WO 2010/ 079232PCT/ EP2010/ 050275 1 Met hod and device for controlling a
nobi | e ground worki ng device The present invention relates to a nethod and
devi ce fowoceomioredski ng a nobile ground working devi ce sech/Ee3018/0502a5 | i ng
suction hopper dredger, bulldozer or grass nower with 5coll ecting box. The

invention Likew.se relates to a conputer. program conprijsing program

| nstruct i ondemgy andideyive Tor omstlipe B apqijerarpnd Workisg debe”; nuent on al so
relates to a conputer adapted to run such a conputer program Taken as
exampl e for _the purpose of elucidating the invention is a ground mass with
a 10det er mhedresentghvensionr¢lptes tqys@le&@g ape daveefagicontrelling doxdile igroundder to

i npart a desi rofil e t ] h r ou rkin Vi ce
is control Iweoéﬁli%% Yllg\é/\n%uc%rslnet%a%gn %EHQ%E%%gfeﬁgﬁéP@}(%zgrh%dgé%ggr ator Vﬂﬁl

det er m pes cbhetimgmoer Thainwitoh likbeisgrrelumes td $ cnputedgdgiant donigidingesi r ed
profile, in other words which route the bulldozer for instance wll take,
at which speiganARIEGHensdoRhaving ¢ coypRytat Rerfonay the meghod nTheingpitionfdsol 5p| ade

of the buI&ggégﬁ)y@&£?&%¥%&%ﬁeaka g’mﬁ%??§ﬁﬁﬁ?fg§%hk9n- It will be apparent

that a specific operator w nt ‘choi ces than anot her
operator, wherein great differences in efficiency will result. The drawback

of the kno nmet hod i herefore t it has a relatively | ow effjciency.
20 A sinil kg %?X@mpﬁ%%aﬁge R%pqsaév?gﬁlslda#m%\t PR et g%%(@mawv&eh
col I ectipng JRR¥mintMIBERhIpLAR. RWBOBESadd Sf LOUIBSESH obdir tdBn R0l d &Glbd9 box,

and the full collecti'ng box nust subsequently be enptied at a discharge
| ocat i on i mprafie tqgtcgeoundagnasasud af grourtdhiverkpg gposse.is tontsedlad ch bevdesi rabl e i f

t he operator of the grass wer. coul d tjimze the route. he/s travel s and
the SoLt | ng BT e R e "OHEIY TE P RaeBEas® Mralitg" i GER: 55t r avel
speed) so tohaindas pRiidrRdivatH Gk deywrd pabile hin B twordWhieR dsutathet @ dei s ghar ge

| ocati on, wherein the collecting box of the ﬂrass nmower j ust becones ful

as the di ségnge Wibeskei grvhieh spead Hedyulldaerr g6llopetate and/asovhighiprigiides i ve
di st ange" [ av i i th ful 0 j t .qar i . he above
statedqgro%%%%ﬁgg%gﬁgm§%?fw@3)éﬁgy%ﬁgk%%@ﬂl9§8§ﬁ§%qgwﬂgP%%%%%ﬁ%§%FImater by

means of a spécfigopgateesibmabéioho g ddfckdntichdéidg thaciiother bpppet, Whedger . A
trailing suctian_hopper dredger conprises a drag head attached to a drag
pi pe and ha&sahgitkeneas wsatipirren vilgesyt dibe deavhack af thedmawnmgthedyisnavi gat i on

the drag h?ﬁge%ﬁﬂﬂ&%gﬂﬁga%ﬂﬁﬁ%&ﬁB@%ﬂ%ﬁ&ky.WD 2010/ 079232PCT/ EP2010/ 050275 2

20 A similar problem occurs in the use of a grass mower provided with collecting box,
wherein the mown grass is collected in the collecting box, and the full collecting box
must subsequently be emptied at a discharge location in the garden set aside for this
purpose. It would be desirable if the operator of the grass mower could optimize the
route he/she travels and the setting of the machine (height of the blade, mowing width,

25  travel speed) so that a route is followed which starts and ends at the discharge location,
wherein the collecting box of the grass mower just becomes full as the discharge
location is reached, and so there is no “unproductive distance” (travelling with full box

without grass being mown).

30  The above stated problems occur particularly in the dredging of ground under water by
means of a dredging vessel such as a trailing suction hopper dredger. A trailing suction
hopper dredger comprises a drag head attached to a drag pipe and having an adjustable

visor provided with teeth. During navigation the drag head is dragged underwater over



the bottom wherein soil is |oosened through the action of the teeth and is
suctioned away via a suction conduit to a well present on the trailing
sucti on hwpperowysdger. Such a trailing suction hopper dcedgpesiohs7a
limted | oad capacity and, because of2the di nensions thereof, is not easy

to manoeuvre.. The ground f.or worKki d in nor er.lies derwat er,
whi ch docs Biobo i N RERR s O i raih heatEh of uEORBHRY ruffnlé g

sucti on hoppay vel £6@ebn CohRithe laRBIBRcQht b thedf LG NGtIVERSHer Bfcdidte oper at or
(or automatic control) of the suction pipe of the dredging vessel) has the

task of detSeehimiaHmetshetiondigmecivdredgrs hay alimited laaderpasityRogpeacake od der |
wher ei | : ' t i nt .sych th
vt gat i ng UHSBIPITRE o b giF b3 BinfRls dfe 'PAE 0 i et 2 et

