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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

The purpose of this part of ISO 2631 is to define a method of quantifying whole-body vibration containing
multiple shocks in relation to human health. Examples of conditions that result in vibration containing multiple
shocks include, but are not limited to, machinery travelling over rough surfaces, small boats in rough sea,
aircraft in buffeting, presses and mechanical hammers.

Advgrse effects on the lumbar spine are the dominating health risks of long-term exposure| to vibration
containing multiple shocks. Therefore, this part of 1ISO 2631 is basically concerned with(the I[bmbar spine
resppnse. Annex A provides guidance on assessment of adverse health effects.

The jassessment method described in this part of ISO 2631 is based on the predicted response of the bony
vertgbral endplate (hard tissue) in an individual who is in good physical condition(with no evidemnce of spinal
pathplogy and who is maintaining an upright unsupported posture. However, the assessment [method and
related models described in this part of ISO 2631 have not been epidemiologically validated.

Anngx A provides guidance on assessment of health effects of multiple shocks. Annex B discussgs the effects
of multiple shocks and the posture on the intervertebral disc (soft tissue). Annex C gives infornation on the
background of the calculation of spinal response in the verticatydirection (z-direction). Annex D includes a
software calibration check and an example of a computor program that can be used for the calcylation of the
vibrgtion dose.

© 1SO 2004 - All rights reserved \
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Mechanical vibration and shock — Evaluation of human
exposure to whole-body vibration —

Part 5:
Method for evaluation of vibration containing multiple shocks
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part of ISO 2631 addresses human exposure to mechanical multiple shocks measured at

adverse health effects of prolonged exposure to vibration that,includes multiple shocks a

calculation of the lumbar spine response described in<this part of ISO 2631 assumes tha
sure. Different postures can result in different responses in the spine.

imitations of the lumbar spine response models’used in this part of ISO 2631 are given in 5.
ssary when applying the method to extreme,shock conditions.

Normative references

following referenced documents are indispensable for the application of this documen
ences, only the edition(cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

D041, Vibration ahdyshock — Vocabulary

P631-1:1997, <Mechanical vibration and shock — Evaluation of human exposure to
tion — Part,1: General requirements

6805, \Mechanical vibration and shock — Human exposure — Vocabulary

he seat pad

re related to

measures. The method described in this part of ISO 2631 is generally applicable in cases where adverse
health effects in the lumbar spine are concerned.

t the person
at during the

D. Caution is

. For dated
referenced

whole-body

3 Terms and definitions, symbols and subscripts

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041 and ISO 5805 apply.
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3.2 Symbols and subscripts

3.21 Symbols

acceleration

A peak acceleration

c constant

D acceleration dose
f frequency

m dosg coefficient

R factgr

s displacement

S compressive stress
t time

u modgl acceleration term
v velogity

w, W modegl coefficients
¢ critical damping ratio

angylar frequency

3.2.2 Subscripts

d daily} as in duration of daily exposure 4

e equiyalent, as in equivalent static compressive stress S,
i, ] courter

k counter (x, y or z)

I lumbar

m meagpured, as in measurement period ¢,

n natufal, as in natural-frequency f,

S seat

u ultimiate, as_in‘ultimate stress S|,

x,y,z reference axes

4 Vibration measurement

Vibration measurement, including the direction of measurement, location of transducers, duration of
measurement, and reporting of vibration conditions, shall follow the requirements included in ISO 2631-1:1997,
Clause 5. See also I1SO 8041 for instrumentation specification, and ISO 10326-1 for information on the
location of measurements on the seat and on design of the seat pad. During data collection, the subject shall
remain seated and belted and shall not voluntarily rise from the seat.

For measurement of vibration including multiple shocks, it is important that the sign of acceleration signals
(positive, negative) is correctly recorded.

2 © ISO 2004 — All rights reserved
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The sampling rate for the x- and y-directions shall be appropriated to the analysis of an 80 Hz signal. Because
of the requirements associated with the z-direction model, a sampling rate in the z-direction that is a multiple of
160 samples per second is recommended.

