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The present invention generally relates to refuse nanagenent and waste
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coll ection system a vacuum refuse collection systemas such, a control
systemfor controlling enptying of refyse in such a systemas well as a
conput er program product for controlli rJrg operation of a 10 refuse
coll ection system BACKGROUND OF THE | NVENTI ON Refuse col |l ection systens
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by nmeans of suctj f.alr en_ji.n use for man ears and are well
known to pr'esentP@%%f%%@%ﬁ@%@%m{@ﬁlﬂ$wo t he waste
‘di sposal problem Such systens for suction transport of refuse,
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wor ked remar kably wel lppopagRtAE! imsﬂ g@;l jdential and office
“bui I di ng areas. However, as va%%ulr?n re-lrp;g coll'ec ”W@tens have 20 been
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type, tAbePeeRentisventiohgesyrllymelathaterdfnss emaegememsatt nableydispdsal, and
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10 refuse collection system. |

BACKGROUND OF THE INVENTION

Refuse collection systems operating at subatmospheric or vacuum pressure for transport
15 of refuse by means of suction of air have been in use for many years and are well known
to present an efficient, clean and convenient solution to the waste disposal .problem. Such
systems for suction transport of refuse, hereinafier simply referred to as vacuum refise
collection systems, have worked remarkably well in smaller and medium-sized
residential and office building areas. However, as vacuum refuse collection systems have
20 been placed into service in larger and more dense residential and office building areas
and/or areas with multi-story buildings of the high-rise type, the demands on the systems

have increased considerably.

In particular, when refuse chutes are located in high-rise buildings, the amounts of refuse
25  inserted into the chutes in a short period of time may be very large, and the amounts of
refuse gathering in the refuse chutes may then become too high between the emptyings of

the refuse chutes.

A common approach to reduce the problems associated with a high inflow of refuse into

30 the refuse chutes is to increase the temporary storage capacity of at least specific,




30 the refuse chutes is to increase the tenporary storage capacity of at

| east specific, WD 2004/094270 PCT/ SE2003/ 000661 2 frequently used refuse
chutes. For exanple, our international application WO 98/47788 discl oses a
ref use | iwd takioasz7val ve provi ded above the di scharge vabgesEnoidmesatef use
chute to enable storage of refuse within the refuse chute above the
limtation valve. This arrangenent hai turned out to be very efficient in
many applications. However, since the “refuse chute itself is used as a
storage volune for refuse there is a risk, especially in high- rise
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refuse chu Is provided at a position abov di scharge val ve, and

al | ows efinpehate)itselios agel of a sekate wohine fogtefusertheretis aefskr efpasially 1bhidhot her
cormmon approach invol ves enptying the refuse chutes and collecting the

r ef use tisetwldingsathesd the elrde above 31,6 limifatiahwlveis filled watherfise vpdo dyefirst
However, the operation control of refuse collection systens of today is

_ far fr&ﬁﬁ@ﬁﬂﬁﬁf@%ﬁ%ﬁ CHRFLCIRERREt . 20 Attenpts have been made to reduce
~t'he enptying and collection times by increasing the vacuumin the
transport pipes of the system but unfortunately such an increase of the

vacuu ”‘_Eﬂfféreﬂt%fe%?}ﬂ@ Habe afenan S RIPRANAS o bilted Eited 9RriBClolumes

resulting in a ug flow that may cause ockage i n“the pipes of the
syditeminSitdbast| soakagé thmyefese chutes ufor daample ae rlekdrébddr @mnodr Bweéishrpatent
transport line. Another problemrelated to the 25 enpl oynent of increased
vacuumadpplietson PARE0ha; skha eapandedgeirangs e@lbye,t hermabulini thg form of a
container with substantially larger cross-section than the refuse chute, is provided at a
position above the discharge valve, and allows temporary storage of relatively high
amounts of refuse.
15
Another common approach involves emptying the refuse chutes and collecting the refuse
 therefrom more frequently, thus shortening the emptying cycle. However, the operation

control of refuse collection systems of today is far from optimized in this respect.

20 Attempts have been made to reduce the emptying and collection times by increasing
o the vacuum in the transport pipes of the system, but unfortunately such an increase of
the vacuum will increase the danger of compacting the refuse too much, résulting ina

plug flow that may cause blockage in the pipes of the system. Such blockage may even

~ shut down an entire branch line or transport line. Another problem related to the

25  employment of increased vacuum levels is the noise that is generated by the resulting
airflow through the refuse chute in connection with the emptying. In addition, high

levels of vacuum may force opened access ports to close rapidly and jam or even

injure a person that is about to discharge a bag of refuse.




airflow through the refuse chute in connection with the enptying. In
addition, high Ilevels of vacuum may force opened access ports to cl ose
rapidly and jamor even injure a person that is about to discharge a bag
of refusewWO/OLAAZ70094270 PCT/ SE2003/ 000661 3 More recerridnseE2613/00@kk ed

| evel -control |l ed enptyi ng has been introduced in order to optimze the
performance of vacuum refuse coIIectiog systens. In |level-controlled
vacuum refuse col | ection systens, each”refuse chute is provided with a
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ti mpo mat@ dvllcodort berefieus efust Uhgcs Rithdevdl aRdiSMSdRM and  optim ze the
operation of the system The predefined | evel used in conventional |evel-
controlled enptylng may be too high to prevent overloading of refuse chutes
at high | oad . he_system  whereas at low load in the system the

pr edef , Q@Hv¢1gwpl iﬁg@t;l— entrelded swoptanpg has turned out to be effective at certain load

conditions in smaller systems, leading to improved system performance. In larger and

more complex systems however, level-controlled emptying tends to have an opposite
15  effect, leading to frequent jumps between different branches of the system and thus

inefficient use of the available refuse collection resources.

‘Conventional level-controlled emptying is also inflexible in that once the level sensors

have been arranged in the refuse chutes, it is difficult to flexibly adapt the predefined

20 levels so as to change the time maigins of the vacuum refuse collection system and
optimize the operation of the system. The predefined level used in conventional level-
confrolled emptying may be too high to prevent overloading of refuse chutes at high load

in the system, whereas at low load in the system, the predefined level may be too low for
optimal utilization of the resources. Another disadvantage is that the "first-come first-

25 serve" principle does not consider the consequences of the order in which the refuse
chutes are emptied. For example, there is always the risk of overloading of a refuse chute

in a critical area, which is not first in the emptying queue.

One way of improving the utilization of the available resources in a vacuum refuse

30 collection system and avoiding many of the disadvantages of conventional level-




optimal utilization of the resources. Another disadvantage is that the
"first-cone first 25 serve" principle does not consider the consequences of
the order in which the refuse chutes are enptied. For exanple, there is

al ways t \eo poogksaafo over | oadi ng of a refuse chute in a pei/sEwadoosdssea, which
is not first in the enptying queue. One way of inproving the utilization of
the avail abl e resources in a vacuumrefuse 30 collection system and
avoi di ng many of the di sadvantages of tonventional |evel WO 2004/094270 4
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eff.icient for larger Systens, especially in conbination with

| evel - celettsobecgroppatya tigne Byr perfiing of degschengel vateest withine theesgbhtcysdhgroupn
group level instead of performng |evel-controlled enptying for indivyidual
di scharlus approaets hamfiyned ouhio be padigalarlygdbiciont Egnloeast SyHams, Speriakpit r ol

are avoided, while.the .10 a tages thereof .are still obtained. A.further
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paranmeters based on a nunber 0Of consecutive refuse |evel neasurenents in

t ha 0sy sidenmtagewithersof mod stilhebimpexdat i on of the system accordingly. By using

adaptive prediction techniques instead of sinple and static rules of thunb,
the reliability and efficiency of the overall refuse collection system can

be s ub.s‘& %T}dixee}:l i%rovement in recent years involves the use of adaptive prediction techniques
for improved control of a vacuum refuse collection system, as disclosed in our
international application WO 01/05684. The idea here is to adaptively predict future
15  values of one or more oiaerational parameters based on a number of consecutive refuse
level measurements in the system, and control the operation of the system accordingly.
By using adaptive prediction techniques instead of simple and static rules of thumb, the
teliability and efficiency of the overall refuse collection system can be substantially
mmproved.
20
Prediction-based control has turned out to be particularly useful for larger and more
complex systems, especially when discharge valves are partitioned into groups and
emptied on a group basis. In group operation, the groups are normally selected for
eruptying one at a time, and the selection procedure is typically based on predicted values
25  of operational parameters in the refuse collection system. Preferably, the group selection
procedure makes use of so-called emptying conditions, and it is determined, for each
group, whether the emptying condition for the group is valid or not based on an
appropriate subset of the predicted values. Groups with valid emptying conditions are
then selectable for emptying of refuse. Each group is preferably associated with a priority
30 value, and the group with the highest priority value among the groups with valid




i nproved. 20 Prediction-based control has turned out to be particularly
useful for larger and nore conplex systens, especially when discharge

val ves are partitioned into groups and enptied on a group basis. In group
oper at i onWOHB4/¢HdWps are normal |y selected for enptyi MgTwERGEIO0@GLI NE,
and the selection procedure is typically based on predicted val ues 25 of
operational paraneters in the refuse csllection system Preferably, the
group selection procedure nakes use of so-called enptying conditions, and
it is determned, for each roup, whether the enptying condition for the
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for prediction-based control indeed has the possibility to offer inproved
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potential for further inprovements within the er al fragemo.k.of
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obj ect. gét#ﬁe present invention to provide an efficient and reliable vacuum
refuse collection systemas well as an inproved nethod of operating such a
system 15 1t is another object of the invention to provide an inproved
control systemfor controlling enptying of refuse fromrefuse chutes in a
vacuyum refuse col | ecti on SYMMARY OF THE INVENTION

It is a general object of the present invention to provide an efficient and reliable vacuum

refuse collection system as well as an improved method of operating such a system.

