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Abstract

To perform the diagnosis and examine the throat’s conditions such as pains, hoarseness,
coughs, hard breath and inflammations, a depressor or a mirror has been commonly used by placing
it on the patient’s tongue. However, this method cannot demonstrate images of the throat conditions
which limit its performance in term of medical imaging records. A laryngoscopy is the medical
technology which has been developed to provide the prominent imaging of the pharynx, larynx,
upper trachea, vocal cords and glottis. A fiberoptic laryngoscope with a small camera offers such
visualizations where mostly found in private hospitals or medical centers due to its expensive cost.

"Digital Portable Laryngoscope" is invented cost-effectively for visualizing and recording
of pharynx, larynx and upper trachea using a combination of the property of light microscope system
and the microcontroller system to operate the "Digital portable laryngoscope". This device provides
the diagnosis with more accuracy, without pain and irritation to patients allowing them to understand
the symptom and to record for further medical treatment.

Keywords : Laryngoscope, visualization, pharynx, larynx , diagnosis.
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Code muqumsﬁnmmm Raspberry Pi Camera Module

import picamera
import RPi.GPIO as GFIO

GPIO. setmode{GPIO. BCM)
GPIO.setup(l7, GPIO.IN, GPIO.PUD_UP)

with picamera.pPiCamera() as camera:

camera.hflip = True

camera.vflip = True

camera.start_preview()

Image = 0

while True:
GPIO.wait_for_edge(l7, GPIO.FALLING)
camera. capture(’ /home/pi/Pictures/Image¥03d. jpg’ % Image)
Image += 1

camera.stop_preview()
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2) unensE e unsEadeniaeussansnsves OSA Wuunawd
unaulawlu selected article Tu Virtual Journal for Biomedical Optics. Volume 8
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measurements using phase stepping confocal interferometry”. Opt. Express 21(9):
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i Department of Electronic and Information Engineering, the Hong Kong Polytechnic
University, Hong Kong SAR, China FeflwaenAdesid
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wadugys 1) unanadyinislu Quartile 1 finslag Nature Publishing Group (NPG)
Tan, H.-M., Pechprasarn, S., Zhang, J., Pitter, M. C. & Somekh, M. G. 2016. “High
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Engineering International Conference (BMEICON2015), November 25-27, 2015,
Pattaya, Thailand
9.2.3) Folnsanis Grating coupled Otto configuration for Hybridized mode phonons
excitation in the mid-infrared spectral range
Lma'm‘u Hong Kong Polytechnic University Research Grant, Hong Kong
Polytechnic University Fellowship Grant
wadugns 1) unAa1u381n150u Quartile 1 Ausilay Optical Society of America
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Titlis, Engelberg, Switzerland.
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International Symposium on Photoelectronic Detection and Imaging (ISPDI), 2013, Bei Jing,
China

Pechprasarn S and Somekh MG; “Ultrastable embedded surface plasmon confocal
interferometry” ; International Symposium on Photoelectronic Detection and Imaging
(ISPDI), 2013, Bei Jing, China

(Best paper award) Pechprasarn S, Zhang B, Albutt D, Zhang J and Somekh MG.
“Ultrastable embedded surface plasmon confocal interferometry”; The 2nd Regional

Symposium on Biosensors, Biodiagnostics & Biochips (ASEAN+2013). Chiang Rai, Thailand



11.9

11.10

11.11

11.12

11.13

11.14

11.15

11.16

11.17

11.18

11.19

11.20

Pechprasarn S and Somekh MG; “Confocal surface plasmon interferometry : An approach
for ultrastable biological measurement” Optics Within Life Sciences 2014 (OWLS 2014),10-
12 June 2014, the University of Nottingham, Ningbo Campus, China

(Invited) Somekh M.G.,Pechprasarn S.,Zhang J. and Mather M, "Evanescent Wave
Microscopy for Cellular and Biomolecular Characterisation”, Electromagnetics Research
Symposium Abstracts, Guangzhou, China, August 25-28, 2014

Pechprasarn S, Chow WK and Somekh MG; “Sensitivity Enhanced Defocused Confocal Surface
Plasmon Microscope Using Beam Profile Modulation” the 8th ASEAN Microscopy Conference
(AMC8) and the 32nd Annual Conference and Meeting of The Microscopy Society of Thailand
(MST32), 28-30 Jan 2015, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom,
Thailand

Pechprasarn S, Chow WK, Meng JK and Somekh MG; “Confocal surface plasmon
microscopy with vortex beam illumination for biosensing application” Asia
Communications and Photonics Conference 2015, Nov. 19-23, 2015, Hong Kong
Conference and Exhibition Centre, Hong Kong

Pechprasarn S, Chow WK, Meng JK and Somekh MG; “Confocal surface plasmon
microscopy with vortex beam illumination for biosensing application” the 8th Biomedical
Engineering International Conference (BMEICON2015), November 25-27, 2015, Pattaya,
Thailand

