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ABSTRACT
CITIZEN developed Cal.H874, an analog solar-powered radio-controlled movement with an automatic lunar age
calculation function. We focused on the simple lunar age calculation method that can reduce the computational burden.
To improve calculation accuracy, we identified the sources of calculation error and devised a correction method. As a
result, we derived the lunar age calculation method with improved calculation accuracy that can be utilized under low-

power operation conditions.
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Fig. 1 Moon phase display of watches.
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Table 1 Correspondence table for month and Cwiontn.
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Table 2 Derivation process of Cwionth.

Result of
Number of days calculating lunar Lunar age
Calendar day elapsed since age by the . g ChMonth
: (integer)
January 1 remainder
operation
January 1 0 1.00 1 0
February 1 31 2.47 3 2
March 1 59.25 1.19 1 0
April 1 90.25 2.66 3 2
May 1 120.25 3.13 3 2
June 1 151.25 4.60 5 4
July 1 181.25 5.07 5 4
August 1 212.25 6.54 7 6
September 1 243.25 8.01 8 7
October 1 273.25 8.48 9 8
November 1 304.25 9.95 10 9
December 1 334.25 10.42 11 10
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Fig. 3 Errors in simple lunar age calculation methods.
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Table 3 Difference between the results of simple lunar age calculation methods

and average of synodic month.

) Simple methods of Average of synodic .
(Unit: Lunar age counts) . Difference
lunar age calculation month
1 day 0-2) 1.016
1 year 371 371.056 -0.056
19 years 7050 7050.063 -0.063
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Fig. 6 Correction result by Ccycle.
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Table 4 Percentage of error in the calculated lunar age on full moon days
before and after Czone correction [%].  (July, 2023 - June 2042)

UTC-8 UTC-5 UTC+1 UTC+8 UTC+9
Error Before After Before After Before  (After)
Progress of more
0.0 0.0 0.0 0.0 0.0 (1.6) 0.0 0.0
than 2 days
Progress of more
than 1 day but less 0.0 15.7 0.0 20.6 1.6 (31.5) 4.4 4.4

than 2 days
Less than 1 day 67.7 83.9 76.2 79.0 86.3 (66.9) 90.7 91.5
Delay of more than
1 day but less than 319 0.4 23.4 0.4 12.1 (0.0) 4.8 4.0
2 days

Delay of more than

0.4 0.0 0.4 0.0 0.0 (0.0) 0.0 0.0
2 days
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Table 5 Percentage of calculated lunar age on full moon days before and after Czone correction [%].
(July, 2023 - June 2042).

UTC-8 UTC-5 UTC+1 UTC+8 UTC+9
Calculation Results | Before After Before After Before  (After)
17 0.0 0.0 0.0 0.4 0.0 (4.0) 0.0 0.0
16 0.0 26.2 0.4 31.0 4.0 (44.4) 10.5 11.3
15 26.2 60.5 31.0 59.3 44.4 47.2) 57.3 58.1
14 60.5 133 59.3 9.3 47.2 4.4 31.9 30.2
13 133 0.0 9.3 0.0 4.4 (0.0) 0.4 0.4
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Technological Development to Eliminate the Need for Prototypes
for New Watch Models
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ABSTRACT
Epson has set high goals from the past to the present and has been actively engaged in environmental activities.
The current "Environmental Vision 2050" shows Epson's "responsibility as a manufacturing company" regardless of
whether it can be realized or not. In the watch business, we are also working to reduce the use of underground resources
by 2050 and to make effective use of resources. In the design and development process, many actual dummies are
produced, and many of them are discarded without being adopted. For this reason, we are working on improvements to
reduce and eliminate actual prototypes by utilizing AR/VR technology, clarifying the need for actual prototypes at each

phase, and replacing various requests with AR or VR applications.
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Fig. 1 Image of resource utilization toward zero underground resource consumption.
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Fig. 5 Illumination state image.
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Physical properties Texture Others
Finishing | Processability|  Color Design
condition study | combination | Comparison

Wearing
Image

Size Weight Amfit | Operation | Illumination | atmosphere environment | cost Ease of use
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Development of 5 Hz Mechanical Chronograph Watch
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ABSTRACT

This paper describes the development of the Cal. 9SC5 movement in Grand Seiko's first mechanical self-winding
chronograph, the Tentagraph, which oscillates at 10 vibrations (5 Hz), a rare performance in the chronograph field. The
movement also has a 72-hour power reserve, which is a particularly noteworthy feature in a chronograph. On the other
hand, the difference in height between the buttons and the crown, a challenge often encountered with modular
chronographs, has also been resolved. Furthermore, the movement components have been carefully patterned to enhance
their aesthetic appeal. Clearly, these efforts have contributed to the product's favorable market reception. This paper
expounds on the authors' endeavors to enhance functional values, including elevated precision and extended durability,
as well as sensory values, encompassing collaboration with the company's developmental history and meticulous
attention to appearance, in conjunction with the design procedures. Additionally, the new Grand Seiko certification
setting will be discussed, and the enhancement of functional and emotional value beyond the scope of product
development will be elaborated upon. By means of these concrete examples, a novel methodology for the technological
realization of products in the domain of horology will be put forward, and the efficacy of product value enhancement

will be demonstrated.
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Table 1 Examples of structural endpoints for chronographs.

