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Research on Nighttime-Recognizable 3D Codes

Yoichi MATSUBARA, So KINOSHITA
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Summary We developed a 3D code recognizable at night for nighttime operation of the asparagus harvester. Code
recognition was achieved by capturing two types of solid figures with a depth camera and performing object detection
using YOLO. We confirmed its nighttime operability by installing it on an actual harvester.
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Image captured by depth camera
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Table 2 Test Results for the solid figures

Predicted
Circl |Circle- Not
e L Square |Sphare detecte
__|Circle 22 3 0 0 0
S|Circle-L 2 25 0 3 0
< |Square 0 0 25 0 0
Sphare 3 3 0 19 0
Fig. 4 Result image when two solid figures were
trained
Table 3  Test results when two solid figures
were trained
Predicted
. Not
Circle |Square detected
< |Circle 29 0 1
< Square 0 30 0
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Table 4 3D code recognition results

Predicted
Entrance | Exit | End | Error
- Entrance 75 0 0 0
§Em of 74 0 1
End 1 0 74 0
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Fig.5 Schematic diagram of the produced 3D codes

Fig. 6 Field operation
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Development of Analog LED Control Circuit without Microcontroller Programming

Katsumi KURASAWA
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Summary This study presents the development of analog LED control circuits that operate without
microcontroller programming. Initially, a Wien bridge oscillator was employed to generate a sine wave, which, when
combined with a voltage-to-current converter, enabled analog dimming of a single-color LED. Furthermore, a CR
phase-shift oscillator and amplifier circuits were used to generate three-phase waveforms, allowing phase-shifted
control of red, green, and blue LEDs in a full-color LED, achieving gradient lighting effects. While the circuits
functioned successfully in short-term demonstrations, issues such as initial calibration and long-term stability remain,

indicating the need for further refinement..
Key Words
current converter
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Fig. 1 The circuit used in a children’s event.
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Study on short time PLC Programming
— Possibility of Rapid Programming —

Hidetaka SHIMIZU*

HoEL AHLTIEPLC OB s/T I 7Fike LT, §EkD Ladder Diagram (ZiRFEER %
DEXTFEMATITEERET D, ZOFEL, FRT270 77 A0 EEZREFHICHBTELZ LM
L7l T 2 SHPLEIZB W CERRE TO Ladder Diagram 71 /7 2 U SNCAERTH B,

Summary This paper proposes a method for rapid PLC programming, which combines the traditional ladder
diagram approach with the concept of state transition diagrams. This method is effective for beginners in ladder
programming because it allows them to easily describe the structure of the programs to be created.
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Adhesion Properties of Coating Films on Textured Metal Sheets

Yoshikazu KOBAYASHI
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Summary Coating the surfaces of many engineering products is important as it improves both visual and tactile

quality and provides protective effects. However, there are no clear guidelines regarding conditions such as coating

application quantity or the number of coating cycles for products with various surface textures. In this work, we

developed an experimental coating robot and evaluated the relationship between coating characteristics and surface

textures to achieve high-quality coating of products.

Key Words : Coating, Surface texture, Cross cut test, Bend test
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Fig. 1 System configuration of the developed coating robot

(a) Overall view of the coating robot (b) Inside the coating booth

Fig. 2 Coating robot
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Table 1 Relationship between the number of coats
and surface texture

THE &Y Sq (1 m) Sz (um)
B | BER Tomn T RE | RER | RS
| % “
2L 1[H] 1.38 0.70 22.40 4.82
2 [A] 1. 30 0. 80 19. 05 7.60
3 [H] 1.26 0.91 24. 37 8.21
4 [A] 1.31 0.75 28. 24 8.69
1A] 1[5 1.41 0. 60 14. 70 5.38
2 [A] 1.33 0.69 34.19 6. 09
3 [|] 1.30 0.77 29. 47 13. 33
4 0] 1.31 1. 10 14. 17 11.16
2 [A] 1[5 1.44 0. 48 19. 28 4.55
2 [A] 1.40 0.44 20. 16 3.94
3 [|] 1. 46 0.92 24. 39 7.01
4 0] 1. 28 1.04 15. 26 18. 25
3H 1 [H] 1.37 0.75 23. 84 8.94
2 [A] 1.30 0.74 19. 43 6.57
3 [9] 1.34 0. 88 32.53 12. 12
4 [A] 1.28 1.04 17.97 8. 77

BER Y Y v —8dE%x 2 B9 2TV, EoRmMR
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(b) 90° cross (c) 45°

Fig. 6 Photograph of textured substrate surface
(#80 sandpaper)

