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target, the pseudo-orally-ingested products having different physical properties; and

the movement analysis unit is configured to determine free surfaces of the
plurality of pseudo-orally-ingested products and boundaries between the plurality of
pseudo-orally-ingested products so as to analyze an interlocking behavior of the
plurality of pseudo-orally-ingested products.

7. The swallowing simulation apparatus according to any one of claim 1 to claim 6,
further comprising

an evaluation/diagnosis unit configured to evaluate or diagnose easiness of
cating and/or easiness of drinking of the orally-ingested product based on the behavior
of the pseudo-orally-ingested product during swallowed on the movement screen,
wherein

the movement screen is a virtual movement screen formed in a virtual space by
the swallowing simulation apparatus to simulatively display the analysis result of the
movement of each of the head-and-neck organs and the behavior of the pseudo-orally-
ingested product during swallowed that are analyzed by the movement analysis unit,
and

the evaluation/diagnosis unit is configured to make evaluation or diagnosis
based on whether or not a behavior of the pseudo-orally-ingested product in the virtual

movement screen satisfies a predetermined condition.

8. The swallowing simulation apparatus according to claim | or claim 7, further
comprising:

an evaluation/diagnosis-result recording unit configured to record an evaluation
result or a diagnosis result related to easiness of eating and/or easiness of drinking of the
orally-ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and

a physical property determiner configured to determine a physical property of

the orally-ingested product regarded as appropriate based on the evaluation or diagnosis

result recorded in the evaluation/diagnosis-result recording unit.
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H9. A swallowing simulation method, comprising:

a head-and-neck modeling step of forming a dynamic three-dimensional model



60

of head-and-neck that includes head-and-neck organs;

an organ-movement setting step of setting a movement of each of the head-and-
neck organs in the dynamic three-dimensional model of the head-and-neck;

an orally-ingested-product physical-property setting step of setting an orally-
ingested product as an analysis target and a physical property of the orally-ingested
product;

an input step of inputting a pseudo-orally-ingested product formed by modeling
the orally-ingested product to an oral cavity;

a movement analyzing step of analyzing the movement of each of the head-and-
neck organs in the dynamic three-dimensional model of the head-and-neck and a
behavior of the pseudo-orally-ingested product during swallowed using a particle
method; and

a display step of displaying an analysis result of the movement of each of the
head-and-neck organs and the behavior of the pseudo-orally-ingested product during
swallowed that arc analyzed in a three-dimensional space in the movement analyzing

step, on a movement screen.

+210. The swallowing simulation method according to claim H9, further comprising:
an evaluation step of evaluating easiness of eating and/or easiness of drinking of
the orally-ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and
a physical property determination step of determining a physical property of the
orally-ingested product regarded as appropriate based on an evaluation result evaluated

in the evaluation step.

4311. A program readable by a computer, wherein

the program is configured to make the computer execute the swallowing

stmulation method according to claim H-9 or claim 1210.

+412. An orally-ingested-product development assistance apparatus, comprising:

the swallowing simulation apparatus according to claim 8;

an orally-ingested-product prototype result recording unit configured to record a
result of an experimental production performed under an appropriately-set production
condition to have the physical property determined as appropriate by the physical
property determiner; and

a production condition determiner configured to determine a production
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condition that sets a physical property of the orally-ingested product to the physical
property determined as appropriate by the physical property determiner based on a
prototype result recorded in the orally-ingested-product prototype result recording unit.

4+513. The orally-ingested-product development assistance apparatus according to
claim +412, further comprising

an evaluation/diagnosis unit configured to evaluate or diagnose easiness of
eating and/or easiness of drinking of the orally-ingested product based on the behavior
of the pseudo-orally-ingested product during swallowed, on the movement screen,
wherein

the movement screen is a virtual movement screen formed in a virtual space by
the swallowing simulation apparatus to simulatively display the analysis result of the
movement of each of the head-and-neck organs and the behavior of the pseudo-orally-
ingested product during swallowed that are analyzed by the movement analysis unit,
and

the evaluation/diagnosis unit is configured to make evaluation or diagnosis
based on whether or not a behavior of the pseudo-orally-ingested product in the virtual

movement screen satisfies a predetermined condition.

1614. An orally-ingested-product development method, comprising

the swallowing simulation method according to claim 420, wherein

the orally-ingested-product physical-property setting step includes a step of
changing the physical property of the orally-ingested product to set, and a step of
repeatedly performing a subsequent process up to the physical property determination
step, or a step of changing the physical property of the orally-ingested product to set, a
step of repeatedly performing a subsequent process up to the evaluation step, and then
collectively performing the physical property determination step,

further comprising;

an orally-ingested-product prototype production step of performing an
experimental production under an appropriately-set production condition to have the
physical property determined as appropriate in the physical property determination step;
and

a production condition determination step of determining a production condition
that gives a physical property of the orally-ingested product to the physical property
determined as appropriate in the physical property determination step based on the
result in the orally-ingested-product prototype production step.



+715. The orally-ingested-product development method according to claim +614,
wherein

the movement screen is a virtual movement screen formed at a virtual space by a
swallowing simulation apparatus to simulatively display an analysis result of a
movement of each of the head-and-neck organs and a behavior of the pseudo-orally-
ingested product during swallowed, the analysis result being analyzed in the movement
analysis step,

the display step is a virtual display step to simulatively display the analysis
result on the virtual movement screen, and

the evaluation/diagnosis step 1s configured to evaluate whether the behavior of
the pseudo-orally-ingested product on the virtual movement screen simulatively

displayed in the virtual display step meets a predetermined condition or not.

4316. An orally-ingested-product production method, comprising
a step of producing the orally-ingested product using a production condition
determined in the production condition determination step of the orally-ingested-

product development method according to claim +6-14 or claim +715.

1917. A dietary education assistance apparatus, comprising:

the swallowing simulation apparatus according to claim 1 or claim 7;

an evaluation/diagnosis-result recording unit configured to record an evaluation
result or a diagnosis result of easiness of eating and easiness of drinking of the orally-
ingested product based on the analysis result of the behavior of the pseudo-orally-
ingested product during swallowed; and

a teaching unit configured to explain the behavior of the pseudo-orally-ingested
product during swallowed displayed on the movement screen by the display unit
associating with the evaluation result or the diagnosis result of the orally-ingested

product recorded in the evaluation/diagnosis-result recording unit.

2018. A dietary education method, comprising:

the swallowing simulation method according to claim +49;

an evaluation step of evaluating easiness of eating and/or easiness of drinking of
the orally-ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and

a teaching step of explaining the behavior of the pseudo-orally-ingested product
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during swallowed displayed on the movement screen in the display step associating

with the evaluation result of the orally-ingested product evaluated in the evaluation step.

2119. The swallowing simulation apparatus according to any one of claim 1 to claim 8§,
further comprising

an organ movement determiner configured to determine an organ movement
parameter fitting to a behavior or a symptom of an organ of a diagnosed person based
on the analysis result analyzed in the movement analysis unit in the organ movement

parameters set in the organ movement setting unit.

2220. A diagnosis assistance apparatus; comprising

the swallowing simulation apparatus according to claim 2+19.

2321. A non-transitory computer readable medium containing program instructions for
making a computer to execute the swallowing simulation method according to claim
H9.



