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Functional Analysis of Robot Hands for Food Grasping Based on Food Characteristics and
Automatic Selection of a Suitable Hand for Target Food
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https://www.nsouzai-kyoukai.or.jp/karaage-fried-chicken-fish/
https://www.nsouzai-kyoukai.or.jp/spring-roll/
https://www.nsouzai-kyoukai.or.jp/fried-chicken-with-sweet-vineger-sauce/
https://www.nsouzai-kyoukai.or.jp/simmered-beans/
https://www.nsouzai-kyoukai.or.jp/curry-and-rice/
https://www.nsouzai-kyoukai.or.jp/potato-salad/
https://www.nsouzai-kyoukai.or.jp/simmered-hijiki-seaweed/
https://www.nsouzai-kyoukai.or.jp/deep-fried-horse-mackerel/
https://www.nsouzai-kyoukai.or.jp/steamed-dumpling/
https://www.nsouzai-kyoukai.or.jp/rice-bowl/
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Food 1 Food 2

Food categorization

Food 3
Food items
®) EE1 EE2 EE3 EEn
1L [y o
Lyl v
Q CI11Q L1
Rabotic end-effectors
T-type S-type
B-type TS-type

BS-type i TBS-type

Robotic end-effector categorization

(©

Selected food item: @

EE1 EE2 EE3

Selected end-effectors: M Q I I

Size
adapt.

Fragility
adapt.

Stickiness I/ -
adapt.

Friction  Elasticity
adapt. adapt.

EE1 =l EE 2

A radar chart-based visualization approach for

robotic handling evaluation

%K 2y 31 dzAAn Edalyadon Sygté&dof A OK A

Robotic EneEffectors for Food HandliddBoods, 12:4062, Nov. 2023. DOI: 10.3390/foods12224062
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Surface properties Body properties
. P Friction P
. s p Stickiness P
« * P Humidity P
« ~ p Temperature P

« & P Elasticity P

7

« & P Viscosity P

’ p ShapeP 6 & Body s i y
. SizeP K A in

. p Weight P ]

. s p Fragility P K
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failure failure failure failure failure failure
Reaular Low Low Low Low Low
g (<50 mm) (<50 g) (>1.0)  (>500kPa) (>20 mm)
Semi- ggd%% Medium Medium (QAO%d'_lg'go Medium
regular mm) (50 -200 g) (0.5-1.0) kPa) (10 -20 mm)
Irreqular High High High High High
g (>100 mm)  (>200g) (<0.5) (<100 kPa) (<10 mm)
P1 P2 P3 P4 P5 P6
3 =Plx P2x P3x P4x P5x P6x P7
6 A (Place) A K
6 ANID) P
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) ) ) Stickiness
. E K adapt.

Friction  Elasticity
6 J adapt. adapt.

1A & EE 1 e EE 2

e FE 3
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1. J Pick-and-Placed A 5 N1 N A éAd a A
2. 1 A 6. ° 0 i A
3. Place n A 1 60% 80% 100% K
7. 0 /% A0kPa
a x 60kPa x 80kPa K

4. 1 I

”

=—28  Intel Realsense camera

Denso robotic arm

Robotic end-effector

Food item

Placing plate and
measurement scale

I

> Picking plate
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S-type EES S-type EE 6 S-type EE 7
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Green pepper S/R Halved egg S/R Egg roll S/R ~ Kamaboko S/R

l.b’a

Strawberry S/R Fried chicken S/R

g™ ™

Pasta S/R Daifuku S/R
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Weight Size Elasticity

Food Items (g) (mm) Shape (kP2) Friction
Green pepper 33~38 46~54 IR 166.00 1.35~1.53
Halved egg 21~23 37~39 SR 43.47 0.32~0.46
Egg roll 25~26 28~29 R 25.11 0.41~0.59
Kamaboko 5~7 21~22 SR 52.27 1.42~.1.68
Hamburger 139~141 60~67 SR 15.00 0.34~0.42
Fried shrimp 22~24 40~41 IR 384.40 0.50~0.72
Strawberry 14~18 25~28 IR 29.55 0.57~0.95
Fried chicken 25~.32 38~45 IR 19.55 0.42~0.64
Pasta 309~310 200 IR 158.00 0.20~0.30
Daifuku 55~62 44~46 SR 11.15 1.54~1.69
Tomato 12~13 24~26 R 410.30 0.44~0.65
Boiled egg 41~42 38~40 R 52.46 0.32~0.46
Cucumber 89~129 20~28 SR 987.20 1.02~1.23
Fish 103~108 35~37 SR 138.70 0.60~0.71

