
43-8

. 43 ·7

4 3· 14

....n H. Ambrose

43.1 Introduction

Advanced Measurement
Methods in Mining

H I I", rod""'io" ", __ , _._ _ _H · l
43.l Und" " . nd iog ' he M i~ F-nv ironm. nt ._. 43_2
43,l "M<o.ur; ns" in ,II<Min. Envir<>nm"'" 43 -l
4l .4 Coptn'ing Hom an Motion _ _. 41_4
US DHM T.d mol"llT Application . in Mini ng . ,.", n ·?
4l, 6 U.ingDHM 10[krict Motion . nd

Beh.vio, Vorl, hon .
43.7 U.in gDHM to On","min. Sub~'

~np<><>~ and R..ch En~lope•• .
T.., "-,....I5ubje<1 Mo-e....." • E.....,... Il<p«'b.n
ofT... Tr;,.I• • Cop' "" Q••h' yD>u r""" T..,
Suo;..:" • M".." .... Roopon.. Tim<.

4J.6 Vi" u, 1H um.n Vi.ion , , 4.1·9
Vi>"", eo Vi<wi"llA,... • LI of S,6h,
• Vol....." 000 t..<".....

43,9 Usi ng IJHM l<> Ch" oc,.ri.. Ma<hin. 0<.i80' and
Cont rols of Min ing Equipment .. 43·12
M"d".. Af'I'<'Ul.o. Sr-!' • M..h T",.min.
~ • M«h.>"".I ... ,... El<ct,,,,,., "",,,.,k
c.m,,.. . M,n,nl s-,..rm o...;~n,"nd P""«ln",,

4J .l0 f.' gnnomk. An.ly'i. V'ing OH M to 111""..,<
MOle,ial Handling in th o Mine Environm.nt
li~'"I"nd W"lkingStf<$S " ..Il"" • Sp;",,11.<>acl A"al, ti,
f.. 101"""'.. Opt""n,, • _"''''0<1.'''1101"..,..,,1 " "nd;; nl
~_.

43,11 Chno' ingth. Righ t DH M .\.ofl nd Motion
C. pture Hard Sy"em, ... 4 l -16

4' .12 Looki ng to tho Fut u,," , ".... 43 -17
43,13 Mini ng Term• .,_ _ _._ 43_1 7
Rd<'<ncn ,_.................................... 43· 18

..,ing and proce ..ing e.rth'. m't...i. l, form ,11< !>uk building bloch from which many tech nologi.
M.aclvan«m.nu and pwd;;oto are mad<. Virtually all m<t. llk ond non·m. tollk p,od uc" .... der ived
__ a ,ubotanee found in our •.,th 'hat "'" bl.nd . mo ld•••lrud•• 0' pul...i,. in'o oornething u«ful,

"mining ind u"'Y i, n:'r<'n"ble for the fi fit >Ie;> of thi, p'oce.., ..t ' a<IWnfrom ,he ground, M ining.
,,"ieulu ly coa l mining_r<',e. 'ignilieant d,"" In both hunun. and mach;n... A. TOW materi.l, .r<

4 3_1





&rts.strive h mi-'' pmtedticra rrsulthq id h e a l t h  m h ~ s  and X& m h .  f i e  
taLsnby the mbhg.hht ' y  h m  validity h.my id- c ~ ~ t d  with tlx h&h.ad 

# safety, i.ndmtrU cqiettid&.ksibin~ 

~ 6 . ~  by i.#&ting t h t h d  &,by 
 gat d#@ d#d qUpmat aab w k f k c  

wncem inhenat to f i e , W & . . d  vmrkbip in ,a r n t x . @ 4 d  
1 t&aabm'h.dufrfd &tgW&q&~ to 

a m . l n h m t b n  from h & , m w  a b i U t k  -ta- 
tht ~ b a  ~EMMIKE, ~*d,even emircumem in 

themhem op& A d q t b t e , ~ . ~ i q g , h m  Mdj& orhmtd* mrdrenhm tdd~gfcmrnin- 
ns, m~st.t& htn ascmnt new t tchddwl  -:as h e  idpgfw a#vnaca, Rdmi mtep 

LB imp~rtaPf rnk.31 umtr&ng lnifYh& &&p@ mdatad'trdn- 

timain as important as, if rat more h. tbe 





Mot ion. partioularly human motion. i. vny <ubj..,tive. Th_ or< 'ubtlrl... in human motion that.
motion trac king .yst.m will d<1<Ct. bot. humm • ..,., willl1Ot. u'ing tl'Odition.1 ky from••nim.tion
t..,hniquo, . Motion capmf< 'Y'lm:l' provid< an .cCUtot., <onveniont••nd quantit>.tive . ' .....m. nt of
fun<tion. hy providing oompa"tive Of .b.olu'. motion m'''un'men l•.

Sp«i.li.t<! DHM .imulation . nd an.lysi. 0011",... som.hm., iopochg.d with • mohon c.pturing
softw". module, pr""iding.n interf". to a motion cap'ur< .y".m. The r<,u lt i,. "ther compelling
...... r<h tool. Each "nso<'" ... n<rt;ve m.rh-r on ••uhj<el t"n,f." d't. through a motion ,"ptur< 'Y'­
tern into . DHM oo!two<' <rIvi ronment. BoI h th o position. nd orion,.t ion of..ch ""..".or ' lrock<d . nd
mopp<d to • • irtuol hum.n "'i' b . prod.fint<! figur<. • nohl ing tho virtu.l hum.n to mimic tho motion,
ofth. to., ,uh;":t. which c.n bo ..""d fm futu...nalr';" If the connoction bot...,." ,b . mo,ion caP'u,.
'Y"em ."d the DHM '011",... ouprom it. compu..' -gen.....d obj«t>, oucll ••• virtual human. move
in ,..1 tim. ", ith the ...I_life .ubj<et. Th..<fOf<, investigators un ob..rve r<ol-lime ...ul.. 00 tho vi,­
tu.1 di.play. pruviding imtont ioform.tion th .. <an >ignific.ntly .ugm.nt th...po'im""t. Such DHM
.imul.tioo h.. bo.n u.od at PRL to oonduo t • d~.i l.d mi~ ..ioo of low.. h.ck mnvem.nt arid mUKk
JI ....o, virtu.1 human joi'" infurmahon. mu.<cJ. 51 fmm hond In.ding mining m. ...I.l • • nd body
p.rt "rongth . Thi5 <b. pt.. npJoru th ... investigaboo, in furth.. d,to il ;~ I."r ><eli""o,

