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An Automated System for Evaluating the Possible
Low Back Injuries in Manual Material
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An Automated System for Evaluating the
Possible Low Back Injuries in Manual
Material Handling Task

Abstract

It has been proven that manual material handling (MMH) task is one of the
main risk factors that cause chronic low back pain. The purpose of this study is to
develop an automated computer system for evaluating the possible low back injries
in manual material handling tasks,

The key idea of this system is to use computer vision technique to automati-
cally assess the posture in the process of performing manual material handling
tasks. The system can calculate the strains exerted in low back and different joints
based on the anthropometric data and the biomechanical models. Then, the system
can indicate the worst element during the manual material handling job cycle, and
the disc compressive force compare with the specific damge load and compressive
strength to predict the possible injury occurence. Finally, some recommendations of
correct material handling or lifting posture are given.

The system has two computer interfaces design. One is for the beginner in the
dialogue form and the other is for expert in the menu form. The system is written
in C Language and image processing libraries, biomechanical models, and anthro-
pometric data base are built in the system. These will be very useful for future de-

velopment.

Key words: Manual Material Handling, Chronic Low Back Pain, Anthropometry,

Computer Vision, Image Processing.
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F—fh HARIATHEMEREH

A T H1¥} %8 (Manual Material Handling, ffi8 MMH) T {EE #3TF B 25
€14 T & EE#49E (Chronic Low Back Pain) fYF EHFE 2 — o {BiEvwR gd@nfb 4 &
ME#S  HilESELZZT2BAALIYHEE - RBHEEANE0-80%MAE
BEE THEE L (Andersson 1976) - FRBENH O T Z 2009 TEFIMEE
= FREMBE - BB 75 Z 50-60 ERFHEGE (Troup, 1965 - LLERER » £
FRTHBBEET ENZIBL (BEBFEMABKABLE) #5300 8ES (Na-
tion Safety Council, 1972-84) - HEAEEME T EBEPE =22 —FINS 2 —H
MMH B EHR » SHE ANETF » WEHEEGERME - RSP R
KERATYRRENHETSNCHMBER  AMMHBEZHEERZEE
o ZARNARIRAE (RAKL #1993 ) » “EVHMENEEARYEGS
LKL FRYHIBERNZFIBE -

Hei@#ar 5% BRERITRE - £ %8 - S HESH.OEESuEY
& e

1T & (Epidemiological Approach) B fEiE 5 — Bk B8 H L B HIB
ERFAERE - 2 BSUREM LRI LFHE T LB EE > i
LAFER] -

%1 &% (Biomechanical Approach) 5 7E 8 & (E ¥ R B xLEEE)
B ERP IR E B REFIRE I R » WA A/ S T G542 -

4 I§ 8233 (Physiological Approach) & (%5 3E HLUMENESBEESHE R
) A P AT - WRIRATE R0 R KB AR R E GBI a s A

L EYE 8% (Psychophysical Approach) & 7EIF TR 8 BYIIEF MR L & 5
MR RIRBREB (OO E R EEAGRE O MY HEFI B B E 1) 5% R ERG
(S=KI')) k, n BHEH -

BAETE RN AAMEEBT  MESCHE - BRERR » EinE
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B — (AR EE S MBNERTRGARS A EMEES - Bl
A NS FED  HRBESENYHE  BFRENRERE > DEEREER
BB EEENEERE SR IERE - UL BEINEERE -
Ff LA Kumar(1992) R T ER & & HEATE 715 DFEEIRIFRIBEE T ©

4oL HEEMNEE  2REANMMER RSN - BECHGEY
BURIEE - FEARBFER X ELUEYHENER  RHE-REBER - TEE
BETBEN -

2o WMESHKBEAHY

ETENELT  RBB KA - BEOME  NEMMGEHE A TYREE
TR A T A A LAY S5 AT+ 75 T A TR T R4 (Interverte-
bra) disc) + A ECRE L5/S1 + B A IV B HE SR A 26 1 T S0 PG (4508 AT B
7 o

ERRARB TS T > SIEBLEYHE TERBESGRY  BE
STRURRHVE 7 4 KB 5 B R R GE TR MR EIR  HRE T %
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ANSEERS S - AFAOAREIAEREEEFRINE ERDES
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3. i BER BRI

ARifEETFIE A EAES—EHER R EEHNTE - FUS
AEFFEEER  ARMBRAENER - -~ ERRESVEEFRAZY
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F_E THHFMEEN

