
EP 0 382168 B1 Description The present invention relates to a computerized
analyzing system for a piping network, which analyzes a relationship
between flow rates and head differences, etc. at pipelines and nodes in a
piping network chart 5   and, more particularly, to a computerized
analyzing system for a piping network, which improves a display method of a
result of analyzation. In a computerized analyzing system for a piping
network for analyzing the relationship between water flow rate q in each
pipeline 2 and head difference h between nodes 3 in actual piping network
chart 1 shown In Fig. 5A, if analyzation processing is executed using
actual piping network chart 1, much labor and time are 10  required. In
order to solve this problem of much labor and time, the following method
can be employed. More spe- cifically, piping network chart 1 drawn on a
paper sheet is read by an image scanner, and read actual piping network
chart 1 is stored in an initial image data memory as Initial image data.
When the piping network ana- lyzation described above is executed,
conversion processing called "compression" is executed. In this proc- 15
essing, minor pipelines 2 and nodes 3 are deleted from piping network chart
1 stored in the initial image data memory, thereby converting chart 1 into
equivalent piping network model 4 shown in Fig. 5B. More specifically, the
above-mentioned result of analyzation among three pipelines input/output
to/from piping network chart 1 (Fig. 5A) is equal to that among three
pipelines 5 input/output to/from piping network model 4 (Fig. 5B).
Therefore, piping network chart 1 can be equivalently substituted with
piping network model 20  4. The relationship between flow rate q in each
pipeline 5 and head difference h between nodes 6 of piping network model 4
can be analyzed using pipeline diameter d, pipeline length [err],
resistance coefficient k of a pipeline, and the like. Since the number of
pipelines and the number of nodes of piping network model 4 are
considerably decreased as compared to those of actual piping network chart
1, programming labor necessary 25  for piping network analyzation of piping
network model 4 and its execution time can be greatly reduced. The obtained
results of analyzation q and h, and data k, [err], and d are displayed on a
CRT display together with piping network model 4. However, when the results
of analyzation are merely displayed on the CRT display in a state shown in
Fig. 5B, pipelines 5 of displayed piping network model 4 do not directly
correspond to pipelines 2 in actual piping 30  network chart 1. Therefore,
it is very difficult to understand the correspondence between the results
of ana- lyzation (q and h) and actual pipelines 2. If an actual map pattern
can be simultaneously displayed together with piping network model 4, such
a drawback can substantially be eliminated. In this manner, when the actual
map is simultaneously displayed, pipelines 5 and nodes 6 of the piping 35
network model can almost correspond to actual positions on the map.
However, it is difficult for an operator of a system to immediately know
the results of analyzation at pipelines 2 and nodes 3 in actual piping
network chart 1 as a final object of piping network analyzation. Prior art
document Karsai, G. et al.: "Intelligent supervisory controllerfor gas
distribution system" Proceed- ings of the 1987 American Control Conference,
Minneapolis, MN, June 10-12, 1987, pages 1353-1358, dis- 40  closes an
intelligent supervisory controller for a gas distributing system including
a database providing struc- tural data, geographic data, technical data and
fault data. This system also provides a menu-driven operator interface and
graphic output means for representing the network and the real-time
measurement data on the map. It is an object of the present invention to
provide a computerized analyzing system for a piping network, 45  which can
display results of analyzation at pipelines and nodes of an actual piping
network chart in a manner to allow easy recognition while executing
high-speed analyzation using a piping network model. To solve this object
the present invention provides a computerized interactive graphical
analysing system for piping network as specified in claim 1. In this
system, results of analyzation calculated after a piping net- work chart is
temporarily compressed to a piping network model are subjected to
processing opposite to com- 50  pression (expansion), thereby obtaining
results of analyzation corresponding to the original piping network chart.
Thus, a time required for analyzation can be greatly reduced as compared to
direct analyzation of an actual piping network chart, and at the same time,
results of analyzation of flow rates and pressures of pipe- lines and/or
nodes can be displayed together with the actual piping network chart.
Therefore, there can be provided a computerized analyzing system for a
piping network, with which results of analyzation can be im- 



55  mediately recognized, and which is very easy to use. More specifically,
the present invention is applied to a computerized analyzing system for a
piping network, in which an actual piping network chart input to a map
information input unit is compressed to an equivalent piping network model
by a compressor, the compressed piping network model is analyzed by a
piping network 2    EP0382168B1 analyzer, and results of analyzation are
displayed on a display unit. This system comprises an initial image data
memory for storing initial image data of a piping network chart input to
the map Information input unit, a compression sequence memory for storing a
compression sequence of the input piping network chart to the piping
network model, an analyzation result expander for executing the compression
sequence stored in the 5   compression sequence memory in an opposite
manner to expand the results of analyzation of flow rates and pressures of
pipelines and/or nodes In the piping network model obtained by the piping
network analyzer to corresponding results of analyzation of the flow rates
and the pressures of pipelines and nodes in the piping network chart, and
an output controller for causing the display unit to display the result of
analyzation obtained by the analyzation result expander together with the
piping network chart stored in the initial image data mem- 10  ory.
