
WO 2004/094270 PCT/SE2003/000661  1 AUTOMATED NEXT-HOP ALGORITHM FOR A
MULTI-BRANCH REFUSE COLLECTION SYSTEM TECHNICAL FIELD OF THE INVENTION 5
The present invention generally relates to refuse management and waste
disposal, and  more particularly to a method of operating a vacuum refuse
collection system, a vacuum  refuse collection system as such, a control
system for controlling emptying of refuse in  such a system as well as a
computer program product for controlling operation of a  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,
hereinafter simply referred to as vacuum refuse  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, WO 2004/094270 PCT/SE2003/000661 2 frequently used refuse
chutes. For example, our international application WO 98/47788  discloses a
refuse limitation valve provided above the discharge valve in the refuse
chute  to enable storage of refuse within the refuse chute above the
limitation valve. This  arrangement has turned out to be very efficient in
many applications. However, since the  refuse chute itself is used as a
storage volume for refuse there is a risk, especially in high- rise
buildings, that the chute above the limitation valve is filled with refuse
up to the first  access port before the next emptying. Different attempts
have also been made to provide so-called expanded storage volumes  10 in at
least some of the refuse chutes, for example as described in our Swedish
patent application 9900401-2. The expanded storage volume, normally in the
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  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,
resulting in a  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. WO 2004/094270 PCT/SE2003/000661 3 More recently, so-called
level-controlled emptying has been introduced in order to  optimize the
performance of vacuum refuse collection systems. In level-controlled
vacuum refuse collection systems, each refuse chute is provided with a
discrete level  sensor for indicating the existence of refuse being piled
up to a predetermined level in the 5 refuse chute. When the refuse reaches
the predetermined level, the level sensor sends a  level-indication signal
to the control system. At level-controlled emptying, the control  system
gives higher priority to refuse chutes with level indications, and empties
such  refuse chutes on a "first-come first-serve" basis. In this way, the
control system may  change the predefined structured emptying order
normally used by the system and direct  10 the collection of refuse to
refuse chutes with level indications. Conventional level-controlled
emptying 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 margins of the vacuum refuse collection system and  optimize the
operation of the system. The predefined level used in conventional level-
controlled 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 WO 2004/094270 4
PCT/SE2003/000661 controlled emptying is disclosed in our international
application WO 01/05683. The idea  here is to partition discharge valves,
and hence corresponding refuse chutes, into groups  and perform controlled
emptying of refuse by opening discharge valves and initiating  collection
of discharged refuse on a group basis. More particularly, the control
system 5 selects one group at a time for opening of discharge valves within
the selected group.  This approach has turned out to be particularly
efficient for larger systems, especially in  combination with
level-controlled emptying. By performing level-controlled emptying  on
group level instead of performing level-controlled emptying for individual
discharge  valves many of the disadvantages of conventional level control
are avoided, while the  10 advantages thereof are still obtained. A further
improvement 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 operational
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  reliability and efficiency of the overall refuse collection system can
be substantially  