(@) One direction

Direction of texture

Tear-off direction

Adhesive tape
aEn

(@) One direction

Cross cut

(b) 90° cross (c) 45° cross

Fig. 7 Cross-cut method for each sample
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Table 3  Surface roughness and evaluation of cross-cut

method for each sample

Sq(um) 7 DA?U'J v MEIZ
PRy
E Before After DBES
coating coating GURFS | R
¥eor)

T AT Y AERR L 1.17 0.42 0, 1, 1 4.3
#80 TEAR 2.39 0. 68 0, 2, 3 3.3
#80 #MEBAHZ Y 7R 1.34 0. 48 0, 1, 2 4.0
#80 45° Z oA 1.22 0.56 0, 1, 1 4.3
#150 [EAR 1.40 0. 48 0, 1, 2 4.0
#150 FHHEEA Y 7 R 1.31 0.43 1, 1, 2 3.7
#150 45° Z 1R 1.11 0.31 0, 1, 1 4.3
#220 [EAR 1.22 0.51 0, 0, 1 4.7
#220 FMEHEEZ Y 7 R 1.05 0. 40 0, 1, 1 4.3
#220 45° Z oA 0. 94 0.45 0, 1, 1 4.3
#500 [EAR 1.06 0.31 0, 0, 0 5.0
#500 FMEHEEA Y 7 R 0.89 0.47 0, 0, 0 5.0
#500 45° Z oA 0. 80 0. 60 0, 0, 0 5.0
#800 AR 0. 96 0.41 0, 0, 1 4.7
#800 MEHEEA Y 1 R 0.75 0. 44 0, 0, 1 4.7
#800 45° /A 0.75 0.31 0, 0, 1 4.7
#1200 EHE 1.08 0. 52 0, 1, 1 4.3
#1200 #EEEEA 7 1 A 0.68 0. 46 0, 0, 0 5.0
#1200 45° 7@ =R 0.69 0. 36 0. 0, 1 4.7
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(@) Mandrel diameter: 6 mm

(b) Mandrel diameter: 4 mm
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10 mm
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(a) Grading 0
(#1200, 45° cross)

I2nmI

(b) Grading 1
(#200, 90° cross)

(d) Grading 3
(#80, One direction)

(c) Grading 2
(#150, 90° cross)

Fig. 8 Typical surface photos of cross-cut method

Fig. 9 Bend test (cylindrical mandrel)
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(c) Mandrel diameter: 2 mm

Fig. 10 Results of mandrel bend test (#80, 90° cross)
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Fig. 11 SEM image of the interface between
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C-Space based Tool Path Generation
for 5-Axis Controlled Machining with Variant Shape Tools

Ken OKAMOTO" ™, Koichi MORISHIGE™
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Summary This paper describes a method for generating toolpaths based on machining strategies for five-axis
controlled machining using variant shape tools. Traditionally, most toolpath generation studies focused on ball-end
mills, proposing strategic methods to achieve high-quality machining while avoiding tool interference. Recently,
special finishing tools with large cutting edge radii have gained interest for achieving higher machining efficiency.
These variant shape tools can produce smooth finished surfaces even with large pick-feed widths, leading to higher
productivity. However, unlike conventional machining with ball-end mills, five-axis controlled machining using
variant shape tools lacks standardized work design procedures. This study proposes a method for generating toolpaths
based on configuration space (C-Space). This method strategically treats special tools as conventional ball-end mills.
By mapping the cutting edge radius information onto the C-Space, we can determine the interference-free tool posture
corresponding to the chosen cutting edge section based on the machining strategy. Finally, the paper presents
machining simulations and experiments conducted to confirm the effectiveness of the proposed method.

Key Words : CAM, Five-Axis Machining, Cutter Location, Variant Shape Tools, Toolpath Generation, C-Space
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Fig. 1 Comparison of pick-feed widths.
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Fig. 5 Definition of tool posture in the cutting-point

coordinate system.
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Interference

Extended definition of the 2D C-Space.
Small R areas that are not appropriate for

finishing are removed from the C-Space.
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produced by OSG Corporation.
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Fig.9 Appearance of the mounted shank and insert
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(a)Workpiece dimension (b) Tool feed direction
Fig. 10 Target shape and tool-feed direction for the case

used in experiment.

Machining Surface

N

60

study.