15  Ii1s another object of the invention to provide an improved control system for conirolling

emptying of refuse from refuse chutes in a vacuum refuse collection system.

Yet another object of the invention is to provide a computer program for controlling
 operation of a refuse collection system, when said computer program is running on a

20  computer operatively connected to the system.

It is a particular object to minimize the number of overloaded refuse chutes in the entire

refuse collection system.

25  These and other objects are met by the invention as defined by the accompanying patent

claims.

The invention generally relates to a vacuum refuse collection system having a multi-
branch transport pipe system with a number of refuse chutes connected thereto. It has

.30  been recognized that optimal or close to optimal performance can be obtained by




Yet anot her object of the invention is to provide a conputer programfor
controlling operation of a refuse collection system when said conput er
programis running on a 20 conputer operatively connected to the system
It is a pedrosodere object to mnimze the nunber of ovePUTEROES/M08G0LSe
chutes in the entire refuse collection system 25 These and ot her objects
are met by the invention as defined by.the acconpanying patent clains. The
i nvention generally relates to a vacuumrefuse collection system having a
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I ndi vi dual branches. 5 A basic idea is to perform autonated sel ection of a
hop, al so _c_ommn]y referred to as a junp, to a next branch according to

t Pe 5f ol f:,.m dakicdded sganierforth adtbimiehselension-dfaphepslalsst canmophorsddtadto #02 each
of a nunber of possibl e next-hop candidates, representations,of ut.ure
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sel ect egh PHOARN QDBsERRALE NS i) Wetdhminted Besedosh thavopadilicted Ysdd tevel
consequence val ues. 15 Preferably, the system consequence value for a given
nexto- hoppessentatiate Tie pretlativng epan by leash shedopraheatien| tond Devethe system
majority of the branches in the entire refuse_ coll ection )

consequence values for the next-hop candidates have been deternuned, a hop or jump to

a next branch is selected among those candidates that have the most favorable system

consequence values.

15  Preferably, the system consequence value for a given next-hop candidate is determined
by considering the load levels in a majority of the branches in the entire refuse collection
system. In this way, the control system can make vital control decisions based on system-
wide information, while still performing controlled emptying of refuse branch by branch.
The proposed next-hop selection procedure generally results in a minimized number of

20  overloaded refuse chutes, which will reduce both operational disturbances as well as

disturbances for people using or otherwise coming into contact with the refuse chutes.

Naturally, it is often desirable to select the next-hop candidate that has the most favorable
system consequence value. However, there may be a whole group of nexi-hop candidates

25  that all have favorable system comsequence values compared to other worse nexi~hop
candidates, and excellent performance can be maintained simply by selecting a candidate

from fhis high performance group. It may also be the case, that two or more next-hop
-candidates have essentially the same consequence value. Depending on how the syétem
“-consequence value is defined, the most favorable value may be a low value or

30  alternatively a high value.




system In this way, the control system can nmake vital control decisions
based on system w de information, while still performng controlled
enptyi ng of refuse branch by branch. The proposed next-hop sel ection

pr ocedur eW§eHe+/884RY0 results in a mnimzed nunber of 20 roaEE20Ba006en ef use
chutes, which will reduce both operational disturbances as well as

di sturbances for people using or othergﬁse comng into contact with the
refuse chutes. Naturally, it is often desirable to select the next-hop
candi date that has the nost favorable system consequence val ue. However,
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val ue. Dependi ng on how the system consequence value is defined, the nost
‘favorabl e value may be a | ow value or 30 alternatively a high value. WO
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refuse chute load | evels may be weighted by neans of respective priority
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10 system consequence val ue for anot her next-hop candi date, enabling

sel ect i branch fernbetsysem goisiheffvieer m a syst em poi nt of view. Anot her aspect
of the invention concerns a branch-oriented approach, in which a branch

Another aspect of the invention concerns a branch-oriented approach, in which a branch
consequence value is determined for each next-hop candidate and the next-hop algorithm
15 selects hop to a next branch among those candidates that have the highest branch
consequence values. This approach has tumed out to be quite competitive for smaller

systems.

" The invention offers the following advantages:
20 - Near-optimal performance;
- High reliability;
- System-wide consequence analysis; and

- Mimimized number of overloaded refuse chutes.

25  Other advantages offered by the present invention will be appreciated upon reading of the

below description of the embodiments of the invention.




consequence value is determ ned for each next-hop candi date and the

next - hop al gorithm 15 sel ects hop to a next branch anong those candi dates
t hat have the hi ghest branch consequence val ues. This approach has turned
out to bav@picksoronpetitive for smaller systens. The iFVESE2@M0FAers t he

foll ow ng advantages: 20 - Near-optimal performance; - Hgh reliability; -
System wi de consequence analysis; and,- Mnimzed nunber of overl oaded
refuse chutes. 25 Ot her advantages of f8ered by the present invention will be
appreci ated upon reading of the below description _of the enbodi nents of
the invention. WD 20B PESCGRINBONGF JIIEIRS DESCRI PTI ON OF THE
DRAW NGS The invention, together with further objects and advant ages
thereof, will be best wunderstood by reference to the follow ng description

t aken et her .w t 8C ARANY dray i 19 bel Yest @
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syst emyndfsfaod: é%j iSfdenchenrtthe flRMvifl adessriptiona talent -togetherel withi dre
procedure accordi‘ng to a preferred enbodi nent of the invention; Fig. 3 is
a sshenpédrapatiyags amvahgs dhevddich: parts of an exenplary nulti-branch refuse

‘collection system illustrating three branches being considered; 15 Fig. 4

is a schematic drawi ng of a conputer-inplenented control system according
to a . o . .
Fig. 1 is a schematic drawing illusitrating an example of a vacuum refuse collection

system,;

10 Fig. 2 is a schematic flow diagram of a next-hop selection procedure according to a

preferred embodiment of the invention;

~ Fig. 3 is a schematic diagram of relevant parts of an exemplary multi-branch refuse
collection system, illustrating three branches being considered,
15
Fig. 4 is a schematic drawing of a computer-implemented control system according to a

preferred embodiment of the invention;

Fig. 5 is a schematic diagram of a simplified exemplary multi-branch refuse collection

20  system, serving as a basis for a first numerical example; and

Fig. 6 is a schematic diagram of another simplified exemplary multi-branch refuse

collection systern, serving as a basis for a second numerical example.

25 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Throughout the drawings, the same reference characters will be used for corresponding

or similar elements,




preferred enbodi nent of the invention; Fig. 5 is a schematic diagramof a
sinplified exenplary nulti-branch refuse collection 20 system serving as
a basis for a first numerical exanple; and Fig. 6 is a schematic di agram of

anot her swapdoofrésashoexenpl ary nul ti-branch refuse col | egicirgt2608Bbh&RY
serving as a basis for a second nunerical exanple. 25 DETAI LED DESCRI PTI ON
OF EMBODI MENTS OF THE | NVENTI ON Thr oughout the draw ngs, the sane reference
characters will be used for correspondi®hg or simlar elenments. WO
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vacuum I | O stemw.ll now be nade with reference to Fig. 1.
-System g\%@%ﬂé?@%&%&aﬁﬁ%ﬁ, ﬁa(i%{agssa %ﬂﬂ]egr?ﬁﬁ‘gasg?'avm ng illustrating an exanple

of agvacuumrefuse collection system As an exanple, assune that the
vacuum refuse collection system1l is installed in a residential and/or

busi nesFoandettamidegstandinghethonveutibnl gserdasRriay o RO sk Sivd Wikl ed
with a refuse chute 3, or equivalent. In this particular exanple, the
refuse eduseeolisstian sysiemtwitkiiow bereslecxilereferegow e Figcdl |y through t he

bui | di ngs, and each chute normally has several insertion openings with
correspondi ng access ports (not shown). Each refuse chute is equipped with
an opensble and cl osabl e di scharge valve 4, preferably positioned in the
baserren_J‘?)t THRETBEY di ng. When opened the di scharge valve 4 establishes

10

Fig. 1 1s a schematic drawing illustrating an example of a vacuum refuse collection
-system. As an example, assume that the vacuum refuse collection systemn 1 is installed in

a residential and/or business area having a number of buildings. Each building 2 is
installed with a refuse chute 3, or equivalent. In this particular example, the refuse chutes

15 are vertical chutes extending vertically through the buildings, and each chute normally

- has several insertion openings with corresponding access inorts (not shown). Each refuse |

chute 1s equipped with an openable and closable discharge valve 4, preferably positioned

in the basement of the buvilding. When opened the discharge valve 4 establishes
communication between the refuse chute 3 and an underground transport pipe 5 for

20  discharging the refuse gathered upon the valve into the transport pipe. When closed the

 discharge valve 4 blocks the lower end of the refuse chute to provide a seal between the
chute and the transport pipe 5. |