improved. 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  emptying 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 WO 2004/094270 PCT/SE2003/000661 5 emptying conditions is selected
for emptying of refuse. There are different ways of  setting the priority
values, for example by considering the predicted values and the
consequences of overloading refuse chutes. 5 Although the above approach
for prediction-based control indeed has the possibility to  offer improved
reliability and efficiency, it has been recognized that there is still a
potential for further improvements within the general framework of
prediction-based  control. 10 SUMMARY 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 It is another object of the invention to provide an improved
control system for controlling  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 WO 2004/094270 PCT/SE2003/000661 6
performing controlled emptying of refuse branch by branch, and analyzing
the future  consequences of a given control action/decision on a wider
system basis rather than being  limited to analyzing the impact on
individual branches. 5 A basic idea is to perform automated selection of a
hop, also commonly referred to as a  jump, to a next branch according to
the following elegant and efficient next-hop selection  procedure. 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,  and a system consequence value is determined based on these
predicted load level 10 representations. The predictions span at least one
hop ahead in time. Once the system  consequence values for the next-hop
candidates have been determined, 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 next-hop candidates 25 that all have
favorable system consequence values compared to other worse next-hop
candidates, and excellent performance can be maintained simply by selecting
a candidate  from this 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 system  consequence value is defined, the most
favorable value may be a low value or  30 alternatively a high value. WO
20041094270 PCT/SE2003/000661 7 The predicted representations of future
refuse chute load levels may be weighted by  means of respective priority
coefficients in order to take the relative importance of  emptying (or
rather avoiding overloading) different refuse chutes into account. 5 The
proposed next-hop selection procedure may be integrated with and
implemented as a  back-up procedure in relation to a default, structured
emptying scheme with a  predetermined branch selection order. This
typically means that the predetermined  branch selection order may be
interrupted if the system consequence value for a hop to  the branch in
turn according to the structured emptying scheme is less favorable than the
10 system consequence value for another next-hop candidate, enabling
selection of a better  branch form a system point of view. 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 turned
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 - Minimized 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. WO 2004/094270 PCT/SE2003/000661 8 BRIEF DESCRIPTION OF THE
DRAWINGS The invention, together with further objects and advantages
thereof, will be best  understood by reference to the following description
taken together with the  5 accompanying drawings, in which: Fig. 1 is a
schematic drawing illustrating 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 system,
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. WO
2004/094270 PCT/SE2003/000661 9 In order to avoid misconceptions, it should
be understood that the term 'refuse' not only  includes what traditionally
is denoted as 'household refuse' or 'household garbage' but  also includes
all fractions within the field of waste disposal such as, but not limited
to  paper, clothes, laundry, packages and organic waste. For a better
understanding of the invention, a general overview of an illustrative
vacuum  refuse collection system will now be made with reference to Fig. 1.
System overview 10 Fig. 1 is a .schematic drawing illustrating an example
of a vacuum refuse collection  system. As an example, assume that the
vacuum refuse collection system 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 ports (not shown). Each refuse  chute is equipped with
an openable and closable discharge valve 4, preferably positioned  in the
basement of the building. 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 includes 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 connected. 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 WO 2004/094270 PCT/SE2003/000661 10 Each branch in the
system has an air inlet valve 8 at the end of the branch. When the  main
valve 7 at the central refuse collection station 6 is opened, the transport
pipe system  or appropriate parts thereof is exposed to subatmospheric
pressure or vacuum pressure,  and when the air inlet valve 8 of a
particular branch is opened the air needed for 5 transporting the refuse
gathered in the branch transport pipe 5 enters the system and  transports
the refuse to the central station 6. Sectioning valves (not shown) may be
used  to seal different sections of the transport pipe system from each
other to ensure sufficient  pressure in individual sections for effective
suction transport. 10 Furthermore, the vacuum refuse collection system
comprises a control system 10 for  controlled emptying of refuse in the
system. More particularly, the control system  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 controlling the discharge valves, air
inlet 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
otherwise 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 WO
2004/094270 11 PCT/SE2003/000661 system, and the control system normally
responds to signal information from the level  sensors arranged throughout
the refuse collection system for performing controlled  emptying of refuse.
5 It has been recognized that optimal or close to optimal performance can
be obtained by  performing controlled emptying of refuse branch by branch,
and analyzing the future  consequences of a given control action/decision
on a wider system basis rather than being  limited to analyzing the impact
on individual branches. The invention is generally based  on automated
selection of a hop or jump to a next branch according to an efficient next-
10 hop selection procedure, referring to the schematic flow diagram of Fig.
2. 



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 (Si), and a  system consequence value is determined
based on these predicted load level 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 (54) 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 known prediction  technique, including
gradient-based techniques as discussed in 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
determining 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 WO 2004/091270
PCT/SE2003/000661 12 The next-hop candidate that has the most favorable
system consequence value is  normally selected. However, there may be a
whole group of next-hop candidates that all  have favorable system
consequence values compared to other next-hop candidates, and  excellent
performance can be maintained simply by selecting one of these high 5
performance candidates. It may also be the case, that two or more next-hop
candidates  have essentially the same consequence value. 



The predicted representations of future refuse chute load levels may be
weighted by  means of respective priority coefficients in order to take the
relative importance of 10 emptying (or rather avoiding overloading)
different refuse chutes into account, as will be  exemplified below.
Exemplary embodiment of next-loop 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
Bsystem is determined  according to the following algorithm: 20 B1 = (Rlk +
J) P  Klk for lei S Bsystem = E BI  les where B, is a branch consequence
value for branch 1, Ru, is the predicted load level for  25 refuse chute k
in branch 1, 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, Krk is a priority coefficient for
refuse chute k in branch 1 and S is the  considered plurality of branches.
WO 2004/094270 13 PCT/SE2003/000661 The predicted load level Rik may for
example be determined in the following way: FIk + dFlk , Tpre t  Rlk dt =
Clk 



