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Research Title: Digital Holography for Optics Undergraduate student
Researcher: Prathan Buranasiri (Ph.D)

Faculty: Science Departmant: Physics

Researcher: Assoc.Prof.Kannachai Kanlayasiri (Ph.D)

Faculty: Engineer Departmant: Industrial Engineering

ABSTRACT

In this research, we discuss the digital holography (DH) experiment in our optical and
communication laboratory course for undergraduate students at Physics department,
KMITL. The purposes of DH experiment are presenting our students the meaning and
advantage of DH and its applications. The Gabor configurations of in-line DH has been set
up for recording a number of samples, which were placed on different distances,
simultaneously. Then, the images of all objects have been numerical reconstructed by using
computer. The students have been learned that all of reconstructed images have been
got from only one time recording, while using the conventional recording technique, sharp
images of different objects have been gotten from different recording time. The students
also have been learned how to use DH technique for investigation some different kinds of
samples on their own of interested such as a defect in glass bottle and hair. Moreover, our
system has been developed to be a portable apparatus for easily showing to children in

different areas.

Keywords: digital holography, optical education
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Digital holography system for undergraduate student laboratory
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ABSTRACT

In this paper, we discuss the digital holography (DH) experiment in our optical and communication laboratory course for
undergraduate students at Physics department, KMITL. The purposes of DH experiment are presenting our students the
meaning and advantage of DH and its applications. The Gabor configurations of in-line DH has been set up for
recording a number of samples, which were placed on different distances, simultaneously. Then, the images of all objects
have been numerical reconstructed by using computer. The students have been leamed that all of reconstructed images
have been got from only one time recording, while using the conventional recording technique, sharp images of different
objects have been gotten from different recording time. The students also have been learned how to use DH technique for
investigation some different kinds of samples on their own of interested such as a human hair or a fingerprint. In our
future work, our DH system will be developed to be a portable apparatus for easily showing to children in different areas.

Keywords: Digital holography, optical education

1. INTRODUCTION

DH is a powerful technique in optical nondestructive investigation. Instead of using a film on the image plane as
conventional holography, a CCD camera has been put to record the image and then using numerical technique by
computer to reconstruct the image. By using DH technique, a number of measurement applications have been
improved'. Due to its importance above, recently, Victor V. Dyomin et al. invented optical learning kits for
investigating holography and DH”. By using an optical learning kit, it is easy to learn and understand concept of
holography and digital holography, however, the students will not learn and improve their skill for doing alignment
optical apparatus. In our point of view, for the people who would like to be in optics professional career, not only the
knowledge of digital holography is important but the skill of optical alignment is also important too. Hence, in this paper
we present digital holography system for undergraduate teaching laboratory which the students have been asked to setup
their own experiment on optical breadboard. In our laboratory objective, students will learn the difference between
conventional imaging using lens and imaging using numerical digital holography technique. After working on this
experiment, the students will understand the concept of digital holography and will get optical alignment skill
simultaneously.

2. DIGITAL HOLOGRAPHY

Digital holography is the technique that record both phase and amplitude of image on an electronic image sensor, i.e.
CCD or CMOS. The concept of digital holography is the changing of recorded plane into numerical lens as illustrated in
figure 1. The image that incident on recorded plane has blur pattern like the image without focusing as shown in figure
1(a). After insert numerical lens instead of recorded plane, image will be focused as shown in figure 1(b). The insertion
of numerical lens to focus an image is called reconstructed process,
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Figure 1. Concept of digital holography; (a) recorded process and (b) reconstructed process.

There are two main methods of reconstruction; Huygens convolution method (HCM) and angular spectrum method
(ASM). Due to HCM has limitation when reconstruct at near distance’, ASM has been used to reconstruct digital
hologram in our work. Suppose h(x,y,0)is recorded plane or hologram plane and R(&',7',z) is focused plane or

reconstructed plane as shown in figure 2. The optical field R(¢',7’,z) can be written in inverse Fourier transform of
Fourier transform of hologram field*

R n,z)=F" {f {i(x, y,0)} exp(—j %ﬁr:)} )

where = is the reconstruction distance, 4 is the wavelength, and y is the component of spatial frequency which given

by
Y g e xoani i
N 1_[ : J_ y @
Map,) "\ Nap,

where M and N are the number of pixels in the horizontal and vertical direction and Ap, and Ap, are the pixels size

of an individual pixels.