(Invited) Somekh M.G.,Pechprasarn S, Hong S, Chow WK, Meng JK, “New avenues for
confocal surface plasmon microscopy”, Plasmonics in Biology and Medicine Xlll, 15 - 16
February 2016, The Moscone Center San Francisco, California, United States
(Invited/Chair) Pechprasarn S, Chow WK, and Somekh M.G., “Surface Wave Attenuation
Coefficient Measurement Using Confocal Surface Plasmon Microscopy”, APMC11 / MST33
/ AAT39 Conference, May 23-27, 2016, Phuket, Thailand, ISBN : 978-616-279-846-7

(Invited) Somekh M.G., Pechprasarn S and Chow WK., “Evanescent Wave and Confocal
Microscopy”, APMC11 / MST33 / AAT39 Conference, May 23-27, 2016, Phuket, Thailand,
ISBN : 978-616-279-846-7

Shen MQ., Meng JK., Learkthanakhachon S., Pechprasarn S., Somekh M.G., Zhang YP. and
See WC., “Ultra-sensitive biosensor using doublemetallic-layer-waveguide structure” |
APMC11 / MST33 / AAT39 Conference, May 23-27, 2016, Phuket, Thailand, ISBN : 978-616-
279-846-7

Chow WK, Pechprasarn S., Somekh M.G., “Embedded interferometry with dynamic reference
beam”, APMC11 / MST33 / AAT39 Conference, May 23-27, 2016, Phuket, Thailand, ISBN : 978-616-
279-846-7

Learkthanakhachon S., Pechprasarn S. and Somekh M.G., “MEMS Waveguide Sensor for
Photoacoustic Detection”, APMC11 / MST33 / AAT39 Conference, May 23-27, 2016, Phuket,
Thailand, ISBN : 978-616-279-846-7

Boonyagul S., Ittipornnuson K. and Pechprasarn S., “Scanning Confocal Microscope Using Digital
Micromirror Device (DMD)” , APMC11 / MST33 / AAT39 Conference, May 23-27, 2016, Phuket,
Thailand, ISBN : 978-616-279-846-7



11.21 (Invited/committee) Pechprasarn S, Chow WK, and Somekh M.G., “Surface Wave Attenuation
Coefficient Measurement Using Confocal Surface Plasmon Microscopy”, The 7th RMUTP
International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

11.22 (Submitted) Pechprasarn S., Kawilo P., Somjaiprasert S., Suvarnaphaet P, Boonyagul S, Albutt
N. and Somekh M.G. “A low cost Time-coded Confocal Microscope”, The 7th RMUTP
International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

11.23 (Submitted) Learkthanakhachon S, Pechprasamn S, Sangworasil M, , Albutt N. and Somekh M.G.,
“Theoretical Investigation of Surface Plasmon Resonance (SPR)-based Acoustic Sensor”, The
7th RMUTP International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

11.24 (Submitted) Pechprasam S., Chow WK; Ittipornnuson K; Albutt N. and Somekh M.G. “Confocal
Surface Plasmon Embedded Interferometric Microscope : A Brief Review”, The 7th RMUTP
International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

11.25 (Submitted) Pechprasarn S,, Panlomso A,, Aiam-um A,, Suvarnaphaet P., Boonyagul S,, Albutt
N.and Somekh M.G.”Rigorous coupled wave analysis for plasmonic nanoparticles”, The 7th
RMUTP International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

11.26 (Submitted) Chen W., Pechprasarn S. and Somekh M.G, “Back focal plane confocal
ptychography”, The 7th RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development: Challenges towards the green innovative society,
The Sukosol, Bangkok, Thailand, 23-24 June 2016

11.27 Albutt N., Pechprasarn S., Wannasuk R. and Sareein T, “Electrical impedance properties of
Y2NiMnO6 ceramics for dc bias at atmosphere” , The 7th RMUTP International Conference
on Science, Technology and Innovation for Sustainable Development: Challenges towards
the green innovative society, The Sukosol, Bangkok, Thailand, 23-24 June 2016

11.28 Albutt N., Pechprasarn S., Damkoengsunthorn P. and Sareein T, “The Giant dielectric
constant of Y2NiMnO6 for DC bias” The 7th RMUTP International Conference on Science,
Technology and Innovation for Sustainable Development: Challenges towards the green
innovative society, The Sukosol, Bangkok, Thailand, 23-24 June 2016

11.29 Albutt N., Pechprasarn S., Chobdee P. and Sareein T, “Study of dielectric permittivity of
Y2NiMnO6 for DC bias at various temperature”, The 7th RMUTP International Conference
on Science, Technology and Innovation for Sustainable Development: Challenges towards

the green innovative society, The Sukosol, Bangkok, Thailand, 23-24 June 2016



11.30

11.31

11.32

11.33

11.34

11.35

11.36

11.37

11.38

11.39

Sawekwiharee S., Pechprasarn S. and Albutt N., “Adsorption of Pb(No3)2 solution from
mangosteen charcoal powder”, The 7th RMUTP International Conference on Science,
Technology and Innovation for Sustainable Development: Challenges towards the green
innovative society, The Sukosol, Bangkok, Thailand, 23-24 June 2016