(posi ti on aforther itsoidensatet, whiichcdiRaabt male@atedri ey HaHRTETIRY Speratdihel pr esent
invention has for its object to provide a nethod and device for controlling

a nobi | e gruEIlINSPUCtAY haprar decdgsy ke bdmgmeap gf the diedging yessel RpPsepPciddger
bul | d - . i Wi : d
ul | dozer %re%é&ﬁ&%écdﬁ%ﬁgf‘mé&cﬁ&{ %@géfﬁ%@%%@ﬁ&%ﬂg&&%%

efficiency relative to t known e I's understood in the
cont ext of determindagpthe catte ofithe dramgrsuttien Malpandredgergwbernn aNargeedinber ofuni t  of

time and per .unit of power. The invention has.for thi rpose.the features
as stated Vhrieg W&t_.be%i@a@a?wt% o %&%t@gap?%taﬁﬁagrs?ﬂ%m rol i ng

a mobi l|g 9@V AR o S Y Chag h@ﬁds(p_gﬁﬁ&i)gft@@'vﬁ%,%ﬁ&fcfﬁ%ﬁédit?ﬁﬂd'o'ﬁlérhat it

conprises at |least the steps, proceeding under the control of a central

conput er viparametkirgl. t al network, of A) presetting an optimumecriterion; B)
collecting information relating to the current state of the ground; O
collecting information relating to the current state of the ground working

devi ce, i nathdghrdyentdhvdnios tha?Rirtis oBRet {ol REvide R thehodmld @l it ifstohrelliagat r ol
of the ground working device at which the optimumcriterion is mnim zed.

Usi ng the imphélatesernderdrbnegicsigadsughips birailioglsuerion honperrdredaer. dudldezesdf i ci ency
conpar ?9 t re}s %o%v%?%th{rc%tﬂre]&gg l%%(p\r)v%{l%ﬁri&(iiea Er(? %%ﬁﬁ%{e%ti\;qu tMn%%

h
according to the i nvention i aracterize calculation of the
control conpthakEffdicddy ib eaddrstodd muthatéomextiofiehis appleatidn foheec@ribeinslumer ki ng
device. If ground is for instance being excavated with a trailing suction
hopper dr ed’géFO,unfiﬁ@ﬂﬁdd?qriuﬁtj o§ tBiagA PROWPES! R ¥Sdger, and in particul ar the
drag head thereof, wll then follow a path according to the present
enbodi nent variant which conplies wiwth a m ni num val ue of the optinmum
criterion. Thaamveatiowpis fiou thicpurpesei the faaamed asrstatetsinanom 1. \F@xticularly
201 232P P201 7 : . . . . .
010/ 058 3 pro%-ll-(/ie 1591 n?e/ﬂ?oS or %ontrolhng a mobile ground working device, this method being
characterized in that it comprises at least the steps, proceeding under the control of a
central computer via a digital network, of A) presetting an optimum criterion; B)
collecting information relating to the current state of the ground; C) collecting
information relating to the current state of the ground working device, including at least
25  its position; and D) calculating the control of the ground working device at which the
optimum criterion is minimized. Using the invented method ground can be worked with

an increased efficiency compared to the known method.

A preferred embodiment of the method according to the invention is characterized in

30  that calculation of the control comprises of at least calculating the route of the ground
working device. If ground is for instance being excavated with a trailing suction hopper
dredger, the trailing suction hopper dredger, and in particular the drag head thereof, will
then follow a path according to the present embodiment variant which complies with a

minimum value of the optimum criterion. Such an optimum criterion can for instance



3 include the overall dredging tinme, whereby using the invented nmethod the
fastest route is obtained, or the overall length of the route, whereby
usi ng t hewonventrers2net hod the shortest route is thereforerdrea@ionsadss|t is
however al so possible to select as opsinmumcriterion the avoi dance of track
formation. .Tracks can formed to.the sides. of the 5Strailjn uction
hopper - r =dBAP T PRTET SEREd i SYITE oY B RS MBGMER Bl s o
shal | ows angohghed)or @Hee@\f_lgﬁﬂl l‘éﬁ%tﬁ Rt bhe, WRewsy 1BAH 8’ iavatddanBved irf t er war d
e ne

i n unproductive manner. hod according to the invention makes it

possi bl e t cherédst roaite i éharefgreotisinghdt ig hageresadsoqestibichascledias ppdmka ar e

dredged with ficCl e Jhe. hi I I
b ser ect ed eeaats manort bEPRK ool 20ER s ThnReL BREMEE A€ Socer ai ng

to the pnvenilingsuelidd happbt Medgdrén tavidl Kfputied sticagyhbachesdighhdddal.ocal
production is maxinmal in the shortest possible tine. Another preferred
embodi nent seilopysareriengbyicrgated machginthe knawn mobad prsremeyed piierpakir e t hat

t he infor i i t : . : - i ses the
o ght. 5paptutiethydile the il Ghid bR b iR LR M ERIND 288 Lo,
to ground wofiké thg, rodtoof thestranceadbych thki thg tecksmte dgsiged withegreasdr effidagpyh.