PRt uk> two prim.ry 'YP<' of whol.-body motion c.ptu.. 'ystem,. ,Iectramagn<t'< .nd apricol
Both typn or. quickly hocomi ng standards io the movi. produeti<ln, . u' omobi l. , . nd military R&D
commun itie, fu, Cl• • hng .nd >tudying an im. ted m,~ion. of choract trS (and on tho Hollywood ,id<, for
crea'ing 1p<Cial ell",,!», Thrr< .t< pr"" and CO"O l<> both tyre"

PRJ:. el«trnm.gn.tie motion <'plu...yst.m, u.. ,..h....MOt< aU. ch<d tu the tut ,ub]""t. which
then movo ,..ithin.n d ...tr"",a gI1<tic fi. ld cr..tod by . t... mmin.... Th.....n,or, pkk up ohang.. In ' he
.I",,'rom.gn..hc l>eld . nd ,h . cotresponding po'i'ion. 0" fed to . oontroller oon~""ted '0 . comput..
work.t.lioo tb.l procesS« tho motions in ..a l time. Th. eloctmm'gnetic ,)"S"m h.. no po"ibility of
blocked or occlud<d m.rk.". tho..by .n"",·j~g r..l-'ime motiun pro<eo.sing.rid in" .nt.n<ou> play­
bock of c.ptured d.ta.

S..n;~g up.n cl<ctrom.gn<tiC mo,ion <. pt uro .ystem i. n't vory oomplie...d. but it i.< particul.rly

"",itiv. '0 m.t.1, including stool .upport col umn. or b..m•. """l-,.i~fn".d cone .." floors. o""rhcad
ligbt hou.ing<, m.tanic "~ud. in ...11>, fil;~g eobinOl•• • II<! so on, In .ddltion, cle<:trom.g~<tic .ystem.
wod ,,"st in "". ll.. p.,.formanco .rea. u.ing ,10"'" dat>. m ... which Hmi" c.pturing f• •, mution.
and motion. in • brood opa«. Cobl. hor"e",", i" h<f<ut with PRL', el<ctmm .gn<tk . yst. m, c.u pO'"

probl.m for mo" athletic test mo,io11>. ooJ Con un iotcntiOtl .lIy . nag 00 st.tioo..y obj«lS within tho
tnt field . Compoo:d ' 0 'n optico) .y".m. <I.Olrom'gner\c .y.I<m. typi...lly ..qUire Ie.. ... 'up tim< .nd
. .. "'0" cost etr.oti"".

PRL'. opti<>! motion aptu...y".m "-"'" ..lketi"" mark." .ttache d to a t. st .ubj<et, who io thtrl
digi tally filmed ",ith ,podol high'T<oolution Inf,ared <amen< . nd on i~fnnd ligh t SOU"•. Th. digi.
li..d inf",mation I«d.< i~'o . computor workst.tion 'h.t oo~tmh th. "",ieal tracking ' Y" m:I and
r<cord. tho mot ion• . Th. markers pr""idc two -dimcn>ion.1 point> fur e. ..h <am.". wbt<h tho motion
oaptu .. soft....... t,anol.t.. to thr«-dim""''''''''1 ~",l;no'<1,Sigoific.n' proc."ing power i. ",quir«!
10 re-'OJve two-dim.n,i""al cam.,.. data '0 lhree ·d im"" rioo. l motlons dot., poMibly <au.ing in..a~t
pl.yback to bo,iddk<l with occlud.d m.rka.., If t<st .ubjects gOltoo do.. or m.rk.,. ov,rIap, it could
confound the ooft",·.",. To combo' th ••• i"""., a ne",.. f,otur< of "",ti"n C'ptu.. softw." technology
i.< biom<chank.1 in telliS<rIC<. whi<h "k.nows" tho hum.~ body .~d <.n comp<n.... . utomatic.lly whrn
ocelu.ion occur<. Thi, ollow. r...l_lim. motion pwc..oinS of ca ptu", d dOl. ,"d io" o" tonoouo pl.ybock
tbrough DIlM >o1I,...r<,

li nli k. thei , <!<etmmagnetic counto,part. optkal .yst..... a llow un.ru:umberod mohon fm alarg.
number of marker> in. r.idy largo ' po' ''' , . nd a r< uoalf<e..d by met.I•. Fo, ,nmpl., it', po"ihl. to
trad< multipio ,ub""'" ..ch with SO ><noorsatt.ch.d, in a 900 'qu.", foot .re•. noti~g th .. ' re' a"d
accuracy . ro dir<etly ..l.t«! to tho "umber of. ond pooiboning of. cam.... aod in frand light source&.
Of oou"e, ,",up t im. i. ty pj<olIy mO'" time con,ummg for opti«1 .ys"m., .ilowing for ...m".





moYing min. m.chin.",'h.. c.n intlu.nco Ih. induotryst.nd.rd f."., 'p«i~emachin.'. ground 'p«d,
Thi' growingda'.b....willb<in'.grated wrth DHMmOlioneop'u ..d. .. . nd mKb.in. m<>d.b .".cou r.'e1y
., mu!a,. ,he <>pero'", w",xi ng. "''' nd ••p«i~c moehin<,and predict probabl. impoct inc id.n'. 'h",ugh
""muon d<1<cti<>n. Aoo,h..n<whuman . ubj<ct,.., (Kwitcww & DuCar",., 20(7)fu,ni,b<d moven><nU
from 12 "p<'i.n<<d ",inn. ,h.. will h.]p nhd.,. molion.tbot <","«'Cdy mimic a machin. oper.,or
controlling the bori.on..] motion of.n .pp<ndag. from . ,oofball.. machin. (fig. 43,S). Further u" of
tbia d. '.l.... wi' h DHM will .umine low bock .......xp<ri.n«d by ,!leo< rnuhi". opet"o.. du 'ing
thi>taok.