Sawekwiharee S., Pechprasarn S., Kuttiyawong A. and Albutt N. “Investigation of
performance for pb(i) adsorbents from mangosteen charcoal”, The 7th RMUTP
International Conference on Science, Technology and Innovation for Sustainable
Development: Challenges towards the green innovative society, The Sukosol, Bangkok,
Thailand, 23-24 June 2016

Albutt N., Pechprasarn S., and Sareein T. “Influence of currents and electric fields for YNMO
ceramics”, The T7th RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development: Challenges towards the green innovative society,
The Sukosol, Bangkok, Thailand, 23-24 June 2016

Albutt N. and Pechprasarn S., “Predicting the UV spectrum of Olisodeoxynucliotide by 2D
Matlab” , The 7th RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development: Challenges towards the green innovative society,
The Sukosol, Bangkok, Thailand, 23-24 June 2016

Pechprasarn, S., Learkthanakhachon, S., Zheng, G., Shen, H., Lei, D. Y., & Somekh, M. G.
(2016). Grating-coupled Otto configuration for hybridized surface phonon polariton
excitation for local refractive index sensitivity enhancement. Optics Express, 24(17), 19517-
19530.

Pechprasarn, S., Kaewsonthaya, L., Thipla, K., Ittipornnuson, K., Suvarnaphaet, P., & Albutt,
N. (2016, December). Performance characterization of aspheric polymer lens formed by
gravity and surface tension: A high magnification portable microscope for smartphone and
tablet. In Biomedical Engineering International Conference (BMEICON), 2016 9th (pp. 1-4).
IEEE.

Sangworasil, M., Pechprasarn, S., Learkthanakhachon, S., Ittipornnuson, K., Suvarnaphaet,
P., & Albutt, N. (2016, December). Investigation on feasibility of using surface plasmons
resonance (SPR) sensor for ultrasonic detection: A novel optical detection of ultrasonic
waves. In Biomedical Engineering International Conference (BMEICON), 2016 9th (pp. 1-3).
IEEE.

Thongpance, N., Pechprasamn, S., Ittipornnuson, K., Kulikhandan, P., Pimonsakonwong, P.,
Chada, J., Chobdee, P., Suvarnaphaet, P. & Albutt, N. (2016, December). Ergonomic add-on seat
for wheelchair users. In Biomedical Fngineering International Conference (BMFICON), 2016
9th (pp. 1-4). IEEE.

Pechprasarn, P., Pornputtarat, P., Suvarnaphaet, P. Novel Low-Cost Portable Digital
Laryngoscope, RSU International Research Conference 2017, Rangsit University, Thailand,
28 April 2017.

Pechprasarn, P., Suvarnaphaet, P., Pimonsakonwong, P., Kulikhandan, P., Suksan, P.,
lttipornnuson, K. & Albutt, N. Mobile Phone Microscope Using Aspheric Lens Formed By
Gravity and Surface Tension, The 8" RMUTP International Conference on Science,



11.40

11.41

11.42

Technology and Innovation for Sustainable Development: Challenges Towards the Digital
Society, Pullman Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.

Pechprasarn, P., Pimonsakonwong, P., Kulikhandan, P., Suksan, P., Suvarnaphaet, P.,
lttipornnuson, K., Jungpanich, T. & Albutt, N. Compact fluorescent microscope for
smartphone and tablet, The 8" RMUTP International Conference on Science, Technology
and Innovation for Sustainable Development: Challenges Towards the Digital Society,
Pullman Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.

Pechprasarn, P., Pornputtarat, P., Pongruengkiat, W., Suksan, P., Suvarnaphaet, P. & Albutt,
N. Low-cost and compact digital laryngoscope, The 8" RMUTP International Conference
on Science, Technology and Innovation for Sustainable Development: Challenges Towards
the Digital Society, Pullman Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.
Pongruengkiat, W., lIttipornnuson, K., Jungpanich, T., Suksan, P., Pornputtarat, P.,
Suvarnaphaet, P., Pechprasarn, P. & Albutt, N. Manufacturing of polymers lens using 3a-
printed lens model, The 8" RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development: Challenges Towards the Digital Society, Pullman
Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.

