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Fig. 2-1 Organs’ layout around rectum(40)
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Fig. 2-2 Pelvic floor (female)(41)

Anal canal

Rectal ampulla

Middle transverse rectal fold 
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Internal anal sphincter
External anal sphincter
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Fig. 2-3 Profile section of rectum(40)
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(i) Feces are passed into the rectum
by peristaltic motion

(ii) Feces are stored in the rectal ampulla

(iii) The rectal ampulla is stimulated and
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(iv) The rectum is contracted

(v) Defecation is inhibited and feces
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(vi) Defecation
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(iv) (v) (vi)
(a) Flow of defecation (b) Illustration of defecation(42)

Fig. 2-4 Mechanism of defecation

Anorectal angle

130 15

90 10
(a) Seated posture (b) Supine posture

Fig. 2-5 Relationship between posture and anorectal angle(43)

Straining

Contraction of
the rectum

Peritoneum

Support of 
the pelvic floor muscle

Fig. 2-6 Act of defecating(44)
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Anal canal

Rectum

Plastic bag
Upper lid

Lower lid
(a) Overall view (b) Sectional side view

Pelvis

Sigmoid colon

Rectum
Puborectalis

Clear torso

(c) Partial human body model
Fig. 2-7 Robotic Defecation Simulator

Table 2-1 Specification of Robotic defecation simulator

Name Robotic defecation simulator

Dimensions
Main H290×D200×W400 mm
Base H500×D230×W400 mm

Weight Main 3.4 kg  Base 2.0 kg

Simulated 
organ

Pelvis Rectum Anal canal Sigmoid colon Levator ani
Anal sphincter Puborectalis Peritoneum

Drive source Compressed air
Actuator McKibben type actuator(for Puborectalis and Rectum)

Rubber tube (for Anal sphincter) Plastic bag (for Abdominal pressure)
Control PC, Electro-pneumatic regulator
Movement a. Closing anus (Anal sphincter) to prevent feces from rectum

b. Raising rectum (Puborectalis) to adjust anorectal angle to 90±10 degrees
c. Contracting rectum (Rectum)
d. Straining (Abdominal pressure) to adjust pressure within the rectum to 

75.0 cmH2O
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(a) Seated position (b) Supine position
Fig. 2-8 Position change

3D Human Pelvis 3D Model(Flat Pyramid

H220mm W270mm D135mm) 3D-CAD (Fig. 2-9)

3D (Stratasys Dimension BST 768) ABS

(Fig. 2-10)

270mm

22
0m

m

Fig. 2-9 Human Pelvis 3D Model Fig. 2-10 Pelvis
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(c) Installed condition
Fig. 2-13 Imitated all-in-one organ of anal canal, rectum, and sigmoid colon

2.1

2.1.2

2.1.2
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Fig. 2-14 Table 2-2

ABS

Air tube Cylindrical case

Anal canal Rubber tube
Fig. 2-14 Anal sphincter

Table 2-2 Control mechanism of anal sphincter

Flaccid Contractile

Cylindrical case Rubber tube

Anal canal Air tube       Compressed air
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Fig. 2-16

Rectum

Outer sleeve
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Fig. 2-15 Control mechanism of puborectalis muscle (Top view)
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Fig. 2-16 Structure of McKibben artificial muscle
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Rectum
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Outer sleeve

Attached to the clear torso
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actuator Rectum

(a) Whole image (b) Configuration state(Top view)
Fig. 2-17 Control mechanism of rectum

Mesh sleeve 
Pull

Pull
Nylon fiber

Fig. 2-18 Sleeve

( )

Fig. 2-19 Fig. 2-20

(Fig. 2-19(i) Fig. 2-20(i)) (Fig. 2-19(ii) Fig. 2-20(ii))

2 S (Fig. 

2-19(iii)) 2 Fig. 2-20
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(iv) Rectum

(iii) Sigmoid
colon

(ii) Plastic bag
(downside)

(i) Plastic bag
(upside)