ARG STE E EMERETIRE - BRI SR AAREHE o
% —#  Chaffin B X

Chaffin (1984) FHE R 2 2D BRI h R A (UK IEH o H7Y 1969 B H R MR
AR EE AN FE BB ER PR E £ R BE D B B UIHIRAGR - M HAHAZ A - H
BEEREE HEIET R SEADT ¢

P,= 10" {43 — .36( 8", + 0'1)(M} ) (1.1)

8+ 0= 180 —HERE KBRS E RNz A - P 2R MEEN
BB BEKRRME mm-Hy) » PAZHBEAMES I0ZXRKE &/ B0 (GEE
L AR EP. 2ETHRBEE #l: 0%+ 61K 120 ) = PoX 0.01333
B BEE/ AL (Nem® )F= P.*465 B{y S4-08 ( 465 5B A fE (om®
)) 0 My BERRES (hip) FTEEEATIEE -

HEAZEBEBUEBEHIRZRHE L  EEBHAAAFELMNE T FIHE
RIRERERNDTFH MG RS THEBZELHH ) - TEMAER  #i2
LAL5/S1SBEREE » EERTHEIFEEAS » QBIORMERH 2T -

3 Mg = 0= bimgu.) + himgs) — DIFL) — E{Fy,) = 0 (1.2)
3 Femp= 0= sin o mg,.+ sin o mg— Fa+ Fy— Fc=0 (1.3)
3 Fawe™ 0=bcos & Mg, oS & M s — Fs= 0 {1.4)

mg. 2 L5/SIUEZ L¥GER ) mg T EEYZER FLEEFZIHE
MZER A » FoZL5/S1 _LATESHIEE S (Compression Force) *+ Fg& L5/S1 L
FIEE % #9997 (Shear Force) » Hih 3 {EHFER & 3@KRHB (Fy, Fc, Fo) + FF LI
ALACKIS FEAF 2 - (ZE[E2.1)
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2.1 Chaffin 5 1¢

% FishERX

Fish (1948){ X Z7EA EAVEREF - EREE T » TB2DFFEHER - =
HALTFERREEERAER 284 AFLIHEBREHEHE -

X, = 0.1010Lsin O, (2.1)
%, = 0.2337Lsin O, + 0.0827Lsin 9, {2.2)
x,= 0.2337Lsin O, + 0.1896Lsin 8, + 0.1907Lsin G, (2.3)
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xy= 0.2337Lsin O, + 0.1896Lsin 8, + 0.1907sin O, (2.4)

FCSZS—S(O.SGSMX] + 0.062Mx, + 0.050Mx, + Wx.) (2.5)
F.sin O
_ . FesinO. 2.6)
tand = E s 0, + 0.531M + W {
_ besin 0,
sin ¢

MEAIFEIHE LRLFEEZAEE WEFEEWZEE > REXTYIH
EAERERT  x REHBIEEPLCEL/SIZ KR  x, X B2 B8 D[
ZELE/S1ZACTRERE » <, RATE 2B R E LS/S1 2R TR » <, RIS E
L5/S1 27k FIEHE - F.EWHZHEIZERN (2EE22) - 25 BIEHET
BFEMER 2.6 IL5/SIBEER - BIFrE B I8 R HHE 24 Tl
P ATLUERR A MR 2 BT BT - BIFT RN A S € %5 R (ER AR NIA
B e 2.NRBVKFEMER NS SN F KRR o

%«

0.062M
0.050M

X4

[& 2.2 Fish #x%



% =8 Morris 5

Morris(1961) (ISR JF 2 — AL BB D r X - FIEARER 4R K3 A [H]
Fr Chaffin * H%Z EHISEIATEEMKRS

p : BEER ( RERREE ) FREEARIEE S - A, B H{ERMABEHE®E - m ¢
M ENATE SN - A, : EERIERAMNERERE (2EE2.23 ) -

Xy

2.3 Morris fR 7,

F,=pA.— mA, (3.1)
W.x,+ Wox,+ F,a,— F
11Xy 21Xz 19, 23E F, (3.3)
a;
Rcos B= W, + W,+ F,+ (F,— F,)cos 3.3
Rsin 8 = (F,— F,)son {3.4)
Rsin 8 - (Fy— Fypsin
= tan B =
Rcos 3 W, + W,+ F,+ (F,— F,)ecos

