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Objective Otoscope Design Validation
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The goal of this MQP was to address these improvements by redesigning the optical head
component of the otoscope system.

Experiments on Chinchilla Tympanic Membrane

Medical professionals from the Massachusetts Eye and Ear Infirmary experimented with the updated otoscope
head, taking measurements of a cadaveric chinchilla membrane as seen in Figs 22 to 24.
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Fig. 5: Reflectivity of TM*

Conclusions and Future Works

The optical head has been quantitatively characterized for direct comparisons against future generations.

Tests performed at the CHSLT shown improved characteristics in many of the desired areas, including
depth of field; increased ease of use (including focusing and magnification) for the physician; and a more
miniaturized package that resembles existing otoscopes. The device was validated via comparison of
analytical, computational, and experimental solutions.
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To further improve the utility of this device it is recommended that:

accordingly. * It has two components: the 1000 nm. contrast Fig. 13: Depth of Field Test « Thermomechanical stability continues to be improved. Investigations into the feasibility of single-fiber-to-head
» From the footplate of the pars flaccida and the pars * White Chinese ink and (Group 3 Element 4) system should be paramount.
stapes, the sound energy tensa of thicknesses 110um magnesium oxide applied to the Fig. 14: USAF Resolution - An illumination system, which provides even object beam illumination inside the ear canal, is incorporated into
trav_els through a fluid in and 34um, respectively surface Of ™ can improve mean Target the optical head. Fiber optic bundles and ring-illumination should be investigated as potential solutions.
the inner ear. barabolic Radial Fiber reflected intensity by 40% — 1mm « More common, near-infrared lasers should be used as they will provide a better response from the TM and
Fiber L1 size cald of View & Maanificati have better optical component support.
smm] (7 @ @ & - Design Requirements Fig. 12: Otoscope Dimensions . I€ld ot View agnification . PCE_B board versions of the existing camera are available and will provide greater packaging options and size
IGce%an Mouse Hamster Rat o Depth gf field must be : I 1222 \)/(vg?krlrr]\rg gizltir?cf:g e >ovInES:
approximately 5mm With magnification 0.6 a 13mm working di
T - g distance References
@ o Field of view must be on the 0 ol [ O ownds OOOOOJ_ p— 0.6mm [1] Dywer, B., Maccaferri, M., Wester, C., "Design and Realization of a Laser Holographic Otoscope,” MQP, WPI-ME, 2008
Hoo Rabbit  Cat  Guinea order of 10mm in diameter % ol GOOO | Fig. 15: Magnification Target [2] Phon.ox.ac.uk. Home Page. Retrle\{ed 1.5 December 2008, http://www.phon.ox.gc.uk/~1§:olem.an/speaklng_hearlng.htm
Pig g | QOOO | [3] g?oolleérlﬁhﬁ.l, Ifgflanmgl, Kéé.gg{ngggati\é%glstology of the tympanic membrane and its relationship to cholesteatoma,” Ann.
Fig. 6: Remgr\;emilzigi ?Rﬂdsfhapes of o Should be Qapable of measuring £ o - o Aberration [4] Doladov, M.Yu., )I/<£zak,evich, V.S, I,<alashnikov, |.G., Kupaeva, V.V., Shcherbakov, V.A., “Optical reflection of the human
Fig. 7: Fiber Array in Human TM showing at frequencies between 16Hz § o} o - Distortion function: how the image along the tympanic membrane,” J. App.Spectroscopy, 66:708-710, 2001
Radial and Parabolic Fibers® and 20kHz ,f':c: ol Goo’f’ abscissa, x, and ordinate, y, in Cartesian [5] Lim, D.J., “Structure and function of the tympanic membrane: a review,” Acta oto-rhino-laryngologica Belg., 49:101-115, 1995
« The human TM is elliptical in « The mechanical properties of . g ol OODO coordinat’es’ < distorted T [6] TracePro a Lambda Research Eroduct. Lic_ensed_to WPI/CH_SLT, 2008
shape, measuring horizontally 9- he TM determined b o Must have a measuring o o _ _ N _ . [7] Gerrard, A., Introducthn to ’Matrlx Methc?ds tl: Optics, John Wiley & Sons, NY;, 1975
10mm and vertically 8-9mm the af? etermine y_ resolution on the order of oo emu j_uut rim(uj - ut _de ztu_u o0 « Determined equation describing optical aberration: [8] Oberg, E. et al., Machinery’s Handbook: 28" Edition, Industrial Press, NY, 2008
complex fiber array found in the T — o eeorEd BEONE oeTens y'(y)=-4.038-102-y® +-3.729-10° - y* + 0.995- y + —0.327 .
lamina propia layer of the TM S Fig. 16: Distortion Function Curve Fit ACKNOWLEDGEMENTS: Supported by the NIDCD, WPI, MEEI, and the Mittal Fund.