The duration of the measurement shall be sufficient to ensure that the multiple shocks are typical of the
exposures that are being assessed.

Miner fatigue

z-directions
c axes. Two

and complex,

e-degree-of-

f motion of a

5 Determination of the spinal response acceleration dose
5.1 —General
The determination of the spinal response acceleration dose involves the following steps:
— Falculation of the human response of the spine;
— pounting of number and magnitudes of peaks;
— ralculation of an acceleration dose by application of a dose model relatedto the Palmgren-|
heory.
5.2 | Computation of spinal response
5.2.1 General
Predjctive models are used to estimate the lumbar spine‘accelerations (aj,, 4, a;,) in the x-, y- anq
in regponse to accelerations measured at the seat pad (ag,, dsy, ag,) along the same basicentri
such models are provided below.
NOTE Other models than those given below faor-calculation of the spinal response, often more refined
are used and developed in research. This is important for further development and should be encouraged.
5.2.4 Spinal response in horizontal directions (x-axis or y-axis)
In the x- and y-axes, the spinal _response is approximately linear and is represented by a sing
freeqom (SDOF) lumped-parameter model, having the following characteristics:
— patural frequency,f;,=2,125 Hz (@, = 13,35 s71);
—  pritical dampihg-ratio, = 0,22.
The Jumbar_spine response, gy, in metres per second squared, is calculated from the equation o
SDQF system:
{0 ~ [ Ny \
UE\T= 25 On\vsk Ik /T On\Sst STk /
where

k is x or y;

sgr and s, are the displacement time histories in the seat and in the spine;

vgr and v, are the velocity time histories in the seat and in the spine.

(1)

The values for the SDOF resonance frequency and damping ratio given above, result in the following values
for the multipliers in Equation (1): 2 ¢ @, = 5,87 s~1 and w,% =178s72.

© 1SO 2004 - All rights reserved
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5.2.3 Spinal response in vertical direction (z-axis)

In the z-direction, the spinal response is non-linear and is represented by a recurrent neural network model.

The basis for this modelling technique is discussed in Annex C. Lumbar spine z-axis acceleration, g, in
metres per second squared, is predicted using the following equations:

7
ap(t)= Y Wu; (t)+Wg
i=1

uj(t)z

The model ¢
data collects

The values t

NOTE T
neural networ

(@)

i=1

4 12
fanh | D" wja,(t—i)+ D wyas,(t—i+4)+ w3
i=5

Table 1 — z-axis model coefficients for Equation (2)

oefficients in Equations (2) and (3) are specific to a sampling rate of 160 per second. Therg
d at a different sampling rate shall be resampled to 160 samples per second.

D be used for I7; in Equation (2) and w;; in Equation (3) are given in Tables-1 and 2.

ne degree of precision indicated by the number of digits in the figures in_Tables 1 and 2 is related f
k technology and should not be taken as an indication of an extremely.high accuracy in the assessment|

()

fore,

o the

, W, Wy W, W We Wy We
57,96539 52,32773 49,78227 53,16885 56,02619 | —27,79550 | 72,34446 21,51959
Table 2 — z-axis model'coefficients for Equation (3)

1 2 3 4 5 6 7

Wi 0,00130 0,01841 -0,00336 0,01471 0,00174 0,00137 0,00145

2 —0,00646 —-0,00565 -0,00539 0,01544 -0,00542 0,00381 0,00497

3 —0,00091 =0,02073 0,00708 —-0,00091 0,00255 -0,00216 0,01001

4 0,00898 -0,02626 0,00438 —-0,00595 -0,00774 -0,00034 0,01283
W 0,00201 0,00579 0,00330 —-0,00065 | -0,00459 -0,00417 —-0,00468
e 0,00158 0,00859 0,00166 0,00490 —-0,00546 0,00057 -0,00797
i 74 0,00361 0,00490 0,00452 0,00079 -0,00604 -0,00638 —-0,00529
Wig 0,00167 —0,00098 0,00743 0,00795 -0,01095 0,00627 —-0,00341
Wig -0,00078 —-0,00261 0,00771 0,00600 —-0,00908 0,00504 0,00135
W10 —-0,00405 -0,00210 0,00520 0,00176 —0,00465 -0,00198 0,00451
Wi11 -0,00563 0,00218 -0,00105 0,00195 0,00296 -0,00190 0,00306
Wi12 -0,00372 0,00037 —-0,00045 -0,00197 0,00289 —-0,00448 0,00216
Wi13 —-0,31088 —0,95883 -0,67105 0,14423 0,04063 0,07029 1,03300