Fig. 2-19 Overall view

Regulated 
air

(ii) Plastic bag
(downside)

(i) Plastic bag
(upside)

(a) Front view

(iv) Rectum

(ii) Plastic bag
(downside)

(i) Plastic bag
(upside)

(b) Sectional side view
Fig. 2-20 Control mechanism of abdominal pressure
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Fig. 2-21
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board
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Fig. 2-21 System configuration

Fig. 2-4 (2.3.1) (2.3.2)

(2.3.3) (2.3.4) 4

4

4 Fig. 2-22
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Puborectalis
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pressure Strain

Fig. 2-4
(iii)(iv)(v)

Fig. 2-4
(i)(ii)

Fig. 2-4
(vi)

Step 1

Contract

( Relax )

Fig. 2-4
(i)(ii)
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Contract

Contract

Contract( Relax ) ( Relax )
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Contract
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Fig. 2-22 Control of each mechanism

1 Fig. 2-4(i)(ii)

2 Fig. 2-4(iii)(iv)(v)

3 Fig. 2-4(vi)
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4 3 1

(Fig. 2-4(i)(ii))

Fig. 2-23 1~4

Anal sphincter
[Contract] 

Puborectalia
[Contract] 

Rectum
[Contract] 

Anal sphincter
[Contract] 

Abdominal 
pressure

[Strain] 

(a) Step 1 (b) Step 2

Abdominal 
pressure

[Strain] 

Anal sphincter
[Relax] 

Rectum
[Contract] 

Puborectalia
[Relax] 

Anal sphincter
[Contract] 

Rectum
[Relax] 

Abdominal 
pressure

[Rest] 

(c) Step 3 (d) Step 4
Fig. 2-23 Act of defecating (Artificial stool : Type3)
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1 2 10 3

10 4

2

3

( )

Table 2-3

0MPa 0.17MPa

McKibben ( 135 )

0.10MPa 90 0.50MPa

0MPa 0.50MPa

0.10MPa 16mm 0.50MPa 32mm

Table 2-3 Input value of control mechanism

Control mechanism Actuator Value of air pressure
(MPa)

Relax Contract

Anal sphincter Rubber tube 0.0 0.17

Puborectalis McKibben type
actuator 0.1 0.5

Rectum McKibben type
actuator 0.0 0.5

Rest Strain

Abdominal pressure Plastic bag 0.0 0.02
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1 3

5 3 7

4 Fig. 2-24

50% 2.3% 47.7%

30 Table 

2-4 Table 2-4

100g

Type 1 Type 3 Type 5 Type 7

Separate hard stool Slightly hard stool Soft stool Watery stool
Fig. 2-24 Artificial stool

Table 2-4 Composition list of an artificial stool

Bristol stool 
scale Type 1 Type 3 Type 5 Type 7

Fumed silica
(g) 1.5 3.5 6.0 9.0

Fig. 2-22 4

1 S

1 200g

2~4 4

Fig. 2-25 3 10
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Table 2-5

2

3 3 5 7 1

1

1

(a) Type 1 : Separate hard stool (b) Type 3 : Slightly hard stool

(c) Type 5 : Soft stool (d) Type 7 : Watery stool
Fig. 2-25 Evacuation of artificial stool

Table 2-5 Artificial stool output

Bristol stool 
scale (a) Type 1 (b) Type 3 (c) Type 5 (d) Type 7

Stool output
(g) 0.0 53.5 65.7 105.3
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Table 2-5 200g

1 0g 3 54g

5 66g 7 105g 3

10

7

1 3 5

1

3 5 7

1 3

5 Fig. 2-26(a) S

Artificial stool

Sigmoid 
colon

Anal canal

(a) Contraction of the rectum (b) Abdominal pressure
Fig. 2-26 Movement of artificial stool
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Fig. 2-26(b) S

1

2.2

Fig. 2-26

S Fig. 2-27

S

Rectal contraction

Fig. 2-27 Prospective move of rectal contraction
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1

