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Frontal collision

1-1. Overview THUMS

Side collision
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1-2. What is THUMS ?

Crash Test Dummy THUMS

THUMS… Total Human Model for Safety

Jointly developed with Toyota Central 
Research and Development, Inc.

• A computer model representing human body

• Use of crash test dummy in vehicle crash tests

• Durable dummy while vulnerable human body

• THUMS to simulate injuries for real-life safety research
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1-3. Evolution of THUMS

Version 1-2 (Bones) Version 3 (+Brain) Version 4 (+Internal Organs)

Injury / Biological Response Version 1-2
(2000)

Version 3
(2008)

Version 4
(2010)

Version 5-6
(2015)

Minor Injury Bone Fracture Y Y Y Y

Severe / Fatal Injury
Brain Injury N Y Y Y

Organ Injury N N Y Y

Biological Response Muscle Effect N N N Y

Version 5-6 (+Muscles)

• Improvement of biofidelity to better represent human body
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1-4. Posture of THUMS

THUMS Version 4 Family

Large Male

(AM95)

Midsize Male

(AM50)

Small Female

(AF05)
10YO 6YO 3YO

• Six physique occupant and pedestrian models

AM95 AM50 AF05 10YO 6YO 3YO

Occupant Pedestrian
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1-5. Development of THUMS
• High resolution CT scan of living human subject

• Finite element (FE) modeling of body parts

• Integration into whole body model (connections, contacts)

• Definition of material property for each body part

Lung
Heart

Liver

Large
Intestine

Small
Intestine

Spleen

Artery

CT Scan Image Head FE ModelHuman Subject

BrainSkull

Internal Organ FE Model
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1-6. Validation of Mechanical Response
• Literature survey on impact biomechanics

• Loading tests on post mortem human subject (PMHS)

• Simulations of loading tests using THUMS

• Correlations in mechanical responses (force-deflection)

Example: Anterior Thorax Loading Comparison of Force Deflection Curves
Chest Deflection [mm]
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1-7. Component Validations

Frontal

Posterior Fossa

Parietal Occipital

45deg

Cylindrical 

Impactor

Weight: 5.6 kg 

Velocity: 6.3 m/s

1. Head Validation
(Nahum et al. 1977)

6. Thorax Validation

Cylindrical Impact

Impactor Diameter: 152 

mm

Impactor Weight: 23 kg 

Impact Velocity: 7.2 m/s

(Kroell et al. 1974)

Load cell

PAD Table

11. Waist Validation
(Rupp et al. 2008)

Impactor Loading

Impactor Diameter: 100 mm

Impactor Mass: 6.25 kg

Impact Velocity: 40 km/h
400 N

Fixed

Fixed Impacto

r

16. Knee Joint Validation
(Kajzer et al. 1997)

2. Head Validation
(Hardy et al. 2001)

Belt Loading

Weight: 22.4 kg

Velocity: 7.78 

m/s

7. Thorax Validation
(Cesari et al. 1990)

PAD

Ball

Impactor

12. Waist Validation
(Guillemot et al. 1997)

17.Knee Joint Validation
(Bose et al. 2004)

Pad

Load cell

Free fall

3. Head Validation
(Yoganandan et al. 2004)

Cylindrical Impact

Impactor Diameter: 152 mm

Impactor Weight: 23 kg 

Impact Velocity: 2.76 m/s

8. Thorax Validation
(Shaw et al. 2006)

Loading 

Head

Bar Loading

Device Diameter: 20 mm

Impact Velocity: 10 mm/s
Humerus

13. Humerus Validation
(Kemper et al. 2005)

Impactor Loading

Impactor Diameter: 25 mm  Mass: 

9.48 kg

Impact Velocity: 5.55 m/s

18. Tibia Validation
(Schreiber et al. 1997)

Angular 

acceleration

9
1
m

m Brain CoG

Rotation center

4. Head Validation
(Gennarelli et al. 1982)

Bar Impact

Impactor Diameter: 25 

mm

Impactor Weight: 32 kg 

Impact Velocity: 6.1 m/s

9. Abdomen Validation
(Cavanaugh et al. 1986)

Compression: 4 m/s

Flesh

Humerus

Circular Impactor

Diameter: 152 mm

Circular Table

Diameter: 152 mm

14. Humerus Validation
(Kemper et al. 2005)

19. Ankle Joint Validation

Load cell #1

Load 

cell#

2
Sole plate

Stopper Fi

x

Tension Force（
1.8kN）

offset（50mm）

Impactor

（18kg）

(Kitagawa et al. 1998)

Impactor Femur

Bar Loading

Device Diameter: 20 mm

Impact Velocity: 10 mm/s

15. Femur Validation
(Yamada et al. 1970)

Belt Loading

Width: 50 mm

Velocity: 6.9 

m/s

10. Abdomen Validation
(Foster et al. 2006)

Impact plane

（Angle 15 deg)

Base

Base（16kg）

3.18m/s

5. Neck Validation
(Nightingale et al. 1997)

• Verification of mechanical response from head to foot
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1-8. Whole body Validations

Sedan (Subit et al. 2008) Mini Van (Schroeder et al. 2008) Mini Car (Subit et al. 2008)

1. Frontal Impact (Shaw et al. 2009) 2. Lateral Impact (Lessley et al. 2010) 3. Rear Impact (White et al. 2009)

4. Pedestrian Impact (4 Cases)

G

Shoulder Belt

Lap Belt

PMHS/THUMS

Knee Bolster
Foot Rest

•Flat Seat
•Separate Belt
•Knee/Foot Restrained
•8 PMHSs
Ave: 54yo, 179cm, 

75.5kg 

V=4.3m/s
(const.)