According to the computerized analyzing system for the piping network with
the above arrangement, an actual piping network chart input to the map
information input unit is stored in the initial image data memory, and is
compressed to a piping network model by the compressor. The compression
sequence is stored in the compression sequence memory. The compressed
piping network model is analyzed in accordance with a pre- 15  determined
sequence by the piping network analyzer. The analyzing results of pipelines
and nodes of the analyzed piping network model are expanded (con- verted)
to corresponding results of analyzation of pipelines and nodes of the
actual piping network chart by executing the compression sequence stored in
the compression sequence memory in an opposite manner. The expanded results
of analyzation are displayed near the pipelines and nodes of the actual
piping network chart 20  read out from the initial image data memory and
displayed on the display unit. Additional objects and advantages of the
invention will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by practice of the
invention. The objects and advantages of the invention may be realized and
obtained by means of instrumentalities and combinations par- ticularly
pointed out in the appended claims. 25      This Invention can be more
fully understood from the following detailed description when taken in con-
junction with the accompanying drawings, in which: The accompanying
drawings, which are incorporated in and constitute a part of the
specification, Illustrate a presently preferred embodiment of the
invention, and together with the general description given above and the
detailed description of the preferred embodiment given below, serve to
explain the principles of the inven- 30  tion. Fig. 1 shows a schematic
configuration of a computerized analyzing system for a piping network
according to an embodiment of the present invention; Fig. 2 illustrates
compression and expansion process wherein two pipelines between two nodes
are ex- emplified; 35      Fig. 3 illustrates another compression and
expansion process wherein three pipelines among three nodes are
exemplified; Figs. 4A to 4D Illustrate a map (Fig. 4A), a piping network
chart (Fig. 4B), a piping network model (Fig. 4C), and an output image of
the system of Fig. 1 (Fig. 4D) which Is displayed on a CRT; Figs. 5A and 5B
illustrate a piping network chart (Fig. 5A) and a piping network model
(Fig. 5B) which are 40      used for explaining a problem of a conventional
piping network analyzation system; Fig. 6 is a flowchart explaining an
input process of map information; Fig. 7 is a flowchart explaining an input
process of information of a piping network chart; Fig. 8 is a flowchart
explaining a compression process for a piping network model; Fig. 9 is a
flowchart explaining an analyzation process for a piping network; 45
Fig. 10 is a flowchart explaining details of the analyzation explained in
Fig. 9; 



Fig. 11 is a flowchart explaining an expansion process for a piping
network; and Fig. 12 is a flowchart explaining a distribution process for a
piping network. Preferred embodiments of the invention will be described
with reference to the accompanying drawings. In the description, the same
or similar elements are denoted by the same or similar reference numerals,
in 50  order to simplify the description. An embodiment of the present
invention will be described hereinafter with reference to the accompanying
drawings. Fig. 1 Is a block diagram showing a schematic configuration of a
computerized analyzing system for a pip- ing network according to the
embodiment. Computerized mapping system 11 serving as a map information 55
input unit and comprising a microcomputer is connected to Image scanner 13
for reading image data of map 12 Illustrating a topography, roads, urban
areas, and the like as shown In Fig. 4A, piping network chart 1 shown in
Fig. 4B, and the like, CRTdisplay 14 for displaying image data and results
of analyzation, electrostatic plotter 15 for printing data displayed on CRT
display 14, and the like. (Note that computerized mapping system 11 3    EP
0 382168 B1 itself can utilize a conventional one.) Initial image data (bit
map image) of piping network chart 1 input to computerized mapping system
11 through image scanner 13 is converted to vector data including
coordinate data of nodes 3, and the vector data are stored in Initial image
data memory 16. Piping network chart 1 (vector data) stored in initial
image data 5   memory 16 is transferred to compressor 17 for image data.