© ISO 2004 — All rights reserved
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Calculation of acceleration dose

The acceleration dose, D;, in metres per second squared, in the k-direction is defined as

16
6
Dy = {ZAI'/{}
i

where

(4)

A pe

4 iatlo th £ 4L 1 4 L)
lk 1o UrG 7 PUG[\ v une ICO}JUI o0C AuULTICTauuvuli MI k\L},

k= x,yorz.

ak is defined here as the maximum absolute value of the response acceleration between two|

zero
z-dir
Sev

crossings. For the x- and y-directions, peaks in positive and negative directions’shall be cou
ction, only positive peaks shall be counted (compression of the spine is of primary interest

ity).

In calculating the dose, peaks of a considerably lower (by a factor of<thtree or more) magnitu

high
and

bst peak will not significantly contribute to the value associated with the 6th power term in
may therefore be neglected.

For assessment of health effects, it is useful to determine the average daily dose, D,4, in metres

squg

where

Equd
Whe
doss

red, to which a person will be exposed, using the followihg equation:

L Ve
d
Dq =Dy L—}

m

4 is the duration of the daily exposure;
' is the period over whicli B}, has been measured.

tion (5) may be used when the total daily exposure can be represented by a single measure
h the daily vibration.eéxposure consists of two or more () periods of different magnitudes, the
, in metres per secand squared, for the total daily exposure shall be calculated as follows:

1/6

)6 Ldj
Did = Zijt '
=1 my

consecutive
hted. For the
for exposure

de than the
Equation (4)

per second

®)

ment period.
acceleration

(6)

wher

e

lg; is the duration of the daily exposure to condition j;

t

5.4

mj is the period over which Dy, has been measured.

Flowchart for calculation of the acceleration dose

The procedure for calculation of the acceleration dose is illustrated by the flowchart in Figure 1.

Guid

ance for development of programs for calculation of response and dose is given in Annex D.

© 1SO 2004 - All rights reserved
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Measurement of vibration in the k = x or y: use the linear
seat, a,, (), k =x,yorz SDOF model, Equation (1)
Calculation of the response, a,, (f)
Identification of peak values, k = z: use the non-linear
A model, Equations (2) and (3)

Calculation of acceleration dose D
and D4, Equations (4), (5) and (6)

Figure 1 — Flowchart for acceleration dose calculation

5.5 Relatjonship between acceleration dose and adverse health effects

Guidance op assessment of the adverse health effects from.the knowledge of the acceleration dosg for
multiple shogks is given in Annex A. The response calculations as given in this part of ISO 2631 are related to
the prediction of the response of the bony vertebral endplate~(hard tissue). Effects of multiple shocks anfl the
posture on the intervertebral disc (soft tissue) are discussédin Annex B.

6 © ISO 2004 — All rights reserved
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Annex A
(informative)

Guidance for assessment of health effects of multiple shocks

Relationship between acceleration dose and health effects

guidance applies to people in normal health who are regularly exposed to vibration contai
ks. Individuals with previous disorders affecting the spine, including those suffering
bporosis or other spinal disorders, may be more susceptible to injury. The gujdance in
P631 applies to rectilinear x-, y- and z-basicentric axes of the human body. It, does not a
nitude single-event shocks such as may result from a traffic accident that causes-trauma.

time may result in adverse health effects, arising from material fatigde,processes. Essenti
bd factors are the number and magnitudes of peak compression in¢the spine. The peak co
pine is affected by anthropometric data (body mass, size of endplates) and posture.

