirror finish, these conditions are rarely encountered 

and we are generally faced with imperfect surfaces. 

These imperfections may be due to roughness (which 

can be likened to micro-facets on the surface), 

corrosion or surface discontinuities 

 

Figure 4: Illustration of the reflectivity of an imperfect surface 

The magnitude that characterizes the surface's ability 

to reflect the light incident on it is called its 

reflectance. The HELIOS technique enables this 

reflectance to be measured. 

There are several models that interpret the 

reflectance of a surface. The most all-encompassing of 

them has no less than 16 dimensions. 

However, the Bidirectional Texture Function (BTF) 

model was chosen. It is described by the equation: 𝑳(𝒙, 𝒚;𝛗𝐢, 𝛉𝐢) = 𝒂𝟎𝛗𝐢𝟐 + 𝒂𝟏𝛉𝒊𝟐 + 𝒂𝟐𝛗𝐢𝛉𝐢 + 𝒂𝟑𝛗𝐢+ 𝒂𝟒𝛉𝐢 + 𝒂𝟓 

L is the reflectance on a surface of dimensions X by Y 

depending on the angular orientation of the incident 

light 𝝋𝒊, 𝜽𝒊. 
ax is one of the model's coefficients 

𝜑𝑖  is the angular depression of the incident light 𝜃𝑖 is the angular bearing of the incident light 

 

This model is therefore decomposed into 5 modes 

depending on the light excitation and a mode 

representing the baseline reflectance of the 

component. 

a0 a1 a2 

   
a3 a4 a5 

 
  

 

Practical approach 

The dome 

The first version of the device has been implemented 

in a dome with a diameter of 450 mm. 

  

This dome has 96 LEDs all pointing towards the centre 

of the sphere with constant pitch (every 30° in 

azimuth and 10° in depression, from 10° to 80°). 

This first device has validated the technique before 

moving to the miniaturization stage, essential for 

industrial use. 

The prototype HELIOS form was machined as shown in 

Figure 6. 

 

Figure 5: HELIOS dome manufacturing drawing 

The next step was to specify an optical assembly 

capable of achieving significant detection 

performance. The design of an optical assembly 

requires optimizing not only the optical part but also 

the sensor part. 

 

 



The camera 

The selected camera is a product with 3 million pixels, 

clocked at 120 frames per second and having an 

integral image. 

 

The liquid lens 

The liquid lens has made it possible to incorporate a 

focusing device with a small overall size that is both 

precise and repeatable between 10 and 70 mm. The 

use of this component has also made it possible to 

develop advanced image processing algorithms which 

will be detailed below. 

This component is an innovation made by the French 

company Varioptic. It allows the camera to be 

focussed without using a motor. It consists of a 

membrane trapped in an electrolyte which changes its 

curvature depending on the potential difference 

applied to it. 

 

Figure 6: Diagram showing the operation of a liquid lens 

The LEDs 

The active elements were selected because of the 

relatively narrow opening angle of these LEDs. Also, 

since the design principle of this product is to 

illuminate the scene with each LED independently, 

difficulty was encountered in wiring up each of the 

LEDs independently so as to be able to control them 

from the user interface. 

 

The driver software 

The driver software is the National Instrument 

LabVIEW development environment. 

This platform provides the possibility of interfacing 

easily with peripherals such as cameras, digital 

acquisition boxes or I2C peripherals (liquid lens) as 

well as creating powerful programs without having 

advanced computer coding skills. 

The outer envelope 

Environmental constraints have been taken into 

account to allow the use of HELIOS in the workshop or 

on site. Thus, the latest HELIOS prototype has a thick 

outer covering that can be mounted and tightened on 

a carrier as well as a seal allowing it to carry out 

checks under water. 

 

 

Carrying out a HELIOS acquisition 

Phase 1: Acquisition 

During this phase, the operator positions the device 

on an indication. For this, the image is that of a 

conventional television test because all the LEDs are 

active. 

 

Figure 7: Acquired image of a machined cylinder showing 

impact damage and corrosion 

The operator triggers the acquisition of the series of 

images which lasts approximately 5 seconds for all 96 

LEDs. Sampling a subset of the LEDs is possible, 

depending on the expected performance. 

The data is recorded and digital processing can then 

be carried out away from the component. 

Phase 2: Processing 

This phase enables the operator to start processing 

the data from the series of newly acquired images. 