R = Regular SR = Semi -Regular IR = lrregular
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Egg roll
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Hamburger
Fried shrimp
Strawberry
Fried chicken
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Daifuku
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@ Successful trail

EES
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T3: -80kPa

T1:-40kPa

Real food
T2: -60kPa

T3: -80kPa

000AA

0000A

000AA

000AA

000AA

Q00AA

CAAAO

AAAAA

AAAAA

AAAAA

AAAAA

AAAAA

AAAAA

0000A

QOAAA

0000A

QAAAA

00AAA

AAAAA

000AA

Q00AA

000AA

AAAAA

AAAAA

AAAAA

AAAAA

AAAAA

AAAAA

AAAAA

Q@@®AAA

0000A

AAAAA

AAAAA

AAAAA

AAAAA

Q0AAA

Q00AA

B Damage failure A Grasping failure <> Movement failure

R

RITSUMEIKAN

S-type EES

2025 Copyright Robot Revolution & Industrial [oT Initiative, All Rights Reserved.



(a) Green pepper

Size

Fragility

(k) Tomato

Fragility
adapt.

adapt.

(1) Boiled egg

Weight
-\adapt.

Fragility
adapt. [

Stickiness /. -- ..\ Shape
adapt. adapt.
Friction./ " Elasticity

adapt. adapt.

(m) Cucumber

Weight
~\adapt.

Fragility
adapt. />

Stickiness [ \ Shape
adapt. adapt.
Friction/
adapt. adapt

(d) Kamoboko

Fragility
adapt. /.

Stickiness | _ . -- Shape
adapt. adapt
Friction/ asticity
adapt. adapt.

(e) Hamburger

Size Size
adapt. adapt.
3 3
Fragility 2 i Weight Fragility Weight
adapt. - ! ‘" adapt. adapt. adapt
Stickiness  ___(-- --).__ Shape Stickiness Shape
adapt. AR adapt.  adapt. adapt
Friction / “Plasticity Frictio asticity
adapt. adapt. adapt. adapt
(i) Pasta (j) Daifuku
Size
;dapt.
Fragility Weight Fragility -, Weight
adapt. [ ~\adapt adapt. : - adapt.
Stickiness Shape Stickiness
adapt. adapt. adapt.
Friction/ Jlasticity Frictio
adapt. adapt. adapt

RITSUMEIKAN
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Fragility Fragility i Fragility
adapt. adapt. [ ¥ ! adapt. /. ot
Stickiness Stickiness Stickiness / _-- 7~--5.__\ Shape
adapt. adapt. adapt. \ A / adapt.
Frictiol, FriMcity
adapt. adapt. adapt.
(a) EE1 (b) EE2 (d) EE4
Size Size
adapt adapt.
3 3
Fragility > Weight Fragility
adapt. [ adapt adapt

Stickiness /.« --X "\ " /--325.\ Shape Stickiness
adapt. \ / adapt. adapt
Frim\_\;a/niciw Frictio
adapt. adapt. adapt
(e) EE5 (h) All EEs
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EEl EE2 EE3 EE4 EE5 EE6 EE7