Hologram plane

image plane
(Recorded plane) R(E.1732)

hix,y,0)

Figure 2. Coordinating system for numerical reconstruction.
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3. SYSTEM AND METHODOLOGICAL INSTRUCTION

System and reconstructed tools

The schematic of digital holography system for undergraduate student is shown in figure 3. Laser diode
(LDM115G/633/1, 1 mW, 635 nm) shown in figure 4(a) has been used as the light source. The beam is expanded and
collimated by collimated lens, Lc, with focal length of 200 mm. Then, the light propagates through two objects placed
far from each other for 200 mm. These objects were produced by pasting different number stickers on different glass
slides as shown in figure 4(b). The digital hologram was recorded on CMOS camera (Canon EOS 350D, 3456x2304
pixels, 6.41 um pixel pitch) which shown in figure 4(c). The camera placed a distance, i.e. 200 mm, from object, Oy,.
Focusing lens, L1 (50 mm) and Lr, (100 mm), were used for showing difference between common photography that
need a focusing lens and digital holographic photography that don’t need a lens. The detail of experimental setup will be
described in next section.

(b) (c)
Figure 4. Devices used in digital holography system; (a) laser diode, (b) glass slides, and (c) CMOS camera.
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The Graphic User Interface has been shown in figure 5. We developed reconstructed tool by using MATLAB®. The
interface of our tool is shown in figure 5(a). Graphical interface panel is easy to use by input the value of wavelength,
pixel size, number of image pixel, and reconstructed distance or focusing distance as illustrated in figure 5(b).

(@) (b)

Figure 5. (a) Graphical interface of reconstructed tool and (b) magnified panel of (a).

Methodological instruction

Due to the main purpose of this research is to describe what DH is and how difference with common photography and its
application, the experimental instruction can be separated to three parts. In the first two parts, the students will learn the
difference between conventional photography and DH, and the third part, student will apply DH system to observe their
own interested objects or systems. For the first part, the instructions in our laboratory manual are written below:

1)
2)

3)

4)

5)
6)

7

8)

Make the experimental setup as shown in figure 3.

Make the collimated beam by placing a collimated lens, Lc, in front of the laser diode and then make
alignment.

Place two objects far from each other for 200 mm. The numnber on glass slide must be in the path of the
collimated beam.

Place CMOS camera far from the object, O, for 200 mm as illustrated in figure 3.
Align the CMOS camera with both objects until the image is at the center of recorded plane.

Capture the image by using shutter release. Then write down the image name which shown in camera into
the data notebook.

Insert focusing lens, Lr1, between object, 01, and CMOS camera. Then align the lens until image () is
focused. After that capture the image and write the image name into the data notebook.

Insert focusing lens, Lr2, between object, Oz, and CMOS camera. Then align the lens until image (0) is
focused. After that capture the image and write the image name into the data notebook.
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For the second part, the instructions in our laboratory manual are written below:

1) Open the image file that captured without focusing lens from the first part by reconstructed tool via
MATLAB®

2) Input the value of wavelength, pixel size, number of pixel, and focusing distance. Then press
“Reconstruction” button. For example, wavelength = 635 nm, pixel size = 6.41 x 6.41 pm, number pixel =
3456 x 2304 and focusing distance = 200 mm. (note: the value is depend on equipment and configuration)

3) Change the value of focusing distance until the first image (object, O1) is focused. Then save the image.
4) Change the value of focusing distance again until the second image (object, 02) is focus. Then save the
image.

5) Compare the images, which were focused by lens and digital holography.

The instruction in the third part is written below.
1) Select the sample objects that you would like to observe by using DH technique

2) Follow the instruction in the first part by using your own objects instead of glass slide.