rse health effects of long-term whole-body multiple-shock{exposure includes an increase
I lumbar spine and the connected nervous system of the segments affected. Excessive mech|

bsses in the lumbar segments. Multiple-shock and vibration exposure may also wo

genous pathological disturbances of the spine.

rimental data show that the value of the Palmgren-Miner exponent varies with biological tis
odology from 5 to 14 for cortical and trabéecular bone to 20 for cartilage. For the purpose
rse health effects, a conservative exponent of 6 has been selected here.

relationship between the predicted pressure changes and the predicted total tolerance of
bn can be used to assess thewpotential of an adverse health effect. The predicted response is
bral endplate (hard tissue). The assessment is based on upright posture. A bending forwar
ire is likely to increase the-adverse health effect.

pffects of posture and“multiple shocks on intervertebral discs (soft tissue) are discussed in An|

Assessment of health effects

se of\a biomechanical model, based on experimental data, it has been shown that ther

ning multiple
from latent
this part of
bply to high-

assumed that multiple shocks cause transient pressure changes at the umbar vertebral endplates that

al exposure-
mpression in

H risk to the
anical stress

br disturbances of the nutrition of and diffusion to théddisc tissue may contribute to the degenerative

rsen certain

he evaluation of the effects of internal pressure changes, the Palmgren-Miner approach is applied.

sue and test
bf estimating

the exposed
5 of the bony
d or twisting

nex B.

B is a linear
acceleration

onship between the part of compressive stress that is due to the input shocks and the peak

resp

H 4l H A H ] + atot: H 4 Q. H ] H ] latal
UTToT T UTC SPITIC. AT TUYUITVAITTIL olallL CUTTIPTTOOIVE olIToo, A)e, LLIL} |||cyapa°bal°, 1o Ldariuidicyu

L

Se

2

=Xz

(mka)6]

where D, is the acceleration dose in the k-direction.
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Recommended values of m, are
m, = 0,015 MPa/(m/s?)
m, = 0,035 MPa/(m/s2)
m, = 0,032 MPa/(m/s?)

The daily equivalent static compression dose, Sy, is obtained from Equation (A.1) by normalizing D, to the
acceleration dose D, 4 for the average daily exposure time using Equation (6):

1/6
Sed:[ Z (mkad)6] A.2)

k=x,y,2
In general, @ factor R can be defined for use in the assessment of the adverse health-effects related tp the

human resppnse acceleration dose. R should be calculated sequentially taking inte~acCount increased age
(and reduced strength) as the exposure time increases. It is defined as follows:

6
n A 1/6
R=| D Sed N A.3)
L Sui—¢C

i=

N is the number of exposure days per year;

i isthe year counter;

n s the number of years of exposure;

c is g constant representing the static stress due to gravitational force;

S

ui s the ultimate strength of the'lumbar spine for a person of age (b + i) years;
b is the age at which the exposure starts.

A value of c = 0,25 MPa can'be normally used for driving posture.

The value S|; varies with the bone density of the vertebrae, which normally is reduced with age. From in}vitro
studies, the following relationship between S,;; (in megapascals) and b + i (in years) has been derived:

S,; = 6,#5—6;666-(b—+} A.4)
There is a significant human variability and R < 0,8 indicates a low probability of an adverse health effect;
R > 1,2 indicates a high probability of an adverse health effect.

A sequential calculation according to Equation (A.3) for a person who starts being exposed at the age of
20 years (b = 20) will reach R =0,8 at the age of 65 (n =45) if the daily dose Sy is equal to 0,5 MPa. The
same person will reach R = 1,2 at the age of 65 if the daily dose Sy is equal to 0,8 MPa. This calculation is
based on 240 days of equal exposure (N) per year. For application to another number of days of exposure per
year, the appropriate Sy limits are achieved by multiplying the values 0,5 MPa and 0,8 MPa by (240/N)1/6.

NOTE When more experience of use of this part of ISO 2631 has been gained, comparison between these S 4
values and existing experience of adverse effects of long-term exposure may justify a re-evaluation of the values.