Such soundi .are per se known and,can for instance be. neasur.ed b
utilizing &n&gf@\ﬁé&}&d OgPWEiB_C%{PcﬁP&iISH etssfeffﬁe a5 ADERPSATIINo R ISR &) s
known ap a Hsietd Matod e Btding ol thE Rl {xzﬂgdé_fﬁletti?@roﬁl%ﬁh%rag heaPERHNd
wor ki ng device prior thereto, the height profile for this point in tinme can

be cal cul atted pRBfugtiomisgnaxemaliorthd shyrtcstpmedibly tinkhi s hei ght profile is thus
continuously nodified as a result of the dredging. It is advantageous here
to characterize the nethod according to the invention in that the

i nf or mat i o dofledptdTgtrdderhbirtitintdTthddhehbl 8c@bdihf e Gk miRetibS hyd el &anzed
digitally for the 25operator of the ground working device. Such a digital

i mge of t Weaties igfrmetien ralatingfto shagqusisatistata 96 thesgrperd epmpeiseniicdaight s al so
referr t ! e rmDi.gi . rrai | i T Yet . anot her
enbodi (r?rgnt 6&11% Eg{h%gi@g ' é(? élgllrtléﬁ%raﬁfe ocra? r?g %Ig%\glgln eldgﬁo}(g %{hlél}davg&té(rn% g%f in 30
that the cuidgtaiet bpesdiid @undingt bethg meitwtdicpdr Biudhgsodadingeare peded latoinned by a
GPS system Such a GPS systen% particularly for dredging vessels, is per se
known and &% &TIBTRICE 88 Re3SwiEd RY HHEZIDE MG WA STRSICEPEHIE T s mapation

Tracki ng (R That#St §Hdwn at a determined point in time relating to the route of the ground
working device prior thereto, the height profile for this point in time can be calculated
20  for a given working capacity. This height profile is thus continuously modified as a

result of the dredging.

It is advantageous here to characterize the method according to the invention in that the
information relating to the height profile of the ground is visualized digitally for the

25  operator of the ground working device. Such a digital image of the height profile of a
ground mass is per se¢ known and is also referred to with the term Digital Terrain

Modelling (DTM) .

Yet another embodiment of the method according to the invention is characterized in
30  that the current position of the ground working device is determined by a GPS system.
Such a GPS system, particularly for dredging vessels, is per se known and also referred

to with the term Dynamic Positioning/Dynamic Tracking (DPDT) system.



WO 2010/ 079232PCT/ EP2010/ 050275 4 A further preferred enbodi nent of the
nmet hod according to the invention has the feature that the information
rel ati ng wo 20tvm7eser ent state of the ground worki ng devirce/eponppsees t he
wor ki ng depth and wdth. 5 A further preferred enbodi rent of the nethod

according to.the inventio as the .feature th the, information relating to
the cur r ent® SEEPBIFRH S Pediat Rl TR E bR s ipe BEMERAE ey o

wor ked gr oygdure Yt tiRAdRIation RffMead tRNhRehIRE 0P thet SH8uBh i®éhdk&Redi ng to
the invention has the 10 feature that the ground working device |oads soil,

and t he optcPmprsesrthe worlang dentihprdwidsht he di st ance over which the ground
wor ki ng device has to be displaced in full state to a discharge |ocation
for the load. A further preferred enbodi nent of the nethod according to the

i nventi &n hafurtheepitifredtanitediniat of e mphédatvrling @rthomvestlial Ies theo the route
whi ch the ground working device has to cover in qrder to convert the
current st deduisfthatile igfapation ielafingds theeqrengstate of thermoyrdovpiding devicghe

met hod accggg@ﬁgqua&Qﬁ%%$¥@@&&9@§hﬁmgarticuIarIy suitable for controlling
, a

a dredgi ng esse dozer ©r a grass nmower, and preferably a
trailing suction hopper dredger. The invention |likew se relates to a device

for controllin nobi | e ground wor ki n evi ce. .The device according to the
i nventi on é}cﬁ&ﬁﬁqtﬁ%@rsﬁeﬁr&%ﬂgp&e@ﬁb@& %ﬁﬂw@‘m%@%ﬁﬂ Igenyiog hgs ﬂwgi tal
net wor Kot 0 fENEch A WR0e 0B IHEYdG & 1B5UL s0h &Y thé oBEARNEHitdrR ndRlaR]NE Or M a

met hod at | east conprising the steps of: A) presetting an optinmum
criterion; tiB)disteh¢cener mhidhrtho gromnd ewerlrieg devieghdsdo bhdisplacedmt ful tstatetoaf t he

ground; C coblec ing ipformation relating to the current state of the
ground’ wor K1 m@%@” g?“ﬁ%@@ﬂ@?@g at least its position; 30 D) calculating
the control of the ground working device at which the optimumcriterion is

m ni m zed. The conputer is |oaded for this purpose according to the
i nventi on vk fuithgr pisfsisd embed wagnanf mimﬁh@d)m@tcgmgwﬁh@gwamqm@smmi ons for

perfor T5ng f&a@&re Tkt r‘E'l‘i)edopti-lr-lblﬁn criterion relates to the route which the ground working device
has to cover in order to convert the current state of the ground to a desired state of the

ground.

The method according to the invention is particularly suitable for controlling a dredging

20  vessel, a bulldozer or a grass mower, and preferably a trailing suction hopper dredger.

The invention likewise relates to a device for controlling a mobile ground working
device. The device according to the invention comprises a central computer which is
connected via a digital network to the ground working device and which is adapted to
25  perform a method at least comprising the steps of:
A) presetting an optimum criterion;
B) collecting information relating to the current state of the ground;
C) collecting information relating to the current state of the ground working device,
including at least its position;
30 D) calculating the control of the ground working device at which the optimum

criterion is minimized.