4. RESULTS

The recorded image without any focusing lens is shown in figure 6(a), Due to the number “8* was placed farther from
CMOS camera than number “5”, number “8” has more diffracted pattern than the diffraction pattern of number “5”.
Hence, number “8” image has more blur than number “5*” image. After insert focusing lens, Lr;, between object, Oy, and
CMOS camera, number “5” image will be focused as shown in figure 6(b). In the same manner as insertion of Lg,
insertion of Lz will focus number “8” as illustrated in figure 6(c).

After using numerical reconstruction, figure 6(a) at distance 200 mm and 400, number “5” and “8” will be focused as
illustrated in figure 6(d) and 6(e), respectively. By using digital holography method, the objects placed on difference
plane can be recorded simultaneously in one image and then the objects can be focused using reconstructed process.
When compare with common photography that need one capture for one focus, digital holography is easier and faster.
This is the advantage of digital holography that student had learnt.

In the last section, students have used DH technique in the first part to observe different kinds of samples base on their
own interested.

5. CONCLUSION

In this paper, we have proposed a digital holographic system for undergraduate students in teaching optical laboratory.
The system is easy to learn and make understand the concept of digital holography. From the results, conventional
photography has to record one image for one object by using a lens. On the other hand, digital holography need only one
image for multi planes of different objects. The images can be reconstructed by using numerical technique. Graphic inter
face tools have been provided for convenience to do reconstructed image. Moreover, our approach not only explores the
concept of digital holography but also trains the student skill of the alignment of light and equipment.
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Figure 6. Figure captions are indented 5 spaces and justified. If you are familiar with Word styles, you can insert a field code
called Seq figure which automatically numbers your figures.
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Figure 4 The flow chart of reconstruction algorithm.



56

YUADUNITNARDY

o a & ¢ o .Y aa <4
mMwin 4 MifRedsgunsnliiednymannishdnealalansai

aaun 1 nsinanwineldaud

1)
2)

3)

4)
5)
6)
7

8)

o

vhnsindaunsingunsalianind 4

USushumiaaud L, ededuadindunaruy

¥y (wiuur) vieaasliivinatu 200 Sadiung wazduaaweiiesinimiian
ST ACER

Annandes CMOS Tvvinsandng O, \usser 200 fadums

| 4
ar 1

v & 1 - » W <t
USushumianans CMOS ialuldnnwasTngirdesedisnanaruises

o 1 d' - v L e
msaenw wagantanmwivanslundosly

1 1 <) bl A { al o .
ldiaud Ly, sewineing O, uazndna CMOS (Fanmil 3) wiieTHianTw wazvinisusu
o 1 t L4 AU g 1 I.l‘l -] 1
fumile laudeuniteelanmiia (Faauiian) Mrmiuvhnsaenw

1] L o d d “ o ar
Tdiaud Le, sewinedng O, uazndos CMOS (Fanwdl 3) teTWianin wazvhnisuiu

o ' ) v al w o o C o '
suynis audaundIagldnndine (Fauiign) ontuinisdnanw



57

A 2 v e -
aauy 2 nslvnameRInealelansil

1) Walusunsudmivuiulaianin (reconstruction) amiudalwanwitlduiinlng
v R o o v o
Llalfiaudginia (nmaneouit 1 doil 6)
] P nblvu - o P 3 ‘J-L Y o 1
2) Tdenmrmegnedulalituiin Snnufinedvesnin svoedldlnianm anduneay
* ” A
“Reconstruction” (an1w# 5 Usznau)
o ' Y oYy Y o o o oo
3) wWasumszasWigunseslsinmeesing O, idewau andutuiinnam
= 1 Y oY o @ d o O u oo
4) whzumszaelniasunseitlanmessing O, iy anuduiinaw

- P o O o
5) Wisudsunwilldlumeudl 2 fumeudt 1

P v [y} .
M 5 winaslusunsudmiu reconstruction



58

= v
mauN 3 Nsuszanaly

1

2)

3)

5)