‘ Functional value ‘ Emotional value
. The value of a product or service
. A measurable and comprehensible P ,
Overview . that resonates with consumers
function or performance .
emotions and senses.
v" Does it work well? ¥ Is the chronograph mechanism/operation
v Is assembly easy? visible?
h h . :
= tt'l(.)notg}lrap ¥ Can the chrono operation be easily v Are the buttons and crown at the same
structure inspected? height?
v Is the finish of each component beautiful?
¥ Does it work well? v Is it nice to look at?
Control v Is durability/replaceability an issue? v Is it recognised as a luxury item?
v" Is the manufacturing cost economical?
In chronograph start/stop operation In chronograph start/stop operation
Clutch ¥ Does it work reliably? ¥ Does the chronograph operation (movement
v" Does the chronograph secondhand jump? of levers and gears) look dynamic?
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Fig. 5 Comparison of chronograph structure.
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Fig. 6 Improvement method in Cal. 9SCS5.
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Fig. 8 Comparison of part shapes.
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Fig. 11 Inspections performed on Cal. 9SCS.
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Development of New GPS Solar Watch Cal.5X83
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ABSTRACT
GPS solar watches point you to the exact time, no matter where you are on earth. Cal.5X83 is the first GPS solar
watch Astron with a dual time chronograph, which also improves operability and the quality of the dial. The

technological development will be described.
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A EIBA%E L7= GPS ¥ —F — U4 » F Cal.5X83 I%, Cal.5X53 &~
— AL LT, TOMEEZKIBICRESTZ LT, 7A R yo
TaTNWEAL-Im ) 7T 7% B L. £ T, Cal.5X83 DB
FRREE LTUTOREZET 5.
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@ CFEROGRRME Fig. 1 SEIKO ASTRON
Cal.5X83.




INHONEZEFOIILLFICH 2 ~%. Fig. 1 121%, Cal.5X83 ##ifb LA =2—7 X k
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2. #t32EBTHA UERICAT=T TR

Cal.5X83 Tt 3 DHT VA L &2 EHRTHLDIATo2, TU T FTHREICONTHRRS. BEF
Cal.5X53 CTIIFMT > 7 F & LT\ zns, Cal.5X83 Tk HALOMM B HAIZ L 0 BAF L7 Vil
T T FAZER LTS, Table 1 1ZBEAF Cal.5X53 L #H7-I1CBA%E L7z Cal5X83 DT v T F &5
AV HERBLIZRTHD.

Cal.5X53 T T > 7 FE2HMT5HZ & T, BEKBT VA L ORI L 20 TELOFER L%
FEHLZ. UL, T T T TOTYA L EOMBEE LT, 7o 7T ORBESND 12 B0E
IZE—X— Ll zilE CE T, THFAUBTFIHEIZRESNTLE I ER D - T-.

Table I Comparison of Cal.5X53 and Cal.5X83 antennas and design.

Cal. 5X53 5X83

Design Three indicator Three indicator
(Layout of rings in a row rings in a row
indicator rings)  on the underside vertically

Antenna Box type antenna Planar antenna
)T
Key design Only three indicato_r ringsina Three ingicator rings ir] a
points row on the underside are row vertically are possible
possible
Cal.5X53 Cal.5X83
$42mm Quter diameter 942 mm
Antenna diameter $32.1mm
ot ——
Date indicator maintaining plate
t12.2mm t12.35mm !
(and Antenna radiator)
— —=— 111 ﬂﬁ‘a 5/
Box type antenna - @
- - Magnetic shield plate
I;=" = I (angnA:\lcnna GIEJID;
— ! {

Fig. 2 A cross-sectional view of Cal.5X53 and Cal.5X83.



% ZCAEl Cal.5X83 TiX, 3X U — XA TR L7 BHM B OYm 7y 7 F28HT 252 & T,
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FAE XX T
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WO LA T T b RO iR L.
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Date indicator maintaining plate Radiator
(and Antenna radiator)

L Date indicator Feeder

Magnetic shield plate
(and Antenna GND)

Dielectric antenna
Short circuit GND

Fig. 3 Antenna configuration of Cal.5X8&3. Fig. 4 Inverted-F antenna configuration.
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Fig. 5 Simulation analysis result of planar antenna. Fig. 6 Image model of directivity improvement
by dielectric antenna.
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Fig. 7 Prototype evaluation results for dielectric

Fig. 8 Radiation pattern with and without
constant and gain improvement antenna.

dielectric antenna.
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Fig. 9 Comparison of Cal.5X53 and Cal.5X83 movement structures.
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Fig. 11 Comparison of solar cells of Cal.5X53 and Cal.5X83.
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