The computer is loaded for this purpose according to the invention with a computer

program which comprises program instructions for performing the method. The



WO 2010/ 079232PCT/ EP2010/ 050275 5 advant ages of such a device have al ready
been elucidated with reference to the above di scussed nethod and will not
be repeatwo 20mv@923the devi ce according to the inventi onpculEpecissizhe
information via the digital network id the formof incom ng signals which
cone frominstrunen

e oy ot v RESuchr BV T iRad bR Tt MiBalerhrl B BbET

processed QgscHRsE HcBRA a8 hvAW nbhbd RPcEEBEB! TIRARN GakERDingdd RS inWhteh t he
device transmts control signals via the digital network to the ground

wor ki ng degplests e mfh@fn@tmnpa%éiedhgl@én@tmrk imie dornsof ingqraing sianalatveieh n
| nfor mat | O%o @&;I 5 eﬁ‘tsdéu%ﬁﬂ G°P%r 1’n BTG BEH ? ?ysﬁ_l L6 r@&g{%ﬁerat or
g hereo € CcOo

of the groun eV|ce carrres control

cal cul ases ii tie nkBeatas discussbd atbbvlarm@é aitghyls aotses Atdehest btlatinr out e of
the ground morkln? device which mnimzes the optimumcriterion (the

‘opti munt  tlruprayent appdications aftgy ‘amcatﬂ@odewﬁtt?aaﬁm}t&msml Pighyb ¥iathadigiiak ed by
t he conput %"etvﬂﬁk@o Ih%%%dn(a%@r inpMRVER NGRS 8{1@8? Mnﬁé{lh&g‘i’hlk Dt Yrent s.
tot ation t

Accor di ng e Invention the“conputer c s I nto’account,
anong othenﬂkaﬁmhﬁbmnmhmipdﬁWW1@nad@hﬁjpﬁmnﬁﬂmma@amabﬁwhmﬂahbpmh&mbﬁlca

15possibilities o e trai.ling.suction redger or | dozer, and
this prefetdbsyu WPH%%d%Y“Eer%%F?S@“ SOt O Rt b PR Sl RE aozer by

nodi f yijng fc@ﬁtré)ln%hﬁﬁ%?eféﬂﬁly%%ﬁﬂris@é"atqgaﬁ 18t %'u?eocff’thé uR@NotiRY d@\flcé he drag
head, the hei ght the adjusted bul |l dozer blade and so forth? 20 T

i nventi on wli¢h mummlws ther aptisrune buierida(tbd ‘eptiniine’ toat). sThsfthuhelakaedl ar y

mbodi nent s_sh the f f t b 1inited
Chereto. HePRr eyt SutihEP sttt ar t OSton AL DR Huhes SRoi%dev co

accordi ng thg thRsirienst.i Adtordih@He'tBe vehGySthe coMPEIRREAICul bR k&WInRf a
possi bl e representation of information relating 25to the current state of

t he groundacedughiagmongioghca fagttiarthe pesitiarotic pesising rathandithadedhaisdl of a
trail t f
raili 19 S']gﬁggl‘tgg‘%lgso&ﬂﬁé trglﬁlﬁg%gtfon hto ﬁuedred&f ﬁ?ﬁﬁi@%&%ﬂfﬁhﬁﬁ%&%&%{' ation o

a step'in t grmning o or a tral suct’i on hopper

dredger;  contrdls gtifading sabt@(ytsh@pslcdneﬂgetﬂoﬁ bﬁlecwzelslgnmaﬂllfyaﬁg &ér ihdienceuhput of a
cal cul ati on perforned. by devi ce according to the inventjon; and

finally fi @9?@%%%@% t@%a%%&q of the dragdend, éh? beiglgrof thecadiuptest Ruldpzeri gure 5
after one RAsSaME Qo trailing suction hopper dredger.

20  The invention will now be further elucidated on the basis of the exemplary
embodiments shown in the following figures, without otherwise being limited thereto.
Herein:
figure 1 shows schematically an embodiment of a device according to the invention;
figure 2 shows a schematic top view of a possible representation of information relating

25  to the current state of the ground;
figure 3 is a schematic front view of the drag head of a trailing suction hopper dredger;
figure 4 is a schematic representation of a step in the determining of an optimum route
for a trailing suction hopper dredger;
figure 5 shows a schematic representation of the output of a calculation performed by

30  the device according to the invention; and finally
figure 6 shows a schematic representation of the output of figure 5 after one passage of

a trailing suction hopper dredger.



