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In schools, scientific education with an optical microscope is popularly used. However, scanning
apparatus for the microscope is very expensive such that its price is several times higher than the
microscope itself. In order to activate children’s interest in science, a low-price scanning and imaging
function unit compatible to conventional optical microscopes used in schools was designed and
manufactured using a personal computer (PC) used in all elementally and middle school education. The
designing of imaging apparatus includes two choices: (i) using imaging device (reflection-type), or (ii)
using photo-sensor and scanning device (transmission-type). In this paper, the latter method is adopted
in order to use whole over the world. At the same time, new measurement scheme, in which an
illumination optical source was modulated at the audio frequency and the detected signal was fed into the
sound input terminal of the PC, was proposed and demonstrated for the first time. This apparatus
measures optical transmittance of modulated visible light with a photo-detector, utilizing audio-
input/output interfaces of PC as A/D and D/A converters. In order to obtain colored microscope image,
RGB full-color LED driven with independent modulation frequencies was adopted. Synchronous
detection and successive color separation was achieved by software. Scanning unit with a pair of pulse
motor drives was also used. Image formation for the industrial and biological specimen with the
resolution of 100 x 100 pixels was achieved, while the measurement time needed was 33 seconds. (For 50
x 50 pixels, 9 seconds were needed.) Control software was built on Knoppix operating system (an
operating system based on freeware Linux), however it is very easy to rewrite this software to Windows
application. By these reasons, this apparatus is compatible to conventional optical microscope and low-
price (less than microscope price) so that it is one of the best candidates for science education
application in schools.
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(a) An optical signal wave form with a DC 2.0 V and AC amplitude 1.0 V (frequency: 20 Hz).

(b) amplitude modulated signal (a) with modulation frequency of 2 kHz. (c) frequency spectrum of the

waveform (a) and (b).
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Fig. 2 Schematic diagram of microscope imaging apparatus.
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Fig. 3 (a) Schematic experimental setup, (b) photograph of
a drive circuit and a stage.
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Fig.4 Concept of jigzag scan of the
specimen.

ORGSR FICE R RSIE e 7, NREZEBL 62 L
VRAZHWTT7 4 P A A —F (EBF =7 A S1133
A, AU S 7 4 R A A —F) IENL, BmET 3.

MR E % 5RO 21T 9 7o, TR BEMEEH
XYAAZANAT =Y DO2FR%ZEREL, bDIcA
Ty Err7e—%— (HAEEY — K KH39FM2-801, 1.8
deg/step) ZID P CBGE L 7z, € — & —EXEHICIZHRAT
L 7% 4 2> (Renesas H8/3052) % & L CTHlfHl %17 -
7o. PC LIZA X v VEEHMID S 1 74 v OB TES
% PC NS L Clifgf 5 k9 ic LT 2, MR E
B (lEEyF) TH21ATy 7Tdih oBEhEHE X
0.092 mm TH 5.

A ¥ v BRI, AL v FIT X BBARIE R CRBRE %R
50 x50, 100X 100 2 FHEYI % 2 ¢, ZNZNDMFHEIC
LT 2 77 2% v~ (Fig. 4 ) ZHETT9.

2% X VEIEDIE D, AL v FEEICK D REAEE T
FHTAT Y THNOR YY) v 7D dOBE) S HEET
by, HhzEHAT—2 L L CEROBEBEICHHT 2
2EHTES,

3.3 ZERaREFHAORE

BB & 912, RFEISHRICES L7 ZEEEOER
e WEST 5L ctlfiizds, ZoHERIEIER
FECRETE 20, Sk, Wk%E#%Z CRAMCEET
528, PCOY Yy FPAMMTZIKHTSZ L, H
TOAHITIRETE R Y TP A LI 2L T, HEA
PHCTER L 7= Z A0 RIS &5 08I X 2 i
AL 7z,

9, WS 2 S EOEE B 2 BT R (ZH)
5. BARICE, HAEREERF Hz 12 LT, R
G, BOLED ICEDED2fHz, 3fHz, 5fHz i L

238 (38)

stereo
sound
output

3f I
PG FE{Ei>»:>LED{S

detecting
photo

diode
LED-R input
LED-G
LED-B <- Stage
controller

Fig. 5 Sound output/input circuits.
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Fig. 6 Calculation algorithm of transmittance of R,G,B light by
software.
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Fig. 7 (a) A six-colored specimen (upper), and (b) a black-
painted cross specimen (lower).
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Fig. 8 A wing of spider wasp (Pompilidae).
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Fig. 9 Optical microscope image (transmission mode) of (a) a black-painted
cross specimen, (b) a wing of spider wasp (Pompilidae) .
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Fig. 10 Optical microscope image (transmission
mode) of a six-colored circle specimen and a black-
painted square.
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