Compressor 17 deletes minor pipelines 2 and nodes 3 from input piping
network chart 1, thus compressing vector data of piping network chart I to
equivalent piping network model 4 shown in Fig. 4C. Piping network model 4
(vector data) obtained by compressor 17 is stored in piping network model
memory 18. A compression sequence of compressing input piping network chart
1 into piping network model 4 by com- 10  pressor 17 and various data such
as a pipeline diameter, a pipeline length, and the like of pipelines 2 and
nodes 3 of piping network chart 1 used in the compression sequence are
stored in compression sequence memory 19. (The compression sequence or
compression processing will be described in detail later using equations
(1) to (8).) Piping network model 4 stored in piping network model memory
18 Is transferred to piping network ana- is  lyzer 20, and is analyzed
according to a predetermined sequence of analyzation. More specifically, as
shown in Fig. 4C, results of analyzation of flowrate q of each pipeline 5,
head difference h (corresponding to a pressure at a node) between nodes 6,
and the like can be obtained. The results of analyzation are sent to
control unit 21 comprising a computer. Input device 22 of control unit 21
receives the compression sequence and various data values of piping 20
network chart 1 stored in compression sequence memory 19, piping network
model 4 stored in piping network model memory 18, piping network chart 1
stored in initial image data memory 16, and the like in addition to results
of analyzation of piping network model 4 sent from piping network analyzer
20. Expander23 for the results of analyzation executes the compression
sequence in an opposite manner (i.e., executes expansion) using pipeline
diameter d and pipeline length [err] of each pipeline 5 of piping network
model 25  4 and pipeline diameter d and pipeline length of each pipeline 5
of piping network chart 1, thereby expanding results of analyzation of flow
rate q of pipeline 5, head difference h between nodes, and the like of
piping net- work model 4 input to input device 22 to those of flow rate q
of pipeline 2, head difference h between nodes 3, and the like of original
piping network chart 1. (Expansion processing will be described in detail
later using equations (9) to (14).) The expanded results of analyzation are
distributed to positions near corresponding pi- 30  pelines 2 and nodes 3
of actual piping network chart 1 by data distributor 24. Piping network
chart 1 after the results of analyzation q and h are mapped near pipelines
2 and nodes 3 is stored in initial image data memory 16 through display
output controller 25, and Is then sent to CRT display 14 through
computerized mapping system 11 to be displayed on it. When image scanner 13
reads actual map 12 corresponding to piping network chart 1 shown In Fig.
4A, 35  bit map image data of map 12 is sent to CRT display 14 through
computerized mapping system 11, and is su- perimposed and displayed on
piping network chart 1 with the results of analyzation. In this manner, the
display 



screen of CRT display 14 displays piping network chart 26 with map 12, and
results of analyzation q and h. Piping network chart 26 can be
appropriately printed by electrostatic plotter 15 and can be preserved.
Note that computerized mapping system 11 comprises hard disk drive or
magnetic optical disk drive 11A 40  having a large storage capacity. When
map/piping network chart already stored in drive 11A is read out there-
from, scanner 13 need not be used. Basic operations of a compression
sequence in compressor 17 and an expansion sequence in expander 23 will be
described below with reference to Figs. 2 and 3. In general, "compression"
Is to convert (pipeline-synthesize) two pipelines 2 whose ends are
connected 45  at a pair of nodes 3 shown in Fig. 2 or three pipelines 2
connected at three nodes 3 shown in Fig. 3 into one pipeline 5 present
between a pair of nodes 6. A compression/expansion sequence between two
pipelines 2 and one pipeline 5 shown in Fig. 2 will be described below. As
shown in Fig. 2, resistance coefficients of pipelines 2 of piping network
chart 1 having two pipelines 2 before synthesis (compression) are
represented by k1 and k2, their pipeline lengths are rep- 50  resented by
[err]1 and [err]2, and their pipeline diameters are represented by d1 and
d2. Assume that flow rates q1 and q2 in pipelines 2 when head difference h
is generated between nodes 3 are obtained. If it is assumed that the same
head difference h as in the case of two pipelines between nodes 6 Is
obtained even after the piping network chart is compressed to piping
network model 4 expressed by one pipeline 5, the resistance coefficient the
pipeline length, the pipeline diameter, and the flow rate of pipeline 5 are
respectively 55  represented by k, [err], d, and q. In this case, these
values satisfy equations (1). [ERR] 4    EP 0 382 168 B1 (where [err],
[err]1 and [err]2 are constants) By modifying equations (1), equation (2)
can be obtained: [ERR] When h is eliminated from equation (2), the
following equation can be obtained: [ERR] The following Hazen-Williams
experimental formulas are substituted in equation (2A). 10 k  = [err] ki  =
[err] k2  = [err]                                   ) 15 (where C is a
constant) As a result, equation (4) can be obtained. [ERR] In
Hazen-Williams formulas (3), [err] = 1.85. Since pipeline lengths [err]1
and [err]2 and pipeline diameters d1 and d2 of pipelines 2 in actual piping
network chart 1, and constant a in equation (4) are already known, pipeline
length [err] of pipeline 5 of synthesized (com- pressed) piping network
model 4 need only be designated to calculate pipeline diameter d of
pipeline 2 after 25  compression from equation (4). When three pipelines 2
shown in Fig. 3 are synthesized (compressed) to one pipeline 5, if the
resistance coefficient, the pipeline length, and the pipeline diameter of
third pipeline 2 of piping network chart 1 are re- spectively represented
by k3, [err]3, d3, and q3, the following equations (5) are established.