Green pepper 108 0 0 0 108 72 108
Halved egg 108 0 0 108 36 108 108
Egg roll 0 0 0 27 27 54 0
Kamaboko 0 0 0 0 0 0 0
Hamburger 432 0 0 432 0 0 0
Fried shrimp 108 0 0 36 36 36 108
Strawberry 162 0 0 162 162 162 162
Fried chicken 162 0 0 0 162 162 162
Pasta 0 0 0 0 1458 1458 0
Daifuku 216 0 216 216 0 216 216
Tomato 24 0 0 0 24 24 24
Boiled egg 54 0 0 0 108 108 108
Cucumber 24 0 0 0 36 0 0
Fish 144 0 0 144 0 0 0
~ ') J = A6 N - I) =
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Fried chicken Fge roll Halved egg Hamburger Daifuku Fried shrimp | Strawberry Tomato Cucumber Pasta
S R 5 R 5 R S R 5 R S R S R S R S R S R
11 5/5 5/5 2/5 1 2/5 ] 5/5 5/5 501 5/5 5/ A /5 a/h 5/5 A 5/5 | 5/5 o5 4/5 0/5 1 0/5
- - kg | g - - - - - - - - - - - - - 1kg Skg | kg
ket | e 5/5 1/5 A4/6 | 2/6 | 5/56 5/5 5/5 | 5/5 5/6 5/5 n/h 5/5 5/5 /5 5/5 | 5/5 5/h 4/5 2/5 | 1/5
= ¥ - 1Fg kg | 3kg - - - - - - - - - - - - - 1kg g | Akg
T 5/5 5/5 5/5 1 3/5 | 5/5 5/5 5/5 5/5 n/0 5/5 5/5 5/5 h/5 JE 5/5 | 5/5 5/5 A/5 3/5 | 3/5
- - - 2kg - - - - - - - - - - kg 2Fg | 2Fg
T 0/5 0/5 0/5 1 0/5 ] 5/5 0/5 5/5 ()/’ 0/5 0/5 5/5 0/5 0/5 ()/’ 0/5 ()/’ 0/5 0/5 0/5 | 0/5
kg Skg kg | kg - Skg - HkFg akg | 3Fm/2Fg - kg Okg kg OFg | SFg kg kg S¥g | Skg
ke 2 | 1o 0/5 0/5 05 1 0/5 ) 6/5 0/5 a5/5 1 0/5 1/5 0/5 o/5 0/5 0/5 0/5 0/5 | 0/5 0/5 0/5 0/5 | 0/5
PF “ | HFg Skg okg | Hkg - Mg - OFg | AFg | 2Fm/3kFg - kg hFg | SFg | bFg | SkFg kg kg AFg | SkFg
- 0/5 0/5 0/5 1 0/5 4/5 0/5 5/ | 05 0/5 1/5 n/4n 0/5 0/5 0/5 0/5 | 0/5 0/5 0/5 0/5 | 0/5
" | kg kg kg | HkFg | 1¥g kg - Skg | kg | 1Fm/3Fg - kg Hkg | o¥g | HFg | HFg kg kg Mg | kg
T 0/5 0/5 0/5 | 0/5 | 3/5 0/5 0/5 | 0/5 A/5 0/5 0/5 0/5 0/5 0/5 0/5 | 0/5 0/5 0/5 0/5 | 0/5
kg Skg kg | SFg | 2Fg kg kg | SFg | 1Fm Skg kg kg kg g OFg | SFg kg kg SFg | Skg
ke | 1o 1/5 0/5 565 1 0/5 | 5/5 0/5 05 | 0/5 5/5 2/5 0/5 0/5 0/5 0/5 0/5 | 0/5 0/5 0/5 0/5 ] 0/5
e = | 1Fg S g - kg - Skg kg | kg - Jkg nkg Hkg hkg | kg | HFg | Skg kg kg S¥g | Hkg
- 4/5 0/5 3/5 | 0/4 4/5 0/5 a/5 1 0/5 n/h 1/5 0/5 0/5 0/5 0/5 0/5 | 0/5 0/5 0/5 0/5 ] 0/5