43.5 DHM T echnology Applica tions in Mining

Thi' ",,"ptn b.. olre.dy <o,.r.h,!t<'d ,t>< U"iquo and .......e .nvi",nmen'ol c""difiom in which min...
p<rf",m. EllYironm."'.] ...... and ""riction.., particularly ,he ..,'rie'ed veTli,,1wm-hpoc< in many
unde.-ground coal min.., make min ing one uf ,he moot difficult ;nd","iol.nvirnnmen" in which '0
m, k< rety.nd he.lth 'mpm""",."'" 5'udying ,b. inleroc.ion I><'.....n p«>pl< .nd ,I><ir '""ronm.,,,,
reprd l of,1>< induotry, I' ntiol,o det«mining cousa]fact"" behiM f.taliti., . nd iujun....nd in
d<veIuping ""n'rob 'u help pr nt 'hem, Thi. 5«.i"" . ugg..,. m<th,>d. for "'ing DH M. '0 und.rs,.M
.Dd sol... hum.n·m.chine ;nteractions.

In"""iga'o .. mu" b<di...."ing wi,h DHM d.,o. Thry mu" ..fra,n from 8"".,.';ng mM<do.. 'h.n
ne«Ied, 0' rud nI"" from ,I>< d...~ ,h.n wh.. tbe m,>del and rimulatio'" _ .. dnign«! '0 dclNcr.
Thomodel .. only . , good ., ,I>< .ylt em il deflO<O; c....in paromet." mu" I>< validaled "'i,,g reol.ub­
~••nd undago funher enhancrm"nlO '0 ,'rumHne;" .ffici.ncy. On< m.... r<memb<r ,h.t DHM
r....I1 •• r< <><Ily predic.ion. of outpu.. from ""'n.. or """di.lon . ,h., "fleet ' he ...1 world 'hrough
o v;nu.1 woeld, Witb re.l·world I"Si.tic.-.",h., 'ra",,] '0 mining ,ite• •ud co'" ' $lOCa ,ed wi.h
"p<rim.n.._oo Ionse-r a f.ctor, it',......, •.,y '0 b<com<overwl><lm<d wi,h do.. b<c.use iI'. oow poa•
•ib!< '0 g.,...... and track 00 ",uch of it. Good ......ch and intdli8<'" ""nelu,i",.. ,h., will ben.~1
induotry Of, ..rV<dby pl.nni ng .imuati"". won, ' nd )udiciou.ly "'ing tho righ' d... fo< 'M " gh' j<>h

43.6 Using DHM t o Depict Motion and Behavior Variation

Earl, DHM ",It",.,.. ,ff«h""ly portroyed "mple m"""m"" heh..io.. and buic motion., but bil«i '0
capture ,he nndon\ no'u", of human mohon. or to d.!,k' pa'h variance ","hin hum.n mnti"n, . lhe
lrey '0 deli...ring mo,ion variabih'y in DHM in"01v<d ,he """«P' of,IOCh..,-,'c ",odol,"g, hut how woo
thi.o to he """,,,pliohed ;n ,b. DHM world' Amhroo< (2001) reported , ',mple technique for rq>res<n'·
;ng.nd onal,.;"g """iOll v"i.li"". ' nd huard"u. "",nlO in a <omput<r-oimuLnod lh,«-dim.n,i.".,.1
wort<place u'ing DHM IOhwo",. Later.Ambr".. (2004) diKUued 'hi' sam. lechnique . nd detailed 'he
cDd, de'''''pmen' for 0 mDd<llh.. d."",n"rl,ed random human motion .nd I><h..", Now i' "'••
p<>Uibi. for re....che-r> tn " OOy b.zard",,_ in....chon. in ,vit1u.I.-nv;ronm.n',;n 'hi' e , uni n'<n'
tional contact I><,W«fI mining <>J'<"'''''''.nd mining mlChm...

In .n und..ground cool mine, mine.. 0.... ri.. from l><i"C "'",k by ,I>< mming m.ehin<ry d... '0
,he confined wor1<opoce, Min.... who WClrk.d around ,oof·bo!'" m"hin.. w pattic"larly ' ''K<pfibl.
'0 unintenti"nol <""'ac' ;ncid.nto,.nd ......chen "oed DHM ,,, inc...... min •oafetywhil< WUTkine
around th i. machin., In ord.. '0 df«liV<ly ..udy unint<n'ional human-machine contac" ' ho <imula·
, i" n h.d '0 account fOT rondnm nt",,,,n .nd beha.vi", "f ,h. "p<r""'.

B.... """"'n. 'nd ...ndan! deviation dat. providod rondom pa..met for ,h. op<rl,or', mOV"
m.nlO ,n ,b. random mo, ,,,n code. Each of II>< ba'ic ",,,,;,,n. provi<k<l of th ....-dimenOlonollxyz}
valu... R"ult.from motion .n""lop< .naly.., by Ba,tel. et 01. (2001) provided ..anda rd Iktiohon v.I·
UfS. Applying ,tand..d devi.hon v.I".. to b..ic m"''''n, helped rebe.. devi.. "manipulation .".}."",' 'M' uoed.,._""."tah"" .nel" and xy•. pooi.ion.] coord in '0 d.fi ... .... of final ro"""" of



TABLEtJ.l RIIll<Iom Hwd__f<J< a Roof8olt<rMadlin<

Opon«>r'»-1_Typ<

•- V<f\i<aI with V<rti<;.ol with - 1.<>1>;"1 f<>rward S.·""III•• ...rncaI4U<etion • doR'<tion . di=hon -- ~~ - •
j • • • • • • •-- (....oon,1).... , , , , , ,

• • • • • • ,-., l""itio<W • • • (,u><Iom . ) (..nolom il • (,anolomil

a ~. , (_1) ("odorn ,) (" odom y) ,- " • ,, • • (,anJornil • (.."""", .) • (....00.. "

the virtual humon, Using posibo...1~ .. . n ...",pl., J i. ",,"uol to multiplying the origi ...1• vol"" f' '''li
the bam mo,ions \>y the ".ndard d<viation v. lu. from np<Timenu on mohon ."vdopes thao mi....
• nndom numbe.-from tem to ".;c. lhe $londord dev"'i"" . alue for •. Tobin iml>e<lded into the roo/ij,

d.fined ,I>< " . ndord deviation volues, .150 called seed vuiahJ...
Guiddincs ......"obli.lied (T.ble H.I) lliot u••d mo"ipulalion values to cawe raOOom mot""",

wbieh mod. it po..ibl<for inv..til!otors to program cod. carr«dy to r«og",te the "",,;0,,'. dire<tio;.
ond how",odom <liang<" . If«t hasic motio",. Th.,. guid<!in•• al"" m.mtai".d d i'e<lional i"t,,!!Ji"
of tli< virtual human', inteo<kd Or e'Xpe<ted ba'k """iom whik pro")dmg random element' _h~
lho>< motion..