The vacuum refuse collection system normally inclﬁdes a number of transport pipes 5
25 which form an underground transport pipe system in which refuse is transported to a
central refuse collection station 6 by means of suction of air. The transport pipe system is
illustrated as having a main pipe to which a plurality of branches are commected. It should
though be understood that the invention is not limited to the particular example of Fig, 1,

and that other configurations of the transport pipe system are feasible as well.
30 |




comuni cati on between the refuse chute 3 and an underground transport pipe
5 for 20 discharging the refuse gathered upon the valve into the transport
pi pe. Wien closed the discharge valve 4 blocks the | ower end of the refuse
chut e towvwnawisgena) seal between the chute and the transPE&topi/@ess2. The
vacuum refuse coll ection systemnormally includes a nunber of transport
pipes 5 25 which form an underground_transport pipe systemin which refuse
is transported to a central refuse colfection station 6 by neans of suction
of air. The transport pipe systemis illustrated as having a nain pipe to
whi ch Zaph braidht in thic dystenc hes aarar menedved. atlthe sndusfathettivanagh When the
understoqd that the inventign is_not linted to th articul ar, exanpl e of
Fig. 1maiavalvenatt the wentrdgaiusgsollestinmstygion Gés -@I?ealﬁgap‘é%ﬁﬁ‘aﬁﬁw BIRStSYeHY e

f i bl 1. 3 2004/ 094270, PCT/ SE2003/.000661 10 Each b h.in th
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val ve 7, 3ty hlf M fief & H/%eSCé’i} Eelﬁérﬁaﬂ?fi)?ﬁcﬂnis6o cAPgRcLy ﬁe‘éﬁﬁ& Tgnspor t
pi pe system ~or appropriate parts thereof is expos 0 subat nospheric

Pr €§SURRnSporvias YHEBfiRE Sthtered aA dthuieandih@addport Bipet 5 \vaters e @¥stom and
particul ar branch is opened the air needed for 5 transporting the refuse

gat her esniportshiberefuse Ho the nsyica tstgtioped. Beetiveng viakwes (st shovar)dnay bansgbr t s

the refuse to the central station 6. Sectioning valves (not sho ma% be
used @ sealalifferent sgctions of Ehe basPETt NiPRSYSEeM SioEn cagh PEICE {osensie &5@@3 h

other to ensure sufficient ressure in individual sections for effective
suct i orPr‘?ﬁsHWs‘Bd?al.“‘i‘@?m&%‘?@?c“tvﬁéumhﬁ?ﬁspgguse col l ection system
conprises a control system 10 for controlled enptying of refuse in the
system More particularly, the control system controls the enptying of

refiyse Hur@ithbR, thé Hasweh Uefie! Solldifoh IsYHBRO E:@)m?ﬁ@@s Y@l apstend D@ forict i on

transport of refuse fromdifferent branthes of the transport pipe systemto
the ceohtralled @nyggingonf sefitseom e spstemolNoreg patieudhirkg hthe geonted] veystenai r
i nl et val ves, ~sectioning _ )

controls the emptying of refuse from the refuse chutes to the transport pipe system and

the suction transport of refuse from different branches of the transport pipe system to the

central collection station by conirolling the discharge valves, air mlet valves, sectioning

15  valves and main valve of the system according to accepted control technology.

The invention is not concerned with the specific design of the discharge valves, air inlet
valves, sectioning valves and main valves, which are all well known in the art and may
be of any conventional type used in vacuum refuse collection systems, In the same
20 manner, the central refuse collection station may be any conventional station known to
the art. Typically, however, once the refuse has been transported to the central station, the

refuse is compacted at the central station and stored in containers.

Basic exemplary solution

25  The idea is to perform frequent measurements of the increasing level of refuse in a
number of refuse chutes in the various branches of the refuse collection system or
.o.therwise intermittently estimating a suitable representation of the refuse chute load
level, for example by using level sensors as described in our international application
WO 01/05684 or by using any other suitable means. The signal information generated by

30  the level sensors is transferred directly or via a distributed control unit to the control




15 val ves and main val ve of the system according to accepted control

technol ogy. The invention is not concerned wth the specific design of the
di scharge valves, air inlet valves, sectioning valves and main val ves,

whi ch ar ewda) toowedd27oknown in the art and may be of any a@nyanbismasdeit ype
used in vacuumrefuse collection systens. In the sane 20 manner, the
central refuse collection station nay he any conventional station known to
the art. Typically, however, once t he Mefuse has been transported to the
central station, the refuse is conpacted at the central station and stored
i N cont sistean,sandBhei conéok spstemynermialiyi wap@slsTioesigrers anfanatiopdremribefleeguent
measurenments of the increasing |eyvel of refuse in a nquer_of refgﬁf

chut es F5RSPHeayangedu B oREhnuh e Jretisee collgation eystema cfor operiganiag, gpntrolled
otherwi.se intermttently estimating a suitable representation of the refuse
chute I%ﬁﬁbmﬁ%gg#$&F0r exanpl e by using | evel sensors as described in our

I nternational application WD 01/05684 or by using any other suitable
‘means. The signal information generated by 30 the | evel sensors is

t ransf eftriad bdien eeddgwized thateoptirgilserr ¢losd Rdostanalrmdrfarmance @at fbe chaamed byWO
2004/ 094270 11 PCT/ SE2003/ 000661 system and the control systemnormally
r espondgerfarmyng mantroRed ematyiog ¢fr mfisenbraneh dy brasgkonnd anelyringdthenfidugghout
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sel gt i hop sdlectidnqpocedurejmpfertngtothetscheranidh flawahagliangof Bigad. ef fi ci ent next -
%0 hop sel ection procedure, referring to the schematic flow di agram of Fig.
For each of a number of possible next-hop candidates, representations of future refuse
chute load levels in a plurality of branches within the system are predicted (S1), and a
system consequence value 1s determined based on these predicted load Ievel
15  representations (S2). The predictions span at least one hop ahead in time. Once the
system consequence values for all the next-hop candidates have been determined (Y in
S3), the system consequence values are evaluated (S4) and a hop to the next branch is
selected among those candidates that have the most favorable system consequence values
(S5).
20
The future refuse chute load level can be predicted by using any kﬁown prediction
technique, including gradient-based techniques as discussed iﬁ the above-mentioned

international application WO 01/05684.

25 It has turned out to be very beneficial to consider the predicted refuse chute load levels in
a majority -of the branches in the entire refuse collection system when deterrr.lining‘ the
system consequence value for a given next-hop candidate, In this way, the control system
can make vital control decisions based on system-wide or near system-wide information,
while still performing controlled emptying of refuse branch by branch.

30




For each of a nunber of possible next-hop candi dates, representations of
future refuse chute load levels in a plurality of branches within the
systemare predicted (Si), and a system consequence value is determ ned
based onwdameoqaemdi cted | oad | evel 15 represent ati ons KC329E200Blve0661

predi ctions span at | east one hop ahead in tine. Once the system
consequence values for all the next-hgf candi dat es have been determned (Y
in S3), the system consequence val ues”are evaluated (54) and a hop to the
next branch is selected anong those candi dates that have the nost

favor albe sythom conbideacthes hesl thes mossspvorablerpstemy gprscdBsneseVelHELE | oad
| evel can redi cted by using any kno redi ctd on. .techni.que, 4 ncl.udi ng
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determ ning the system consequence value for a given next-hop candi date.

I n 3 hi pevfaymandeccandidatesl Isymiyeriso batheradse, that divocmrmond nexdiop eamdidsdesed on
systemw de or near systemwde information, while still performng

cont r ohreelessatiallyiige samecruseaUSRER¥HUSY branch. 30 WO 2004/ 091270

PCT/ SE2003/ 000661 12 The next-hop candi date that has the nost favorable
system consequence value is nornally selected. However, there may be a

whol e qrh%g@‘eﬂfcféﬁei‘éﬁrg%ﬂtaﬁfgggi%P%Jﬁ;rgﬁﬁﬂse _I#]ute haye é%\%’l’so nB Be HEILREA by

consequen val ues *conpa next - hop can ates,” and xcel I"'ent

perf or ipams Sfafespecti®l priatitiedosfifiivngs By ddéees itdlg trerdbtivehanpottarge &f
performance candidates. It may al so be the case, that two or nore next-hop
cahdi dengryingdueratisrevoiding pvetleadingediffonad gefuse chutes indo account, as will be

exemplified below.

Exemplary embodiment of next-hop algorithm
An illustrative next-hop algorithm, also referred to as a next-jump algorithm, according to
15 a first exemplary embodiment of the invention is summarized in mathematical formulas

“below:

For each next-hop candidate j, a system consequence value By, is determined
according to the following algorithm:

20
k

B System = Z B !

leS

where B, is a branch consequence value for branch /, Ry, is the predicted load level for
25 . refuse chute & in branch /, J is an optional branch-wise variable which may be set to zero,
P is a power factor for controlling the impact of the predicted load level on the branch

consequence value, Ky, is a priority coefficient for refuse chute & in branch / and § is the

considered plurality of branches.




The predicted representations of future refuse chute |oad | evels may be

wei ghted by neans of respective priority coefficients in order to take the
rel ative inportance of 10 enptying (or rather avoi ding overl oadi ng)

di f f er ent wetuseoLlut es i nto account, as will be exenpladi/atodzalooss:

Exenmpl ary enbodi nent of next-loop algorithmAn illustrative next-hop
algorithm also referred to as a nexték¥np al gorithm according to 15 a
first exenplary enbodi mrent of the inv ion is sunmarized in mathemati cal
formul as bel ow. For each next-hop candidate j, a system consequence val ue
Bsyst eniThs poieedionddeve dyomay dior examptie be deteomingg mithpfallowme »@yB1 = (R k +
J) P Kk for lei S Bsystem= E Bl |les where B, is a branch consequence
value for branch 1, Ru, is the predicted |oad level for 25 refuse chute k
in branch 1, J is an_gptional branch-w se variable which may be set to
zero, P is a power féaetop for controlling the inpact of the predicted | oad
| evel on thg, brarth deong&guence value, Krk is a priority coefficient for
rTefuse chute#™in branch 1 and Sis the considered plurality of branches.
WO 2004/ 094270 13 PC#%SEZOOB/OOOGGl The predicted load level R k may for
exanple be determned in the follow ng way: k + dFlk , Tpre t Rk dt =

d k where Fy, is an estimate of the current load level, ..E’L is an estimate of the load level
. t
5 growth rate, T,y is an individually set prediction time and Cy, is the storage capacity of
_the refuse chute.