where F11, is an estimate of the current load level, dFlk is an estimate of
the load level  dt 5 growth rate, Tpred is an individually set prediction
time and Clk is the storage capacity of  the refuse chute. If 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 interrupted 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 J may for example be set according to the
following illustrative formula: i = Interrupt. (100- CIk 20 if the
considered branch l is the next branch in turn according to the
predetermined  sequence, and J=O , 25 for all the other branches.
Pinterrupt 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 WO 2004/094270 PCT/SE2003/000661 14 particular
application, the effect of the variable J is that when it has a non-zero
value it  gives an additional contribution to the "load level" of all
refuse chutes that belong the  next branch in the predetermined sequence. 5
Although the invention often employs predictions spanning one hop ahead in
time, it  



should be understood that two-hop predictions or longer multi-hop
predictions may also  be used by the invention. In fact, in some situations
it may be necessary to consider two  or more hops ahead in time to obtain
satisfactory performance. However, in other  situations, 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:
WO 2004/094270 PCT/SE2003/000661 15  AV; denotes the most recently emptied
branch. The notation AV comes from the  corresponding air inlet valve
arranged at the end of the branch.  AVj denotes the next-hop branch,
assuming that all relevant next-hop candidates j  



5 are considered before a next-hop candidate is selected.  AV denotes the
branch to be emptied after the emptying of branch AVj has been  completed.
10  DVIk denotes refuse chute k on branch AVT. The notation DV comes from
the  corresponding discharge valve. Assuming that branch AVi has just been
emptied, it is desired to determine the  consequences of switching to
branch AVj (for all relevant next-hop candidates j). It is 15 desirable to
determine the risk that refuse chute DVIk, i.e. refuse chute k on branch
AVI ,  becomes full before it can be emptied. The time before the system
can start emptying this refuse chute can be estimated as: 20 TATIMTJ +TAT9
+TATjAVT +TDVIk where TATIATj is the time from completed emptying of branch
AV; until emptying of  branch AVj can start, TAV~ is the time from emptying
of branch AN ij is started until  emptying of branch AVj is completed
(including after suction time within the branch), 25 TAVj4Tq is the time
from completed emptying of branch AVj until emptying of branch AVI  can
start, and TDTak is the time from emptying of branch AV is started until
emptying of  DVIk can start. The predicted load level for DVk can thus be
determined in the following way: WO 200-4/094270 PCT/SE2003/000661 16 Fik +
dFlk ' (TA HA Vi +TAri +TAr9AV1 +TDI1/k = [%]  R n Crk 



using the same notations as above. This value can then be used a measure of
the risk that  DVIk becomes full if the system after completed emptying of
branch AV; first empties  5 branch AVj before it starts emptying branch
AV,. If we multiply the above load level with a priority coefficient Klk
for the particular refuse  chute, and then performs a summation over all
relevant refuse chutes in branch AVM we  get a branch consequence value for
this branch: 10 Br = E Rik - Klk  k 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: WO 2004/094270 PCT/SE2003/000661 17 Bsystem = T Bl  IES 



It is normally a feasible approximation to consider all relevant branches
except for the  considered next-hop candidate branch AVM in the calculation
of the system consequence 5 value, especially if the number of refuse
chutes is relatively low. In fact, in some  circumstances, it may even be
advantageous to exclude the next-hop candidate branch  from the considered
set S of branches when calculating the system consequence value. System
consequence values are then determined for all next-hop candidates (j =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 emptying in a
predetermined order or sequence. This sequence is often optimized for
maximum total  emptying 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 control system to  interrupt the structured emptying
sequence. In a simplified realization, however, the WO 20041U94270
PCT/SE2003/000661 