12. ilade

12.1

12.2

12.3

12.4

12.5

(Invited) Pechprasarn S, “Analysis of Sensitivity and Resolution in Plasmonic Microscopes”,
Lambert, ISBN 13 : 978-3-659-42296-6

(Invited) Somekh MG and Pechprasarn S, “Surface plasmonic microscopy”, a chapter in
Handbook of Photonics in Biomedical Engineering ISBN 13 : 978-94-007-5051-7
Pechprasarn S, “Optical Surface Wave Microscopy”, Rangsit University, ISBN 978-616-7687-
82-7

(Invited) Pechprasamn S, “Biomedical optics” (Submitted to Biomedical Engineering
Association Thailand)

Pechprasarn S, “Basic Optical Microscopy Instrumentation” (A book to be published by
Rangsit University, Thailand)
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8.1 Saksrisuwan N. (2016). Factors Affecting Condominium Residents’ Participation in waste
management in Bangkok, ICONSCI Proceeding, 7-13. The 8" RMUTP International

Conference on Science, Technology and Innovation for Sustainable Development:

Challenges Towards the Digital Society, 22-23 June 2017, Pullman Bangkok King Power,

Thailand
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Pechprasarn, P., Pornputtarat, P., Pongruengkiat, W., Suksan, P., Suvarnaphaet, P. &
Albutt, N. Low-cost and compact digital laryngoscope, The 8" RMUTP International
Conference on Science, Technology and Innovation for Sustainable Development:
Challenges Towards the Digital Society, Pullman Bangkok King Power, Bangkok,
Thailand, 22-23 June 2017.

Pongruengkiat, W., lIttipornnuson, K., Jungpanich, T., Suksan, P., Pornputtarat, P.,
Suvarnaphaet, P., Pechprasarn, P. & Albutt, N. Manufacturing of polymers lens using 3d-
printed lens model, The 8™ RMUTP International Conference on Science, Technology and
Innovation for Sustainable Development: Challenges Towards the Digital Society, Pullman
Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.

Pechprasarn, P., Pomputtarat, P., Suvamaphaet, P. MNovel Low-Cost PFortable Digital
Laryngoscope, RSU International Research Conference 2017, Rangsit University, Thailand, 28
April 2017.
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9.1 Pechprasarn, P., Pornputtarat, P., Pongruengkiat, W., Suksan, P., Suvarnaphaet, P. &

Albutt, N. (2016). Low-cost and compact digital laryngoscope, The 8" RMUTP
International Conference on Science, Technology and Innovation for Sustainable



9.2

9.3

Development: Challenges Towards the Digital Society, Pullman Bangkok King Power,
Bangkok, Thailand, 22-23 June 2017.

Pongruengkiat, W., Ittipornnuson, K., Jungpanich, T., Suksan, P., Pornputtarat, P.,
Suvarnaphaet, P., Pechprasarn, P. & Albutt, N. (2016). Manufacturing of polymers lens
using 3d-printed lens model, The 8" RMUTP International Conference on Science,
Technology and Innovation for Sustainable Development: Challenges Towards the
Digital Society, Pullman Bangkok King Power, Bangkok, Thailand, 22-23 June 2017.
Pongruengkiat, W., Ittipornnuson, K., Jungpanich, , P., Pechprasarn, P. & Albutt, N. (2016).
Development of Low-cost Abbe Refractometer, The 8" RMUTP International
Conference on Science, Technology and Innovation for Sustainable Development:
Challenges Towards the Digital Society, Pullman Bangkok King Power, Bangkok,
Thailand, 22-23 June 2017.
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9.1 WnfAnw91e3de vewieljuiin15idetanaaluid (Modern Materials Research Unit) #iug
Anududaa 1uN@nd (Thailand Center of Excellence in Physics, ThEP) Arp3widnd

ARYINGANENS UNTINEIABNTNS

shmthiiesufuRns : a.ns. 8 fs &1 uag fas. Salians vuatan

U 2552 - 2553 1A539n157348 “Simulation of the current flow in a superconductivity

magnetic tunnel junction”

U 2553 - 2554 1A539n19398 “Simulation of the performance of spintronics devices

based on graphene nanoribbons”



9.2

9.3

U 2554 - 2557 1A54n15348 “Development of spintronic devices of the future:
Simulation of the performance of spintronic devices made with graphene nanoribbons
and bilayer graphene and the fabrication of nano drug delivery vehicles”

wadugys - lUiiauesanulunulssgainnsunnnd wasfiuiunasisms

1. wennslugduuuanudsezyudvinisly Siam Physics Congress (SPC) 2009: Physics for
Dynamic Society, 19 — 21 March 2009, Phetchaburi, Thailand. Wag@fuNUNAI 1M
Suvarnaphaet, P., Tang, |.-M. & Hoonsawat, R. (2010). Effects of the Fermi energy
mismatch on spin transport in a magnetic barrier graphene structure. Thai Journal
of Physics, Series 5.

2. wgunghuguiuuuyUseyuivinisly Suvarnaphaet, P., Tang, I.-M. & Hoonsawat, R.
“Relativistic spin transport in a gapped graphene ferromagnetic junction”, the 5th
Conference on Science and Technology for Youths, 19 — 20 March 2010, Bitec
Bangna, Bangkok, Thailand.