I the next-hop selection procedure proposed by the invention is combined with the use
of a default structured emptying mode in which branches are selected for emptying in a

10  predetermined order or sequence, the structured emptying sequence may be mterrupted if
the evaluation of system consequence values gives at hand that a deviation from the
predetermined sequence is indeed more favorable. In this case, the optional branch-wise
variable J may be helpful in controlling how much the next branch in a predetermined,
structured branch selection sequence should be prioritized, compared to other branches.

15

The variable ] may for example be set according to the following illustrative formula:

‘le
J= 'R'merrupr ’ (100 - _C,—)

Ik

20 - if the considered branch [ is the next branch in turn according to the predetermined

sequence, and
J=0,

25  for all the other branches. Pyyenm,y is a prioritization factor, also referred to as an interrupt

factor, which has to be tuned to a suitable value between 0 and 1. Apparently, in this




where F11, is an estimate of the current load level, dFIk is an estimte of
the load level dt 5 growth rate, Tpred is an individually set prediction
time and Ck is the storage capacity of the refuse chute. If the next-hop
sel ecti onypraa@oizre proposed by the invention is conbi necrsibésdehaiuse of
a default structured enptying node in which branches are sel ected for
enptying in a 10 predeterm ned order gQr sequence, the structured enptying
sequence may be interrupted if the evdl uation of syst em consequence val ues
gives at hand that a deviation fromthe predeterm ned sequence is indeed
nor e f pastiatidrespplinatisn, she gffect @f\@leomiabka? ipthaheheniithas g aopsrevalugdy be

hel pful .in controlling how much the, ne branch. i n.a predeterm ned

st bt @ 8 askEoual e BRare e ogb el BE o rPae REBES. REDHIE S dhs o
ot her branghes: :15 Th | ; for exanple be set according to the
followljr?ﬁ%ﬁ%gl%m imgdf%f%lﬂﬁ@?ggeqhe@%’('nterrupt. (100- Ck 20 if the
considered branch | is the next branch in turn according to the
predeterm ned sequence, and J=O, 25 for all the other branches.

Pi nser ralthoigh thepinventidn afthwmpleys predictios spafivingeshe bopshasd fim tisns, upt

factor, which has to be tuned to a suitable value hetween 0 and 1.
Appar ersbioyld huedarstopdtizgdarbep predutinns ez dongesaodt thoppysdiations gy also
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Al t-houg ein on ‘of ten enpl oys pre S spanni ng one head in
time, Idituations, it is not certain that predictions two or more hops ahead in time will generally

10  provide a more efficient algorithm.

For further details on load level measurements and prediction techniques, reference is
made to the above-mentioned international application WO 01/05684. With respect to
predictions based on growth rate estimates, any conventional procedures for determining

15 consecutive load level representations and estimating the input flow growth rate may be
* used. The input flow growth rate may even be estimated based on the number of inlet
door openings per time period. Apparently, it is important that the growth rate is
estimated in such a way that the underlying trend is captured in an appropriate time
frame. If it is difficult to estimate the growth rate in a meaningful way, it may be possible

20  to approximate the growth rate by a constant value, at least temporarily.

Detailed implementation example
In the following example, it is assumed that no hops are allowed during emptying of a
given branch. Emptying of a branch normally (there are exceptions) means that all

25  discharge valves that belong to the branch are opened.

The next-hop algorithm attempts to minimize the number of overloaded refuse chutes,

which will reduce both operational disturbances as well as disturbances for end-users.

30  With reference to Fig. 3, the following definitions are made:




shoul d. be understood that two-hop predictions or |onger nulti-hop
predictions may al so be used by the invention. In fact, in sonme situations
it may be necessary to consider two or nore hops ahead in tinme to obtain
sat i sf act wo200@0d40T0MANCE. HOwever, in other situati ons,pdTiSE2603M0b66EErt ai n
that predictions two or nore hops ahead in tinme will generally 10 provide
a nore efficient algorithm For furthey details on |oad | evel neasurenents
and prediction techniques, reference i made to the above-nentioned

i nternational application WO 01/05684. Wth reapect to predictions based
on groweh radd;alenpicatsmoainecenthy emptiod dirannho ddg mosaicnoA Vdeersesritionn ghel 5

consecutive |load | eyel representations_and est.i i the input flow growth
rate may be c%@@pnémgmip?vg Vmﬁﬁﬁt&ﬁﬁgd@gﬁ%@%ﬁcge esti mat ed based
-on the nunber of inlet door openings per tinme period. Apparently, it is
inportant that the growh rate is estimated in such a way that the
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difficult to edtinate the gro rate 1 n a meani ngful way, may b

poss$ bl e  20ateccompidiered baltie o fext-dropwiahdidatecis bgleatedonst ant val ue, at | east
tenporarily. Detailed inplenentation exanple In the follow ng exanple, it
is assuned that no hops are allowed during enptying of a given branch.

Enpt yi ng of ranc rmal ly (jhere are ex tions ns th |1, 25
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al gorithm at E@rﬁ@fe? 40 mnimze the nunber of overloaded refuse chutes,
which will r&duge bot h operational disturbances as well as disturbances for
end-users. 30 Wth reference to Fig. 3, the following definitions are made:
WO 2004/ 094270 PCT/ SE2003/ 000661 15 AV; denotes the nost recently enptied

brangh. eThe BAfpatdensteAYefaserebutier bront lvencle oYV e SfendbtatioRi DVi cumeds frahy ¢he
arranged at the end of the branch. AV} denotes the next-hop branch,
assunm ng t hacomEgspopdingdisnhargedalvop candi dates j

Assuming that branch AV; has just been emptied, it is desired to determine the
consequences of swiiching to branch AV (for all relevant next-hop candidates j). It is
15  desirable to determine the risk that refuse chute DV, i.e. refuse chute & on branch AV,

becomes full before it can be emptied.

The time before the system can start emptying this refuse chute can be estimated as:
20 Tyviary + Tawy + Ty + Towme

‘where Typyp; is the time from completed emptying of branch AV; until emptying of
 branch AVJ- can start, T,y is the time from emptying of branch AV; is started until
émptying of branch AV; is completed (including after suction time within the branch),
25 T4pamis the time from completed emptying of branch AV, until emptying of branch AV,
can start, and Tnyy, 18 the time from emptying of branch AV is started until emptying of

DV, can start.

The predicted load level for DV, can thus be determined in the following way:




5 are consi dered before a next-hop candidate is selected. AV denotes the
branch to be enptied after the enptying of branch AVj has been tconpl eted.
10 DVIk denotes refuse chute k on branch AVT. The notation DV conmes from
the corvespwaddanr di scharge val ve. Assum ng that brandiCHSE200888046ust been
enptied, it is desired to determ ne the consequences of switching to
branch AV} (for all relevant next-hop.gandidates j). It is 15 desirable to
determne the risk that refuse chute E)&/I k, i.e. refuse chute k on branch
AVI , Dbecones full before it can be enptied. The tine before the system
can start enpt ;&,;\\% dfm:sr(&,:ef us chuﬁe ca%‘fe stimated as: 20 TATI MIJ +TAT9
+TATj] AVT +TDVI k' é@ BViNT | A T Helmi e’ ik m%rrpl eted enptying of branch
AV: until dhpEyimg ot branchsAY—can start, TA is the tinme fromenptying
of branch AN ij is started untkl enptying of branch AV is conpleted '
(including after suction tine wthin the branch), 25 TAVj4Tq is the tinme
fromconpl eted enptyi ng of branch AVj until enptying of branch AVI can
start, 3 D Iake notditRstak MBotd. TR WRludicad tikdn by agdh Aadie of #id wek that i |
enmptying of DVIk can start. The predicted |oad |evel for DVk can thus be
det er Mg Hesombe flblif dwi sgtam afiev\@onfdetdd eayyiogREHraEdt0ddV;0666wpties Fi k +
dFlk " (TA HA Vi +TAri +TAr9AVl1 +TDI1/k = [%4 Rn Ck

5 branch AV;before it starts emptying branch AV

If we multiply the above load level with a priority coefficient K, for the particular refuse
chute, and then performs a summation over all relevant refuse chutes in branch AV, we
get a branch consequence value for this branch:

10

B, =2Rm Ky
ok

When using priority coefficients, it is important to set these coefficients so that they

reflect the importance of emptying the respective refuse chutes. It may be beneficial to

15  set the priority coefficient to 1 for those refuse chutes that have the smallest

| consequences in case of overloading, and set higher related values to the other refuse

chutes. For a better overview and control of the prioritization process, it may be useful to
divide the refuse chutes into a limited number of priority categories, for example the least

important refuse chutes may be assigned a priority coefficient equal to 1, refuse chutes of

20 medium importance may be assigned a priority coefficient equal to 1.5 and the most

important refuse chutes may be assigned a priority coefficient equal to 2. It is also

possible to have a moving scale within each category, e.g. in proportion to the number of

stories in the building.