In ,on"...t to random motion>, nndom brlt.vio" w.n e.,i..- to define . A random b<h.viOf i••implf'
o ><ric> of hum an molion. thaI m imic a .pe<ifi< "lion, lnvntigators can """ " otistical informatiolit
abo'" • joob function to identify rioky -..orl<n- b<-havior with a modd through . dec,.ion algorilhm~
/m-mulal" ood de""'",i".. what b<h.vior to u.. doring the limu;',;.",

R<",lt. from th .. fOndom moli"" and behavior study u'ing DH M can prorid< incrn.M . ....."'"!'
to work.,.. ond <V'<n poIent..ny impact II>< .ngineering .nd de,ign of the ",acltin.,.y. Findi ng Ih< ri~

..,ftware tool w;,h . 11the fealure, and capahi lni.. to develop and <=ut< ,,,,,omi,ed <ompot.,. wd. 1Ol!
virlual motion. and !>ehavio" .... cribe.l to thio .ffort.

43.7 Using DHM to Determine Sub ject Response
and Reach Envelopes

D"" to a r"""',ed workipoce, m in. " often forced inlo uncomfortabl. post"'.. and enroun_
limited , ...Ii capabili ti.,. DHM ""ft h ffeclively dop;cted simp!< reopon....nd ..acbinS_
menu. But ,h. <>perol'" postures unique to op<..ti~S m..hin.. in underground """I min.. promptod.
the Bartel. <l . 1, (2001) 'ludy '0 m..,u human mOlion ""pon.. lim.' . nd mo'ion ......Iopea in ..
..."kted. environment. Human motion' COptur«! and r«Ofd«! u.ir.g . motion ' Tad ing oystem,
.. d...ribed .. ,lier in lhi. <liap"', The followin g leo""n. learned. from tl>< lIart.ls 'I .1, (200l) study
have .pplication, in .ny OHM model . nd simulolion human rt:Sporl" . nd motion <nvelope study.

43.7.1 Test No rmal Subject Movements

To ,,",p'''' for Iii. mot ion <oplure. r=rch up • mock mining envi""' llhol included .
wooden "pli" of a roof·boIter boom urn mbly (fig. ~J.6). T<>t ,ubj«,", w.,. ked to po>iti<la
thernsdno amund 'he roof boh.... tlt<y norm.lly would for diff...nt job 10..u. proViding unique
'lorling poirn dal. for <..h ~perator. lbeu dat• ...,,, u..ful in on.aly,;~g eollioion,lh.. OCCU' b<t~
"porato,".nd .n ' I'l"'ndage fmm II>< ,""fbolt.... and in examining a vui<ty of r.., h "". clop'" from
lhe losl ....\>j<m in diff.ren' wo<l,p""u....





-.liDI d DbjocIs oem, .Dd __ by II>< >in ....l hUmin. Th< foU<-;nl .1,",",,_ dua Il>u how
Yirtwol _ ... WoOd to..tn"", >airty .nd "",,lIh COD<orno """'J IDOddo .1Id ..""'~ in DHN....~
0 .8.1 Vision COD~

"'1Iom aamia'..... dalobuc d collisioas b<fWfttI.. Ill'.... and minin« m..-h ;,. app<ndo~thor _

tiplOl ...... III n>Sun "" do'" ."t"tI'.IT rd<ct ,he,..1 world.. Early in_tiphon by flo,.,.... ......
(2001)"","" I ~I<winll_ .srin«l by In 0'<'Il di''''''ri. noodci <ho.....m.«I by Hult>ln'och (19'06J,. Th;,
vi"';nsltn Iookodllk I C<>tIC ",ondi"ll f''''''' bnWftn tho yir\ ....1bumln', "1". Ilor"Is ...t (:1001,
2003) mod,,,",, tho <on<'0 dct..mi... ,he """IINI y_inl.'" fo< uniqu, IISMlnS<""d"ion. found in
under Sr<>IInd mlnin8 enYi"",.--oU. Surprioinll!Y, • 'ubied, vi,iOll '0"" wa. ,iSnifi" n'ly ",du,ed by
tho bell." . ..and..d hud hat. FiSU " 4~,e ahow, ,h. I nsular do" of lho ~ I<wh's.rn for """ mal1;ghl,
modi fied light (0.06 fl wU h cap lamp), and . ;mul,t ion (oriS;",1, ro, of ,h. vilt"al "pOI""'). Thl. "ooy
... tho".nda rd for ~;" ual human vi, ;on wi' h in an un d<rgr<>und mining env;ronmen' while oP"";" g
roof-bol«' equipm<rlt.

43.8.2 Vi.....ing All'''

l......np'on W<'n 01.., -.,cmcd wtth I vi .....llwman'• ..-, wbrn «>rUi<Iori"ll top<ntor "'>pO""
tim< to ,II< when III< opntItor~ a mewi", ob)e<tInd~ _ '" ,be...., '"it. Uoi"l ,I>< modi-
Ii«! ..;ow;"' altndy diocuao<d, ciS'" rdn-aw:. point. on ,I>< vi<-winI ""'" __ idtnIi6<d (fiI- 0.9>-
Dannel a.-blio><l....-rchon ,....d«! Ind calcull'cd III< di ...t>e<bd th<It~ poiJB
and a ' 5 .-' "",no _ ._her objoct. ouchIS. b-o .... "'. ,..,.,{b.,/o llar<rit .. II.', (2001 .:IOOll
npon_..-alidot<d tho PM"iIt tl>al: """" .-....~ '" "" rip' IIi... d,..._ .... _1M.
thor>irtwol oprn,.... <oald.n\ _ thorb<onm 'nII. from th.. ....ty DHM ,ada...., .., h<nerable ..
oddrno _ tn<kl... and m:ordlnlofobj<cu IS ...... by 1_flO-
43.8.3 Lin~ of Sigbt