This processing solves the reflectance equation from 

the series of images to determine the model 

coefficients. Six images (one per coefficient of the 

reflectance equation) are thus generated: 



 

Figure 8: Extracting the six coefficients of the reflectance 

model 

At this stage, the operator can already make a 

judgement about the acquired scene. 

The reflectance equation shows that the coefficients 

a3 and a4 correspond respectively to the surface's 

profiles in the X and Y direction. This is also why, in 

the example provided, the surface roughness is visible 

only in image a3. 

The coefficients a0, a1 and a5 are also important. a0 

and a1, for example, will be particularly sensitive to 

the presence of a crack. The coefficient a5 is relatively 

close to an unprocessed image of the component 

because the orientation of the light does not enter 

into how it is calculated. 

At this point, a very interesting feature is available. 

This is the post-lighting function that enables the user 

to apply, after its acquisition, a simulation of the light 

incident on the component. In particular, this function 

can be considered for lifting doubts on suspicious 

indications. 

 

Figure 9: Post-lighting on a surface with erosion, lit from nine 

directions 

Phase 3: 3D 

Creating the normal map 

The HELIOS process also makes it possible to generate 

the mapping of the normal vectors of the component 

at each pixel. 

This "Normal Map" is generated as described below. 

Knowing the position of the light source that gave rise 

to each image of the model, it is possible to analyse 

the variations in the sample and 

determine, for each pixel, to 

which orientation the pixel 

responds the most. A correlation 

is then carried out with a reference component (in 

this case a half sphere, thus containing all the possible 

orientations of the surface) to assign a maximum 

intensity value to the maximum angular depression 

(~ 90°). 

The representation of this Normal Map is a coloured 

image where the hue of the pixel represents the 

azimuth and its intensity the angular depression of the 

surface. 

 

 

Generation of 3D by reflectance 

Once this Normal Map is complete, we integrate this 

data to generate a 3D point cloud. 

A photo-realistic depiction can then be generated by 

superimposing the 3D point cloud with an acquisition 

image or the a5 image obtained earlier. 

Figure 10: Normal Map of a 10 cent coin 



 

Figure 11: Normal map of a machined surface and its 

associated 3D 

 

Figure 12: Photo-realistic depiction of the 3D obtained earlier 

 

Generation of the variable focus 3D 

The use of liquid lens optics in this device makes it 

possible to focus on depths of different values. The 

response of this lens has been characterized in detail 

to define its behaviour and its optical transfer 

function. 

 

Figure 13: Characterization of the liquid lens' response 

This detailed characterization has made it possible to 

develop an algorithm for determining distances as a 

function of the sharpness of the image. 

By applying this optical transfer function to each pixel 

of the image, the distance between the camera and 

the component is determined. A 3D point cloud 

representing the shape of the component is then 

available. 

 

 

Figure 14: 3D shape of a raised half-sphere 5 mm in diameter 

Example applications 

Example 1: Detection and characterization of a scratch 

This example illustrates the difficulty of judging a 

single image from conventional test. 

 

Figure 15: Example of a 3D measurement of a scratch 

Here, the use of HELIOS shows that the central black 

trace (1) in the image is nothing more than caulking 

while the "V" shape on its right really is a dent in the 

material. 

This dent can also be measured to nearly 100 µm in 

depth. 

Example 2: detection and characterization of a pipe 

The example shown here is from the aerospace 

industry where the collapse of weld seams must be 

characterized. 

The aluminium material lent itself very well to the 

exercise because of its very homogeneous reflectance, 

being a so-called Lambertian surface (perfectly 

diffusing). 
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Figure 16: HELIOS results for a weld bead void 

The first step in the process makes it easy to highlight 

the X and Y surface profiles (coefficients a3 and a4). 

The 3D shows a collapse of nearly 400 μm in 
amplitude (top of the weld to its lowest point) and 

200 μm compared to the welded sheet. 

 

Figure 17: 3D analysis of a weld bead void 

 

Conclusion 

The HELIOS system, invented and developed by Framatome Intercontrole, has proven its ability to meet the 

demands of regulatory changes imposed by the ESPN. Like other NDT techniques (ultrasound, eddy currents) 

that have benefited from the advantage of multi-elements, this system enables more complete visual 

examination, offering a better representation of the inspected surfaces. Beyond the 2D aspect, HELIOS is also 

able to generate 3D data enabling depth measurements on any indications observed. 

The product is already available to meet the needs of Framatome but is also of interest to other industries 

and specifically aeronautics industries. A miniaturized version of the solution to enable small diameter holes 

to be tested is being manufactured. 
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