25 A system consequence value can then be calculated by summing the branch consequence

values for all branches in a set S of considered branches:




using the sane notations as above. This value can then be used a neasure of
the risk that DVIk becones full if the systemafter conpl eted enptying of
branch AvV; first enpties 5 branch AVj before_it starts enptying branch

AV, . |f waouehiigakw the above | oad level with a prioritycasaibismoesnst Kk
for the particular refuse chute, and then perforns a sunmation over al

rel evant refuse chutes in branch AVM get a branch consequence val ue for
this branch: 10 Br = ER k - KIk Kk n using priority coefficients, it is
i nportant to set these coefficients so that they reflect the inportance of
enptying theBrespectBye refuse chutes. It may be beneficial to 15 set the
priority coefficiefif to 1 for those refuse chutes that have the small est
consequences in case of overloading, and set higher related values to the
-other refuse chutes. For a better overview and control of the
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chutes of 20 nedlun1pnportance may be assigned a priority coefficient equal
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coefficient equal to 2. It is also possible to have a_noving scale within

each caieyorsjances.git may prapbetadsantegeauseionensliede b nextbopeeandidate branch
buil ding. 25 A system conseguence val ue .can.then be cal cul ated by.summ ng
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branches: WD 2004/ 094270 PCT/ SE2003/ 000661 17 Bsystem= T Bl |ES

System consequence values are then determined for all next-hop candidates (f =1, ..., N,

10  where N is the total number of next-hop candidates), and the candidate having the most
favorable (here the lowest) system consequence value is then preferably selected for
emptying of refuse. In order to avoid unnecessary delays while still be able to use up-to-
date information as a basis for the next-hop decision, the calculations required for
determining relevant system consequence values and selecting hop to a next branch

15 should preferably be made within the after-suction time from the last discharge valve in
the branch currently being emptied.

-Optional prioritization of predetermined sequence
As mentioned above, the refuse collection system may alternatively be operated in a
20  default structured emptying mode in which branches are selected for emptymg in a
‘predetermined order or sequence. This sequence is often optimized for maximum total
emptymg efficiency in terms of e.g. total emptying time and/or power consumption. Such
- a structured mode of operation using a predetermined sequence can be effectively
combined with the next-hop selection procedure proposed by the invention by
25  interrupting the structured emptying sequence and selecting another next-hop candidate if
the above evaluation of system consequence values gives at hand that such a deviation
from the predetermined sequence is much more favorable. Preferably, the previously
mentioned variable J is employed to control the tendency of the conirol system to

mterrupt the structured emptying sequence. In a simplified realization, however, the




It is normally a feasible approxi mation to consider all relevant branches
except for the considered next-hop candi date branch AVMin the cal cul ation
of the system consequence 5 value, especially if the nunmber of refuse
chutes | swoebw@bp4zegby |ow. In fact, in some circunstancesr/SElnomysseven be
advant ageous to exclude the next-hop candidate branch fromthe consi dered
set S of branches when cal cul ati ng thegsystem consequence val ue. System
consequence val ues are then determ ned for all next-hop candidates (] =1,
..., N 10 where Nis the total_nunber of  next-hop ¢andi dates), and the
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sel ect i@miiprdpedar figprroposed by the invention by 25 interrupting the
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sequence. In a sinplified realization, however, the W 20041U94270
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k

15 where P is the power factor for controlling the impact of the predicted load level on the
branch consequence value. The subsequent system consequence value is calculated in the
same way as before. Unless an appropriate power factor is used, several half-full refuse
chutes in a branch may give a larger contribution than an almost full refuse chute in
another branch. By using a power factor different from 1, a non-linear dependency is

20  obtained. It is typically important that when a refuse chute is closer and closer to being
full, this particular refuse chute should give a larger and larger contribution to the branch
consequence value. The actual configuration of the power factor depends on the
particular application in question, but a suitable default value may be P = 2 in order to
reduce the number of overloaded refuse chutes and at the same time maintain a certain

25  robustness, With such a setting, a refuse chute with a predicted load level of 90% will

~ give a value of (Ry) equal to 0.81, while a predicted load level of 10% gives a value of
(Ru)’ equal to 0.01. This means that only marginally loaded refuse chutes become almost
negligible compared to refuse chutes that are quite full. For example, two refuse chutes

with a predicted load level of 60% each gives a (Ry)’ value equal to 0.36, which together




18 system consequence val ue Bsequence for the branch in turn according to
the predeterm ned sequence may sinply be conpared to the nost favorable
syst em consequence val ue Bsyste",(mn) of the considered next-hop

candi dat e®¥0 ¥i#09427Bsyte", (M n) < Pinterurpt ' Bsequenc@CTIIR0SNI0660!
system sel ects the nost favorable candidate rather than the branch given by
5 the predeterm ned sequence. The int e{d upt factor Pi"te, is typically a

gi ven value between 0 and 1, which controls the tendency of the control
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equal to 0.01. This neans that only marginally | oaded refuse chutes becone
al nost '

This approach can also be combined with conventional structured emptying according to
a predetermined branch sequence by prioritizing the sequence via a prioritization factor.
The prioritization factor controls the tendency of interrupting the structured emptying
15 sequence so that the branch in turn according to the predetermined sequence may still be

selected instead of a branch candidate with only a slightly higher branch consequence

value.

The branch-oriented approach may generally be extended by taking the time required to
20  swiich to a given branch into account, e.g. by summing the weighted load levels and

dividing this sum by the switching time when calculating the corresponding branch

consequence value,

General considerations

25 In order to reduce the time required for emptying a given branch, it is possible to skip
certain refuse chutes within the branch, e.g. refuse chutes with a load level that is below a

given threshold, say e.g. 20%.




negligi ble conpared to refuse chutes that are quite full. For exanple, two
refuse chutes wth a predicted |oad |evel of 60% each gives a (R 11d2

val ue equal to 0.36, which together WO 2004/094270 PCT/ SE2003/ 000661 19 sum
up to 0. WO 200hg94220 ue 0. 72 for the two 60% | oaded ref useCTSERESHO@®M t hen be
conpared to the single 90% | oaded refuse chute which has a (R 1)2 equal to
0.81. For P = 2, it takes two refusesghutes that are | oaded to about 64%
to get a larger contribution than a single 90% | oaded refuse chute. 5
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characteristics of each particular refuse collection system.

Computer-based implementation
The above steps can be performed by a computer, by executing program elements such
15  as functions, procedures or equivalents. These program elements may be written in a
functional programming language, an object oriented programuming language or any
other suitable programming language. Conventional processor technologies, including
also PLC (Programmable Logic Controller) technologies, may be wused for
implementation.
20 |
The refuse collection system is preferably controlled by a computer-implemented control

system, which has functions for monitoring and controlling the refuse collection system.

Control system overview

25  Fig. 4 is a schematic drawing of a computer-implemented control system according to a
preferred embodiment of the invention. The control system 10 basically comprises a
computer or processor system in which one or mote computer programs are being
executed to perform the functions for monitoring and controlling the refuse collection
system. The computer-based control system includes a CPU 11 or equivalent, a main

30 memory 12, a conventional signal interface 13 and a conventional user interface 14. The




certain refuse chutes wwthin the branch, e.g. refuse chutes with a | oad

| evel that is below a given threshold, say e.g. 20% WD 2004/094270

PCT/ SE2003/ 000661 20 A suitable condition for initiating an enptying
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10 basically conprises a )
10 procedure, for example as described, is thereby executed, resulting in appropriate control

p=a(D

-

signals being sent to the relevant discharge valves, air inlet valves and main valve for

effectuating controlled emptying and collection of refuse.

- Numerical examples

15 For the purpose of providing a more intuitive understanding of the invention, some

numerical examples will now be given.

Example 1:

With reference to the simplified example of Fig. 5, assume that we have a system with
20  four branches with corresponding air inlet valves AV;-AV,, and that each branch has a

- single refuse chute with a corresponding discharge valve DV,

Furthermore, assume that branch AV has just been emptied and that a next branch
should be selected for emptying and collection of refuse. The refuse collection system is
25  designed in such a way that Ty, is zero for all combinations of 7 and j, and it can be

assumed that the emptying time is the same for all branches.

Assume that we have the following predicted load levels:




conput er or processor systemin which one or nore conputer prograns are
being executed to performthe functions for nonitoring and controlling the
refuse collection system The conputer-based control systemincludes a CPU
11 or eqwoabmnbsz7a nmain 30 nenory 12, a conventional spgmstodandoesshiace 13
and a conventional user interface 14. The WO 2004/ 094270 PCT/ SE2003/ 000661
21 main nmenory 12 has a progran1store2£5 for conputer prograns 16 and a
data store 17 for data. The control sYystemis connected to the other
conponents of_ the refuse collection systemthrough conventional
communi cat i dAVEilnks ard®%he control systemutilizes the signal interface
13 for recehigzq sign%gp'nfornation fromthe refuse collection systemand 5
for sending trol sigrals to discharge valves, air inlet valves,
sectioning vgygs and gdee nain valve of the refuse collection system In
particular, the signal interface 13 is used for receiving |oad |evel
“information IPWdm one agQogore | evel sensors in the refuse collection
system This level information is then processed by the conputer progran(s)
16 Bunning on the conputer system and the above prediction-based next-hop
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branches with corresponding air inlet valves AV, -AV4, and that each branch
hadOa dstergtived @ use chute with a correspondi ng di scharge val ve DV.