Laser Diode

= a o ¢ d o v
NN T ﬂ’ﬁﬁlﬂc‘lﬁqﬂﬂimkwa’]ﬂﬂ'}’luMU’mi)ﬂLﬁ‘uwll

& - l‘; (8.7 d
VN TAASIGUNTAURINTINT 6

< < s ' v o [ - v _ o
anInaaesuuiiaunoui 2 Usumiszerldasunssimmusseswiivuniauia

FMaU NUUTUANAN

7 ¢

ihmsfnssgunsalnanng 7

= v o1 o o v o o
nansveasaviieunaud 2 Yiuasrarinfasunseviaitunmvesdunudanudaou
nniuduiinaw

YnmsinauruvesdunusmelUsunsy image)



59

dy 1 dl Y o U 4 ﬁl = 1 5 1 Y o ¥ € Y ¥
wnanstluenashanulidmsunisldnuienisfinwivinnu ldeysnlviluldusslevisunisen

ludnsallagvisau Snvivnudlvidaudasilon wazsesedatadnvesenarsynasainisinluly



60




61




62




63




Lecturer

Physics, Faculty of Science,

King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand, 10520.

Mobile: 083-815-4829, 084-071-0279

Tel: 02-326-4339 ext. 324, 02-737-3000 ext 6202

Prathan Buranasiri

Fax: 02-326-4413
Email: maygal@gmail.com

EDUCATION

Ph.D. Electrical and Computer Engineering, Major Electro-Optics, University of
Dayton, Dayton, Ohio, U.S.A. 2006.

Thesis: Optical Correlation Using Isotropic and Anisotropic Self-Diffraction in
Photorefractive material.

Adpvisor: Dr. Partha. P. Banerjee

M.S. Physics, Major Optics, University of Alabama in Huntsville, Huntsville,
Alabama, U.S.A. 2000.

Thesis: Coherent and Incoherent Self Imaging Using Photorefractive Barium
Titanate Crystal.

Advisor: Dr. Partha. P. Banerjee

B.S. Physics, Minor Mathematics, Ramkhamhaeng University, Bangkok,
Thailand. 1993.

RELATED COURSEWORK

Physics Courses: Classical Mechanics, Statistical Mechanics, Mathematical
Methods for Physics, Classical Electrodynamics, Quantum Mechanics, Bose-
Einstein Condensation.

Electrical Engineering Courses: Electronics, Random Signal and Noises

Optics Courses: Geometrical Optics, Physical Optics, Linear Systems and
Fourier Optics, Lasers, Optical Testing, Optical Testing Lab, Polarization of
Light, Guided Wave Optics, Fiber Optics Lab, Optical Communications, Electro-
optical  Devices and Systems, Nonlinear Optics, Quantum Electronics,
Semiconductor Lasers, Accousto-Optics, Ultrafast Optics.

EXPERIENCE

03/06-present and 04/96-05/97
Lecturer, Applied Physics Department, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand.

Research areas: Semiconductor Lasers, Nonlinear optics, Photonic Crystals,
Optical Communication, Computational Electromagnetics, Optical tweezers
Terahertz optics.



e Teaching areas: Fundamental Physics, Fundamental Physics Laboratory in Thai
and English, Intermediate Physics Laboratory, Physical and Quantum Electronics,
Lasers Physics, Physical Optics, Computational Fluid Dynamics, Polarized Light.

04/08-07/08
Visiting Scholar, Center for Biophotonics and Laser Science, Physics Department,
School of Physical Sciences, University of Queensland, Brisbane, Qld 4072 Australia.
* Investigate an optical tweezers system for measurement some parameters transfer
between the laser and the particle in liquids.
* Building a cheap optical tweezers system for using in undergraduate laboratory.

