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Abstract  A compound-eye imaging module for intraoral biological measurement is presented. A compound-eye 
imaging module TOMBO enables to capture several kinds of information on the subject at a time. We have measured 
shape of gingiva, position of muco-gingival junction, and compositional amounts of the gingiva with respect to melanin, 
oxyhemoglobin, and deoxyhemoglobin. 
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1. Introduction 
 In Japan, 80 percent of the population is infected with 
periodontal diseases, and some of them eventually lose their 
teeth. Additionally, periodontal diseases cause deadly ones such 
as heart diseases and arteriosclerosis [1]. Nevertheless, it is 
difficult to recover good health by modern medical treatments, 
so that prevention and early detection are important. Currently, 
periodontal diseases have been diagnosed by contact inspection 
using a probe, so that quantitative diagnostic is difficult. To 
detect the disease at an early stage, a quantitative diagnostic 
system is demanded. 
 
2. A compound-eye imaging module 
 To obtain effective results in odontotherapy, its specific 
requirements should be considered. Because a buccal cavity is 
narrow, compactness of the measurement system is essential. 
Ideally, an apparatus like a dental mirror is preferable for easy 
handling in clinical paractice. 
 A thin observation module by bound optics (TOMBO) is a 
compound-eye camera inspired by the structure of insect’s eyes 
as shown in Figure 1 [2]. TOMBO consists of a microlens array, 
a signal separator, and an image sensor. The advantages are thin 
and compact hardware, acquisition capability for three-
dimensional information, and flexible assignment of the 
functions to the lens elements. For example, multispectral and 
polarization images can be captured at a time with a single 
module. Polarization imaging using linear-polarized 

illumination and orthogonally polarized signal observation is 
useful to eliminate the surface reflection and possibly to 
observe the near-surface structure [3]. We also retrieve three-
dimensional shapes from parallax information obtained by 
multiple ommatidia. These different sorts of information can be 
captured at a time, so that effective intra-oral diagnostic is 
expected. In addition, a simple and less-invasive procedure is 
desired to reduce the patients’ load. Thus the module must be 
located close to the object for accurate measurement. Figure 2 
shows a prototype of intra-oral diagnostic system integrated 
with an illumination facility. The prototype can observe gingiva 
at the distance from 10 mm to 20 mm, which is expected to 
acquire useful data in clinical practice. Compact hardware of 
TOMBO integrated with multiple imaging functions is 
desirable for intraoral measurement. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Compound-imaging module TOMBO. 
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3. Intraoral biological measurement 
 As the intraoral biological measurement, we measure the 
shape of the gingiva, the border between the attached gingiva 
and the alveolar mucosa, and compositional amounts of 
gingival melanin, oxygen saturation estimate. 
 For 3-D shape measurement, a conventional triangulation 
method using stereo matching was adopted. Captured images 
by the left- and right-most units in the middle row were used as 
the observation images from two different viewpoints. Stereo 
matching finds the corresponding point pairs in these images 
and distance of the corresponding points are calculated from the 
parallax differences of the corresponding point pairs. Relative 
accuracy of the distance measurement on the TOMBO system 
is expressed as the following equation: 
 
 
where z  andΔz are the distance and the error, p ,B , and f  

are the pixel pitch, the baseline length, and the focallength of 
the lens, respectively. Note that the evaluation is based on a 
single pixel pitch, so that the performance can be improved 
with a sophisticated method such as subpixel estimation. 
 To examine spectral characteristics of gingival tissue, a set of 
lights with narrow-band wavelengths are used as the 
illumination. Structure of a gingiva is decomposed into free 
gingiva, attached gingiva, and alveolar mucosa. Especially, the 
border between the attached gingiva and the alveolar mucosa 
provides useful information in odontotherapy. Since these 
tissues have a different content of glycogen, iodine stain has 
been used to visualize the border. The iodine stain, however, 
damages the subject, so that a less-invasive method using 
spectral imaging is preferable. Referring to the absorption 
coefficient of glycogen, we selected 870nm wavelength which 
is the specific local maximum in the absorption spectrum of 
glycogen. Figure 4 shows an estimation result of the border 
between the attached gingiva and alveolar mucosa.  
 Figure 5 shows the obtained results of content estimation of 
gingival tissue [4]. The captured image in Figure 5 (a) was used 
as the observation and the content distribution of the same field 
was estimated. Distributions of melanin, total hemoglobin, and 
oxygen saturation were shown in Figure 5 (b)-(d). Note that 
useful information can be extracted from a single unit image 
with insufficient number of pixels. Combination of different 
images captured by multiple unit optics and signal processing 
extends application fields of the experimental system in 
odontotherapy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
 In this study, we have presented a compound-eye imaging 
module for intraoral biological measurement. As basic 
operations for odontotherapy, shape measurement of teeth and 
gingiva were performed as well as spectral observation of 
gingival tissue.  
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Figure. 2 A prototype of intra-oral diagnostic system based 
on a compound-imaging module.  

Figure. 3 An example of 3-D 
surface tiling. 

Figure. 4 Estimation of the border 
between the attached gingiva and 
the alveolar mucosa. 

Figure. 5 (a) Observation and estimated distributions of  
(b) melanin, (c) total hemoglobin, and (d) oxygen saturation. 
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