18 system consequence value Bsequence for the branch in turn according to
the predetermined  sequence may simply be compared to the most favorable
system consequence value  Bsyste",(min) of the considered next-hop
candidates, and if Bsyte",(min) < Pinterurpt ' Bsequence  the control
system selects the most favorable candidate rather than the branch given by
5 the predetermined sequence. The interrupt factor Pi"te, is typically a
given value  between 0 and 1, which controls the tendency of the control
system to interrupt the  structured emptying sequence. Optional power
factor 10 In an alternative approach, previously mentioned above, the
branch consequence values  are determined as: =E(RIk)P 'I(Ik fort ES  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 (R It/ equal
to 0.81, while a predicted load level of 10% gives a value of  (Ri/t)2
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 (R 11d2
value equal to 0.36, which together WO 2004/094270 PCT/SE2003/000661 19 sum
up to 0.72. The value 0.72 for the two 60% loaded refuse chutes can then be
compared to the single 90% loaded refuse chute which has a (R,1)2 equal to
0.81. For P =  2, it takes two refuse chutes that are loaded to about 64%
to get a larger contribution than  a single 90% loaded refuse chute. 5
Branch-oriented approach In a somewhat simpler alternative, a branch
consequence value B1 is calculated for each  next-hop candidate j based on
the predicted load levels (possibly weighted by respective  priority
coefficients) within the branch. The algorithm may then select hop to a
next  10 branch among those candidates that have the highest branch
consequence values. 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 switch 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%. WO 2004/094270
PCT/SE2003/000661 20 A suitable condition for initiating an emptying
"cycle" could be that any refuse chute has  a load level that exceeds a
given first threshold, say e.g. 45%, or that several refuse  chutes have a
load level exceeding a given second threshold, say e.g. 35%. 5 A suitable
condition for finishing an emptying "cycle" could be that no refuse chute
in  the system has a load level that exceeds a given threshold, say e.g.
60%, and that no  refuse chute in a branch that has not been emptied should
have a load level that exceeds  another threshold, say e.g. 30%. 10 The
configuration of the above thresholds has to be made in accordance with the
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 programming language or any  other suitable programming
language. Conventional processor technologies, including  also PLC
(Programmable Logic Controller) technologies, may be used 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 more 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 WO 2004/094270 PCT/SE2003/000661
21 main memory 12 has a program store 15 for computer programs 16 and a
data store 17  for data. The control system is connected to the other
components of the refuse collection  system through conventional
communication links and the control system utilizes the  signal interface
13 for receiving signal information from the refuse collection system and 5
for sending control signals to discharge valves, air inlet valves,
sectioning valves and the  main valve of the refuse collection system. In
particular, the signal interface 13 is used  for receiving load level
information from one or more level sensors in the refuse  collection
system. This level information is then processed by the computer program(s)
16 running on the computer system, and the above prediction-based next-hop
selection 10 procedure, for example as described, is thereby executed,
resulting in appropriate control  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,-AV4, 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 TAruTj is zero for all
combinations of i 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: WO 2004/094270 PCT/SE2003/000661 22 DV1:120% DV2:180% DV3:160%
DV4:160% 5 In this example, the next-hop candidate itself is excluded from
the considered set of  branches when calculating the corresponding system
consequence value. Assuming that  P is equal to 2 and that the priority
coefficients Kt/, are all equal to 1, the system  consequence value
BsystemO) for each next-hop candidate branch AVj, j = 1 to 4 can be  10
determined as: Bsystem(1) = B2 + B3 +B4= (0.8)2+ (0.6)2+ (0.6)'= 1.36
Bsyste,,,(2) = B1 + B3 + B4 = (0.2)2+ (0.6)'+(0.6)2= 0.76  Bsyste,,,(3) =
B/ + B2 + B4 = (0.2)2+ (0.8)2+ (0.6)2 = 1.04 15 Bsyste,n(4) = Bt + B2 + B3
= (0.2)2+ (0.8)2+ (0.6)2 = 1.04 The lowest system consequence value 0.76 is
associated with branch AV2 and therefore  the next-hop algorithm selects
branch AV2. 20 Example 2: Consider three branches AVM and AV2 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 BranchAV1 Level Coefficient  DV1:1 10% 1  DV1:2 20% 1 WO 2004/094270 23
Branch AV2 DV2:130%1 DV2:240%1.5 DV2:330%1 5DV2:420%1 Branch AV3 20%2 DV3:1
DV3:220%1 10DV3:380%1 PCT/SE2003/000661 For this situation, using P = 2,
the system consequence values will be: Bsysten(1) = B2 + B3 = ((0.3)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) = B1 + 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
Bsystem(3) = BI + B2 = ((0.1)2.1 + (0.2)2.1) + ((0.3)2.1 + (0.4)2.1.5 +
(0.3)2.1 +  (0.2)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 AV3, 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. WO 2004/094270 PCT/SE2003/000661 24 In this example, a
branch-oriented next-hop algorithm would result in the same next-hop
selection, since the highest branch consequence value among BI (0.05), B2
(0.46) and B3  (0.76) is that for branch AV3, indicating that it is most
urgent to empty branch AV3. 5 Consider the subsequent situation when we
have just emptied branch AV3 and we have  the following predicted load
levels and priority coefficients: Branch AV 1 Level Coefficient  DV1:1 30%
1 10 DV1:2 40% 1 Branch AV2 DV2:1 40% 1  DV2:2 50% 1.5  15 DV2:3 40% 1
DV2:4 30% 1 Branch AV3 DV3:1 15%  20 DV3:2 10%  DV3:3 20% 2 1 1 Now, the
system consequence values will be: 