1h< """inS i"""...y Wlo<holl<rlvd to d.hn••n oOo<t-br field"hisi"" to< opntItouon,«I io cobs '"
<ar1h·"",..ins <'Iu1pn><nt, wh_ ..n;,que 'p«ifle.'inno li mply -.. beyond <_WIlt"",.III... of "8h'
'nd ,""".I ....'lon .naly.;. ,,,,h niq""" {Hell. .. . 1.• 19\1I,19'061. £8"' .. at (l004. 20(5) ">«Iob",,,••­
linn >on. and """"'8' plane f. a' ur•• in OH M .. In <tf"" iv< '001 for <Volualing lin. of .iSh' in eart h­
move,... yielding impor', n' enh. no"",n" to undersroond m ini ng macitin, dellgn , Th. '",hniq". <on





by usod on any machine mmpon<nt. and invol~• • u. ing ob:lCurotion ron.. to , how regions of 'pace no<
vi,ible to lhe operator, C"""rog. IOn.. we,. g. n....od wi.h colored grid. ind ic.ting vi,ible and non·

visible ron... Sub><qu<ntequi pm.nt . nha nc. "",n" provided great.. vi'ibility 10 """.tors within the
cob of .arth-moving machin. ,.

43.8.4 Value Attention Locations

A w;r, import.nt vi.nal ..poct of min ing rrlOchin. opn.tors I' <alled valu. aneminn locati<lns (VAL),
key vi.u.l .,..• • in which miner. ennlrol and op''''' .hoir machin... 11>0 mining industry . 1", ust. 'n
. docationalaid called ·rod lOU.. ore no zon••• to help ", mo••--conlrolkd machine operator> und.r·
••• nd which . ... . ",ound their moch in.. thoy . hou ld avuid , and to ..duco tho injury ~nd f•• ~lity W<o
from miner. m.ling WIl'acl with mnyjng m><:hin... B~".b .. ~I . (2007) used DHM ~Ision tool, an<!
, urV<)' d.t. to ddln. th o VAL for op,,,at,,,, po, it ion . , tho Iogi< l><hind <homing var ious po,ilion" and
to denT>< lh. opn-atot, dir«t f""u, ~... a dnring variou' law.The ...<ult, to dOl~ provid.d pr.Jiminary
r«ontmendatioo. (or oontrol int..,w;utioru that rnh~1KO VAL. d<, ...~sing oarety ~ nd h<alth ri,iu to
m in ing ~quipmrnt 0p"",'o". In odd ilion, r~<eal'Che" plan ' 0 0.. [}HM Ulost...tlo,," to ."1,, . dopt ing
new mining t«hniqu<o .nd proudn..' ••' .....ll .. . pplying .«hooingiool ~dvan«. to equ ipm. nt to

enho-ncoVAL.

43.9 Using DHM to Charac ter ize Machine D esign s
and Contro ls of Mining,_Eoq,u""ipcm:::.:'CuCI _

A. rec~ntly a, ,he mid . t9S1l.. ooe ,hird 0(.11 coo l proouced in ,he United St.te. wa. hand I""dod.
Phy'i<al drntand' on min . wo,ketS have b<en gr~atly leduc.d primarily due to . dvonceo. in m«boni­
..tion during the «<ond b.lf of tne 20th century. l he 1'''' d"o.o.d< has '<en n.... mioin~ 1<'bnolog;..'
. ucb u remote """tm!, continuous ho-ulage.yst<m•• and ~utomat.d equip"",nt. However. the physi­
cal dem.nd, on mlnetS ... main , ign;ncon, . Hum.n-<rnt.rod d<>ign principlts haw; be<n min imal a,.
new eqUipmen' . nd new te, hnologi.. in th. mining indus try h. ve ,"rfooed, .. recognlud by Ambrose
(2000.aand b. 2003). Ambrose .. a i, (200Sb), C<>rn.h~. and Turin (20010 . nd b). Comeliu, et . 1.(200k~
.n<! Steiner e• • !- ( 998).

Op..-ating .quipmenl at the min" fa", the point of co. i • • tract ion. i, on" of tho "'0'1 funda"",ntal '
. n<! ridy elemrnt<of und<rground mining, It i. peT'l'orrntd in ... 'trio.ed WOTk<pO(~. with redu«d vi. ·
ibllit y. Studying ...f~ . nd health is,u .. ,ulrounding (ac~ equ ipmen t I• • xtr<rnely «)ntplex . FoeeeqUip­
ment, ,u,h as ,oofholt." .nd wntinuo"' min ing mach in••• •rt not on ly d. ngeron, whtn p<rformi ng
ta .... ~t lhe face. hut 01..., when movin~ from one t~<k ,il. to tho next . 1he.< machine< pose ,ignifu:'n~

d.ngers to both 'be momi"" 0p<t"o" ond their helper>. putting hum.n. in ....kward po,turr:, for,
tosk, .nd requ iring fu, reaction. ' 0 avoid being wud: Ot pinch. d by moving eqn ipm<Iltand m.mint
. ppenda ge•. Sin« it'. neith..- fe..ible nor e.hicollO u.. hman , ubject' to di«c.Iy ""oluate facto" .hot.
precipitote ,U<b inio, i.. in ,he field or in lal>olO'o'Y <Xp<rim. nt>, th ... m",hin. d.sign . nd con trol.
pca" i« (Un,em, or. being .dd,~•..,. by ..... ",he.. with .be help of DliM

43.'1.1 M..~hinl' App.,ndaliOl' Spee ds

Roof.bolter op<r.tor> in undergrouod cool mi n•• haw; • high incideru:e rot< of being str",k by.he roof
bolte r'. drilling boom (fig, H .10I. often ....ult ing in ..,iou. injury 0' f"ality (MSHA. 1994). Ambrose;
(2003), and Ambro.. <t al. (2005a and b) o<od mOlion analy. i, d.la and DHM to 1n~1;7~ . ccident ri,ti
of m;n . .. work log wi.h ...,.,f holt,... manipulotin8 Le;' facto" th.l in fluenced ioiuri., in<Juding ,ht
ap<.d o( the ...,.,f-OOI,., boom. boom dlr«hon. ytrticll 'pK< constraint> . nd work postu,.., 0"",",
,or loc. tion, op<ratot ,ize" and h.nd I"" itioni ng l><h••iors when operating th e roof OOllor. The mOSf



V"""' .......nl
.... ,,;!h 'pM"
,01....... ","nco

~

Spoor" R.f<"nto polo' /

Fl G\l RE 0.10 A vltwof. DHM mi......vi",n,.....' wilh0 roo/·boI,.. modol , . d v;"~,L OP<""""

inn""n' i. 1 "..ioble in <ou'ing • m uck.by inciden' wu boom .p«d. O~",,'o" working in 0 more
..",ict<d • ..,;c.l work. poc., in which an upright po.ition was "'" pn<.ible, expe'ience<! g'''' ''
",""k_by ,i.ks lhon 01"'"''''' . bl. ,,, moinlOin.n up,lghl !,<,,'un:. Likewi.., lorger 01"""'''' W<'re"
S...t.. risk <omp.r«! ' 0 ,,·.....S••iud opcn'"". Thi. in"""is "ion id<nlifi<d ,II< ..ft" boom.pn<!
p"rom.t<r' for voryinS """ieol worhpocn .nd ope....' or ' i....