8 © ISO 2004 — All rights reserved
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The procedure for assessment of adverse health effects from the acceleration dose is illustrated by the
flowchart in Figure A.1.

Acceleration dose D

Normalizing to the acceleration dose D4
for the average daily exposure time using
Equation (5)

Calculation of the daily equivalent static
compression dose Sy
using Equation (A.2)

Calculation of

factor R
using
Equation (A.3)
Assessment of adverse health Assessment of adverse health
effect at n years of exposure effect at lifetime expogure
R below 0,8: low probability of an Sq below? 0,5 MPa: low probability gf an
adverse health effect adverse health effect
R above 1,2: high probability ofan S.q above? 0,8 MPa: high probability of an
adverse health effect adverse health effect

the number of days of expoesure per year is significantly different from 240, the figure shall be| multiplied by
(R40/N)16,

Figure A.1 — Flowchart for assessment of adverse health effects
from vibration containing multiple shocks

A.3| Example of assessment of adverse health effects

Meagurements have been made for a period of 2,5 min on the seat pad at the operator’s seat of an off-road
machine during travelling.

The response in the spine is calculated using Equations (1), (2) and (3). Figure A.2 shows the input and
responses in the x-direction for the time period between 75 s and 80 s.

© 1SO 2004 - All rights reserved 9
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LIl | Il’ I 1
_2 _2 v v \
-3 | -3
-4 -4
_5 | | | | _5 | | | |
75 16 ki 78 79 80 75 76 11 78 79 80
Accelerations|ay,, |, are in metres per second squared.
Time ¢ is in sgconds.
Figure A.2 — x-axis acceleration input and lumbar response for the time period from 75 s to 80 s
In order to dalculate the dose according to Equation (4), the absoglute acceleration values of the positivg and
negative peaks in the x- and y-axes response and the acceleration values of the positive peaks in the z-axis
response ar¢ determined.
The dose vdlues over the 2,5 min record are calculated, by taking the 6t root of the sum of the 6th power of
the peaks. Tlhe results are:
Dx’ 2’5m n = 8,6 m/32
Dy‘ 2‘5m n = 13,6 |T]/S2
DZ, 2,5min = 7,2 m/52
Assume thal the record of the)acceleration time history is representative of the conditions to which the driyer is
subjected, and that the_exposure lasts, on the average, a period of 30 min per workday. The average |daily
dose is then|according-ta Equation (5):
D.4=8P (30/2;5)1/6 = 13,0 m/s2
D,q=13,6 (30/2,5)""° = 20,6 m/s*

D,q=17,2(30/2,5)16 = 10,9 m/s?

From Equation (A.2) the equivalent daily static compressive stress is calculated:

Seq = [(0,015 x 13,0)8 + (0,035 x 20,66 + (0,032 x 10,9)6]"/6 = 0,72 MPa

The results indicate a moderate adverse health effect (0,56 MPa < S, < 0,8 MPa) for a person who is exposed
to these conditions during the whole working life.

10
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Annex B
(informative)

Effects of multiple shocks and of posture in the lumbar spi

ne

The intervertebral disc, and paraspinal ligaments and muscles (soft tissue) can be at risk of injury in multiple
mechanical shock environments for the following reasons, which have been documented.

e)

f)

Refd

The seated posture can be mechanically stressful on the disc.

Different postures can change the way the body responds to multiple loads, inconsistent wi
constraints.

oads.

The intervertebral motion segment depends on the proper functioning of the neuromus
system for active and passive stabilization, and therefore to prevent/buckling.

mpact can be uncomfortable and can be considered an_ unexpected, sudden load and
bvercompensating response in the trunk muscles.

mpact, especially following multiple load exposure, may trigger a buckling event in the mof

rences relating to the posture and soft tissue are’given in the Bibliography.

h the model

The intervertebral disc can change internal pressure, soften, tear and/or buckle with exposure to multiple

cular control

leads to an

ion segment

Hue to an inability of the neuromuscular control systém to respond fast enough in a coordinatg¢d fashion.