Table 1 Machining conditions
Workpiece material S50C (JIS B 4051)

Cutting speed m/min 200
Feed rate mm/min 500
Depth of cut mm 0.1
Pick feed mm 0.6
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Fig. 11 Calculated C-Space in the center point of the

machining surface.
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Fig. 13 Result of machining experiment. The arrow in the
picture indicates the surface roughness measuring

point.
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Fig. 14 Advantage of proposed method compared to

conventional CAM.
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Estimation of Complex Dielectric Function and Derivation of Dispersion Relation of
Electromagnetic Wave by using Terahertz Time Domain Spectroscopy (No. 2)
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Summary Electromagnetic waves interact with surrounding matters so that the propagating characteristics appear.
By choosing a medium we can controle the propagating characteristics. Dispersion relation express the characteristics.
In the elevtromagnetic wave dispersion relation is that between frequency w and wavevector k, that is (k). Here we
review principle of teraheltz-time domain sopercroscopy. Then we explain how to estimate the complex dielectric
function and to evaluate the dispersion relation. For instance we introduce experimental results regarding the dielectric
functions of polar phonon modes in the ferroelectrics, those of a carrier in metals and semiconducters, and Boson
peaks in the amorphous materials. Next, regarding dispersion relation we discuss cutoff frequency in a rectangular
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wave guide, bandgap in a photonic crystal, and the phonon polariton in the ferroelectrics.
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Fig. 2-2  Schematic drawing of electric and magnetic fields of TExo
modes. Electric field changes one period along x-axis and do not change

along y-axis.
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Fig. 2-3
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Fig. 2-4
waveguide. Cut-off mode reflect between walls of waveguide and does

Schematic drawing of cut-of mode in rectangular

not propagate along z-axis.
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Fig. 2-5 Transmission intensity and phase shift spectra through
rectangular waveguide (a =b = 1.0 mm) measured by THz-

TDS. Black circles show intensity and red ones show phase shift.
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and black one is light line, respectively.
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Fig. 2-8 Phatograph of pseudo-simple-cubic lattice made of high
electric resistivity silicon wafers. (a) single layer and (b) stacked with 4

layers40),

-31-

BB DYE & FERIZ T BB OE N (2D 2)

BN 707 4 = 7 80 R (Ordothi)
IR EFEIC L VEFE L., 2ofE% Fig. 2-9
W, BT 2%E— RiZX A, A, By, BoBLUN2
IR L7z E O 4 FEOBEAIRIUC/EI D, 20D
9b, B, B2 BIOEIZET 2E— FBSIMNEMETH
D, THz-TDS CHIET 5 Z £ N TE 5, REEKo =10
emMPTIC -2 07 (55 L0k L 865 2 Zp B of]) & T-M
Jim (5 2 hE &5 3 3 df) 1T s b I
DR RE Y v TRBNTND Z L DR TE D,

Figure 2-10 |2 THz-TDS (& & W J{lE L7=fikH> 7 b
AT MVINBRDT= T+ b= 730 FigE (0
i) 29, PHEE Y BEBREREL B, Bl LU EICE

THE— FPBRHSA TV D,
064 — - 18
A ; 'in

.48 |—8 B £ 12 .
s \.5
4 \Ei\ g
'Eg 03z g 8 E"
1 =
;//f 4
&

0.18 4

0 0

" r z
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Sharp peaks at 5.9 cm™ and 8.1 cm™ due to localized defect modes

seen in low transmission region between 4.9 cm? and 9.1 cm

corresponding to first band gap *%.
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Spectroscopic Studies of Incommensurate-Commensurate Structural Phase Transitions in
Dielectrics Crystals

Mitsuo W. TAKEDA

HoEL HEHET FU7A (NaNO) DX HIT, 2=y MDY A X (HEAL) AHEEERET% T
TEOFEELNG TR & T B TRTE 3 BN B TRFE BRSO ST e, 1976 4RI M. lizumi
ST IR BELEBRIC L W B LU EES Y (KeSe0s) @ glgmex = 0.3 F1ULIZ 7 7 — R/ N & FiD S
%ﬁﬁ REREMOEB AL SIS T LEWC TR - T &, BB RE L Cra ML o5
BITFIE0 LR Y 7 MEARE L7z, & HICEEE TP T < EROEER A T gs I 13
&@5 k%%mbto:@%ﬁ%%omﬁu,tuy@wU@@%T%éﬁ@7y%:¢Aﬁw—f
@ Rb2ZnCla, [N(CHs)a]2CuBrs 7¢ £ %> BazNaNbsO1s , SraTaz07,  SraNb207 DL THEEEMR, = HIT
SC(NH2)2, CeHs-CeHs 72 & D3 LG DOFtE: T THREGEAGREAREE] 28 2 TWE #ﬁaﬁ*
L, FIH OB OFERNY - EBRIAIASEATS, T 2T, KeSeOs DFHIEE CHALE THRIETE
— K & MifHE— R 20 ERFE RIS S NES G HEHERICONTEET 5,