Furt hernore, assune that branch AV, has just been enptied and that a next
branch

Bysen(1) = B2+ By + By = (0.8)*+ (0.6)*+ (0.6)2; 1.36
Bysen(2) = B, + B3+ B, = (0.2 + (0.6)*+ (0.6)°=0.76
Bysion(3) = B + By + B, = (0.2)*+ (0.8)*+ (0.6)*= 1.04
15 Bysen(#) = B, + By + By = (0.2)*+ (0.8)*+ (0.6)*= 1.04

The lowest system consequence value 0.76 is associated with branch AV, and therefore

the next-hop algorithm selects branch AV,.

20  Example 2:
Consider three branches AV; and AV, and AV3, and that we have just emptied branch

AV,. In this example, assume that we have the following predicted load levels and

priority coefficients:
25 Branch AV1 Level _Coefﬁcient
DV1:1 10% 1

DV1:2 20% 1




shoul d be selected for enptying and collection of refuse. The refuse
collection systemis 25 designed in such a way that TAruT] is zero for all
conbinations of i and j, -and it can be assunmed that the enptying tinme is
t he sane #ay2ea/bedbreanches. Assune that we have the fol | epemg2arsadisied | oad
| evel s: WD 2004/ 094270 PCT/ SE2003/ 000661 22 DV1: 120% DV2: 180% DV3: 160%
DV4:160%5 In this exanple, the next- candidate itself is excluded from
t he consi dered set of branches when cul ating the correspondi ng system
consequence val ue. Assuming that P is equal to 2 and that the priority
coef ficBemB AYE, are all equal to 1, the system consequence val ue
.BsystenD fo éVeQBﬁh ne op candi datﬁ branch AV}, j = 1to 4 can be 10
determi ned a ystery;%ol’f’ = B2 + B3 +B4= (0. 8)2+ (0.6)2+ (0.6)'= 1.36
Bsyste,,, (2) + B3,6,B4 = (0.2)2;+(0.6)" +(0.6)2= 0.76 Bsyste,,,(3) =
B/ + B2 + B4DV2E% 2)2 40(6 8) 2+ (0. 6)]25 1.04 15 Bsyste,n(4) = Bt + B2 + B3
(0.2)2+ (OD&QQ’,_{} (0.69¢4,= 1.04 The { owest system consequence value 0.76 is
-associ ated with branch AV2 and therefore the next-hop algorithmselects
brangh AV2. P&/2XHfanpl 2% Consi der three branches AVM and AV2 and AV3, and

that we have just enptied branch AV,. In this exanple, assune that we have
the following predicted load |evels and priority coefficients:
Branch AV3
DV3:l 20% 2
DV3:2 -20% 1
10 DV3:3 80% 1

For this situation, using P = 2, the system consequence values will be:

Byysien(1) = By + B3 = ((0.3)" -1+ (0.4 1.5 + (0.3)* 1 + (0.2 1) + ((0.2° -2+
15 (02)%1+(0.8Y*-1)=(0.09 + 0.16 -1.5 + 0.09 + 0.04) + (0.042 + 0.04 + 0.64) = 0.46 +
0.76 =122

Bysen(2) = B; + B3 = ((0.1)* -1+ (0.2)*-1) + ((02)* 2+ (0.2)* -1 + (0.8)°-1) =
(0.01 + 0.04) + (0.04-2 + 0.04 + 0.64) = 0.05 + 0.76 = 0.81
20
Bysen(3) = By + By = (0.1 -1+ (02" 1) + ((0.3) 1+ (0.4)*-1.5+ (0.3)*-1 +
(0.2)*-1) = (0.01 + 0.04) + (0.09 + 0.16 1.5 + 0.09 + 0.04) = 0.05 + 0.46 = 0.51

Apparently, the most favorable system consequence value is obtained for the next-hop
25  candidate branch AV, mainly because of the relatively high load level for DV3:3. It can
also be seen that the least favorable choice is branch AV since this branch has just been

emptied and the predicted load levels are quite low.




25 BranchAVl Level Coefficient DV1:1 10%1 DV1:2 20% 1 WD 2004/ 094270 23
Branch AV2 DV2:130% DV2: 240%l.5 DV2: 3309 5DV2: 420% Branch AV3 20% DV3:1
DV3: 22094 10DV3: 380%d PCT/ SE2003/ 000661 For this situation, using P = 2,

t he systeyopcomseguence val ues will be: Bsysten(1l) = B2 pciak2v03(d0bb68) 2. 1 +
(0.4)2 -1.5 + (0.3)2.1 + (0.2)2.1) + ((0.2)2.2 + 15
(0.2)2.1+(0.8)2.1)=(0.09+0. 16. 1. 5+0. 09+0. 04) + (0. 04.2+0. 04+0. 64) =0. 46+
0.76 = 1.22 B.,yste,n(2) = Bl + B3 = ? 0.1)2 1 +(0.2)2.1) + ((0.2)2.2+
(0.2)2 1 +(0.8)2 1) _ (0.01+0.04) +(0.04. 2+0. 04+0. 64) =0. 05+0. 76=0. 81 20
Bsyst et 8)is ex@nple, Bbrandii-orianted wexi-itap algprithm wquld repit in the pana pextshap +
(0.3)2.1 +. (0,2)2,1)=(,0.01+0.04) +(0. 09+0. 16. 1. 5+0.,09:+0. 04) = +0.,46=0. 51
Appareﬁé]lefj‘t,mg»k?én P)hFéWF é‘fﬁ‘lﬂg § gé%’&%‘ééﬁ%éﬁ@é‘g I@eoq%sgb&“gér?@f ﬁfor t he

next- h?@.%) is that for branch AV3, indicating that it is most urgent to empty branch AV,

5  Consider the subsequent situation when we have just emptied branch AV3 and we have

the following predicted load levels and priority coefficients:

Branch AV1 Level Coefficient
DV1:1 30% 1
10 DV1:2 40% 1
Branch AV2
DV2:1 40% 1
DV22  50% 1.5
15 DV2:3 40% : 1
DV2:4 30% 1
Branch AV3
DV3:1 15% 2
20 Dv32  10% 1
DV3:3 20% 1

Now, the system consequence values will be:

25 Bysen(1) = By + By = (0.4 1+ (0.5 1.5 + (0.4 -1 + (0.3)°-1) + ((0.15-2+
(0.1 1 + (0.2 1) = (0.16 + 0.25 *1.5 + 0.16 + 0.09) + (0.02252 + 0.01 + 0.04) =
0.785 + 0.095 = 0.88

Bysen(2) = By + Bs = (0.3 -1+ (0.4 1) + ((0.15)* 2+ (0.1)*-1 + (0.2)* ‘1) =
30 (0.09+0.16) + (0.02252 + 0.01 + 0.04) = 0.25 + 0.095 = 0.345




25 candi date branch AV3, mainly because of the relatively high | oad |evel
for DV3:3. It can also be seen that the | east favorable choice is branch
AV, since this branch has just been enptied and the predicted | oad |evels
are quit ewwo4ME2 D004/ 094270 PCT/ SE2003/ 000661 24 | n t hica/aeaosplogee &
branch-ori ented next-hop algorithmwould result in the sane next-hop

sel ection, since the highest branch cogﬁequence val ue anong Bl (0.05), B2
(0.46) and B3 (0.76) is that for bran AV3, indicating that it is m)st

urgent to e branch AV3. si der the subsequent sit atlon
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-‘DV2: 4 30% 1 Branch AV3 DV3:1 15% 20 DV3.2 10% DV3.3 20%2 1 1 Now, the
system consequence values w || be:

Apparently, the most favorable choice is branch AV, since Bysem(2) is by far the lowest
5  system consequence value. A branch-oriented approach would give the same result, since

the highest branch consequence value among B; (0.25), B, (0.785) and B; (0.095) is that
for branch AV,.

The difference in performance between a system-oriented next-hop algorithm and a
10 branch-onented nexi-hop algorithm becomes apparent in larger systems with many

branches, where the system-oriented approach is better.

The embodiments described above are merely given as examples, and it should be
understood that the present invention is not limited thereto. Further modifications,
15  changes and improvements which retain the basic underlying principles disclosed and

claimed herein are within the scope and spirit of the invention.




25 Bsysten(l) = B2 + B3 = ((0.4)2.1 + (0.5)2.1.5 + (0.4)2.1 + (0.3)2.1) +
((0.15)2 2 + (0.1)2.1+(0.2)2.1)=(0.16+0.25 1.5+0. 16+0.09) + * ‘
(0.0225.2+0. 01+0.04)= 0.785 + 0.095 = 0.88 Bsysren,(2) = Bl + B3 =

((0.3) 2. we26/0492201) + ((0.15)2.2 + (0.1)2.1 + (0. 2) 2. AT/sE208500065109 +
0.16) + (0.02252 + 0.01 + 0.04) = 0.25 + 0.095 = 0.345 WO 2004/ 093270
PCT/ SE2003/ 000661 25 Bsysten(3) = B1,#B2 = ((0.3)2.1 + (0.4)2.1) +
((0.4)2.1 +(0.5)2 -1.5 + (0.4)2 1 + 8 .3)2.1)=(0.09+0. 16) +( 0. 16+0. 25

1. 5+0. 16+0. 09) =025+0. 785= 1. 035 Apparently, the nost favorable choice is
branchCBAIMSi nce Bsyste,n(2) is by far the lowest 5 system consequence
val ue. A branch-oriented approach would give the sane result, since the
hi ghest branch consequence val ue anong Bl §0.25), B2 (.0.785) aqd B3 (,0. 095)
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i nprovenents which retain the basic underlying principles disclosed and

cl ai med her-ei Hoagachvéftdmumbdrefyposgibleamxktdopraandighteshe i nvention. WO

2004/ 094270 26 CLAI Ms PCT/ SE2003/00Q661 1. A nethod o ap?r i,ng,a.vacuum
refuse col | ecti o) syxedipiipg ERpsantations b BHes TiHss ShyR ?Pra‘i)ée fBnf wi t h
a nunb %rlul%{ityr gtt gr%%cﬁ@s‘f Ec;:%a p(f'é) nr‘:i"?c%}ses%a%nrﬁ%rg%tc ?das%r]%dpna}fega qn time; and

10 b) determining a system consequence value based on said predicted

representations of future refuse chute load levels; and
- selecting hop to a next branch among those candidates that have the most

favorable system consequence values.