43.9.2 Machine Tramming Speeds

In I""viou, !l udi.., Ambr<ne (2001, 2003) "mul.,.d.n 01""",0'-" b.h.vi<rr . nd "",<hi n. m",ion In
occur".ly pred i<l . nd id<nliff h.zard" otod 0>«1 th.. inform.lion ,,, f"rm .. fe d..ign por.mete" for
m ining "Juipm. nt. B. "eJ.. et 01. «ooa)<"mbin.d ,"nticm captur<d", ond DHM . imul. t ion, ,,, g, th..
" ,,,<k.hl' . nd p' n,h<d .by data mi ng colli, ;on d<t<Olion ft ' lUre, of DHM . Thi, wj]] d<t<rmi", ..f..
workp l", I'''''ilion, .nd ..fe t..mm ing <p<ed<for . «m, inoou' mining m«hin. (fig, 4ll l), one o(lhe
m<>$1 ha.ic .nd dangoro". pi «;<' ofund.rground mining <quipm<nt. PHM <imuLa;;"n. 1<1 re rch...
IIud)' mull ;pi. ,"vironm.nt. and virlo.l h"mo", in dilftring <,:<n" io. that would b. haz dou, and
""tprohihiti"" in n<k1"nd;e•.

43.9.3 Mechanical versus Elect ronic Joystick Controls

In low·mof (01", ca lk<! low .com height) mining <ond il;"",,, mine n "'pen.no< injuri.. from Kpeli­
live molion , '0 ,h. i, wri"', <Ibow., and ,"""uld<n whil, in d:ff.."", work 1"'''''''' su,h •• kll«ling



1 ADHM mime envhmmmt with Fontinmps r n h  maJ andvirrd cpmtw. 

im m e  ar both knees. Eq'srurt to thtst and 8MiLr s t m x m  is a f cipc for. 
dm. Using DHM simdatim, m a s e  et d (2007) p d i i k d  j d t  mommt a 
the iigM wt*, dbmvs, and & m l h  droolbolter optratom while using ektmnk and m 
jaystfck controls. A8 expected, e l e m i r :  j w i c k  contmh ~ i g d h t d y  dncd jctint .m 
h e  mmpmd ts rumhand joystick mads.  Usfn~ PHM in this s iudyfec ih~d  the 
q p m  d - t y  l& an quipment wperam. Despite hs findings, DHM d m  must ~ t i a  
In real-world situations &mu& an ephkmiological ctssessraeot ofequipmmlt opergtmb in 
aramppk, dapite  the physlalagkal bm&s d a n  elcctrorricdy controlled joysti& it brm 

t h s  "M" of the mtchankal joystick fedbackto safelpand &ciently handle thr m a d i n e .  

43-9.4 Mlning'~~stem Designs and Procednres 
In PpIand's mining Lndustry, most W g  accident6 Q 

af f a t a l l t i e s ' o c ~ g  in & p m d  ma1 mhm mound 
the V.S. m h i q  industry, rhe majority afaccidn& 0c.c 

wlth thebalance occurring in s& h c s .  DPdtk al. 

ttfy tecbnid r& in standard M i ~ h  mining q s t u n s  {long 
ods to A c e  rn dimhate tbo$c rhks. DHM dm 
&re rnisirrg machine ~ m w  were d u r e  
changes earl7 ip the dnign process, a d p i h t  econntn 

account, m&~ and r n ~ n m h t u r ~ s  d d p e d a  r e a M c p k h m  dbath 
human behavlar. .htmtial m 8 c b  operator mismkes 
d & p  a d o r  mining pmcadws. 

43.10 Ergwr,mics Analysis: Using D m  to Illustrate 
Matmial Handing in the Mine En*omat 

pmvul$htmGd,  minerx enwutttcrr!kydal ~ ~ a y ( d ~  mshidms that in3 
c&Pad w-, n e c m i i t X t i r t g m  pstrrre& wtirkiiig in muddy ar wct B ~ p r  wndition~-, 
s u r e  to hi@ 1-h Ofwhale-body vibration, and p d k m i n g a i p i m  heavy mamud work. EWs ioj - 
h m  handling materib in undeqr~und mines c d m  m post a mejnr safety ctmcem 
ous mechamized aids, Patton ct a1 f o n d  that the mh of mkrials-hprrdlfng injuries 



the second most Ulmmon injur y in underground coal min,,_ Ear];er studi.. by G.llagher <1 ~l (l997a
and bj devek>ped rem mmendalions fo r manuallilrmg ta, k. in underground mining, and <X.mined the
effec'" of posture on miner's bsck <trength while kn<eling and stand ing. Thdollowing DHM appUW ion.
iIlua!rate th is <nabling technology u.n ""cophonal .....ar<h tool lh.. profou nd ly change<! ergonom ics
. n. ly= method. for studying 1"", back i"u.. in m ine workers_

43. 10.1 Lift ing and Walking Suess Analysis

One of the m'jot contr;hutors to j"",er bsck d isorde" in any environment ;' .i mpiy iJfling thing" Proper
body J'O-'ture and keeping ohjects " th, pro per p roximity to th, OOdy help rc<iuc< lower bock strain when
Hiring ot h.ndling objects_ PRL used DHM an imalion, to tra in mine work..... on proper liftin g and cor­
rying po>!u",._Th, DHM ca rr ied.n . verage lo.d fo" mi""" repr..ent<d by 40 pound v;ire-me;h, in
• ",",Iery of typkal undtTj;round mini ng " , nario._Tn, "")«live w., to ma ke min. work' " . w. re of
proper l>ody puSlu re when lifting, and to instruct m in, work,,, to k, ep lo. d, d o.. to their bo,l;., when
lifting or b~ ndling load, . A DHM', wa'chdog footure of lhe low back an.ly.i. was appli,d and chang<d
colo" to show when for<eson the lower back increaoed(red) Of de"• .,e<! (y<llowOr green).