Fig. 3-1 Fig. 3-2 Table 3-1

(Contact part)

(Opening and closing mechanism) 122mm×165mm×197mm

( × × )

Opening and 
closing mechanism

Contact part
Bag

Fig. 3-1 Overall view of Wearable toilet Fig. 3-2 Configuration of Wearable toilet
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Table 3-1 Specification of Wearable toilet

Name Wearable toilet (Toilet system for space)

Dimensions H197×D165×W122 mm
Weight 730g
User Astronaut / Cosmonaut

Method of 
wearing

Wearing the device to sling belt over shoulder and to position it to anus in order 
to stool into the bag

Function To prevent odor dispersionre with the device close to buttock
To open and close the bag, and to remove feces attached buttock with rollers

Interface Control lever

(Fig. 3-3(a))

(Fig. 3-3(b))

(Fig. 3-3(c))

(Cylindrical part) Fig. 3-4 Fig. 3-5

Bag

feces

(a) Step 1 (b) Step 2 (c) Step 3
Fig. 3-3 Usage of Wearable toilet

43 
 



 
 

Urethane

ABS resin

Bag

Belt

Cylindrical
part

Shaft

Fig. 3-4 Overall view of contact part Fig. 3-5 Configuration of contact part

CAD

3D

(Stratasys Dimension BST 768) CAD ABS

5(

)

Fig. 3-6

Fig. 3-7

3D ABS

( 4mm 80mm)

95mm

(Fig. 3-5)

94mm 73mm 75mm

ABS
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Fig. 3-6 Configuration issue Fig. 3-7 Change in configuration

Fig. 3-8 (Roller)

2 (Shaft)

(Fig. 3-9(a) Fig. 3-10(a))

(Brake lever)

(Fig. 3-9(b) Fig. 

3-10(b))

(Plate)

(Base)

106mm ABS
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Brake lever

Roller

Plate

Shaft

Base

Spring
Wire

(a) Close (b) Open
Fig. 3-8 Configuration of opening and closing

mechanism
Fig. 3-9 Opening and closing mechanism 1

(a) Close (b) Open
Fig. 3-10 Opening and closing mechanism 2

3.1

Fig. 3-11

Fig. 3-12

46 
 



 
 

Fig. 3-11 Latex glove Fig. 3-12 Aluminum frame chair

3.1

Fig. 3-13 (Bottle

300mm 170mm) (Suction machine

)(Fig. 3-14)

( MPSR33RCNGAT)

(Cup)

Suction machine

Bottle

Cup

Pressure
sensor

 
http://item.rakuten.co.jp/seastar/824369/

 
Fig. 3-13 Overall view of Suction type toilet Fig. 3-14 Suction machine
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65mm 60mm 95mm

3D ABS

(Fig. 

3-15)

(Fig. 3-16(i))

(Fig. 3-16(ii))

Bag

Suction

Reduced
pressure

Bottle

Anal

Cup Suction

(i) (ii)

Fig. 3-15 Contact cup Fig. 3-16 Suction system

Fig. 3-17

(Fig. 3-18)

Fig. 3-19
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Bottle

Cup Belt

Fig. 3-17 Bottle type toilet Fig. 3-18 Attaching part of belt

(a) Wearable toilet (b) Bottle type toilet
Fig. 3-19 Verification experiment

Fig. 

3-20

Fig. 3-9
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Bag Attached stool

(a) Close (b) Open
Fig. 3-20 Attached stool

5kPa 8kPa
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2

Fig. 3-21

Shape variation of buttock

Straining
Peritoneum

Rectum
Levator ani

Fig. 3-21 Shape variation of buttock

3D (Artec Group Artec MHT)