15 2. The method according to claim 1, wherein said step of determining a system
consequence value further comprises the steps of:
- performing weighting of said predicted representations of future refuse chute
[oad levels by means of respective priority coefficients; and
- determining said system consequence value based on said weighted predicted

20  representations of future load levels.

3. The method according to claim 1, wherein said step of determining a system
consequence value further comprises the steps of:
- determining, for each branch of said plurality of branches, a branch
25  consequence value based on predicted representations of future load levels of refuse
chutes within the branch; and
- determining said system consequence value as a sum of said branch

consequence values.




5 net hod conprises autonmated selection of a hop to a next branch for
enptying of refuse, based on the follow ng procedure: - for each of a
nunber of possible next-hop candi dates: a) predicting representations of
future reMEBEMIL® | oad levels in a plurality of bran®@SE24E 080661

predi ctions spanning at | east one hop ahead in tine; and 10 b) determ ning
a system consequence val ue based on sa-d predicted representations of
future refuse chute load levels; and -~ sel ecting hop to a next branch anong

t hose candi dates that haye the ppst _favorab conse uence.val u
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‘wherein said step of determining a system consequence val ue further

conpf i sepredietion pah infludingadélesshond ap. for each branch of said plurality of
branches, a branch 25 consequence val ue based on predicted representations
of future | oad | evel s of refuse chutes within the branch; and -

consequance DErEE bEPLERASHCE AR5 63U P3O lipns of
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future refuse chute | oad levels nprises the step of predicting, for each
of a nupdfase Qhute, a representation of future refuse chute load level based on consecutive

10  estimates of the load level in the refuse chuie.

6.  The method according to claim 1, wherein a predetermined branch selection order
is interrupted if the system consequence value for a hop to the branch in turn according to
the predetermined order is less favorable, to a given degree, than the system consequence

15  value for another next-hop candidate.

7. The method according to claim 1, wherein said step of determining, for each of a
number of possible next-hop candidates, a system consequence valie By, 15 performed
according to the following algorithm:

20 | |

B =Y (R, +J)" K, forlesS
k

B system = Z B i

le§

where By is a branch consequence value for branch /, Ry, is the predicted load level for
25  refuse chute k in branch /, J is an optional branch-wise variable which may be set to zero,
P is a power factor for controlling the impact of the predicted load level on the branch
consequence value, Ky, is 2 priority coefficient for refuse chute £ in branch / and § is the

considered plurality of branches.




refuse chutes within said plurality of branches, a representation of a
future load level for the refuse chute at an expected tine for the next
enptying of the refuse chute considering 5 a prediction path including at

| east ondVQa@M+4/083427The net hod according to claim1l, wherednSeabziomsap of
predicting representations of future refuse chute |oad |evels conprises
the step of predicting, for each consigered refuse chute, a representation.
of future refuse chute | oad | evel based on consecutive 10 estimates of the
| oad | evel _in the refus chut The et hod r.di to clajm1, erein
a predét er mheéfepthﬁaéﬁ@wr A B wBeron GO HReGr e peacierel Rt Ing
consequence e for.a hop to the branch in tamaccording to the
predeté?ﬁ} %H%V@Ws | ess favorable, to a given degree, than the system
consequence 15 value for another next-hop candidate. 7. The nethod
according to claim1, wherein said step of determning, for each of a
nunber of possible &pxt hop candi dates, a system consequence val ue By,,,,

i s perfornmed aE@drdrhgTLQ,the follomnng algorithm 20 BI=I(Rk -1-J)P
-Klk for 1 Bl I ES where Bl is a branch consequence val ue
for branch 1, Rl,, iGgthe predicted | oad level for 25 refuse chute k in
branch 1, J is an optional branch-w se variable which may be set to zero P
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chute K in branch 1 and Sis the considered pI ural i ty of branches.
2004/ 0p4awith 2fte, T,,.q is an individually set prediction time and Cy, is the storage capacity of

P‘

the refuse chute.

9. The method according to claim 1, wherein the considered next-hop candidate

10 branch is excluded from said plurality of branches.

10. A vacuum refuse collection system comprising a refuse collection station, a multi-
branch transport pipe system for transport of refuse to the collection station, a number of
refuse chutes connected to the transport pipe system through respective discharge valves,

15 and a control system operable for selecting hop to a next branch for emptying of refuse,
wherein said control system comprises: |
- means for determining, for each of a number of possible next-hop candidates, a
system consequence value based on predicted representations of future load refuse chute
load levels i a plurality of branches, said predictions spanning at least one hop ahead in
20 time;_ and
- means for selecting hop to a next branch among those candidates that have the

most favorable system consequence values.

- 11.  The vacuum refuse collection system according to claim 10, wherein said means for
25  determining a system consequence value further comprises:
- means for performing weighting of said predicted representations of future

refuse chute load levels by means of respective priority coefficients; and




8. PCT/ SE2003/ 000661 The net hod according to claim7, wherein the predicted
load level Rk is determned in the followng way: Flk + dFk . Tpred Rk =
Ck 5 where Flk is an estimate of the current load |level, dFlk is an

esti nmat e wfo 10bgod40ad | evel dt growth rate, TP,.ed is ampgmdizvizthdedehy set
prediction time and C k is the storage capacity of the refuse chute. 9.
The met hod according to claim1, V\/nere]'&? t he consi dered next-hop candi date
10 branch is excluded fromsaid pluralffy of branches. 10. A vacuumrefuse
col l ection systemconprising a refuse collection station, a multi- branch
transport prpelippgs éon determingngsgd sysenr emgequenge vhlecdodskd onisond seiglited, a
nunber of ..refuse chutes cannected.to the transport pipe systemthrough
respect PIRAICE E?‘H?ifé‘t%ﬁ?é’g?“t%ﬁ f?ﬁétl%lvea%nt rol system operable for selecting
-hop to a next branch for enptying of refuse, wherein said control system
conprises: - neans for determ ning, for each of a nunber of possible

next - hop2canil dab@sn réfuss ¥SHE&HRY §féﬁﬂ§d&%?diﬁ§'té‘6laﬁ-]ﬁ%dw@1@réiﬁ§ﬁh% s for
-representations of future load refuse chute “load levéls in a plurality of

br anf he gletesmiming e et msequemca vapedurtheasimmiseshop ahead in 20 tine; and
- means for selecting hop to a next branch armrya t hose candi dates that have
the nost favorusne fendatenmising doueanhebranthof said plurality oAbramehess fasranch

col l ection system accqrdi to claim 10, wherein i d ans.fo 5
ot er m PR LSRGV died ame R 5 sEpsripanscoBiREbiad Tovels of Tefuse
chutes within the branch; and '
-~ means for determining said system consequence value as a sum of said branch

10 consequence values.

13. The vacuum refuse collection system according to claim 10, wherein said means for
determining a system consequence value further comprises:
- means for predicting, for each of a number of refuse chutes within said plurality
15 of branches, a representation of a future load level for the refuse chute at an expected
time for the next emptying of the refuse chute considering a prediction path including at
least one hop; and
- means for determining said system consequence value based on said predicted
representations of future refuse chute load levels. |
20
14. The vacuum refuse collection system according to claim 13, wherein said means for
predicting a representation of a future refuse chute load level is operable for performing

the prediction based on consecutive estimates of the load level in the refuse chute.

25 15, The vacuum refuse collection system according to claim 10, wherein said control
system is operable for inteﬁupﬁng a predetermined branch selection order if the system
consequence value for a hop to the branch in turn according to the predetermined order is
less favorable, to a giifen degree, than the system consequence value for another next-hop
candidate. | |
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- nmeans for perform ng weighting of said predicted representations of
future refuse chute load |evels by neans of respective priority" '
coefficients; and WD 2004/ 094270 PCT/ SE2003/ 000661 29 - neans for

det er m niwg 2®aiodizsy st em consequence val ue based on sai dpapsbBshosqar edi ct ed
representations of future load levels. 12. The vacuum refuse coll ection
system according to claim 10, wherein_said neans for 5 determning a

syst em consequence val ue further conp? ses: - means for determning, for
each branch of said plurality of branches, a branch consequence val ue
based de. pMhdivaternrefuse seliectionmysteof adoording td olitin| 16y stterat saidfeass fohut es
within the branch; and - neans fonﬁgﬁéerni ing sajd system conseguence

val ue alstesmaningdior sagyois nwaker aigp SBFEMP R S, 4 §YSIFR &0 W% ef use
col l ectipon system accordi ng t | aiq4m 10, rein said means for
det er m"ﬁﬁ}‘? sgrens JRPES, S@Sﬁ?@%&f’eﬁc@ﬁ%‘@%ﬁﬁ@@ "onprises: - neans for

predi cting, for each of a nunber of refuse chutes within said plurality 15
of branches, a representation of a future |load |evel for the refuse chute
at an expecied pe_for fhe next fng of the refuse chute considering
a p?edictig%"b Kkﬁﬁ%{ggrﬁﬁ at | astégke hop; and - means for deternining
sai d system consequence val ue based -on said predicted representations of
future refuge chutepl oad | evels. 20 14. The vacuum refuse collection system
according to”® aif;f13, wherein said neans for predicting a representation
of a future refuse chute |oad level is operable for performng the

predi ction based on consecutive estimates of the |oad | evel in the refuse
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refuse chute & in branch /, J is an optional branch-wise variable which may be zero, P is a

10 power factor for controlling the impact of the predicted load level on the branch
- consequence value, Ky, is a priority coefficient for refuse chute & in branch / and S is the

considered plurality of branches.