Therefore, [ERR] h is eliminated from equation (6) to obtain the following
equation: [ERR] Formulas (3) are substituted in equation (7) to obtain the
following equation: [ERR] 45 



Since pipeline diameters d1, d2, and d3, pipeline lengths [err]1, [err]2,
and [err]3, and [err] (= 1.85) in equation (8) are already known, pipeline
length [err] of pipeline 5 of synthesized (compressed) piping network model
4 need only be designated to calculate pipeline diameter d from equation
(8). A sequence for returning (expanding) piping network model 4 compressed
in the above-mentioned basic 50  sequence to original piping network chart
1 will be described below. When one pipeline 5 shown in Fig. 2 is expanded
to two pipelines 2, equation (9) is used. [ERR] Equation (9) is expanded by
substituting Hazen-Williams formulas (3) therein, thus obtaining equation
(10): [ERR] Therefore, 5    EP 0 382168 B1 [ERR] Since flow rate q,
pipeline length, and pipeline diameter d of piping network model 4,
pipeline lengths [err]1 and [err]2 and pipeline diameters d1 and d2 of
actual piping network chart 1, and a are known, flow rates q1 and q2 in
pipelines 2 of actual piping network chart 1 are calculated from equations
(11). When piping network model 4 including one pipeline 5 is returned
(expanded) to piping network chart 1 having three pipelines 2 shown in Fig.
3, the relationship of equation (12) is utilized: [ERR] for As a result, 20
[ERR] In the same manner as described above, since flow rate q, pipeline
length [err], and pipeline diameter d of pipeline 5 of piping network model
4, pipeline lengths [err]1, [err]2, and [err]3 and pipeline diameters d1,
d2, and d3 of 30  pipelines 2 of actual piping network chart 1, and a are
known, flow rates q1, q2, and q3 in pipelines 2 of actual piping network
chart 1 are calculated from equations (14). With this method, in order to
expand piping network model 4 to actual piping network chart 1, the
following data are required: (i) pipeline lengths [err]1, [err]2, and
[err]3 and pipeline diameters d1, d2, and d3 of pipelines 2 before
compression, 35      pipeline length [err], and pipeline diameter d, and
flow rate q of pipeline 5 in piping network model 4 after compression; (ii)
information indicating whether two pipelines are compressed to one pipeline
or three pipelines are com- pressed to one pipeline; and (iii) pipeline
Nos. for specifying pipelines 2 before compression, pipeline No. for
specifying pipeline 5 after 40      compression, and the like. These data
are stored in compression sequence memory 19 shown in Fig. 1. According to
the computerized analyzing system for a piping network with the above
arrangement, when image scanner 13 reads actual piping network chart 1,
data of chart 1 are stored in initial image data memory 16 through
computerized mapping system 11, and are compressed to piping network model
4 by compressor 14 in accordance with the above-mentioned compression
sequence. Piping network analyzer20 analyzes com- 45  pressed piping
network model 4, and the results of analyzation, e.g., flow rate q of
pipeline 5, head difference h between nodes, and the like are obtained. The
obtained results of analyzation are expanded to flow rates q1, q2,..., of
pipelines 2, and head differ- ence h between nodes 3 in actual piping
network chart 1 by expander 23. As shown in Fig. 4D, CRT display 14
displays piping network chart 26 In which map 12 and the results of 50
analyzation such as flow rates q and head differences h are superimposed
near pipelines 2 and nodes 3. Therefore, for a system operator who observes
the display screen of CRT display 14, since the results of analyzation,
e.g., flow rates q and head differences h are displayed in correspondence
with pipelines 2 and nodes 3 on actual piping network chart 1, utility of
the results of analyzation can be greatly improved as com- pared to those
based on only piping network model 4, and the results of analyzation can be
immediately used 55  in maintenance and design modifications of an actual
piping network. 



As compared to a case wherein piping network analyzation is executed using
actual piping network chart 1, a calculation time can be greatly shortened.
