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Abstract. The approach for simultaneous wide-band and spectral 2-dimensional 
endoscopic imaging is described. It is based on utilization of the specialized 
acousto-optical tunable filter which provides fast spectral image registration at 
arbitrary series of wavelengths within the visible range and minimization of spatial 
and spectral image distortion. These properties ensure immediate and reliable 
detection of spectral features in any image pixel. Real-time reflectance spectral 
analysis in addition to conventional endoscopic visualization gives chance to make 
remote inspection much more effective. The prototype of spectral imaging module 
attachable to conventional endoscopes is developed and described. Results of its 
experimental approbation on real rocket engine parts are presented. It is shown that 
quantative spectral measurement allows an effective classification of the discovered 
defects. Described technique is applicable as for industrial so for biomedical 
applications.  

Introduction  

Remote visual inspection (RVI) is a widely spread method for non-destructive testing of 
rocket and aviation engines, pipes, steam generators and other industrial objects [1,2]. In 
many applications RVI applications it is especially important to analyze both local spectral 
properties of the inspected surface and spatial distribution of these properties. Spectral 
imaging systems are very informative and multifunctional instruments for real-time 
analysis. 
Such systems based on acousto-optical tunable filters (AOTFs) additionally provide fast 
spectral access, rather high spectral and spatial resolution [3,4]. Compact design without 
moving or adjustable elements facilitates development of portable industrial spectral 
imagers. AOTF-based spectral imaging systems have been already successfully 
demonstrated in various applications: remote sensing [5], microscopy [6], optical coherence 
tomography [7], etc. It is highly promising, the use of AOTF-based spectral imagers also 
for endoscopic spectral analysis of internal hard-to-reach elements. For this purposes, 

More info about this article: http://ndt.net/?id=19626

http://creativecommons.org/licenses/by/3.0/


2 

AOTFs have to be coupled with industrial endoscopes: rigid boroscopes and flexible 
fiberscopes. 
Almost all AOTF-based endoscopic spectral imagers for biomedical applications 
(photoluminescence analysis) [8,9] use single-cell AOTF that results in a spectral drift and 
chromatic aberrations of diffracted image and therefore images at different wavelengths 
significantly differ spatially without exact spatial matching each other. To match them the 
additional image correction procedure must be applied [10], which is based on the 
preliminary calibration of the imager. It makes the analysis complicated, time-consuming 
and less reliable. That is why it is preferable to use two AO cells sequentially [12,13] in 
order to compensate optically the image distortion caused by a single one [11] but in this 
case [14] it is impossible to obtain both wide-band (non-diffracted beam) and spectral 
(diffracted beam) images which is important for practical applications [9]. 
AOTF-based endoscopic systems encounter another problem. The field of view (FOV) and 
the pupil of AOTFs differ significantly from those parameters of endoscopes and direct 
attaching of AOTF to endoscope ocular causes losses of the light power, field of view and 
the decrease of the diffracted image quality [15]. 
In this paper, we describe a double-AOTF-based module for simultaneous wide-band and 
spectral imaging attachable to conventional modern rigid and flexible endoscopes. This 
module minimises energy loss and compensates spectral and spatial distortions providing 
fast and high-quality spectrum registration in each image pixel. 

1. Proposed scheme 

The key feature of discussed optical system is tandem sequential AO filtration (Fig. 1). 
Such a monochromator provides almost complete compensation of spectral and spatial 
image distortion caused by Bragg diffraction in an anisotropic medium [13]. In this 
configuration, the sequential diffraction of the extraordinary and ordinary polarized beams, 
which carry images, occurs in two identically configured AO cells. The second AO cell is 
rotated by 180° around the first cell with respect to the y axis (Figs. 1,2), i.e., the light beam 
moves in it in the xz plane in the inverse direction, as compared to the first AO cell. 
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Fig. 1. Principal scheme of a tandem AOTF 
(q – ultrasound wave vector, o, e – ordinary and extraordinary light polarization directions) 
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Fig. 2. Wave diagrams (plane of the diffraction) of AO cells in a tandem AOTF 