WO 2010/ 079232PCT/ EP2010/ 050275 6 Referring to figure 1, a possible
enbodi nent is shown of a device for controlling a nobile ground working
devi ce suwb 2amy/@oiseai | i ng suction hopper dredger. The dec¢Tamr2€0mprarses a
computer (CPU) which perforns optim zsng calculations on the basis of

onl i ne procgss |nfo mation in m of . com nd desi gn

Gt a5, PandraHnBlBORS 1 oh patitinem Sl i APGOT bOP g Sod Mt back
signal s 4, pigfithastnd wérRingalichRB sicledth BAREESTEIn hopRE FQ{nTﬁe ddvigd cal
online process information in the formof 1ncom ng s 1 conprises, but

is not | | mCto@zarlﬁQf) a qomepugdn(CBHY “@mnemﬁn@ppmm@mgr@dqulat@ng g@thecmmlﬁ@;ﬁper
dredger %Qg% &% égs%fo%{?a%%% 18?19{ ﬂm%tf?éconh{fg §1%1%85 0 84 gt ﬁea &'{tﬁ ﬁé%? (see

al so flgure osition o VI sor e drag Us of
conponenpt s tif catldiﬁattoma'eéult@gn suplii sdghalvoR Fed-bakedgals, 4,§¢mbaoatsinfo®ﬂnamm5 ance the
situation of the suction punp (on/off), the situation of the bin closure
(open/ ¢l os&BY praceesed H1fpmeation & he bin, tidal information, the current state
of the bottomin the form of soundlng data and ot her desired process

i nformation. Fixed process 15information conprises the specific

char act eri Stypasl eflintpeodesainforngtis ot the forinopPiacordmgdggmials Iscontprass, foat is

ot ence, U PR L 8 MBS SSPLIT, 15, 8 SO S ik "
t oget hgp defpdigckdiRatby, Qﬁé &@t@&ftﬁ@ﬁr&r@u@@ee and flelR: ﬁeﬁﬂe %Qtlggbphl%r@%?es

Typi cal out put signal s 3 conprise, but are not |1 mted o, the control of
the vi sor of thehdragihend, ﬁleatatuszﬁ‘bympoaetntmﬁibeggémg(smtlocmdtq@pm)drﬁcr}geo,rsmalt| on 6

Crar ing sdettrdhwbage kbt Be bl orsiopiofF Sudfoh et fedie (e

operat or spas@/closed), Phc@luthedf ih@fbkn A IO FRtEnla @6, 3h € UIFRINt SR of e bdt®n L
limted to, the current soundi ng 30 data which together formthe current

hei ght pr ofthq ormfof sprendinodateiandrother dasred precessinfoemationpBixed pfocesse onl i ne

pr OceSSISI nf; go%&tlo% comprises the specific characteristics of the trailing suction hopper dredger,

such as for instance the power available.

Typical design data 2 comprise, but are not limited to, the height profiles of the ground
to be delivered which together define the profile of the ground, and the desired

20  tolerances.

Typical output signals 3 comprise, but are not limited to, the control of the visor of the

drag head.

25  Typical processed (or output) information 6 comprises, but is not limited to, the
calculated navigation route of the trailing suction hopper dredger, preferably visualized

on a screen in the operator space.

Typical fed-back information 5 comprises, but is not limited to, the current sounding
30  data which together form the current height profile of the ground. This information

forms part of the online process information.



WO 2010/ 079232PCT/ EP2010/ 050275 7 Finally, typical fed-back signals 4
conprise, but are not limted to, dynam c tracking, dynam c positioning
(DPDT) siwoabm/@apms2si gnals which, if desired, control tlpeTart@owmsizes
dredgi ng control. 5Using the device a7trailing suction hopper dredger is

for instan ont r ol . this such that it will foll t.he royte which, in
the shor t ede PP RaLanEt ATt fiamPase PupBkapt [diealh tRSr iR,
quantity ofdysfthic dokitioftnB&DPIAN dfna RO WiEaSls Whech X Mén, @bhtt A itRNEHImatdO
Referring to figure 2, a top viewis show of sounding data which serve as
basi ¢ i nf odiesdgingrcoabelit t he zone for dredging. The sounding data are
visualized digitally as according to figure 2 in the formof a so-called
digital terrain nodelling (DTM on a screen available to the operator of
the trapl i n@girgubt devicho ppiting duatit@eioppdalred@s iscfanisancatsntloit&dhiysiudtg t he
soundi ng data, as will be elucjdated below The sounding data 15relate to

hei ght i nf éhatditwidlfoHemeharpata whick inshe wherteydimg #id consypide dhelggit Pg™oessel in
the form of, CRAQUIm AR Rlindy POl iRl g{o?%sl(,l Blodu b3 mdk il 3PPT OPI [ AL &

manner) . ccording to t I nvention an opti criterion Is set prior to
t he ground cfiui&icgy I n the present exenplary enbodinent this is the delivery
of a horizontal ground profile 20with the greatest efficiency. Specified
bel ow is a possible nethod for calculating the control, in this case the

route, 19f R BHOWHWERKE R HEY i CSown b iBhfiifReRa Wkl Alcl dsgsisuct i on
hopper dredger, at V\%I ch the optimumcriterion is mnimzed. 25 Drag head

10 (fi gur e idprodtiantebotit thie zdomyfos dotdgmg. hoppemndugadgerrc vanalired dimtalyveri zed

by a cutting width and .a cutting dept .. The nonent C i depth is
ob ai ned f AesareRe b AR & i  SRalaf wg i FRRS R el 1o
the productsciebn Bratlable t&theldiRrateioTdhd@aiflad sudtioAMophte dk¥dWet. Moii®s da@bei S
subdi vi ded as accordlng@to figure 4 into a nunber of transverse profiles 11

to 16, whi chlcalateddistigribesquadigidat, apwahbyelycidated deleat dhe yaunding data t he gi ven
exanpl e<th r y - u i rpendicularly of
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According to the invention an optimum criterion is set prior to the ground working. In

the present exemplary embodiment this is the delivery of a horizontal ground profile

20  with the greatest efficiency.