3. wgunsluguiuuauyszynivinislu Suvamnaphaet, P., Tang, |.-M. & Hoonsawat, R.
“Simulation of the performance of an epitaxial graphene based magnetic tunnel
junction: effect of the gap opening”, Nanothailand 2010: Nanotechnology for
sustainable world, 18 — 20 November 2010, Pathum Thani, Thailand.

4. wewnshususuuudsgynivinisiu Siam Physics Congress (SPC) 2010: Physics for
Creative Society, 25 — 27 March 2010, Kanchanaburi, Thailand. LAYANUNUNAINY
Suvarnaphaet, P., Tang, I.-M. & Hoonsawat, R. (2010). Gap effect on relativistic
tunneling conductance in a proximity inducing ferromagnetism in gapped graphene
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Abstract

In this paper, we propose a novel portable laryngoscope design based on Raspberry Pi microcontroller and
optical instrumentation. At present, medical diagnosis for the following symptoms including fever, sore throat and
throat inflammation, doctors normally use a spatula and a torch to see patient’s pharynx. Although, this method is
practical and suitable for some illnesses, there are, however, several drawbacks including (1) this cannot be included in
patient’s medical record, (2) cannot be shown to patient to explain and discuss about their symptoms and (3) of course
for some chronic diseases, such as, throat cancer and chronic throat infection; these diseases require doctors to
frequently take photos of patient’s throat to diagnose and determine how progressive the disease is. Currently, there are
several digital portable laryngoscopes in the market, these are still, however, too expensive to be employed in Thai
medical system. Therefore, we propose a novel low-cost portable laryngoscope design that requires very few optical
components and a low-cost microcontroller system. We demonstrate the capability of the invention by taking a photo of
a mock throat and pharynx canal. These photos are automatically stored in the laryngoscope and ready to be transferred
to medical record and database through the picture archiving and communication system (PACS).

Keywords: Medical Instrumentation, Laryngoscope, Biomedical Optical Imaging, Portable Digital Laryngoscope
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1. Introduction

Since 1854, when the first indirect laryngoscope was invented by Manuel Garcia using 2 mirrors
and sun light as the external light source to view the larynx in a human subject (Garcia, 1854).
The laryngoscope has been dramatically developed since then, where digital portable video laryngoscopes
have become commercially available in the market (Su et al., 2011; Levitan et al., 2011). Although digital
laryngoscopes sold in the market are very convenient, there are still several issues needed to be addressed,
for example, pharyngeal wall injuries and sterilization for the equipment. These portable digital
laryngoscopes are still, however, too expensive for Thai medical system. Thailand is one of the countries
with limited medical resources and there is no manufacturing industry in Thailand that manufactures these
types of medical devices. Most of laryngoscopes used in Thailand are of an old-fashion with no video
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recording function. There are also some hygienic concerns on cleanliness of laryngoscope blades
(Surasarang, 2016) and handles reported done by medical units in Thailand (Limpisophon et al., 2014).

At present, for medical diagnosis for the following symptoms including fever, sore throat and
throat inflammation, doctors normally use a spatula and a torch to see patient’s pharynx. Although, this
method is practical and satisfactory for some illnesses, there are, however, several drawbacks including

(1) this cannot be included in patient’s medical record,

(2) cannot be shown to patient to explain and discuss about their symptom and

(3) of course, for some chronic diseases, such as, throat cancer and chronic throat infection; these
diseases require doctors to frequently take photos of patient’s throat to diagnose and determine how
progressive the disease is.

Therefore, in this paper we propose a novel low-cost portable laryngoscope design that requires
very few optical components which can be manufactured in house at the Faculty of Biomedical
Engineering, Rangsit University and a low-cost microcontroller system. Our proposed design addresses the
mentioned issues by making the tip end of the device disposable and a spatula which can be attached to the
tip if images of the deep throat are now required. We demonstrate the capability of the invention by taking a
photo of a mock throat and pharynx canal. These photos are automatically stored in the laryngoscope and
ready to be transferred to medical record and database through the picture archiving and communication
system (PACS).

2. Objectives

The objectives of the proposed portable digital laryngoscope design are:

1. To develop and construct a novel portable digital laryngoscope

2. To provide the portable digital laryngoscopes to workforces in healthcare professions assisting
them with accurate and reliable devices. The portable digital laryngoscope enables users to capture and
store the photos taken by the device to be included in patient’s medical record.

3. To manufacture this portable digital laryngoscope at low cost to ensure that this will be
affordable for hospitals, public healthcare units and mobile units in resource-limited countries.

3. Materials and methods

The proposed design can be categorized into 2 major parts, which are (1) optical instrumentation
and (2) electronic design.

For the optical instrumentation, the imaging system consists of a pair of projection lenses (Lens 1
and Lens 2 and Lens 3), a beam splitter, a white light source, a mirror and a CMOS camera as shown in
Figure 1. The details for each components can be found in Table 1.