3

3D Artec MHT Fig. 3-22 Table. 3-1

15 / ( )
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3D 3D Structured 

light 3d reconstruction

Fig. 3-22 Artec MHT

Table. 3-2 Product specification

Name MHT Working distance 0.4 1.0 m
3D resolution, up to 0.5 mm Exposure time 0.0002 s
3D point accuracy, 
up to 0.1 mm Video frame rate,

up to 15 fps

3D accuracy over
distance, up to 0.15% over 100 cm Calibration no special equipment 

required
Linear field of view, 
HxW @ closest range 214×148 mm Data acquisition speed, 

up to 288,000 points/s

Linear field of view, 
HxW @ furthest range 536×371 mm Output formats OBJ, STL, PLY,

WRML, ASCII
Angular field of view, 30×21° Processing capacity 40'000'000 triangles

/1GB RAM
Texture resolution 1.3 mp Dimensions, HxDxW 180×187×260 mm
Colors 24 bpp Weight 1.6 kg
Light source flash bulb (no laser) Power consumption 12 V, 40 W

52 
 



 
 

(a) (b) (c)

(a)

(a) 90°

Fig. 3-23

(a) Seated position (b) Position on all fours (c) Supine position
Fig. 3-23 Posture

Fig. 3-24 3D 0.4 1.0m

0.7m

PC
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0.7 m

PC

Object person

3D scanner

Operation PC
of 3D scanner

3D scanner

Wooden board

(a) (b)
Fig. 3-24 Metering experiment environment

0.7m PC 200mm

2 (900×60×18mm ×

× ) 3D

3D

90°

3D

PC

PC

PC

2

1 6

3D

2
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Fig. 3-25 3D (i) (ii)

(Fig. 3-26(a))

(Fig. 3-26(b)) ( )

2 Fig. 3-26(c) (iii)

(iv) (iii) (iv) 3D

(iv)

Fig. 3-27

(v)

(i) Scanning

(iii) Alignment

(iv) Comparing distance

(v) Outputting coordinate point

(ii) Extracting the data from scanned date

Fig. 3-25 Process flowchart
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(a) Resting (b) Straining (c) Position adjustment
Fig. 3-26 Frame data

3D

( )

( )

(mm)

1.0mm (Fig. 

3-28) Fig. 3-29 3.0mm

Fig. 3-27 Measuring tools – Surface distance map
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(a) Seated position (b) Position on all fours (c) Supine position
Fig. 3-28 Distance map (scale : 1.0mm)

(a) Seated position (b) Position on all fours (c) Supine position
Fig. 3-29 Distance map  (scale : 3.0mm)
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Fig. 3-31 Coordinate setting 1 Fig. 3-32 Coordinate setting 2
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Fig. 4-1 Mechanical structure of toilet system for caring(test model)
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Fig. 4-5 Overview of the infrared thermal camera (TP-L0260UN)
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Table 4-1 Characteristics of the infrared thermal camera

Term (and character) Specification
Detection element Thermopile element 47×48pixels
View angle 60°×60°
Filming range (R) 1.363m×1.392m in the case of 1m distance
Width of view per pixel (W) 29 mm in the case of 1m distance
Range of temperature -20 300
Resolution 0.5 in the case of 100 black body

47×48 2256 60°×60° 21.8mrad

Fig. 4-6

( D) 1.0m 1363mm 1392mm

1 (W) 2.9mm (1) (2)

DR 363.1 (1)

47
RW

(2)

47 pixel

[1 m]

Measurement range
R

48 pixel

29 mm
Measuring plane

Measured distance 
D

[1.363 m]

Infrared camera

1 pixel
Width of  view
per pixel W

[1.392 m]

Fig. 4-6 View range of the infrared thermal camera
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Fig. 4-7 Configuration of the infrared camera (sectional side view)
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Fig. 4-8 Infrared thermal image of buttocks
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Fig. 4-9 Temperature data
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Fig. 4-10 Anal position detection process
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Fig. 4-11 Estimation experiment
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Table 4-2 L L0

-5.2mm +5.1mm 1 4.35mm

5.2mm 1.2

Fig. 