Note that piping network model 4 and corresponding results of analyzation
can also be displayed on CRT display 14. 6    EP 0 382 168 B1 Fig. 6 shows
a sequence for inputting map information in the system shown in Fig. 1. A
filename of a piping network chart corresponding to map information to be
input is input from a keyboard (ST60). If the input file- name designates a
new file (YES in step ST61), information of a corresponding piping network
chart (naming, scaling, and the like) is input (ST62). A reference section
of the piping network chart is input as a reference 5   position (ST63). If
the input filename does not designate a new file (NO in step ST61), current
information is displayed (ST64). If information of a piping network section
is input (YES in step ST65), information such as a reference position and
the like of the piping network section is input (ST66). Thereafter,
correction processing such as thatfor a display angle of the input map
information is executed, and map information and the like are displayed 10
on CRT display 14 (ST67). Thereafter, piping network section information is
written in memory 16 (ST68). If no information of the piping network
section is input(NO in step ST65), the processing shown in Fig. 6 is ended.
Fig. 7 shows a sequence for inputting piping network chart information in
the system shown In Fig. 1. A filename of a piping network chart and the
number of a piping network section are input from a keyboard (ST70), and a
reference position of the piping network section is input using a mouse or
a tablet (ST71). A chart 15    display correction angle is obtained to
correct the chart and the corrected chart is then mapped with a displayed
image (ST72). Thereafter, the current piping network chart is displayed on
CRT display 14 (ST73). The system Inquires an operator whether or not
another piping network chart is input (ST74). If another piping network
chart is input (YES in step ST75), the diameters of pipelines are input
(ST76), and piping net- work chart information are then input (ST77). The
input information is displayed on CRT display 14 (ST78), 20  and is
registered in a data base in, e.g., hard disk drive 11A (ST79). If no
piping network chart is input (NO in step ST75), the processing shown in
Fig. 7 Is ended. Fig. 8 shows a sequence for compressing the piping network
chart shown in Fig. 4B to the piping network model shown in Fig. 4C. When
the program for executing this processing is started, a menu listing
processing contents is displayed on CRT display 14 (ST80). An operator can
select desired processing (function) from 25  the displayed menu upon
operation of a keyboard or mouse (ST81). After a predetermined function is
selected from this menu (YES in step ST82), a filename of the piping
network chart is input (ST83). If processing to be executed is initial
processing (YES in step ST84), a work information file is prepared first
(ST85). If the selected processing is not an initial one (NO in step ST84),
since the corresponding work Information file is already present, the
control advances to the next processing. When 30  nofunction is selected
from the menu (NO in step ST82) to cancel compression processing (YES in
step ST90), the processing shown in Fig. 8 is ended. In the processing
shown in Fig. 8, three functions can be selected (ST86). If a compression
function to the piping network model is selected, compression is executed
(ST88). If a compressed result is to be pre- served (YES in step ST88), the
work information file is copied to a backup file in, e.g., hard disk drive
11A, 35  and the work information file is then updated (ST89). If an entry
function of a main piping network is selected, the corresponding processing
is executed (ST91); if a maintenance function of analytical information is
se- lected, the corresponding processing is executed (ST92). If the
compression processing in Fig. 8 is to be con- tinued, the control returns
to step ST80 (NO in step ST90); if compression processing is completed (YES
in step ST90), the processing shown in Fig. 8 is ended. 40      Fig. 9
shows a piping analyzation processing sequence. When the program for
executing this processing is started, a menu listing processing contents is
displayed on CRT display 14 (ST100). An operator selects desired processing
(function) from the displayed menu upon operation of a keyboard or mouse
(ST101). In the processing shown in Fig. 9, three functions can be selected
(STI 02). If a piping network analyzation function is selected, a filename
of a piping network chart is input (ST103). After a reference node and a
case 45  number of analyzation are input (ST104), analyzation of the piping
network is executed (ST105). If the piping network analyzation processing
shown in Fig. 9 is to be continued, the control returns to step ST100 (NO
In 



step ST106). If a graphic display function is selected instep ST102,
afilenameof a piping network chart is input (ST107), and a case number of
analyzation is then input (ST108). If the main piping network has already
been entered 50  in the processing of Fig. 8 (YES in step ST109), graphic
display processing of data (results of analyzation) such asaflowrate, a
pressure difference, and thelike isexecuted (ST110). If piping
networkanalyzation proc- essing Is to be continued, the control returns to
step STIOO (NO in step ST106). If a data display function Is selected in
step ST102, a filename of a piping network chart is input (ST111), and a
case number of analyzation is then input (ST1 12). Thereafter, data display
processing of the results of 55   analyzation is executed (ST113). If
piping network analyzation processing is to be continued, the control re-
turns to step STIOO (NO in step ST106). If the piping network analyzation
processing Is completed (YES in step ST106), the processing shown in Fig. 9
is ended. Fig. 10 shows a processing content of piping network analyzation
(step ST105) shown in Fig. 9. A tree 7    EP 0 382 168 B1 configuration of
a piping network to be analyzed (the relationship among pipelines 2 and
their nodes 3) is checked (STI 20). If the tree configuration of the piping
network to be analyzed is determined, a system op- erator inputs an initial
flow rate of this tree configuration (ST121). After the initial flow rate
is input, the flow rate of a pipeline closed loop of an i-th number is
corrected according to the Newton-Raphson formula (ST122). 5      A
calculation according to the Newton-Raphson formula is repeated a number of
times corresponding to a maximum value of I for each closed loop (YES in
step ST123), and is continued until the closed loop to be calculated ends
(YES in step STI 24). As a result, if an error in calculation resultfrom a
given target value exists (YES in step ST125), a recalculation is performed
up to the maximum numberof times of i (YES in step ST126), and the
processing in Fig. 10 is ended. If no error in calculation result from the
given target value exists (NO 10    in step ST125), the processing in Fig.