Figure 1(a) depicts the optical illumination path from the white light source to the patient’s neck,
where the white light is emitted from an LED which the light is then collected by Lens 1 to ensure the light
throughput to the throat is sufficient. The light is then passed through the beamsplitter. Although the
beamsplitter throws away half of the light, the beamsplitter allows us to have the light illumination and the
image formation through the same optical path through Lens 2 and Lens 3. The light is then projected into
the throat through a very small lens Lens 3. For sanitation, the tip of the device and the equipment body can
be sterilized with disinfectants. Especially the tip including Lens 3 can be disposed and replaced with a new
one.

Figure 1(b) shows the image formation optical path, where the light is reflected from the throat is
then collected through Lens 3 and Lens 2 and is then passed through the beamsplitter and the throat canal
image is then formed on the CMOS camera. The CMOS camera used in this design is a peripheral device of
Raspberry Pi Model B microcontroller powered by a rechargeable portable Lithium-ion battery. The camera
enables us to integrate the optical imaging system with an electronic and microcontroller system. The
images obtained from the SMP Raspberry Pi camera are then stored in the Raspberry Pi memory card. The
size for one image is around 5.28MB stored as BMP before converting into Digital Imaging and
Communications in Medicine format (DICOM) to ensure that the images are compatible with picture
archiving and communication system (PACS).
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Note that for low-cost industrial scale manufacturing process in the future, we have developed a
low-cost optical lens fabrication process, where lenses can be shaped and formed using a 3D printer. The
detailed fabrication process will be published elsewhere.

CMOS CMOS

£ Eem——
Prisms Lens1 Prisms Lens1
» // Light source Light source
(white light) (white light)
Lens?2 >Lens?2
Lens3 Pharynx Lens3 Pharynx

Light entering the pharynx Imaging of pharynx
(a) (b)

Figure 1 shows optical instrumentation, optical light paths for (a) light illumination from the white light source and (b)
light collection from the throat and image formation at the CMOS camera

Table 1 Optical components employed in the Portable Digital Laryngoscope

Components Details

Light collection lens to collect the light from the white
light source
Diameter of the lens = 50 mm
Focal length = +50 mm

Projection lens for suitable magnification of the image
Lens 2 Diameter of the lens = 25.4 mm

Focal length = +75 mm
Laryngoscope tip this is capped with medical grade

disposable cap

Lens 1

Lens 3 Diameter of the lens = 3 mm
Focal length = +100 mm
Beamsplitter A standard 1 inch non-polarizing beamsplitter
Mirror A standard 1 inch diameter Aluminum mirror
Raspberry Pi Camera ModuleRev1.3(CMOS,
CMOS camera Complementary Metal Oxide Semiconductor) with 5 MP
resolution

White light source A white light LED with 10 mW optical power

For the microcontroller system, we have employed a Raspberry Pi 2 Model B V1.1, where the
CMOS camera can be interfaced and controlled to the Raspberry Pi. The Raspberry Pi were installed with
NOOBS operating system, where all the control software for data and image acquisition were written in



RSU International Research Conference 2017 28 April 2017

Python. The software has its operation and flow control as described in Figure 2. The captured images can
be displayed through an attached 5 touchscreen LCD panel as shown in Figure 3.

.

¥
Camera module initialization
Camera parameters setup

.
h

| Memory allocation |

| Capture an image or a video |

| Save data |
|

—;‘\
( Display the
image or play
the video

)\

Recording No

T~ com pteted?///

S, ’
""'\xv_/

Yes
L J

| Switch off the system |

ow ]

Figure 2 shows the control software flowchart

CMOS camera LCD screen

Lens 1

White 9%

light LED - % LensZA

: ‘Lens

Mirror —

Figure 3 shows optical arrangement and peripheral devices before assembling bits into a completed portable digital
laryngoscope

To demonstrate the capability of the proposed portable digital laryngoscope we built a mock throat
canal using silicone rubber matching the size of the opening mouth entrance and length of the mouth cavity
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and throat canal. The internal wall of the silicone was painted by orange color representing the color of the
mouth cavity. The mock throat canal consists of two parts; firstly, the oral cavity and secondly, the throat
cavity as shown in Figure 3. The mock throat canal has the entrance of 4.5 cm in diameter; this represents
a typical size of human’s mouth (Zawawi et al., 2003). The length of the larger cup is 7.0 cm representing
the length of the oral cavity. For the smaller size tube representing the throat canal, it has the length of 5.5
cm and painted at the end of the tube to represent the position of larynx as shown in Figure 4.