43.10.2 Spinal Load Analysis for Machine Operators

Ambrose '" . 1. (2004) eff""ti vely me<! DHM. to ,v.luat, the "",,, ity of mu,d . r« rudmen' and . pinal
load. while opOTatiog a rO<Jfbolter in d iffecent work pu<lu",s . nd min, se.m h,igh" , Re...rehen gen­
er..e<! • datab... conla jo ing U /L5 .pinal joint and b.ck mu,des by proce..ing c~plu... d mo tion. from
test >Ubj«'" "sing IJHM. l hey lh<n an.l,..,ed th< variance of tho fo r"' . '" bend ing mome nt, for bot b
'tand ing . nd kn<d ing po", ur... u.ing max imum ",lu" for .pin . 1foreos . od mom."", .nd ,";matro
musc l, fo" .. from 10 t runk muscles, The ,esul" . howed that an operator'x forward ~ndin g moment
in<=o.... ' ign ificant ly from a . tanding PO" "", while the comp..... ion fo" e . nd tr unk mu.d• • ctiv­
ity were greater from th e kn.eling po.ture (fig. 43.12). DHM. in knee ling I"'-'t u... . demo nstrated an
incre.,ed forward bending momont, '" i>ting moment. compr." ion fOTCe, and trunk mu"le acti,"ity for
l.t.",l movemen" . nd extended tor$O in • 4,-inoh .e~m height v,rsu. a SO_ inch ..am height.

Thi. r...arch I.d the w. y foc Ambros. and Co le (2005) to ",alu.' . con trol int,,,en:ioo. with DHM.
th at redu <ed the severit y of mu,d. recruitment and .p;ne lo.d. for ",of- bolt.. opewo," in diff. ...nt
J'O-'t u re, and ...m hej~ht. _ Th i. study ill,,"'....the benefits of u, ing DHM to e";m . te ' pin. llo. d. for
e<juipment operators ",ing wh.t-;f scen..ios 'hat con tr." hum.n mot ion in the ""rkplo« with control

FIGURE H .n IIlu",," ;"" of forw. rd bending ",,,,['" ,'ng • ". nd in~ " ork po.ttl,.. ond a h «l!ng wor"

pos'ure
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43.11 CHooshg the Right DHM Softwxte and 
Motion Captnre Hardware Systems. 

- . - . . . . - - 7 

Finding the i i * . s o h  tad with &.the 
r;& fra virtual m&& mid b h h s  is 
t.o&.piciv@a~mduct w~ch'avimralhum 
~ k ' ~ a ~  ta hdp 
k'pdmt in e ~ ~ l ~ p l a n a ~ n ~ a f ~ ~ ~  

to ccmmplid~ the task 3 
mnsamlsg, eqxsidf 
jab h&ed COTWE*, m t i ~ n  aflurc mms 
.'and wdy h m  one m d a p  captum 
ppkd urn iutmhce [GUI] appliadod~ rhm a 
withput the naed to write end tmph e m p h  cad 

With b & n g  opticms, chw&h~hi& DHM and mation capture sys 
is na eacasytzsk herd factah WiIl trdp determine 

arere+ti.mc Ifme ~Ib&gfarhigh-+munce e n h a  
needs 8 w i ~ h 9  vtbn. that wiJIlimitch?jcts.as~d~ While motion 
qtkd sysam.6 arc &mitebin rhe hi&~.price Ensure that w 

h any one D m e  the. 
sofrware.andmdon caprue qskm kr r .&st & 
thk Ievm, so i f 3  w d h  d i l l &  

Add-on mdnlex and dmkm d ~ b l e  Prlrh DHM md motion C U ~ C  could ~~ 
resmr&r m . r c h t i k  Haw an qmkncedvemhrarrepresatdve give you a 



mo,t import . nt d.ci>io n-m.king aid, and giw:. 0 '" ".l-u..r p"r>pec t iv<and ,x/"cien,.-v<ry h.lpful

if you buy tbe ... me DH M Or motion capt u", 'Y'tem ,
MoSl vrndor. p,...>V ide init i.ltr.ining wh"" the prod ",t .rrives, . nd technicol . upport i< u<u.lly

f", e for th. fir<! ye.r. Ext""dln g t<chn ical ,upport l. wi.e. and it ', 01", recommended to >Uk tr oin ing
. ft.,- one h.. 0 ,h.nce to 'play' with the produ<t, whioh m.y incu r addi,ion.l co"" hul in many c....
u wmth the <~pen"" If one i• • ble '0mend . dd itional t raini ng for the product, ta" .pecific problem"
qu<stions, and issue. 1m- d i,ou"ion, use th<m •• <xampb t<J proctice n 'w fe..~.... ', Ta" full od". ntog<
olthe inst ructor, who should . 1.0 play 0 <omult,nt m le ' 0 d a" p<lr tldp.nts dming tho tra ining.

Maintaining ye.r1y ,upport . nd mainten.nce contT.m u.u.lIy ind ud.. updat.. to the v<ndor' , sofi­
ware or firmwa". Annual .upport and maintena nco cborg" u.u. lly <urn' • • 0'" packa ge. but oo:;<••i~n­
ally a w:ndor will offerdilfe.... nt packag" to coverlimit<d ,uppo rt ,,<d, at a lo" .. r cost, Th<r' 0" pl.n'y
of .upport guru, OU' ,here. Look for one tho' provid., the h. " , uppo rt . nd expl.m' i" u" and . n ,w. "
qu" tio n, p.t;ently and tboroughly with in a " ..on. bl. r" pom< tim e vi. td<jl hon<, em. n, or in per,on.