© 1SO 2004 - All rights reserved
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Annex C
(informative)

Recurrent artificial neural network used to model the lumbar acceleration

response to z-axis multiple shocks

Experimental data have shown that linear models of lumbar acceleration response result in underestimation of

the respons
modelling a
model the lu
a person wh

An artificial
input-output
elements or|
inputs.

Information
network ouf

D is seated in an upright relaxed posture with no back support.

data [see Equations (2) and (3)]. The structure consists of a number of intereonnected proce

pbout the system is encoded in the connection weights, w;

put consists of a linear summation of the weighted outputs of.thé processing elements. An

has connections which feed back delayed outputs a (¢ — i) as inputs to/the’ network. Thus, the inputs t

network con
(a,). Since €
infinite impu

The RNN fo
to 40 Hz. As

very output is a function of all the previous inputs and outputs, an RNN is essentially a non-|
se response filter.

the z-axis was trained using vibration and shocks'in the range of —20 m/s2 to 40 m/s2 and 0
the model is non-linear, this constitutes the range of applicability of this part of ISO 2631.

pproach will yield a more accurate result. A recurrent artificial neural network (RNN) is-Usé
Imbar acceleration response to z-axis accelerations applied at the seat. The response i§ basg

neural network is a computational algorithm that can model an unknown system based ¢

neurons. Each neuron produces an output, u]-(t), that is a non-linear function of its weig
;, through a training algorithm,

sist of delayed samples of the system input (seat acceleration, ag,) and delayed network ou

inear
ed to
d on

n its
5sing
hted

The
RNN
b the
tputs
near

5 Hz
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Annex D
(informative)

Development of programs for calculation of response and dose

D.1 General

The galculation of the response acceleration, g, from recorded acceleration time histories, ag. infthe x- and y-
diredtions can be handled by any program having facilities for shock spectrum calculations. |There is no
stanglard program which does the calculation in the z-direction, but such a program can-easily be developed
using various standard mathematical programs as basis. An example of a code written for MATLAB® is given
in D.BY). Another alternative is the freeware SCILAB, which includes a translator.

D.2| Software calibration check

An gxample that can be used for calibration check of the software“is presented below. The input seat
acceleration, ag(¢), in all three directions is a piecewise function<{Consisting of six line segments. Each line
segment is represented by a linear function, ag(¢) = ¢4 t + c,. Theécoefficients ¢4 and ¢, are given |n Table D.1.
Calcplation of the lumbar spine response should produce the résponses shown in Figure D.1.

Table D.1 — Calibration signal line segments

Segment No. “ €2 Range of ¢
m/s3 m/s2 s
1 A 0 0<1<0,05
2 J 2 0,05<7<0,2
3 —20 6 02<:<04
4 0 -2 04<r<05
% 40 -22 0,5<t<055
6 0 0 0,55 <1< 2

1) MATLAB® is an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 2631 and does not constitute an endorsement by ISO of this product.

© ISO 2004 — Al rights reserved 13
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Figure D.1 (continued)
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Figure D.1 — Software calibration function and expected responses
computed by the software, showing key peak values

D.3| Example of a code written for MATLAB®

D.3.1 General
The response calculations in the x- and y=directions use a filter technique. The functions a and b gre related to
the gamping O =1/(2 {) with { being'‘the critical damping ratio, natural frequency «, = 2n.f, ahd sampling
freqyency fsampie @s follows:

=[1, -2 cos(B) -exp(—4);exp(-2 A4)]
h = [1 — exp(—A) -sin(B)/B, 2 exp(-A) -sin(B)/B — cos(B), exp(-2 A) — exp(-4) -sin(B)/B]
whete

1 = 0,/(20) fsample

B = a)r1/fsample'sqrt(1 -1/(2 0)?)

In the program below, the values of a and b correspond to the natural frequency f,=2,125Hz
(0,=13,35 s~ 1), the critical damping ratio ¢=0,22 and the sampling frequency fsample:160 Hz. The
computer program is written for an input acceleration that is sampled at 160 samples per second but the
calculations in the x- and y-directions can be made with another sampling rate (higher than 160 samples per
second) by changing the a and b values in the program accordingly.