; ‘ (‘@
: e\

Mock throat canal

Digital Laryngoscope

(a) (b)

Figure 4 shows (a) a ‘heart’ symbol at the end of the mock throat canal and (b) mock throat canal position and camera
position in experimental setup

4. Results

Figure 5 shows captured images of the mock canal and the display screen of the portable digital
laryngoscope. It can be clearly seen that the images taken from the instrument are sharp and very low noise.
This photo is automatically saved in laryngoscope and ready to be transferred to medical record and
database through the picture archiving and communication system (PACS). We are confident that this
optical configuration with a low-cost microcontroller system will enable us to manufacture this high quality
portable digital laryngoscope. The weight of the proposed design is around 400g and this equipment is
powered by a rechargeable portable Lithium-ion battery lasting for at least 5 hours for one time of fully
charged battery.

In terms of the cost and quality, our proposed design would cost around 3000 THB to produce one
unit, which is very cost effective compared to the typical price of 2000 USD for a portable digital
laryngoscope in the market; the resolution and battery lifespan of the proposed laryngoscope are better than
commercial products.

(a) (®)

Figure 5 shows (a) the display screen of the portable digital laryngoscope and
(b) captured image of the mock throat canal
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We have planned to disseminate this design through commercialization. Of course, there are still
several issues that need to be addressed in term of product design, production cost and capturing patients’
throat images portfolio. Of course, this medical practice needs to be carried out by certified medical
healthcare professions. At this stage, we have come up with an ergonomic product design as shown in
Figure 6 assembling all the optical and electronic components as shown in Figure 3.

LCD Screen

and

Raspberry Pi

Focal Adjustment

/

Handle

Figure 6 shows a 3D drawing of our proposed completed portable digital laryngoscope

5. Discussion

Having mentioned earlier that medical practices using this laryngoscope need to carried out by
certified healthcare practitioners. This will be disseminated through our existing research network
collaboration with Faculty of Medicine Ramathibodi Hospital, Mahidol University. Results from the
collaborative research will be published in another publication.

We have also filed a patent to protect the design and the next stage after the medical validation is,
of course, to commercialize the design.

6. Conclusion

In this paper, we have demonstrated the capability of a simple optical configuration and a low-cost
microcontroller based portable digital laryngoscope. The optical configuration allows the optical
illumination and image acquisition to be carried out through the same optical path lens, therefore this design
requires less number of optical components. We have also designed a control software to control the CMOS
camera to capture and store images. The capability of the laryngoscope was illustrated by capturing images
of a mock throat canal made of silicone. The obtained images have a very good optical resolution and very
low noise. The next stage of this project will be carried out by certified medical practitioners for medical
validation through our research network collaboration.
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Abstract. A digital laryngoscope in the market is bulky and expensive. There are several companies
in the market developing a portable digital laryngoscope but they are still however very expensive
due to electronic design and optical components they used. In this paper, we demonstrate our recent
development on low-cost digital laryngoscope using only a few optical components and a low-cost
microcontroller like Raspberry Pi. We have also ergonomically designed the tube insertion assistive
viewport next to the imaging hardware. The tube insertion and the body can be sterilized with
disinfectants, especially the tube is disposable for sanitation.

Introduction

A laryngoscope is an endoscopy tool for direct viewing of the larynx and endotracheal
intubation [1]. In the past, laryngoscopes were developed based on three main components, which a
handheld containing batteries inside, (2) a light source and (3) a set of interchangeable blades [2] as
shown in Fig.1. There are several sizes for the blades for different oral cavity lengths.

Fig.1 shows main components in laryngoscopes and a set of interchangeable blades



The laryngoscope was firstly introduced by Kirstein in 1895 [3], the shape has been
developed to the current blade shape as shown in Fig.1. Recently in 2016, Adroit Surgical has
introduced a direct line of sight laryngoscope called Vie Scope™ to the market. The Vie Scope™
enables the user to see the direct view of the larynx. This type of laryngoscope indicates that there is
a demand for the medical need for direct viewing of the throat, the larynx, and the pharynx. There is
also another type of laryngoscope, which is a video laryngoscope as shown in Fig.2; this has been
introduced to the market in 2000 under the model of Glidescope™ by Varathon [4]. The cost of one
unit of Glidescope™ is around 10,000USD.

.
|
|

J =

Fig.2 shows a video laryngoscope under the model of Glidescope™ by Varathon

In terms of medical conditions, there are some of the symptoms that require a long-term
monitoring of the throat canal, for example, throat cancer, chronic infection in the throat [5].
Although the video laryngoscope allows patients’ throat conditions to be recorded and tracked, the
video laryngoscope is still quite bulky and requires an AC main power supply. There is the need for
a portable instrument with no requirement of AC supply for the used on a field trip or in a GP
office. If the laryngoscope is portable and compatible with patients’ medical record achieving
system, it will be much more convenient for doctors to diagnose and keep the photos and videos
record in patients’ medical records.

In recent years, there are several companies manufactured portable digital laryngoscope as
shown in Fig.3 [6,7]. Although these laryngoscopes are very convenient to use and employed in the
medical system, the price for such equipment (around 2000usd) is still far too high to be employed
in Thailand healthcare system.