Computer pl.tform••nd networking . r<: important in the d., ign of m age if one intend . to .h. "
DHM and jn~tion cap ture lia n... and data ~l<> . Regardl« " both 'y"""" nquire very I..ge computer
",on ge 'Pa"" . nd l.rg< data.str<aming n••d" It'. ro<ommend. d that one ",lee' «ientific workst ations
with . p..d, "otage, var ious m.dia_record in gc.p'biliti«, and variom port< and ,1"" '0 bandle plug-in•
• nd "" p.n,inn needs

Att.nding conf.....""« th.t di.cu," ond add,." DIIM tech nology i. on ...:eUent "",urce to learn
and share inform.tion . U, uall y. vendors of DHM IOft",a.. aod In<ltion (.ptur. 'y,t.m. attend con f,, ·
. ne« ",i,h "hibi", prov iding an opportunity ' 0 ... lk .bout n<ed, and pot""t iol applicat ions. In addi·
tion. conference. prov ide an e~aptional oppot1o n;ty to ., ,,,, iat< with long.t im. uSC" o f DHM .nd

motion c.pture .y"em• .

43.12 Looking to the Future

Now geoew iom ofh ighly a,h '. nced virtoal hum.n. th.t reflect , ta ,.-of-lhe -",t technology ..e on the
horizon. Wh i'l"'t< of",h.t', to com< . r< <vid<n«d by Kim et 01. (2005), Mi €I 01. (2tllJ4), Wang <t oJ.
(2005) , Yang <t .1. (2004) , ond Zhou and Lu (200,). The nex t gcn<ra,ion ofDHM will Com' f""" our·
",nt digitol human model tr on. form.t iom a" d "n. wOO, ,," OH M• . In add i' io" to looking nal, th<y",ill
mo,t lihly include ",ali"ic gross movem,n' and int<m . l function" autonomou. ly pr<dict p"'tures
and motion .. monitor hum. n perform.nco indices including phy siologica l and mu,eul",k<I...l qua n­
tib... p rovide valuable in fo rmation r<"aining to ,h, offici,nc r and effectiveness ",i th which 0 tosk i,
comp lel<d, "hibit cogn itive b.ha"io, ,uch .. the . bihty '0walk tb ruogh, rna"" " ,he CllV; ronmon t

'hao ge, and d isc. m which n' Wpath to ta ke. The" new DHM. win plug into mot ion captu,. sy' '''''''
he easi ly in. <rted in . CAD env ironment , .nd d.ployed in'o • •hi, h , ' p ' em, _m. int eo. n« ...t in g. ,
. nd ho, til. ond hO>AOrdou.< a rea<.

A, r,,€Orchen use DH M ' y'l<m, to impro"e ,h. ", re' y and health of work", in hazardou, env iron ­
men". they ,hould 01, 0 look fot imp, m'ernenb in DH ),1 l« h nol~gy. Continned ,,«arch incorporating
lhe l, tN DHM . d" an« ments . nd featu re, <an only inc"a '" tho ,fft<:l iV<n." ofDHM in impro" ln g,
.nd uhim.t<iy ..."ing, T.a l huma n !i"e,.

43.13 Min ing T, '=',m,''- _
Boom u rn or roof-bolt" am" The " m ;, . roof_bol", . ppend. g. , hot v<rtic.Uy lift. t he drill mast

mounted to it and hOTizonta lly ' Wing' to adju st po,i tion for de, i" d location of V<r!icallift ,
Cont i noous baulago: A controUtd mobi l, COnveyOT .y,t<m rhat n. v'g;o1<' in und<rgrou nd min.. and

mov<' 00.1{rom the working face to a m.in dumping point hom which the co. l i. t. k.n ' 0
th..u,face.



Continuous minu : A self-propelled mochine that rip. <oa~ m<tal, and nonmet. l o,e;. rock, , jun""
..nd fro m the ro« ond kw h it onto ""n...yo" or into , hun l. cor . in 0 continuou, mi •

opera!;"n
£otr1" An entry i• • hori zontol mine P' ·"'S' '''>Y or roo m ,hu is for med as ' r. suh "f ' oom'"

pm.. mini ng oporat ion . The p. ...g."'.y or room vor i.. in he;gh t, width , ood lengtl;,; ,
eumpl<, 24 ;o<h•• h;gh , 16 feet wide. and 60 fe'" long o r I S f«, h igh, 20 reo! wid.;

no roe' long.
F"". , 1h< face is ' he working . re. in {rom lhe last open ero>sc.t in .n entry "< . room, O.....eutiW.

room-.nd-piUor mining ,..,.nll from piercing of pil lars . t « gular inter",], fOTth. purpo-.JI
haulage . od ,'.ntil. tion .

long .... ll : In long w.lI min ing• • cuttin g bead mov.. back an d fo rt h aero" • p. nel (lo ng.... l!)
coal avera ging 945 feet in width " od 9,~nO r<o. ;o lenglh. The cut « ,.1f. lI. 00'0 ' n.­
eM_.ro' for rem<mll. Longwoll min ing i. done und" hydraulic roof .nppo,t, (shi
, hat are advanc. d "the seom i , cut. The fOof ;n the mine d out are.. fail. os the . h­
odvonce.

R;b, In undergrouod coal m;u.., ;1 ;. tho . olid coal . ;de of a pa..ageway (ent ryl.
Road head,,: An entry-bor ing mach ine, c.:lled 0 road h..der, which bore . th, , nt ire ><" io n 01theBM

;n one operation.
Roof, In underground coal min" . ' he rock immedi.tely . lxl'"' • ,,,,,I ...m , S"",etim.. par t of~

;, loft fur the , oof.
R""fbolte,., A m" h;oe to io".ll roof support bol~ in undetground m ine p.ssag.w. y. m the0""""

op<rale<,his machinery.
Roof f.lk TId' ;, wh<n rock or coal fall. ffOm th, roo f inlOa mine p. ss.gew.y (ent ry).
Room-ood -pillar: Most u ,\de,ground coal j , mined by th, r""m-and -pmar met hoo, whereby

are cut into Ihe enal bro lea" ing 0 ><rie. ofpill. ", or column. of . ",,1, to help .upport lilt
roof and cont rol the flow nfair, Generally, room, ar< 16 to 30 f« 1wid. and. lh< pill.".
100 fcet wide. M m ;ning ad". nce., a grid-like pattern of room. and pill." i. fm med.

Shttle c." Die"l 0' electric .powe,e<I car in underground mine , hat tron. por t! mat<ri.l. f" "
wo,king fac< to mine can! or conveyor heit<,

Tra m miog: Thi. term i. u , ed to define when the machine op... t", moY<S a ,elf-pmp<lled PItWII'
eGu;pmen' fm m pl.ce to pl.c<.
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