Specified below is a possible method for calculating the control, in this case the route,
of the ground working device, in this case the trailing suction hopper dredger, at which
the optimum criterion is minimized.

25
Drag head 10 (figure 3) of the trailing suction hopper dredger can be characterized by a
cutting width B and a cutting depth D. The momentary cutting depth is obtained from

the incoming signals. The area of removed soil is equal to the product of B x D.

30  The sounding data from the DTM information is subdivided as according to figure 4
into a number of transverse profiles 11 to 16, which are defined relative to an X-Y
coordinate system. In the given example the transverse profiles 11-16 run substantially
perpendicularly of the dragging direction of the trailing suction hopper dredger,

although this is not essential. A unit step is defined as the intermediate distance between



8 two successive transverse profiles 11-16. The conputer then cal cul ates
via the DTMinformation in how many novenents (passages) per unit step the
ground cawmoheiwepszed. | n the enbodi ment shown here thi gcraEpede/osember of
areas B x D per transverse profile. The result of this calculation is shown

for transverse profile 13 at t f ur e ris nunber
o pasanc it Sl vy pigfesd 150 186 poriti i cBBa € TRUBEBIANT o A
pass of th%ﬂﬁﬁ&d@ﬂﬁ%ﬁ@ﬂ@%@ﬁ&ﬁ §sagdd) yer whif dt&pHhe ofordd can bect angl e
with area B x D. This rectangle also represents the area of the ground

renoved by remevadl Isngthh émowmag@wmlm%ﬁ@t istthomrurpberof ra@aqucx:de@r e results in
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proflles. ion conver formof a
matri x for tef befiguts apdel d‘oﬁfpm)ses a/\ﬂlﬁﬁmrrqu)htea@@s(sﬁdvanasqfx @athh -8t 3 b4l ock is
defined by the coqrdi nhates e relevant matri x bl ock, and this

matrix bl odRT RasHPF theeksag lpf‘@dnzﬁrmé@rgféhe diag dspbls sBewn pehearsigelheadigwictasary to
obtain the adf@ Qw!&ﬁ' géa B Rt AJlﬁregfaH%l%%kB%%@rE&%ﬁgﬁ% gl%ﬁ%fﬂn ;Q&hﬁiont al

profile at rnlne sire suc matrix is
shown in fn@nwvfﬁﬁy(hmchhﬁh@mnmamgﬂner as if the matrix were a street plan,
but then in three di nensions, the conputer calculates in a follow ng step
an optimumroute over the matrix (shown in 20figure 5 as a curved line with

arrow i§di Gabbighr enkPrNRHG RS i #RuRbeldiRallBEdMEED e diNth dARMLEM
route is determned by maxim zing the optinmumcriterion, in the present

exanpl e t hdordlf tlrmseqrrsqprOﬁ&nssde Pil'yf mﬁ@tmatloamsjlntthe rvefymogverteddo thmfoualaf ul at ed

optimumroute - £l of ut d d from.th
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the readout of the autonmatic dredgi ng control and of the DPDT s qystenland o)

forth (nonlllum’@ﬁlt eft nayenges qhibe delgdicpdActsetae orolittia the dastpdhaightaneflea i nput
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manner in per ‘'se Known person.
An approprhahﬁnﬁhgﬂﬁmﬁﬂunﬂgaﬁﬁﬂpl|ed for t he purpose of determ ning the
extrene value (mnimum maximum of the optimumecriterion. Such al gorithns
are per se known and are not further discussed here. WO
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passage which starts at position
computer calculates in a following step an optimum route over the matrix (shown in

20  figure 5 as a curved line with arrow indicating the forward direction of the drag head).
This optimum route is determined by maximizing the optimum criterion, in the present
example the efficiency. This efficiency - and therefore also the calculated optimum
route - depends on a number of input data obtained from the instrumentation already
discussed above. Typical input data comprise the depth of the drag head, the position of

25  the visor, the dredging status, the readout of the automatic dredging control and of the
DPDT system and so forth (non-limitative). The relation between the efficiency and the
input data can be determined on theoretical grounds or experimentally, and the manner

in which this takes place is per se known to the skilled person.

30  An appropriate algorithm is applied for the purpose of determining the extreme value
(minimum, maximum) of the optimum criterion. Such algorithms are per se known and

are not further discussed here.



via position Qto position R Because at position R the drag head re-enters
a matrix block already visited earlier, a second passage of the drag head
begi ns atwohhs/peseti on R This | eads from position R tecparRitoom2% and
further. Each time the drag head entepss a 5determ ned matrix bl ock, the

nunber of ssages, required i.s,.reduc by one an h ti.jumroute.is
Federt ned. HRgodr P iRe S JigBob et BE G ABITTR AN | s,
The matri X vi£RisaRnd $o foditidioR MBecal Qe ngitiI)ﬂi Qrthaghehd -39 kinkdix br eaks

off "blocks" with a cross-sectional 10area equal to B x D, starting here at
the top as bipckirepdigvipttasiiapecrwbiscandipassageanftthredropbiabaginsut ehis pesitidngdr i t hm
follows a L er m 1. i further "hl qcks" r in. The
al gorithm gﬁésulre geassr}goce%}lgg%lhﬁ Ratg%%ﬁ@ﬁ rgma%4 gtg 'Jflile?'gEcﬁcgctzltg%thﬁ 8Fa§c eg& e%ltgl%ggssi bl e
at the sangelcemled diattonblobieMit nhrab&rof pagagdaiatgded.is Iddacal gosid dnanteal cul at es
the optimumroute here. This wll generally be the "shortest route". The