4-11(d) ( 70mm 60mm)

30~40mm 5.2mm

Table 4-3 L0 l

-5.2mm +5.0mm

5.2mm L l

0.1mm

Table 4-2 The anal position extraction result

Position of anus
(L0) [mm]

Extracted position
(L) [mm]

Error
[mm]

74.0 78.3 +4.3

80.0 78.3 -1.7

95.0 100.1 +5.1

98.0 95.7 -2.3

104.0 108.8 +4.8

109.0 108.8 -0.2

114.0 108.8 -5.2

122.0 126.2 +4.2

126.0 130.5 +4.5

130.5 130.5 +0.0
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Table 4-3 Toilet unit control result

Target position
(L0) [mm]

Controlled position
( l ) [mm]

Error
[mm]

74.0 78.2 +4.2

80.0 78.2 -1.8

95.0 100.0 +5.0

98.0 95.7 -2.3

104.0 108.8 +4.8

109.0 108.8 -0.2

114.0 108.8 -5.2

122.0 126.1 +4.2

126.0 130.5 +4.5

130.5 130.5 +0.0

4.5.2

100~110mm 125~135mm (Fig. 

4-17)

4.2

Fig. 4-12 Table 4-4

AC 4.2.2
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(a) Overall view (b) Example of installation
Fig. 4-12 Mechanical structure of toilet system for caring

Table 4-4 Specification of toilet system for caring

Name Toilet system for caring

Dimensions H550×D650×W1060 mm
Assumption of usage Using a combination of "Independent support system"
Assumed user Bedridden elderly
Assumed circumstance Setting up the system in the wall
Function To pull out and store the toilet seat in the wall

To detect location of anus
To move the unit to the anal position automatically
To automated wash the anus using foam

Electrical source 100V 
Actuator AC motor (for moving toilet seat)

DC motor (for pump former)
Stepping motor (for movement mechanism, and wiping machine)

Other instrument Infrared thermal camera
Heat sealer

Interface Controller
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Fig. 4-13 Operation of movement mechanism

Fig. 4-14 (Movable 

stage)
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(Fig. 4-14(b))

78 
 



 
 

Movable stage

Infrared thermal
camera

Stepping motor

Move up and down

Move back and forth

Ball screw

(a) Overview (obverse side) (b) Reverse side

Fig. 4-14 Mechanical structure of the movement mechanism

Fig. 4-13(a)
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(Fig. 4-15(b))
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(a) Overview (b) Internal configuration
Fig. 4-15 Mechanical structure of the toilet unit

3

(Artec Group Artec MHT)

3.5

( )
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Fig. 4-18 Heat sealer
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(a) Wiping of buttocks (b) Putting soap foam on buttocks
Fig. 4-19 Operation of wiping machine
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Fig. 4-20 Mechanical structure of wiping machine
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Fig. 4-21 Wiping object
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Fig. 4-22 Mechanical structure of foam maker
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Fig. 4-23 ABS
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Fig. 4-25 Experimentation
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Fig. 4-26 Wet tissue after wiping (from 1 to 7)
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(Fig. 4-27 ) Fig. 
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Fig. 4-28(b)

pixel

Fitting cover

Artificial buttoks
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Fig. 4-27 Artificial buttocks after wiping
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(a) Total surface area (b) Filthy area
Fig. 4-28 Picture processing

Table 4-5 (No.1~5) (No.6~10) 5

10 (1)

(2) Fig. 4-29

(1) (2)

Table 4-5.  Number of wipes and Residual percentage

Experimental 
run number

(1) 
Number 
of wipes

(2) Residual percentage

Filthy area Total surface area
%

times pixel pixel

without foam No.1 11 707 35149 2.01
No.2 5 500 35185 1.42
No.3 21 1339 34870 3.84
No.4 17 2189 35506 6.17
No.5 26 2508 34947 7.18

Average 16.0 - - 4.12

with foam No.6 7 437 35644 1.23
No.7 10 743 35457 2.10
No.8 8 806 32226 2.50
No.9 4 300 34741 0.86

No.10 3 293 35597 0.82
Average 6.4 - - 1.50
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Fig. 4-30 Toilet system for caring and Robotic defecation simulator
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