Fig.3 shows typical shape of portable digital laryngoscope

Our proposed low-cost and compact digital laryngoscope design

We have recently developed a digital portable laryngoscope and presented our proposed

design [8]. In our previous work [8], we have employed a beam splitter, three convex lenses, a beam
splitter, two mirrors and a CMOS camera with Raspberry Pi microcontroller as shown in Fig.4. The
optical configuration can be employed to capture images of throat canal, however, there are still
some issues that need to be addressed including (1) the stray light reflected from the surface of
beam splitter prism and (2) the weight of the laryngoscope was too high and (3) the image projected
to the CMOS camera not fully covers the entire CMOS sensor area.

CMOS CAMERA MODULE

Beam
Splitter

Mirror

Lens 1

‘s

2=

Lens 2

Light source
(White Light)

Pharynx

Lens 3

Light Entering The Pharynx

CMQS CAMERA MODULE

e § Lens 1
Beam Light source
Splitter g (White Light)
\
Lens 2
1 Pharynx
Mirror
e
Lens 3

Imaging of Pharynx

Fig.4 shows optical components used in our former laryngoscope [11]



In this paper, we propose a substantial development on the portable digital laryngoscope to
overcome the issues in the previous design. The new design has completely removed the beam
splitter prisms and unnecessary lenses as shown in the component list in Table 1. The components
in the mouthpiece and the holder are aligned in the position as shown in Fig.5.

Table 1 shows components used in the digital portable laryngoscope design

Components

Details

Battery

Mobile phone power bank 7500mAh with a
USB charging port

Touch Screen Monitor

5 inches touchscreen monitor for Raspberry Pi

Raspberry Pi Model B microcontroller with NOOB operating
system and Python compiler
Memory card 8GB micro SD card to store the software and
images
CMOS Camera module SMP Raspberry Pi camera module
LED Light Source White Light LED 5SmW output power
Mirror 1 Thin mirror with the size of 2.8 cm x 3 cm

Concave Lens

Plano-concave lens with focal length of 40mm

Mirror 2

Thin mirror with the size of 1.6 cm X 2.8 cm

Convex Lens

Plano-convex lens with focal length of 20mm

Mirrorl

S -

% g
a4 S Light Source

CMOS CAMERA

Raspberry Pi 2

+

LCD Touch Screen 5”

\

Plano-concave

A

4 cm 7——|— -
N Mirr\

\\\O (White Light)

e e ——
— s

Rechargeable
Battery

Fig.5 shows alignment of the optical components in the mouthpiece and the holder in the portable

digital laryngoscope

The portable digital laryngoscope operates by the LED light transmits the light through the
mirrors, the concave lens, and the convex lens through the throat canal. The light is then reflected
from the throat through the convex lens in front of the laryngoscope tip and then goes through the
concave lens and the convex lens in front of the CMOS camera module. The convex-concave-




convex lenses configuration is, in fact, called zoom-lens configuration. This configuration allows
the image to be zoomed in and fully occupies the full CMOS sensor. The mirrors in the system are
for bending the light based on the suitable curvature of the oral cavity length.

Results and discussion

To demonstrate the capability of the optical configuration, the handheld holder, and the
mouthpiece tip were printed out from a 3D printer using a biocompatible grade Polylactic Acid
(PLA) plastic. The components list in Table 1 were then installed in the 3D printed part as shown in
Fig. 6. A code to control the Raspberry Pi and the camera module written in Python was then
installed in the Raspberry Pi to capture the image as.BMP (5.28MB for each image). The code then
converted the BMP file to a picture archiving and communication system (PACS) compatible
format. The completed system weighs only 700 g and the handheld has been ergonomically
designed.

Fig. 6 shows the 3D printed plastic holder and components aligned in the laryngoscope

The mouthpiece can be covered with medical grade rubber or sterilized with the standard
sanitizing protocol using ethanol alcohol. We tested the equipment by taking images of the glottis of

a healthy male, 23 years old, Thai as shown in Fig.7. We can see from the Fig.7 that the quality of

the image is comparable to those images obtained from the digital laryngoscope in the market. The
total cost of the components is less than 3,000 THB. This will open up the opportunity to
manufacture such equipment ourselves in Thailand making it more widely applicable to the Thai’s
healthcare system.



Fig.7. shows the glottis images taken from a healthy male, 23 years old, Thai

Summary

In this paper, we have demonstrated that our further development in portable digital
laryngoscope can be implemented at the low-cost and light weight. The performance of the system
is comparable to commercial products in the market. The system consists of a few components
including (1) Raspberry Pi and camera module empowered by a Lithium-ion battery, (2) mirrors, a
concave lens and a convex lens and (3) plastic case and holder. The system operates by the zoom
lens principle, which is convex-concave-convex lens configuration.
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