¢ 1kFg SkFg 2Fg | HFg | 1Fm SkFg Okg | Hkg - I¥Fg kg kg hkg | Sk¥g | SHFg | Hkg kg kg S¥Fg | SFg
T 5/5 1/5 55 | 5/6 | 5/5 5/5 5/6 | 2/5 n/h 5/5 5/5 1/5 5/5 /5 A5 | 5/5 1/5 1/4 3/5 | 0/5
- 1Fg - - - - - g - - - 1Fm - - IFm - Im/1kFg ikg 2Fg | SFg
ke | 1o 5/5 3/5 55 1 0/5 ] 5/5 3/5 55 4/5 5/5 5/5 0/5 0/5 5/5 1/5 /5 1/5 5/5 0n/h 1/5 | 4/5
- 1Fm/1Fg - Hkd - IFm/1kg - kg - - - OHkd - IFm | 1Fm | 1Fg - - 1Fg | 1¥Fg
14 1/5 0/5 5565 1 /5 | 5/5 5/5 56 | 475 5/5 /5 5/h 0/5 4/5 /5 5/5 | 0/5 5/5 1/5 2/5 | 05
: 1Fg | 1Fm/1kFg - Hkd - - - IFm - 1Fm - Hkd 1Fm | 1¥g - kg - 2Fm/2Fg | 3Fg | Skg
1 2/5 5/5 556 | 4/65 | 3/6 /5 0/5 | 0/5 0/5 0/5 5/5 n/5h 5/5 Y5 5/5 | 5/5 0/5 2/5 /5 | 3/5
Jkg - - 1kd | 2kg - hkg | kg | HkFg Skg - - - - - - kg kg AFg | 2Fg
ke | 1o A/5 5/5 5/56 | 0/5 1/5 1/5 0/5 | 0/5 0/5 0/5 1/5 0/5 5/5 »/ 5/6 | 5/5 5/5 5/5 2/5 | 3/5
T T 1kg - - okd | 1kg Akd kg | HkFg | SkFg Skg 1kg OHkd - - - - - - JFg | 2Fg
- 5/5 5/5 56 | o/6 | 5/5 0/5 0/5 1 0/5 | /5 0/5 5/5 0/5 5/6 | 5/5 | 5/5 | 5/5 5/5 4/5 0/5 | 3/5
) - - - okd - akd kg | SkFg | Skg Skg - okd - - - - - 1kg Mg | 2Fg
T 0/5 5/5 5/5 | 4/5 4/5 5/5 0/5 | 0/5 5/5 375 5/5 4/5 5/5 55 5/5 | 5/5 0/5 0/5 1/5 | 3/5
- - - 1kKd | 1¥Fg - Hkg | H¥g - 2kFg - IkKd - - - kg kg 1Fg | 2Fg
k6 | 1o /0 5/56 B/ | /5 | 5/5 /5 0/5 1 0/5 5/h 8/ n/h 3/5 n/5 ."/':'; 5/5 | 55 0/5 0/5 2/5 | 5/5
v = - - - - - 1Fd hkg | Skg - - 2Fd - - - - kg kg kg -
o |- B/D 5/5 551 05 ] 5/5 /5 /5 [ 0/5 /5 '»/"» 30 3/5 5/5 JE 55 | 5/5 1/5 1/5 2/5 ] /5
13 / / _
- - - Hkd - 1¥d kg | kg - 2Fg 2Fd - - - - ikFg kg g -
T /5 3/5 56 | 0f6 | 5/5 3/5 5/ 1 0/5 5/h 2/.’» 5/5 5/5 5/5 5/5 5/5 | 5/5 0/5 0/5 2/5 | 0f5
- 2Fg - akg - IFm/1kFg - Okg - g - - - - - - kg kg g | Skg
k7 | 1o a/h 1/5 5065 1 0/5 | 5/6 /5 5/ | 0/5 a/h a8/ n/h n/h 5/5 B 5/5 | 5/5 0/5 0/5 2/5 | 0/5
i = - 1Fg - kg - IFm - kg - - - - - - - - kg kg kg | SkFg
- 5/5h 1/5 565 1 1/5 ] 65/56 /5 5/ 1 0/5 n/h 6 a/h /5 n/5 /5 a5/h | 5/5 0/5 0/5 4/5 | 0/5
' - 1Fg - 1kFg - 1¥Fg - kg - - - - - - - - kg kg IFg | 5kFg
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a3 | 12 0/5 kg E 75 | 0/ — RITS
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