11/07-03/08
Adjunct Lecturer, School of Architecture and Designs, King Mongkut’s University
of Technology Thonburi, Bangkok,Thailand
* Teaching Fundamentals Physics in English for Architect, Interior Architect and
Industrial Design Students

01/00-02/06
Research Assistant, Optical Information Processing Lab, University of Dayton,
Dayton, Ohio, U.S.A.
¢ Built optical systems to study incoherent diffraction of acousto-optic cells
* Built optical systems to study pattern formation by photorefractive crystals
e Set up the experiments for undergraduate optic class and high school outreach
program

04/95-03/96
Research Assistant, Energy Research Institute, Chulalongkom University, Bangkok,
Thailand.
¢ To be the secretary of nuclear energy and hydrogen energy projects.
e To collect the data for electricity outage cost project.

08/93-03/95
Computer Laboratory Staff, Assumption University, Bangkok, Thailand.
e Assisted students to use microcomputer.
¢ Operated IBM mainframe computer and IBM AS 400 minicomputer.

PROFESSIONAL SOCIETY ACTIVITIES
Staff, Unversity of Dayton Booth, SPIE annual meeting, San Diego, 2005.
* Promoted the Electro-optics Program and Electrical and Computer Engineering
Department, University of Dayton.

Memberships

e Optical Society of America (student) (2002-2005)

e SPIE (student) (2004-2005)

¢ JEEE LEOS (student) (2003-2005)

» SPIE (2007-present)



Frequent volunteer, SPIE student chapter, University of Dayton

Showed and explained optic phenomena for local elementary, middle, and high
school students.

‘AWARDS AND HONORS

Thailand Research Fund for New Faculty Member (2008)

Royal Thai Government Fellowship for Exchanging Faculty (2007)

Quatman Scholarship (ECE Department, University of Dayton (Winter 2006)
Research Excellent Award (SPIE Annual Meeting 2005)

University of Dayton Summer Fellowship (2005)

Royal Thai Government Scholarship (1997-2003)

PUBLICATIONS

P. P. Banerjee, P. Buranasiri, N. V. Kukhtarev, T. V. Kukhtareva, V. 1. Polejaev,
and M. F. Gunther, “Self-pumped phase conjugation, higher order diffraction and
image correlation using barium titanate”, Proc. SPIE 4803, 74-78 (2002).

P. Buranasiri, P. P. Banerjee, V. Polejaev, and C. C. Sun, “Image correlation
using isotropic and anisotropic higher order generation, and mutually pumped
phaseconjugation in photorefractive barium titanate”, Proc. SPIE 5206, 215-228
(2003).

P. Buranasiri, and P. P. Banerjee, “Bragg and non-Bragg diffraction from single
beam writing and readout in photorefractive barium titanate,” Proc. SPIE 5911,
35-41 (2005).

P. Buranasiri, and P. P. Banerjee, “Single beam holography using anisotropic
self-diffraction,” Proc. SPIE 6314, (2006).

P. P. Banerjee; G. Nehmetallah; R. Aylo; P. Buranasiri, “Dispersion relations for-
negative index materials and slow light,” Proc. SPIE 6698, (2007).

S. Suttirak, P. Buranasiri, P. P. Banerjee, N. Witthayakorn, W. Neeyakom,
“Photorefractive effect in Pb-based relaxor ferroelectric materials,” Proc SPIE
6793 (2008).

S. Suttirak, P. Buranasiri, P. Puttanarakul, N. Witthayakorn, “A study of
photorefractive effect in Pb-based relaxor ferroelectric crystals using P-scan
technique,” Thai Journal of Physics, 5, 325 (2010).

S. Wicharn, P. Buranasiri, W. Yindeesuk, C. E. Sunny, A. M. Sarangan, and J.
W. Haus, “Metallo-dielectric photonic band gap structure simulation using
transfer matrix method and Bloch functions,” Thai Journal of Physics, 5, 55
(2010).

S. Wicharn, P. Buranasiri, and J. W. Haus “The defect state of metallo-dielectric
photonic band gap structure and its application in optoelectronic devices” will be
publish in Thai Journal of Physics, 6, (2011)



S. Plaipichit, T Taengtung, S. Kamoldilok, and P. Buranasiri, “ Adjustable high
voltage direct current power supply for CO; laser controlled by digital system,”
will be publish in Thai Journal of Physics, 6, (2011).