10 is ended at that time. Note that analytical calculations can be made
even if inputting of an initial flow rate in step ST121 is omit- ted. In
this case, considerable time is required until a calculation result is
obtained. In the calculation processing in Fig. 10, the height of a node;
the water level of a distributing reservoir; a pipeline diameter, a
pipeline length, a pipeline count, a pump pressure, a negative pressure,
and a valve pres- 15  sure of a pipeline; and the like may be appropriately
utilized as auxiliary Information. Fig. 11 shows an expansion sequence of
the compressed piping network model. First, a processing target is selected
(STI 30). When a node is selected as the processing target (ST131), a
number of the node is input (ST132). If a pipeline is selected as the
processing target (ST133), a number of the pipeline Is Input (ST134). After
the number of the node or pipeline is input, it is checked if a condition
of conversion processing is 20  satisfied (STI 35). This checking operation
is made based on the fact "whether or not a node or pipeline Is one which
has been compressed (synthesized)". If the condition of the conversion
processing is satisfied, expansion processing (restoration of a plurality
of pipes) (ST137), restoration processing of nodes or pipelines which were
deleted upon compression (ST138), or processing for deleting an arbitrarily
added node or pipeline by a system operator (ST139) is executed. 25     If
processing for converting a A-shaped pipeline (having three nodes at three
vertices) into a Y-shaped pipeline (having one node at a merging point of
three pipes) is selected in step ST130, a vertex of a Y-converted
processing target pipeline is input by a mouse or tablet (ST141) after
[err]-Y conversion processing (ST140). Thereafter, it is checked in the
same manner as in step ST135 if the condition of conversion processing is
sat- isfied (ST142). If the condition of the conversion processing is
satisfied (YES In step ST142), expansion proc- 30  essing for converting
the Y-shaped pipe-line into the A-shaped pipeline is executed (ST143). If
the conversion condition is not satisfied instep ST135 or ST142 (NO), the
processing in Fig. 11 Is ended after processing operations of steps STI 37
to ST139 and ST143. Fig. 12 shows a data distribution processing sequence
executed by data distributor 24 shown in Fig. 1. This data distribution
processing is executed when the processing (expansion, restoration, and
deletion) in 35  steps ST137 to ST139 in Fig. 11 is executed. A processing
target is selected (ST150). When the Y-[err] conversion processing
(expansion processing) Is selected, information of an expanded pipeline
(pipeline resistance coefficient, pipeline length, pipeline diam- 



eter, etc.) and information of an expanded node (head difference, height,
etc.) are read (ST151, ST152). Asim- pie mini piping network is prepared
based on the read pipeline information and node information (STI 53), and
40  piping network analyzation is executed for the mini piping network (STI
54). The calculation results such as a flow rate, a head difference, and
the like obtained by the piping network analyzation are stored In, e.g.,
hard disk drive 11A shown in Fig. I (ST155). If restoration processing is
selected in step ST150, data of the restored pipeline is read (ST156), and
a flow rate of the pipeline is calculated from a head difference between
nodes at both ends of the restored pi- 45  peline (STI 58). Data of a
restored node is read (STI 57). If the node is not an independent one, a
head differ- ence of a pipeline located at the restored node is fetched
(STI 59). Thereafter, the calculation results of the piping network
analyzation are stored (ST155). If deletion processing is selected in step
STI 50, data are distributed to adjacent pipelines (compression processing)
(ST16), and similar compression processing is executed together with
synthesis and deletion of 50  nodes (ST161). Thereafter, the calculation
results of the piping network analyzation are stored (ST155). As described
above, according to the computerized analyzing system for a piping network
of the present invention, results of analyzation calculated after a piping
network chart is temporarily compressed to a piping network model are
expanded to obtain those corresponding to the original piping network chart
by executing the compression sequence in an opposite manner. Therefore, the
results of analyzation, e.g., flow rates and 55   pressures of pipelines
and nodes in an actual piping network chart can be displayed together with
the actual piping network chart without increasing time required for
analyzation, thus greatly improving precision of ana- lyzation. In
addition, the results of analyzation can be immediately recognized, and the
system as a whole Is very easy to use.    EP 0 382 168 B1 Claims 1. A
computerized interactive graphical analysing system for piping network