17. The vacuum refuse collection system according to claim 16, wherein said control

15 - system is operable for determining the predicted load level Ry, in the following way:

dF,,
‘F[Ic + "d_;k ' Tpred
Ry = C
[ .
where Fy, is an estimate of the current load level, % is an estimate of the load level
¢

growth rate, Ty is an individually set prediction time and Cy, is the storage capacity of

20  the refuse chute.

18. The vacuum refuse collection system according to claim 10, wherein the considered

next-hop candidate branch is excluded from said plurality of branches.

25 19. A control system for controlling operation of a vacuum refuse collection system

having a multi-branch transport pipe system with a number of refuse chutes connected




‘systemis operable for interrupting a predeterm ned branch sel ection order
if the system consequence value for a hop to the branch in turn according
to the predeterm ned order is |less favorable, to a given degree, than the
syst em cong@amaneyal ue for another next-hop - candi dat epcEB& 300864/ 094270
30 PCT/ SE2003/ 000661 16. The vacuumrefuse collection systemaccording to
claim 10, wherein said neans for determ ning, for each of a nunber of
possi bl e next-hop candi dates, a syst em%onsequence val ue Bsy3, e, ,,
operates according to the following algorithm 5 Bl = E (R k +J) P Ka-

for | e thkereto, Bais lcenitol siteml Béingheperable for seléetange hop dnse quest Ceraualh Ser f or
branch 1, Rk is the predicted |load |level for refuse chute k in branch 1,
J is an comtyiogal refuamand oPmBIITAET abl e which may be zero, Pis a 10 power

fact f trolli t he .i t of.t i cted l.oad | I the b h
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syst em ijsadRRERIH ﬂﬁfaﬁ%ﬁb?bﬁ@ht‘% shifigpreaRebAd §shnnARdat 183 lonBiHep! dhebBn
Flk + FIK . TPred R

fol | ow ng- way: k = Ca where Flk1s an estimate of the

current thoednkdevel , dFk is an estinmate of the |oad |evel

- means for selecting hop to a next branch among those candidates that have the

most favorable system consequence values.

10 20, The control system according to clatm 19, wherein said means for determining a
system consequence value further comprises:
- means for performing weighting of said predicted representations of future
refuse chute load levels by means of respective priority coefficients; and
- means for determining said system consequence value based on said weighte&

15 predicted representations of future load levels.

21. The control system according to claim 19, wherein said means for determining a
system consequence value further comprises: |
- means for determining, for each branch of said plurality of branches, a branch
20  consequence value based on predicted representations of future load levels of refuse
chutes within the branch; and
- means for determining said system consequence value as a sum of said branch

consequence values.

25 22. The control system according to claim 19, wherein said means for determining a
system consequence value further comprises:

- means for predicting, for each of a number of refuse chutes within said plurality

of branches, a representation of a future load level for the refuse chute at an expected

time for the next emptying of the refuse chute considering a prediction path including at

30 least one hop; and




dt growth rate, TP,.ed is an individually set prediction tine and Crk is
the storage capacity of 20 the refuse chute. 18. The vacuumrefuse
col l ection system according to claim 10, wherein the considered next-hop
candi dat ey@spapehzies excluded fromsaid plurality of bragramascsdaogd. A
control systemfor controlling operation of a vacuumrefuse collection
system having a nulti-branch transpo pi pe systemw th a nunber of refuse
chutes connected WO 2004/ 094270 PCT/ SE2003/ 000661 31 thereto, said contro
system bei ng operable for selecting hop to a next branch for enptying of
ref use and- compansforgletermmpmgssdid sydemeonseuegee Valedastd oft saldmmtietedof
possi bl e next - hop ndi dates, .a ystem consequence val ue based on

pr edi cFadeseEtoneR g%m’é?r@f‘bgﬁ C#’Hf@ﬂr%éaﬁ%’?tlﬁ-ref use chute 5 load levels in a
plurality of branches, said predictions spanning at |east one hop ahead in-
time; and - nmeans for selecting hop to a next branch anong those candi dates
that haye THe colfRsl s{Ruey aéuo@d%%e&hﬁﬂ ML GHRIER eﬁ!i‘iﬁéanslfbrﬁﬁedﬁﬁﬁg gontrol
system according to tlalm 19, erein said means for determning a ~system
cons eqieprenicion o afutihe refusephitsdsad leveldanpeiable foe pedormming the peddidtion of
said predicted representations of future refuse chute |oad |evels by neans
of respesedianecquseantiveyestinwtasi ofi thaiend laval in thesgfisefdbitedet er ni ni ng sai d

syst em consequence val ue based on said weighted 15 predicted
representations of future load levels. 21. The control systemaccording to

cl aim 33, $HET6hRoPRisibrTeR00ahi 1 bk ToNbRGR, sSUSARLE SPSERNS DREAYR! Ue

further conprise etermnihg, for eac
pl ur al Erin@rmiptiap R deRridhranch selection order if the system consequence value

10 for a hop to the branch in turn according to the predetermined order is less favorable, {o a

given degree, than the system consequence value for another next-hop candidate.

25. A computer program product for controlling, when running on a computer,
operation of a multi-branch refuse collection system, wherein said computer program
15  product comprises program means for making the computer perform selection of a hop to
a next branch for emptying of refuse according to the following procedure:
- for each of a number of possible next-hop candidates:
a) predicting representations of future refuse chuie load levels in a
plurality of branches, said predictions spanning at least one hop ahead in time; and
20 _ b) determining a system consequence value based on said predicted
representations of future refuse chute load levels; and
- selecting hop to a next branch among those candidates that have the most

favorable system consequence values.

25 26, A method of operating a vacuum refuse collection system having a nulti-branch
transport pipe system with a number of refuse chutes connected thereto, wherein said
method comprises automated selection of a hop to a next branch for emptying of refuse,
based on the following procedure:

- for each of a number of possible next-hop candidates:




20 consequence val ue based on predicted representations of future | oad

| evel s of refuse chutes within the branch; and - neans for determ ning
sai d system consequence value as a sum of said branch consequence val ues.
25 22. Th¥WQ@YW#PPRT%syst em according to clai m19, wherei rPcIEtomPeans1f or
determning a system consequence value further conprises: - neans for
predi cting, for each of a nunber of r se chutes within said plurality of
branches, a representation of a future 1oad | evel for t he refuse chute at
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levels. 23. The C&”t&&émﬂiﬁ{rﬁe@ %‘f‘eﬁféhdb&ﬂse ri%lsakzﬂlhgzbaéé’ﬂebﬁldh@?rédi'&%ﬂ"fs
for predicting a ‘5 represertation of ture refuse chute | evel is

0pefab|ﬁqﬁ@&mﬂﬁﬁﬁ@bﬁﬁﬂ@e&bﬁmﬁmhdmdbwﬁkweha&mﬂ on consecutive estimtes of
the load level in the refuse chute. 24. The control system according to

cl aifn 19, wher sdlecting ko t;miaresxt dyanananeng fhosghtandidases thet davephe highest
predeterm ned branch selection order if the system consequence value 10 for
a hop téﬂpﬁ CORSCABENGEVAUESY according to the predeternined order is |ess
favorable, to a given degree, than the system consequence val ue for

anot her next-hop candi date. 25. A conputer program product for controlling,
when running on a conmputer, operation_of a nmulti-branch refuse collection
system wherein said conputer program 15 product conprises program neans
for maki ng the conputer perform selection of a hop to a next branch+ for
enptying of refuse according to the follow ng procedure: - for each of a
nunber of possi bl e next-hop candi dates:




a) predicting representations of future refuse chute load levels,in'a
plurality of branches, said predictions spanning at | east one hop ahead in
time; and 20 b) determ ning a system consequence val ue based on said

predi cted representations of future refuse chute load |levels; and -
selecting hop to a next branch anong those candi dates that have the nost .
favorabl e system consequence val ues. 25 26. A nethod of operating a vacuum
refuse collection systemhaving a multi-branch transport pipe systemwth
a nunber of refuse chutes connected thereto, wherein said nethod conprises
automat ed sel ection of a-hop-to a next branch for enptying of refuse,

based on the follow ng procedure: - for each of a nunber of possible
next - hop candi dates: WO 2004/094270 33 PCT/ SE2003/ 000661 a) predicting
representations of future refuse chute |load |evels within the next-hop
candi date branch, said predictions spanning at | east one hop ahead in tineg;
and b) determ ning a branch consequence val ue based on said predicted
representations of future refuse chute load levels; and 5 - selecting hop
to a next branch anong those candi dates that have the highest. branch
consequence val ues. i