Summary It is known that some ferroelectrics which undergo successively structural-phase-transition where the
size of unit cell in intermediate phase between para and ferroelectric ones is not just integer multiple but near integer
multiple of that in paraelectric one. In the ferroelectric phase the unit cell size becomes just integer multiple of that in
paraelectric phase as is in NaNO2. M. lizumi et al. reported that a lowest phonon branch of K2SeO4 becomes soften
around phase transition point and frozen at not exactly but close to 1/3 c¢* by neutron inelastic scattering in 1996. This
report became a trigger of the following studies of incommensurate phase transitions. Phase transitions in ferroelectrics
such as Rb2zZnCls and [N(CHs)s]2CuBrs which belonging to ammonium sulfate, and oxide ferroelectrics such as
Ba2NaNbsO:s, Sr2Ta207, and Sr2Nb207, and polymer compounds such as Thiourea and Biphenyl are re-recognized. In
the present review amplitude mode and phase mode that appear in the incommensurate phase transition of K2SeOa are
discussed based on the experimental results.

Key Words: Ferroelectrics, Incommensurate, Commensurate, Successive transitions, Structural phase transition,
Soft mode, Amplitude mode, Phase mode, Displacive type, Dielectric functions, Neutron scattering, Raman
scattering, Transfer of transition dynamics, K2SeOs, NaNOz, Biphenyl, Thiourea.
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Fig. 1. Schematic drawing of soft phonon branch as temperature

approaching to Tc. (a) at zone center and (b) at zone boundary.
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Fig. 2. Schematic drawing of soft phonon branch around 1/(3a")

as temperature approaching to Tc.
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Table 1 Successive phase transitions in K,SeO,
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Fig. 3. Schematic drawing of crystal structure of K;SeOy in

the paraelectric phase Il (Da'®-Pnam) “9),

1977 4RIZ M. lizumi & (37 IRoi i HcEL 2RI &
D, Fig. 412777 X 5 ITIREN RS A T, = 129.5 KIZHE
SIS T, 250 K Tl gfgmex = 0.3 fFTIC 7 2 — K
IR N FEO Sy P LTEWZ R 3o T &, 58 AR
B 130 K T/ MEEOIREEIXIFIZ 0 & 72 5
7Ry 7 MbZ R Lz 7%, w3 25 o o wikk
F7 RV gsiE B ICITWSEE T 13 Tidrnw 2
EERMER LT, SHICHEEZ T T & T3=93K T
Os DRI U3 b Z L bR LI, T72bb, 1



i Al Z T D AN TR S ER IS O SIS

FIIEAREESHETH Y, FEAROK 315 & 72 2 KUK IR
TR Sp 534D 9lgmax = 0.31 7 4/ > D Y 7 MEIZH
D ENHBMNZRo T,

PO z8.
40 +
i (]
X2
3 9 22 o
g 30+ ()
= 250K
L Z3
3
< 201 175K
145 K
1.0+
O\ 130K
o
O - ¥ A . ' A 1 1 1
(o] 05 1C
Q/Qpmax

Fig. 4. Schematic drawing of soft phonon branch around 1/(3a")

of K2SeOx as temperature is approaching to Tc .
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Table 2  Factor group analysis of K,SeQ, in the phase II
(D,,}% - Pnam), SO, ions are treated as well-bonded
molecules. N, T, T°, R’, and n are numbers of normal modes,
the acoustic modes, translational optical modes, librational
optical modes and internal modes, respectively.

D, N T T R n IR Raman
Ay 13 0 6 1 6 x¥e?), YA(b?), 2(a?)
A, 8 0 3 2 3
By, 8 0 3 2 3 xy(bc)
B, 13 1 5 1 6 Z(a)
By, 8 0 3 2 3 xz(ac)
By, 13 1 5 1 6 y(b)
By, 13 0 6 1 6 yz(ab)
By, 8 1 2 2 3 x(c)
84 3 33 12 36
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Fig.5.  Raman scattering spectra of K2SeOys in region 0~200

cmt for a(aa)b orientation at different temperature 9.
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Table 3  Small irreducible representations at the 2{k, 0, 0)
branch of the space group Pnam. u = e,

Pnam  {E|000} {C,|a/2b/20} {oiai2b/20} {000}
5 H H 1
5 1 u -y -1
5 1 — U H -1
% 1 —H -u 1

Table 4 Character table of the irreducible representation at
the I point of the space group Pna2,;.