comprising: - means (16) for storing initial chart data of a piping network
including sections of paths with nodes 5            (3) and pipes (2)
connecting the nodes; - means (22) for inputting technical data with
respect to pipelines of said piping network to said storing means (16); -
graphical output means (14,15); - means (16) for storing an image of a map
(12) with respect to the piping network (1); 10         - means (25) for
adding information of the specific characteristics (pressure, flow rate) of
said piping network chart (1) to the image of said map (12) to provide a
graphical piping network image (26); characterised in that said system
further comprises - means (19) for converting the presentation (1) of
piping network sections including loops resulting from several pipes
between two nodes into a compressed presentation (4) of said section on the
ba- 15           sis of flow rate calculation such a way, that the number
of pipes of said section is reduced; - means (17) forcompressing said
initial chart data (1) of the piping network into a piping network mod- el
(4) in accordance with said converting means (19), such that said piping
network model (4) is sub- stantially equivalent to said Initial chart data
(1) of said piping network; - means (20,14) for interactive analysing given
characteristics (length, pressure, diameter, etc.) of said 20
piping network model (4) to provide a result of static analysation (head
difference h, flow rate q); - means (23) for expanding the analysation
result (h, q) to said initial chart data (h, q) of said piping network (1)
in accordance with a reverse-order execution of the conversion carried out
by said con- verting means (19). 25  2.  A system according to claim 1
characterized in that said analyzing means (20) includes means for com-
pensating for errors in the analyzation result (e.g., flow rate q). 3. A
system according to claim 1 or 2, characterized by further comprising:
means (14) for visually displaying said graphical piping network image
(26). 30 4.  A system according to anyone of claims 1 to 3, characterized
by further comprising: means (13,22) forfetching the image of said map (12)
as well as optional information with respect 



to said map (12). 5. A system according to claim 1, characterized by
further comprising: means (11A) for keeping information handled in the
computerized analyzing system. Patentansprlche 40   1.  Computergestfltztes
interaktives graphisches Analysiersystm fur Rohrleitungsnetz mit: - einer
Einrichtung (16) zum Speichern von Anfangsplandaten sines
Rohrleitungsnetzes einschlieP- lich Abschnitten von Strecken mit Knoten (3)
und die Knoten verbindenden Rohren (2); - einer Einrichtung (22) zum
Eingeben von technischen Daten beziglich Rohrleitungen des Rohrlei-
tungsnetzes in die Speichereinrichtung (16); - elner graphischen
Ausgabeeinrichtung (14, 15); - elner Einrichtung (16) zum Speichern eines
Bildes einer Karte (12) bezoglich des Rohrleltungsnet- zes (1); - elner
Einrichtung (25) zum Addieren von Information spezifiachen von
Eigenschaften (Druck, Durch- satz) des Vorleitungsnetzplanes (1) zu dem
Bild der Karte (12), urn ein graphisches Rohrleltungs- netzblld (26) zu
liefern; dadurch gekennzeichnet, daM das System aulerdem aufweist: - eine
Einrichtung (19) zum Umsetzen der Darstellung der
Rohrleitungsnetzabschnitte elnschile~lich Schlelfen aufgrund von mehreren
Rohren zwischen zwei Knoten in eine geprel~te Darstellung (4) die- ses
Abschnittes auf derGrundlage einer Durchsatzberechnung derart, dall die
Anzahl der Rohre des 55           Abschnittes verringert ist; - eine
Einrichtung (17) zum Pressen der anfinglichen Plandaten (1) des
Rohrleltungsnetzes In ein Rohrleitungsnetzmodell (4) gemAPl der
Umsetzereinrichtung (19) derart, daB das Rohrleitungsnetz- 9 l
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gleichwertig zu den Anfangsplandaten (1) des Rohrleltungsnetzes ist; - sine
Einrichtung (20, 14) zum interaktiven Analysleren gegebener Eigenschaften
(Lange, Druck, Durchmesser usw.) des Rohrleitungsnetzmodelles (4), um sin
Ergebnis einer statischen Analyse (Druckdlfferenz h, Durchsatz q) zu
liefern; 5         - sine Einrichtung zum Dehnen des Analyseergebnlsses (h,
q) auf die Anfangsplandaten (h, q) des Rohrleitungsnetzes (1) gemar
einerAusfflhrung in umgekehrter Reihenfolge derdurch die Umsetz-
ereinrichtung (19) ausgef0hrten Umsetzung. 2.  System nach Anspruch 1,
dadurch gekennzeichnet, daR die Analysiereinrichtung (20) sIne Einrichtung
10      zum Kompensieren von Fehlern im Analyseergebnis (beispielsweise
Durchsatz q) umfal~t. 3.  System nach Anspruch I oder 2, gekennzeichnet
durch: sine Einrichtung (14) zum visuellen Anzeigen des graphischen
Rohrleitungsnetzbildes (26). 15  4.  System nach sinem der Ansprflche 1 bis
3, gekennzelchnet durch: sine Einrlchtung (13, 22) zum Abrufen des Bildes
der Karte (12) sowie optischer Information be- ztiglich der Karte (12). 5.