(ki, kd - wave vectors of incident and diffracted light, θ1, ね1 – propagation angles of incident and diffracted 
light) 
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The scheme of the designed device is shown in Fig. 3. The inspected object is illuminated 
by the wide-band light source 2 through the optical fibres inside the endoscopic probe 1.  
The radiation from the studied object propagates through endoscopic probe 2 arrives via the 
ocular of endoscope I and optical coupler II at the tandem AOTF IV, which consists of 
identical non-collinear paratellurite (TeO2) AO cells 6 and 8 and three polarizers 3, 7 and 9. 
The «e»-polarized wide-band radiation reflected from the front polarizer 3 is focused by the 
lens 4 on the sensor 5 of the videocamera III. The «o»-polarized optical radiation with a 
wavelength that corresponds to the exact fulfillment of the synchronism conditions diffracts 
on the grating, created by the acoustic wave, thus resulting in changes of the radiation 
polarization orientation. The radiation of other wavelengths passes through the AO cell 6 
without changes and is cut off by polarizer 7. Similarly, the filtration occurs using AO cell 
8 and polarizer 9. After that, the radiation filtered by the AOTF IV is focused by the 
objective 10 at the sensor 11 of the videocamera V. By changing the frequency of acoustic 
waves, one can retune the period of the diffraction grating and obtain an object image at an 
arbitrary specified wavelength. Images from the videocameras III and V through 
framegrabbers 12 and 13 arrive at the PC VI, where it is processed by specialized software 
13 and stored. PC VI controls the AOTF IV via controller 16, which programs high-
frequency (HF) generator 17 and HF amplifiers 18 and 19, producing signals that are 
applied to AO cells 6 and 8. 
 

 
Fig. 3. Scheme of the spectroscopic module 

I – endoscope; II – optical coupler; III , V  – digital cameras; IV – tandem AOTF; VI – PC; VII – control unit; 
1– probe, 2 – wide band light source, 4, 10 – objectives, 3, 7, 9 – polarizers, 6, 8 – АО cells, 5, 11 – sensors, 
12, 13 – frame grabbers, 14 – processing unit, 15 – program interface, 16 – controller; 17 – high frequency 

generator; 18, 19  – frequency amplifiers) 
 
Developed endoscopic module has the following parameters: spectral range 450-750 たm, 
spectral resolution 2,5 nm (at そ = 630 nm), number of resolved dots 500×500, diameter of 
entrance pupil 6 mm, angular aperture 2.5º, frequency range 65-130 MHz. 

2. Optical coupling 

The key factor affecting the sensitivity of the imager is the transfer coefficient. The 
diameter of AOTF entrance pupil is rather big (DАО = 6-8 mm) in comparison with 
diameter of standard endoscopic oculars (D′оc = 1-6 mm), while the FOV of the AOTF 
(2のАО ≈ 2°) is much less than FOV of standard endoscopic oculars (2の′оc ≈ 20-80°). It is 
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obvious that direct placement of AOTF after the ocular results in vignetting and significant 
energy loss. 
Two types of the coupler were developed for matching the pupils of AOTF and the 
endoscope (Fig. 4). The optical quality of the couplers is rather high in order to enough to 
avoid the need to refocus the camera according with AOTF spectral tuning and to provide 
maximum angle resolution of AOTF. 
The coupler has to be installed between the endoscope I and the AOTF IV (see Fig. 3). 
Developed imaging system together with the coupler exhibits rather high spatial resolution: 
140 mm-1 for central points and 75 mm-1 at the edge. Image quality of the system is 
illustrated by Fig. 2, which demonstrates basic advantages of the developed coupling 
system: significant expansion of FOV and appreciable brightness increase. 
 

    
(a)      (b) 

Fig. 4. Axial (a) and non-axial (b) optical systems of the coupler 
1 and 3 – telescopic system, 2 – axillary positive lens for pupils coupling, 4 – mirror prism, 5 and 6 – 

flat mirrors 

3. Experiments 

The prototype of the developed imager was tested with the use the optical patterns and real 
objects. Fig. 5 shows the wide-band (Fig. 5a) and a few of the obtained spectral (Fig.5b-f) 
images of the internal surface in the metal pipe. In the middle of the image, there is a 
horizontal cavity partly filled by green (upper stripe) and red (lower stripe) paints. It is well 
seen how the image changes with the wavelength. Fig. 5b shows the reflectance spectra 
measured on pure metal surface, separately of each paint and in the overlap zone of the 
paints. The spectra are normalized due to preliminary radiometric calibration of the imager. 
Relative contrast of the images corresponds well to paints’ spectra. 
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(a)                                                      (b)                                                       (c) 
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(d)                                                      (e)                                                       (f) 

Fig. 5. Wide-band (a) and spectral endoscopic images at そ = 500 nm (b), 550 nm (c), 600 nm (d),  
650 nm (e), 700 nm (f) 

 

 
Fig. 6. Measured reflectance spectra in the points shown in Fig. 5a 

1 – pure metal surface, 2 – liquid #1, 3 – liquid #2, 4 – overlap zone of both liquids 

Conclusion 

The developed endoscopic spectrometric module may be effectively used for studying 
hard-to-reach objects by means of simultaneous conventional wide-band RVI and spectral 
imaging. The module is based on the tandem AO filtration providing the compensation of 
image distortion and precise spectral measurements. It is compatible with standard rigid 
and flexible endoscopes and has maximized optical transmission. Absence of moving 
elements, compact design and programmability make it a portable and ergonomic non-
distractive testing tool for the inspection of various industrial objects. 
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