al gori t hm ioBtmgEY seufcdp refsfised o al gorithms used in route planners for

vehi cl es, and which determ ne the shortest route between a place of
departure and a final destination. Each time the drag head passes over a
det er m ned Timteffieat dfltlcgdditbm cahdreiadsclyndaseriicdias fotitws. Thdhooik reprasads fi ed

with the rensj ni.ng nynber qf. ssages, ich in principle is 20ane |ess
than the pﬁ%ﬁ ‘gflpég‘ﬁ?f ‘?mé‘f%lﬁgggé Elatrf‘m]a %Oé.i H@F]Ié%tw_ ?ﬁ’ioééi"sic&l)%! ation).
It is apso aPéASe%l!qu' t6 Ei;@ljf\’ﬁ't‘ahhﬁg_ He?&@c't&éﬂo@%@ atcﬂﬁin'g'?ﬁé%'hﬁﬁtw&ﬂd bd Wammd ri x bl ock

in accordance with the for egoi ng principle, wherein new depth information
from the sophgiungrodephhalgbrithiefadioay ahistadmared pettérerdopamaneeilgo(fuitkar

position, navigating. speed, ...) are taken into accou on the.hasis of
enowi edge 0P RS eRgiay ST SieorpimheRfs B ot st an e b M Hom Tout e
for navi gatak @ossitsie ¥i thel8drh@ REclUt oRe $GIcERV R BEL IRANdSE THE aRBrithiP bilcdltes t he
crew nenber or for the DPDT system |Individual characteristics of a vessel,

such as f orthd epinae eoutebere bitis el sprase Lyt brethe rdhioriestgostgct Thsrplgrsph@rs dr edger
t , . Ny in:th | cul.ati. f 1. ti
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It is thusshosst Rue bawedmnsplatce! depadinahd aifinal den@®nrany strai ght
navigation |ines as possible in the optimumroute and the fewest possible
(tight) bends. Wien bends are being negotiated, dredging nmust after all be
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t he dredgi mptriebkek is mhdified with the remaining number of passages, which in principle is
20 one less than the previous number of passages (in its simplest form of calculation). It is
also possible to wholly recalculate the information in a matrix block in accordance with
the foregoing principle, wherein new depth information from the sounding depth of the
drag head and other parameters (visor position, navigating speed, ...) are taken into
account on the basis of knowledge of the excavation principle of a drag head.
25
The optimum route for navigation is visualized on a screen and can serve as input for
the crew member or for the DPDT system. Individual characteristics of a vessel, such as
for instance the tightest bend the trailing suction hopper dredger can take, are used as
boundary condition in the calculation of the optimum route. It is also possible to take
30  account of other boundary conditions. It is thus possible for instance to aim to include
as many straight navigation lines as possible in the optimum route and the fewest
possible (tight) bends. When bends are being negotiated, dredging must after all be
interrupted and the drag pipe raised in order to ensure that it does not come to lie under

the dredging vessel or does not move too far away from the dredging vessel. The



WO 2010/ 079232PCT/ EP2010/ 050275 10 progranm ng code ensures that the matrix
is repeatedly updated with the actually navigated route. This is

parti cul avbyeoionperkant when the trailing suction hopper pdrambgeEn/05®75
controlled by an operator. Although this latter will attenpt to follow as

accurately as possible the optimumroute cal at e t.he co ter, he
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zone i s5al npddingisaidehetchasccéhus@nyichined ¢latdny, ottt 3Eiping 'obbockise thasppmasi bl e
are broken off and no interruptions _occur between the "blocks". Al though

the devi ce e havt high dagies pAritcully: TheoptiniatobHeerEbn bosfegbyadeped above
with refer A j i j [Ty RN a
Cral 11 g sone nCy XA o PR AR ik flidioke Aol AOMIRNEAS |
appl i ed fowhd¢lsipdvacimadygsceu vibited (in oshdp wdrdky heve altoad g bedn deepartpbly thent of

the invention th ei of the cutti dge. of .the bull dozer .bl ade is
measured, &HtH lfﬁﬁ_ﬁ- (_S’E)%ﬂ%] s HBiCafiRs hairaldo BiF Vhn is<pes B8 SATFAES on.
Q her than n?angrrrﬁihthélﬂga(ﬁét%hﬂ %dikg’p%osgi%fedﬂ_@ hrok@n B¥t d_nQ%eiﬁteﬁﬁﬁti&ﬂ%cElﬁat ure
that it pusheS the soil before it and so displaces it instead of renoving

it. If for betvarcatioe ekshori zontally flat height profile has to be
delivered, the optimumroute is then determ ned such that each matrix bl ock
of the above discussed matrix has the sane value at the end of the route.