System nach Anspruch 1, gekennzelchnet durch: sine Einrichtung (1IA), urn
Im computergestutzten Analysiersystem gehandhabte Information zu halten.
Revendications 25 1. Systeme d'analyse graphique interactif informatis6
pour un reseau de tuyauteuies, comprenant un moyen (16) pour m6moriserdes
donnees d'un diagramme initial d'un r6seau de tuyauteries incluant des
sections de trajet avec des noeuds (3) et des tuyaux (2) reliant les
noeuds; un moyen (22) pour entrer, dans ledit moyen de memorisation (16),
des donnees techniques concernant les tuyaux dudit r6seau de, tuyauteries;
30            un moyen de sortie graphique (14, 15); un moyen (16) pour
memoriser une image d'une carte (12) concernant le r6seau de tuyauteries
(1); 



un moyen (25) pour ajouter de l'information de caracterlstiques sp6cifiques
(pression, debit) dudit diagramme de r6seau de tuyauteries (1) A l'lmage de
ladite carte (12) pour donner une image graphique 35      de reseau de
tuyauteribs (26); caract~ris6 en ce que ledit systeme comprend en outre: un
moyen (19) pour convertir la pr6sen- tatlon (1) des sections de r6seau de
tuyauteries, comprenant des boucies resultant de plusiours tuyaux entre
deux noeuds, en une presentation comprlm6e (4) de ladite section sur la
base d'un calcul de debit, de telle fagon quo le nombre de tuyaux de ladite
section soit r6dult; un moyen (17) pour comprimer lesdites donnees de
diagramme initial (1) du r6seau de tuyauteries en un modele de reseau de
tuyauterles (4) en fonction dudit moyen de conversion (19), de sorts quo
ledit modele de r6seau de tuyauteries (4) soit sensiblement equlvalent
auxdites donn6es de diagramme Initial (1) dudit reseau de tuyautbries; un
moyen (20, 14) pour analyser de facon interactive des caracthristiques
donn6es (longueur, pres- 45      sion, diametre, etc.) dudit modele de
reseau de tuyauteries (4) pour donner un r6sultat d'analyse statique
(diffhrence de niveau h, debit q) ; et un moyen (23) pour expanser le
resultat d'analyse (h, q) pour donner lesdites donnees de diagram- me
Initial (h, q) dudit r6seau de tuyauterles (1) en fonction de l'execution
en sons inverse de la conversion effectu6e par ledit moyen de conversion
(19). 50 2.  Systeme selon la revendication 1, caracterb96 en ce quo ledit
moyen d'analyse (20) comprend un moyen pour compenser les errours dans le
resultat de l'analyse (par exemple, de debit q). 3. Systeme selon la
revendication I ou 2, caract&rise on ce qu'il comprend en outre: 55
un moyen (14) pourafficherdefagon visuelle ladite image graphique de reseau
de tuyautbries (26). 4.  Systeme selon l'une quelconque des revendications
I A 3, caracterise en co qu'il comprend en outre: un moyen (13, 22) pour
extraire I'image de ladite carts (12) en mbme temps quo de l'informatlon 10
*~   ~~~~ I 1111111111111111    EP 0 382168 B1 optionnelle concernant
ladite carte (12). 5. Systeme selon la revendication 1, caractirisA en ce
qu'il comprend en outre: un moyen (11A) pour conserver Information
manipulie dans Is systeme d'analyse informatish. 5 10 15 20 25 30 35 40 45
50 55    


