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Figure 1. The seventeen segments of Hatze’s model, aligned by joint centre in the isometric view and separated
for clarity in the orthogonal views. The female variation is displayed.

Hatze’s model breaks almost every body segment into a large number of slices or ‘plates’, each with specific
sizes and densities (Figure 1). Hatze’s model is also distinguished by the use of a large number of different
geometric shapes, which are:

• elliptic plates (arms, legs, neck),
• semi-elliptic plates (thoracic and pelvic regions),
• trapezoidal plates (pelvic region, feet),
• elliptic paraboloids (ankles, buttocks),
• parabolic plates (lungs),
• parabolic ‘wedges’ (shoulders),

• hemispheres (humeral heads, breasts),
• hollow cylindrical sections (fingers, thumb),
• rectangular prisms (hands), and
• rectangular prisms with rounded edges (pelvic

region).

Each of these shapes require various measurements to calculate their extents, such as diameter, perimeter, and
length. The total number of measurements required for Hatze’s model is 242, with a full 160 of these being
diameters and perimeters of ellipses for modelling the limbs; it is interesting to consider the effect of taking a
smaller number of measurements on the accuracy and convenience convenience of applying the model. Before
discussing the possibility of such modifications to Hatze’s work, a summary of the work required to implement
his model will be presented.

4 RE-IMPLEMENTING HATZE’S MODEL

Hatze’s work, to the author’s knowledge, has not been reproduced in full by the biomechanics community.
This is presumably due to its complexity. First of all, the paper which describes the model (Hatze 1980) does
not include the mathematical details of the model itself due to space constraints. We obtained a copy of the
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THE MATHEMATICAL MODEL
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15 segments

25 anthropometric
measurements

From 66 subjects

Hanavan (1964) A mathematical
model of the human body

the spheres indicate the location of mass centers 

(centers of gravity) of the segments. 

Modified models of the mass distribution of 

the human body and mass center location of 

the segments have been made by several other 

investigators. It is unfortunate that up to now 

a unified and universally accepted subdivision 

of the human body into segments does not 

exist. 

Fig. 3. Body mass distribution (After E. Harless). In 1884, C. Meeh investigated the body seg-

ment volumes of ten living subjects (8 males 

and 2 females), ranging in age from 12 to 56 

years. In order to approximate the mass of the 

segments, he determined the specific gravity of 

the whole body. This was measured during 

quiet respiration and was found to vary be-

tween 0.946 and 1.071 and showed no definite 

variation with age. The segment subdivision 

used by Meeh is shown in Figure 4 and the 

Yeadon’s model

Tbc simulation of aerial movement--II 69 

Fig. 3. A stadium solid. 
I 

Table 1. The kvels at which the body segments are 
sectioned 

Torso S 
M hip joint centre 
Lsl umbilicus 
Ls2 lowest front rib 
Ls3 nipple 
Ls4 shoulder joint centre 
LsS acromion 
M beneath nose 
Ls7 above ear 
Ls8 top of head 

Left arm A 
&Cl shoulder join! centre 
Lul mid-arm 
La2 elbow joint centrc 
Lu3 maximum forearm perimeter 
Lu4 wrisl joint cen(rc 
La5 base of thumb 
Lo6 knuckles 
La7 fingernails 

tcrt leg J 
LJQ hip joint cCntre 
Ljl crotch 
Lj2 mid-thigh 
fj3 knee joint antre 
Lj4 maximum calf perimeter 
LjS ankle joint antre 
Lj6 hal 
Lj7 arch 
Lj8 ball 
LJ~ toe nails 

height h. Formulae for the inertia parameters of a 
semi-ellipsoid are listed in standard enginkring texts 
(e.g. Meriam, 1971). 

Segmentation 
The body segments are sectioned into 40 solids by 

planes perpendicular to the longitudinal axes of the 
segments (Fig. 4). The levels at which the segments arc 
sectioned are given in Table 1. 

The levels Lsi (i = 0.8) section the torso S into eight 
solids si (i = I,@ where the solid si is bounded by the 
levtls Lsi and Ls(i - I). The left arm A and right arm 

B are each sectioned into seven solids oi and bi 
(i = 1.7) while the left leg J and right leg K are each 
sectioned into nine solids ji and ki (i = 1.9). 

The 11 segments of the simulation model of aerial 
movement described in Part IV of this series (Yeadon 
et ul., 1989) comprise the solids listed in Table 2. 

For each segment the mass, location of mass ccntrc. 
principal moments of inertia about the mass ccntre 
and distance between joint ccntrcs are calculated. It is 
assumed that the solids comprising a segment have 
coincident longitudinal axes. The values for the left 
and right limbs arc then averaged since the simulation 
model is designed to have symmetrical inertia values 
(Ycadon et al., 1989). 

Measurements 

The levels in Table I are measured using anthro- 
pometric calipers so that the heights of the 40 solids 
can be calculated. At each level the perimeter is meas- 
ured using a measuring tape. At the shoulder level Ls4 
of the torso a depth measurement is taken since it is 

Table 2. 

Segment Symbol Solids 

Chest-head C s4, 55. s6. s7. st 
Thorax T s3 
Pelvis P sl. s2 
Lefl upper arm A, al. a2 
Left forearm-hand AI a3. a4. US, u6. a7 
Right upper arm B, hl, b2 
Right forearm-hand B1 b3. b4. bS. h6. b7 
L&C thigh J, 
Left shank-foot 

/L/2,13 
J, 

Right thigh K, 
14. $.,16.rki8. ~9 

Right shank-foot KZ k4. kS. i6, i7. k8, k9 

Fig. 4. Sectioning of the torso S. left arm A, right arm B. lcrt 
leg J and right leg K into 40 solids. 

11–20 segments / 40 solids

Uses ‘stadium’ shapes

95 measurements

Yeadon (1990) “The simulation of
aerial movement—II. A mathematical
inertia model of the human body”
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Above/right: geometrically-accurate rendering
of Hatze’s body segments (Matlab).

Left: comparison of reference to calculated data.
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