Some nat ri AHHoask theellce ahd BetiRldl actd@ingas ehd iRvahdoH fads bédhalcieHbed @BEVe
follows the route because soil has to be deposited in such blocks in order

to be abl e With rgédi¢nee do ahexdmmay apphgatiopyelpting ip@redging with a trailing suction
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D ond o PRt TEaReL RORAL i Bl hMREE B blea SRR ofp 001 ' 8,
fol | ow ng stigpsbulloeaetdiudl abradOinktdt 60t iblentidn thedeipthe af thbcompytege Vi a a

Al e e i bzer bladR i mahsurctOand tha position of the bulldesst by position
determination. Other than a trailing suction hopper dredger, a bulldozer has the feature
that it pushes the soil before it and so displaces it instead of removing it. If for instance

20  a horizontally flat height profile has to be delivered, the optimum route is then
determined such that each matrix block of the above discussed matrix has the same
value at the end of the route. Some matrix blocks will after all increase in value as the

bulldozer follows the route because soil has to be deposited in such blocks in order to be

able to achieve the final flat level.



B) collecting information relating to the current state of the ground; C
collecting information relating to the current state of the ground working
devi ce, iwol2athorge3at | east its position; 10 D) cal cul at ipog/EPb@o@sn2ys ol  of

t he ground working device at which tha optinmumcriterion is mnimzed.

2. Method as,clained in claim1l, characterized in that calculation of the
control conpf™es of at |east calculating the route of the ground worKking
device. 15 3. Method as clained in claim1 or 2, characterized in that the
information relating to the current state of the ground conprises the

hei ght profli| e Mcthediagiconfielling 2 mabele gewknd svarkiagwewice rehetagicpzdl in that it

characteri .. that t it ion.r in 2 i profile of
the gr ound%ﬁglpb?%sua?l?ela%tetgggﬂ%ﬁw%&f ﬁ?ocg %@ﬁ%ﬁlgdre%& oerC%E)lPS{ (ﬂfga %?]gﬁlnd wor ki ng
devi ce. 5 5.coMptiRodiaasdigitAno®ebrkofany of the foregoing clains, characterized
in that the current position of the ground working device is determ ned by

a GPS systdém DPIesciing gRORBAUBSCIEEEYed i n any of the foregoing clains,

characterizgd | at - i i i rent state of the
o ound wor g CGuSsak idBnk RhcARL AP ELAHIE oF OBy P 5 et hod e

cl ai med i n Qny collecting idforregm@nnglathgtnthe cohartactesf the draund tweaking device,
information rela ‘If‘f{lig tol the current state of the ground working device
conprises the dﬂfi 178 §L 18351 WS PR¥ECTYYr ound. WD 2010/ 079232PCT/ EP2010/ 050275

12 10 D) calculating the control of the ground working device at which the optimum

criterion is minimized.

2. Method as claimed in claim 1, characterized in that calculation of the control
comprises of at least calculating the route of the ground working device.

15
3. Method as claimed in claim 1 or 2, characterized in that the information relating

to the current state of the ground comprises the height profile of the ground.

4. Method as claimed in claim 3, characterized in that the information relating to
20  the height profile of the ground is visualized digitally for the operator of the ground

working device.

5. Method as claimed in any of the foregoing claims, characterized in that the
current position of the ground working device is determined by a GPS system.

25
6.  Method as claimed in any of the foregoing claims, characterized in that the
information relating to the current state of the ground working device comprises the

working depth and width.

30 7. Method as claimed in any of the foregoing claims, characterized in that the
information relating to the current state of the ground working device comprises the

quantity of worked ground.



8. Method as clainmed in any of the foregoing clains, characterized in that
t he ground working device |oads soil, and the optinumcriterion relates to
t he di st amoeoovmep23pehi ch t he ground wor ki ng devi ce has t ecvErdispb@eed i n
full state to a discharge location forz the load. 5 9. Method as clainmed in

any of thefor ing claing, characterized in.that the opti.mumcriterion
Fol ates 1ot he POUREA T BHOIRE G BORERET ks Rl tre e TR AR | 0 or der
to convert dhigdopdrkRitdesicald9boil,RAd MOdpHnr® cAtcHBS kdl@ds ff tht Qistincd beer
ground. 10I0. Method as clainmed in any of the foregoing clains,

char act er i zduch hegrandtrakigesigrige Wey ibeglisdaced n Bdlnyate s dischirggigratipn
vessel, a %%hhgﬂ%%r or a grass nower. 11. Method as clainmed in claiml10,
characterized rn that the ground working device conprises a trailing

sucti onshopper dredger. 15 12. Conputer program whi ch conprises program
instructions for having a conputer performthe nmethod as claimed in any of
the cl ai ms 91- 1 Method as elgmedampnit ok thy ferggeing sleiray, shagagterized inthatthe
characteri ﬁﬂmggl &@liod RFat &I BLtcAMRER gie?%fbﬁ \?51’1{% ;é%g'c% hatPlNEE 2
carrier. . nputer programas clainmed i'h claim 12, characterized in

t hat the congputecompreaghammricht sthtelofalst grpand foad dogired stnedfithe @oomhput er
menory. 2515. Conputer adapted to run a conputer programas clainmed in any
of the clains 12- 14.

10 10. Method as claimed in any of the foregoing claims, characterized in that the

ground working device comprises a dredging vessel, a bulldozer or a grass mower.

11. Method as claimed in claim 10, characterized in that the ground working device
comprises a trailing suction hopper dredger.

15
12.  Computer program which comprises program instructions for having a computer

perform the method as claimed in any of the claims 1-11.

13.  Computer program as claimed in claim 12, characterized in that the computer

20  program is arranged on a physical carrier.

14.  Computer program as claimed in claim 12, characterized in that the computer

program is at least partially stored in a computer memory.

25 15. Computer adapted to run a computer program as claimed in any of the claims 12-

14.