R= (F3_" Fz)Sin X
sin 3




Zvafp £
Bejiani(1984) 3% + 15— MATSA (A A B H S ) BMILEH U,

VEEEMS N - (AEEERALRE EETATEENES - KPREEMNERD
BHIEFIME - £ THRNZNERME 2.4 :

Q}

[B 2.4 Bejjani #i:X(1)

F. =¥ B2 {EH ) (Erector Spinae Force)
Le=®BBEUIHERN LY/ ZHEE

W =004 - B A LI E R
Lv={FRANL4/Ls ZHE &

P =RNLER

L= {EAR LY/ Z hBE
To=REIZ B IER N

Cy= B J) (Compression Force)



Sy = 297) (Shear Force)

Fe= (W X Lu+P XL,}/L,
Cp= W cos o +Pcos ¢ +F:
Sp= W;sin @ +Psin

o= CTTe

KR BHERAY sz K 1E S a0l 2.5:

B 2.5 Bejjani ()

W, =AM ERES B

L.= W (ERMNERE 2 HhE R

W,=AKEZER W,=-FEIER

L, =W EARNBHAGZHER

Fo= B IUEEH (Quadriceps) & fEF }J

Lo=L,= La= F,, P, W.(FRARGRIEZ HER
T=BHEZRIERD

Cv=FRRIENZ B  Sv=BHEZh
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1 (—PXL,+ W.XLy— WyXLy+ WXL
F(_g:_j'x — (4.5)
LQ
g = Wet Wyt ZWT+--P’ X (—cos( ¥ + 8 (4.7)
JK=,/-CK—2+S_Kz (4.8)
% A ﬁﬁ Leskinen 1 =,
Leskinen(1983) X Z/E :p ENREIR X » HR F—RIESEHME B4 L EH M

R OB TFHFERMINEE  BFLUBEEETEAZOERL (2
#IE 2.6)

g X
b : J.
X e
Fsx IE Fey
- —— e
i 2y \ 1
a,, I Shoulder /Sy Yy
«— .
Y Fm | a1x<_n Y‘
. Y | a
Yo 1__/ m, ¢ Vg Ly
Fbx ‘<—7' — M a,
L5/81
2 v
Foy e

9.6 Leskinen f& 7\

Fo = ma,+ may,’ (5.1)
F, =m{g+a,)+mig+a,) (5.2)
T, =myg+a)x,+ma,y,+mig+a)x' + m%a“y'rlj_l, o ¢ (5.3}

m =B HE

m, =FHIERECER:
ai,, a;, = B EY) KT SR DN
ay, a, = | BEBET 2 /KT B S R DA A S



g =HHIEE:

X.,y, = M50 E BRI Z K F BB A

X',y = HBE I ERRE 2 E B PO E BRI 2 R Bl e PR
I, =85 1EEEscEHEER
o, =R 1R 2 AhER S

F,. = F.+m.a, (5.4)
F, = F,+m,(g+a,) (5.5)
T, =T, +F,x.+F., ,+mig+ax,+may,+1d, (h.6)
F., =T,/0.05 (5 7)
F, =F,+F.%n¢ =+ Fycos ¢ (58

b 2 ACTFRIERERATIK Z A

% S5 B Schultz B &,

Schultz(1981) #2 3 2 B AR AR #& V) iy 10 SEATLA AT IE R AR S » 2B 3-D R
o HepHH 13EMEHE - BURRD - BB - THEB IR I% - (&
R D@ 2.7 FrR
=(L,—L)sin v + S,
F, = (,+ L)sin 83— (X + X,)sin § + S,
=C+P—(E+E)—R+R)I)—(I,+T,Jecos B— (L,+ L.Jcos ¥ {X,+ X,)
cos O
=y (EL+E)—-Y.R+R)+y,pt yvi{L i+ Licos ¥ — y.{I,+ I,)cos B3
+ (X, + X,)cos & }
M,=x.(E.—EJ+ x,(R,— R+ x,(L,— Ljcos ¥ + x,{(I, — I,)cos B + (X,
— XJeos 8 }
M, = v, (L, 5. bidsinmad, X {([, — I)sin 8 — (X, ~ X)sin § }
VL ERAT R 2 A TR e PO BLE R N/ x, v, z S =AHBRE « 70
W AR FER IR R B AR R A
(DR IR « e S IELA R B A (R 1T - LIRS RIE R -
Qe INGER - B R B H RIS R -