For the response calculation in the z-direction, the process follows directly from the formulae. In the z-direction
a sampling rate of 160 samples per second is a requirement for correct results (see 5.2.3). If sampling has
been made with another sampling rate, a resampling shall be made before entering the Zfile value. This can
be made in MATLAB with the command Zfile=resample(z,160,f) where z is the record sampled with the
frequency f.
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The program code shall be copied or written into a MATLAB editor and saved as four separate functions.
Open the MATLAB Command Window and type edit to enter the code. The lines initiated by % may be left out
(this is the MATLAB comment/help text).

The four functions shall be saved separately with the filenames SpineAcc, SpineAccXY, SpineAccZ and
CountPeaks and with the extension .m. The files shall be saved in a directory that has to be created under
C:\...\Matlab\Toolbox\ and that is preferably called SpineAcc.

The directory C:\...\Matlab\Toolbox\SpineAcc must then be associated with MATLAB. Open MATLAB and
double-click on the Path Browser (the icon with the file structure). From the menu of the Path Browser,
choose Path and then Add to path. Use the browser to find the directory SpineAcc, and click OK.

The code is

Wwritten for MATLAB® 5.0 and later versions.

D.3.2 Input data

As input dat
contain the
input data c3

h, an ASCII file with the extension .txt, and with two columns shall be used. The-first column
ime data, and the second column shall contain the measured acceleration |in the seat, ag;
n be placed under any directory, since the path is given in the function call.

D.3.3 Output data

As output d

pta, one file for each calculated direction will be created under the same directory as the

data. The oytput file names will be the same as the input file names;.but with addition of _al. In the las

and second
MATLAB, by

D.3.4 Fung

The comma
calculations,

SpineA

and press e
are the inpu
i.e. inside t
measureme
two of the
filename.

The functiorn
calling the s

EXAMPLE

t the figures are not saved.

ttion calls (commands to start the calculation)

nds for starting the calculations are entered in the MATLAB Command Window. To star
open the MATLAB Command Window,jtype the command:

cc(path,xfile,yfile,zfile);
hter. The path to the directery~under which the input files are placed is path; xfile, yfile and
wo apostrophs (*'). Fhe first file in the command will be interpreted as the file with

lirections are not_being calculated, an empty string, '’, is entered in the call, instead o

SpineAcc ‘calculates acceleration responses and doses in all three directions (x, y and
Ibfunctions’SpineAccXY, SpineAccZ and Count Peaks. This is done automatically.

Mp1x.txt, Mpl

shall
The

nput
row

column, the calculated dose values Dy, are listed. The‘output data is also plotted immediately in

t the

Zfile

file names with the extensjon .txt left out. The path and the file names shall be given as strings,

the

nts in the x-direction;thé second with the y-direction and the third with the z-direction. If ope or

f the

) by

Bamed

If the input data is placed under C:\Documents\ and the input files for the three directions are n

Hytxt and Mp1z.txt, the function call is:

SpineAcc('C:\Documents\','Mp1x','Mp1y','Mp1z');

To calculate only the x- and the z-directions, the function call is:

SpineAcc('C:\Documents\','Mp1x

16

Mp1z');
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D.3.5 Program code (in MATLAB®)

function SpineAcc (path,xfile,yfile,zfile)

%SpineAcc: Calculates the human response of the spine, alx, aly and alz, and also Dx, Dy and Dz,

% from acceleration measurements in the seat.

Y%path: Directory in which the measurement files are located.

Y%xfile, yfile, or zfile: ASCII file with a time vector in the first column and the measurement result in the x-, y- or
% z-direction, asx, asy, or asz, in the second column.

%If any of the filenames is given as an empty string ' ', calculations will not be performed in that direction.