PRESENTATIONS

“Bragg and non-Bragg diffraction from single beam writing and readout in
photorefractive barium titanate” SPIE annual meeting, San Diego, California,
2005.

“Phase conjugation, isotropic and anisotropic higher order diffraction generation,
and image correlation using photorefractive barium titanate” APS joint spring
meeting Ohio section, Dayton, 2005. (poster)

STUDENT MASTER THESIS

S. Wicharn, “Metallo-dielectric photonic band gap structure simulation using
transfer matrix method,” King Mongkut’s Institute of Technology Ladkrabang,
2010.

S. Plaipichit, “Adjustable high voltage direct current power supply for CO;
laser,” King Mongkut’s Institute of Technology Ladkrabang, 2010

S. Suttirak, “Study of Photorefractive Effect in PMN-PT using P-SCAN
Technigue,” King Mongkut’s Institute of Technology Ladkrabang, 2009.

REFERENCES

Dr. Partha P. Banerjee, Professor, Electrical and Computer Engineering
Department, and Electro-Optics Program, University of Dayton, Dayton, OH
45469 U.S.A.

Dr. Joseph W. Haus, Professor, Electro-Optics Program, University of Dayton,
OH 45469 U.S.A.

Dr. Andrew M. Sarangan, Associate Professor, Electro-Optics Program,
University of Dayton, OH 45469, U.S.A.

Dr. Dean R. Evans, Photorefractive Team Leader/Physicist, Air Force Research
Laboratory, Wright Patterson Airforce Base, Dayton, OH, U.S.A.



SA.AS.NSSUTY NABIAS

Education

B.Eng (an Class Honors) Mechanical Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Thailand

M.Eng Industrial Engineering, Lehigh University, USA
Ph.D. Industrial Engineering with a Minor in Materials Science, Oregon State University, USA

Publications

Kanlayasiri, K., Sukpimai, K. 2016. “Effects of indiurn on the intermetallic layer between
low-Ag SAC0307-xIn lead-free solders and Cu substrate”, Journal of Alloys and Compounds,
668, pp. 169-175.

Kanlayasiri, K., Ariga, T. 2015. “Physical properties of Sn58Bi-xNi lead-free solder and its
interfacial reaction with copper substrate”, Materials & Design, 86, pp. 371-378.

Kanlayasiri, K, Jattakul, P. 2013. “Simultaneous optirﬁization of dimensional accuracy and
surface roughness for finishing cut of wire-EDMed Kd60 tool steel”, Precision Engineering. 37,

pp- 556-561.

Mookam, N., Kanlayasiri, K. 2012. “Evolution of the intermetallic compounds found
between Sn-0.3Ag-0.7Cu low-silver, lead-free solder and Cu substrate during thermal aging”,

Journal of Materials Science & Technology. 28(1), pp. 53-59.

Mookam, N., Kanlayasiri, K. 2011. “Effect of soldering condition on formation of
intermetallic phases developed between Sn~0.3Ag-0.7Cu low-silver lead-free solder and Cu
substrate”, Journal of Alloys and Compounds. 509, pp. 6276-6279.

Kanlayasiri K., Ariga T. 2010. Influence of thermal aging on microhardness and
microstructure of 5n-0.3Ag-0.7Cu-xIn lead-free solders. Journal of Alloys and Compounds.
504: L5-19.

Kanlayasiri K., Ariga T. 2010. Influence of thermal aging on microhardness and
microstructitre of Sn-0.3Ag-0.7Cu-xIn lead-free solders. Journal of Alloys and Compounds.
504: L5-L9.

Kanlayasiri K., Boonmung S. 2007. Effects of wire-EDM machining variables on surface
roughness of newly developed DC53 die steel: Design of experiments and regression model.
Journal of Materials Processing Technology. 192-193: 459-464.



Boonmung S, Chomtee B, Kanlayasiri K. 2006. Evaluation of artificial neural networks for
pineapple grading. Journal of Texture Studies. 37: 568-579.