Pna2, E C) o, o IR Raman
A, 1 1 1 1 c a2, b2, ¢?
A, 1 1 -1 -1 ab
B 1 -1 1 -1 b be
B, 1 -1 -1 1 a ca
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Raman scattering spectra of K,SeOy in region 0~20
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Table 5 Successive phases transitions in Rb,ZnCl,
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6c 3c ~3¢ c
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MELTITE 200 KH72H T180cmtEe T Formy
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BRI T 2RIEE— N (0mp) TH D,
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Fig. 11 Raman spectra of Rb2ZnCls for the a(cc)b orientation at

various temperatures 5%,
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137779,
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Fig. 12 Raman spectra of Rb2ZnCls for (a) a(cc)b and (b) a(ca)b

orientation at various temperatures 9.
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E— RS CRER SN,

£72, T3=74.6 KDHEBICEET2Y 7 FE—F
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iz Ll7e,

3AILYI3Y

o
a
o
=
1
ALISN3LNI

40 30 2 10
FREQUENCY  SHIFTS (cni)

Fig. 13 Detailed Raman spectra of Rb2ZnCls in the frequency
region to 40 cm? for the a(cc)b orientation at various

temperatures 5V,

Ro,20C,
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Fig. 14  Frequencies of soft phonon modes of Rb2ZnCls as
functions of temperature. The open and solid triangles represent
the phase mode and the soft mode that is frozen at Ts. The open

circles represent soft mode frequencies of amplitude mode 2.
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Table 6 Successive phases transitions in SC(NH2),
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DOHFEFIE ¢ BFICA S EY & D, 2D 3DOD
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YR 6 D ¢ Wi O JE R T D VD £
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Table 7 ([VFIO L8 (Pbnm) ETHHOZH (Ph2im)
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BRI SED 10 L TOREAEEE L2501
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AR (EREEAR) TiE Ba HIFIERH (%ffﬁ) aa, bb,
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s c
S s c & Table 7 Correlation of the reprentations at the 7 point of
N H Pbnm and those of Pb2,m.
H
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Figure 16 |2 ZE 747 b(aa)c D T~ » A~ LDk

a /7 -
S / FEIRFE %2 T, 77T K TIREN 33ecmt oE— R AR
cl—-b Lz 7 MELTITE, T1=169 K TZ2%4 15 cm™ £
(c) TAREFHZAHT 2, Z OIREEOMRONL, HEHFHL

Fig. 15. Schematic drawing of crystal structure of SC(NH>)2 at THRHLTWDL 7+ /OB MV K OIFHIICK
fFyneEzoND kilb+c) . 22T, kil bizxt

a5 J5r b+c(aa)b-c & ki c D c-b (aa)b+c TH T~

room temperature. (a) Structure of molecule, (b) image viewed

toward to the ¢ axis, and (c) unit cell.
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Fig. 16. Raman spectra of SC(NH2)2 for b(aa)c orientation at

various temperatures 9,
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Fig. 17.

orientation at various temperatures. Phonon wavevectors are

Raman spectra of SC(NH,), for b+c(aa)b - ¢

parallel to b axis 19,
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Fig. 18. Soft mode frequency s and damping constant x as a
function of temperature. The solid circles represent s and open

circles represent j 9.
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Fig. 19. Frequency of the soft mode of SC(NHz2). for orientatio
ns c-b(aa)c+b, b(aa)c, and b+c (aa)b-c as a function of tempera
ture. Angles between g and b are 0, 45, and 90 degree, respectiv
ely 19,
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Figure 19 12 3 SO HHLTD Y 7 + 7+ J AEE D
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Figure 20 (ZJFRFH (TT4H) Y 7 b7+ 7 U SET
EEZDBID BuBRBL (LK 1 b) ©22o0F—F
DIFEFEN OGN 2777, EOX(@)D B (T) E—
RIZ SC(NHy) 70 T8 &Rk & LT alilll o A TICEN T 5,
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Fig. 20. Schematic drawing of Bau-type symmetry-coordinates.
Arrows in the upper figure(a) indicate translation of SC(NHz)2 m
olecules along the a-axis, and arrows in the lower figure(b) indi

cate libration of molecules in the plane perpendicular to the c-ax
is 1,
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Fig. 21. Schematic drawing of crystal structure of CsHs-CsHs at

room temperature.
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Fig. 22. Raman spectra of biphenyl (a) for x(yy)z and (a) z(yx)y

orientation at various temperatures 9.
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29 24 40
30 12 28
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Fig. 4 Control points.
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