% sybfunction calls

if xfile ~''

Figure (1)

1f

pineAccXY (path,xfile, 'x');
end
if yfile ~''

Figure (2)

1 f

pineAccXY (path,yfile, 'y');
end
if gfile ~"'

Figure (3)

1f

pineAccZ (path,zfile);
end

fun¢tion SpineAccXY (path,file, XorY)

%SpineAccXY: Calculates the human response of the spine, alx, aly, Dx and Dy from acceleratign
% measurements in the seat, The result is stored in the file file_al.txt, along with the time
vector.

%lodd input file
as=load ([path, file, '.txt'S)h;

%separation of input time data-and measurement data
time¢=as(:,1);
as=4s(:,2);

%calculation of al(t)
a=[1,-1.9571¥5,0.963949];
b=[0.0192752,0.00433451,-0.0167763];
al=filtéwrltb,a,as);

—

%callLthe function CountPeaks tao calculate Dk
Dk=CountPeaks (al, XorY) ;

%plot the result

plot (time,al)

title(file)

legend (['D',XorY,"' = ',num2str(Dk)],1)

%add the time column to the calculated response and the calculated value Dk to the last row and second
%column

al=[time,al;0 Dk];

eval (['save',path, file,' al.txt al -ascii -tabs'])
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function SpineAccZ (path,zfile)

%SpineAccZ:  Calculates the human response of the spine, alz and Dz from acceleration measurements in
% the seat. The result is stored in the file zfile_al.txt, along with the time vector.

Y%path: Directory in which the measurement files are located.

%Zfile: ASCII file with a time vector in the first column and the measurement result, asz, in the

%

second column.

%load input file

asz=load(
(['"save',

[path,zfile, '.txt']);
path,file, ' al.txt alz -ascii -tabs'])

Y%separation

time=asz (J:

asz=asz(:

%extension
asz=[0;0;

%preallocati
alz=zeros
x=zeros (1

%constants
w=[0.0013
-0.006406
-0.00091
.00898
.00201
.00158
.00361
.00167
.00078
.00405
.00563
.00372
.31088

o O O

W=[57.965

%calculation
for t=(9:
for j=

x (t

+w (

x(t

-p.02626 0.00438 -0.00595 -0.00774 -0.0Q0034

of input time data and measurement data
;1)
r 2);

bf asz with 8 samples
0;0;0;0;0;0;asz];

pn of memory
(size(asz));
ength (asz), 7) ;

0 0.01841 -0.00336 0.01471 0.00174 0.00137
-0.00565 -0.00539 0.01544 -0.00542 0.0038%
-0.02073 0.00708 -0.00091 0.00255 -0.00246

.00145;
.00497;
.01001;
0.01283;
.00579 0.00330 -0.00065 -0.00459 -0-00417 -0.00468;
.00859 0.00166 0.00490 -0.00546 0480057 -0.00797;

.00490 0.00452 0.00079 -0.00604,<0.00638 -0.00529;

0.00098 0.00743 0.00795 -0.0109% 0.00627 -0.00341;
-0.00261 0.00771 0.00600 -0-,00908 0.00504 0.00135;
-0.00210 0.00520 0.00176 #£0400465 -0.00198 0.00451;
0.00218 -0.00105 0.00195°0.00296 -0.00190 0.00306;
0.00037 -0.00045 -0.006397 0.00289 -0.00448 0.00216;
-0.95883 -0.67105 0.14423 0.04063 0.07029 1.033007];

o OO0

39 52.32773 49./78227 53.16885 56.02619 -27.79550 72.34446, 21.51959];
of alz(t)

length (asz)A-;

1 :7

L, j)=sum{alz (t-1:-1:t-4) .*w(1l:4,3))+sum(asz(t-1:-1:t-8) .*w(5:12,7))
13, j O

) 3 =tanh (x(t,J));

end

alz (t)=

end
alz=alz (9

sum(W(1l:7) .*x(t,1:7))+W(8);

:length(asz));

%ocall the function CountPeaks to calculate Dz
Dz=CountPeaks (alz, 'z");

%plot the result in figure 3

plot (time

,alz)

title(zfile)

legend ([

18

'Dz

', num2str (Dz)],1)
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