25 Bsystem(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) = BI + B3 =
((0.3)2.1 + (0.4)2.1) + ((0.15)2.2 + (0.1)2.1 + (0.2)2.1) _  30 (0.09 +
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 +  (0.3)2.1)=(0.09+0.16)+(0.16+0.25
1.5+0.16+0.09)=025+0.785= 1.035 Apparently, the most favorable choice is
branch AV-) since Bsyste,n(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 B1 (0.25), B2 (0.785) and B3 (0.095)
is that  for branch AV2. The difference in performance between a
system-oriented next-hop algorithm and a  10 branch-oriented next-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. WO
2004/094270 26 CLAIMS PCT/SE2003/000661 1. A method of operating a vacuum
refuse collection system having a multi-branch  transport pipe system with
a number of refuse chutes connected thereto, wherein said 



5 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: a) predicting representations of
future refuse chute load levels in a  plurality of branches, said
predictions spanning at least one hop ahead in 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  load
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. WO 2004/094270 PCT/SE20031000661 27 4. The method
according to claim 1, wherein said step of predicting representations of
future refuse chute load levels comprises the step of 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  5 a prediction path including at
least one hop. 5. The method according to claim 1, wherein said step of
predicting representations of  future refuse chute load levels comprises
the step of predicting, for each considered  refuse chute, a representation
of future refuse chute load level based on consecutive  10 estimates of the
load level in the refuse chute. 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 tam 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 value By,,,,,
is performed  according to the following algorithm: 20 BI= I(RIk -I-J)P
-KIk for 1ES  k Bsystem = E B1 IES where BI is a branch consequence value
for branch 1, R1,, is the predicted load level for  25 refuse chute k in
branch 1, 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, K1k is a priority coefficient for refuse
chute k in branch 1 and S is the  considered plurality of branches. WO
2004/094270 28 



8. PCT/SE2003/000661 The method according to claim 7, wherein the predicted
load level Rik is determined in the following way: Flk + dFk .Tpred  R!k =
Clk 5 where F1k is an estimate of the current load level, dFlk is an
estimate of the load level  dt growth rate, TP,.ed is an individually set
prediction time and Cik is the storage capacity of  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 in 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 WO 2004/094270 PCT/SE2003/000661  29 - means for
determining said system consequence value based on said weighted  predicted
representations of future load levels. 12. The vacuum refuse collection
system according to claim 10, wherein said means for  5 determining a
system consequence value further comprises: - means for determining, for
each branch of said plurality of branches, a branch  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  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 interrupting 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 given degree, than the
system consequence value for another next-hop  candidate. 30 WO 2004/094270
30 PCT/SE2003/000661 16. The vacuum refuse collection system according to
claim 10, wherein said means for  determining, for each of a number of
possible next-hop candidates, a system consequence  value Bsy3,e,,,
operates according to the following algorithm: 5 BI = E (RIk + J) P  Ka-
for l e S  k Bsysle,n = B,  IES where BI is a branch consequence value for
branch 1, Rik is the predicted load level for  refuse chute k in branch 1,
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, KII, is a priority coefficient for refuse chute k in
branch l 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 Rik in the
following way: Flk + FIk . TPred R,k = Ca where Flk is an estimate of the
current load level, dFk is an estimate of the load level  



dt growth rate, TP,.ed is an individually set prediction time and Crk 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 WO 2004/094270 PCT/SE2003/000661 31 thereto, said control
system being operable for selecting hop to a next branch for  emptying of
refuse and comprising: - 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  5 load levels in a
plurality of branches, said predictions spanning at least one hop ahead in
time; and - 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 claim 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 weighted  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 WO 2004/094270
PCT/SE2003/000661  32 - means for determining said system consequence value
based on said predicted  representations of future refuse chute load
levels. 23. The control system according to claim 22, wherein said means
for predicting a  5 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. 24. The control system according to
claim 19, wherein said control system is operable  for interrupting a
predetermined branch selection order if the system consequence value 10 for
a hop to the branch in turn according to the predetermined order is less
favorable, to 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 chute 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 multi-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: WO 2004/094270 33 PCT/SE2003/000661 a) predicting
representations of future refuse chute load levels within the  next-hop
candidate branch, said predictions spanning at least one hop ahead in time;
and b) determining a branch consequence value based on said predicted
representations of future refuse chute load levels; and 5 - selecting hop
to a next branch among those candidates that have the highest  branch
consequence values. i 