PMHS/THU

MS

Flat Seat (Rigid)

Polystyrene 
Foam Pad

•Flat Seat (Inclination 15 deg)
•Flat Walls with Load Cells
Lower Walls 100 mm Offset

•3 PMHSs
Ave: 64yo, 177cm, 64.0kg 

Flat 
Walls 
(Rigid)

70 
deg

THUMS 

DV=8kph

Rigid Seat 
w/o H/R PMHS

•2 PMHSs
#395: 41yo, 180cm, 99kg 
#469: 64yo, 176, 82kg

•Vehicle Type: SUV
•Collision Speed: 40 km/h
•PMHS: Male, 185 cm, 85 kg

40 km/h

•Vehicle Type: Sedan
•Collision Speed: 40 km/h
•PMHS: Male, 183 cm, 114 kg

40 km/h

•Vehicle Type: Mini Van
•Collision Speed: 40 km/h
•PMHS: Male, 171 cm, 80 kg

40 km/h

SUV (Schroeder et al. 2008)

•Vehicle Type: Mini Car
•Collision Speed: 40 km/h
•PMHS: Male, 161 cm, 86 kg

40 km/h

• Verification of mechanical response at whole body level
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2-1. Application of THUMS

Occupant

Slalom Driving

Pedestrian

Research of 
Autonomous Vehicle

Note: Not Product Vehicle Interior

MotorcyclistCyclist

Ride ComfortPre-Collision Safety

• THUMS is currently used in vehicle safety research and comfort
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2-1. Application of THUMS (Cont.)
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Pedestrian (Active bonnet)
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2-2. ENCAP Pedestrian Testing Protocol 

1. Check of Calculation Environment using GV models

2. Human Body Model Certification

3. Assessment of Deployable System

4. Pedestrian Impact Test

1. Check of Calculation
Environment using GV models

2. Human Body Model
Certification

3. Assessment of
Deployable System

4. Pedestrian Impact Test

Technical Bulletin 024

(TB024)
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2-3. Size and Posture 

6YO AF05 AM50 AM95

• THUMSs (6YO/AF05/AM50/AM95) size and posture were modified for TB024.
• All modified THUMSs meet the certification requirements.

Certification (Green/OK means “Certified”)

THUMS 6YO V4 THUMS AF05 V4.02 THUMS AM50 V4.02 THUMS AM95 V4.02
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2-4. Impact Response
• Forty eight (48) vehicle-to-pedestrian collision simulations were conducted 

with the modified THUMSs (6YO, AF05, AM50, AM95) having their size and 
posture changed.

• Body kinematics (Head, T12 and Pelvis) and head impact time were calculated.

Total 48 Cases

(30, 40, 50kph)
3 Impact Velocities

(RDS, FCR, MPV, SUV)

4 GV Models

6YO AF05 AM95

Head (HC)

T12

Pelvis (AC)

4 THUMSs
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2-5. THUMS TB024 Summary

Size and Posture
Impact Response (30, 40, 50kph)

kinematics HIT

AM50 OK OK OK

6YO OK OK OK

AF05 OK Can be simulated Can be simulated

AM95 OK Can be simulated Can be simulated

• Modified THUMS having size and posture changed meet TB024 certification 
requirements including impact response of THUMS AM50 and 6YO.

• Impact responses of THUMSs (AF05, AM95) can be simulated to head contact.
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Asia:
16 Companies
31 Institutes

US:
1 Company
19 Institutes

Europe:
18 Companies
27 Institutes

Total 112  Users as of April 2019

• THUMS is currently used in vehicle safety research by over 100 
vehicle manufacturers, suppliers, research institutions, and others.

2-6. THUMS Users
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3-1. Free Access to THUMS
• THUMS models freely available from January 2021.
• THUMS will help to improve the safety of cars and mobility.

Toyota news release: https://global.toyota/en/newsroom/corporate/32665896.html
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Conclusions

1. THUMS was modeled with CT data of living human 
subject and has been validated for components and 
whole body kinematics.

2. THUMS is currently used in vehicle safety research by 
over 100 users. And THUMS pedestrian models meeting 
TB024 certification are available.

3. THUMS will be available free access from next year.
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THUMS Version 4 Family

Thank you for 
your attention!
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