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A three-stage operative planning of mining operations in ore opencasts is considered. The 
hierarchy of monthly-weekly, weekly-daily, daily-shift planning is offered. For the fastest 
elimination and deviations in prohlematie situations a level is analysed and weekly-daily or 
monthly-weekly operative plan~ arc being eonstanlly updated. 

Operative planning is [onnulated on information received of preparation and working of mining 
panels. The electronic maps of these panels are considered for automated operative planning. On 
the data of the registration of blasthole drillings on a panel, the position of blasthole entry, their 
depth and the number of a line are determined. The geologist specifies boundaries of ore grades 
by the bored silt. The qualitative characteristics of ores are determined by the chemical analysis of 
slime or magnetic logging of blastholes. The missing geologic information is obtained hy 
intellJOlation on the data of detailed and operational explorations. During working of the mining 
panel the technologists mark the movement of shovels, associating ibis movement to blastholes. 
For this purpose technological attributes are used: when was the blasthole dtilled, what dtill-rig 
participated in dtilling, what shovel was used and when was it worked? 

Around each blasthole the zone of its influence is built up. It represents a discrete, elementary 
volume of ore or waste. The discrete form of the data is most convenient, as it allows step-by-step 
methods to be employed of the scheduled tasks in many and various combinations. The account 
panel working technology avoids 'combination' explosions. The elementary blocks should be 
placed in a trajectory of shovel movement and the trajectory can not be arbitrary. H's determined 
by the technological rules of extracting and loading of mine mass. In linking to blastholes, the 
trajectory of shovels is simulated by the sum of step-by-step moving from one elementary block to 
another. For this purpose a geometrical linkage of blastholes is used. 

At a railway haulage, or complete mining with truck haulage, the trajectory of movement is a 
shuttle along the front of operations in the panel. At a selective mining of ores the number of 
possible directions is limited to three: moving of a shovel by idle running along the front of 
operations in the panel, frontal pull all the way down of the panel, and withdrawal. 

The technologically acceptable trajectories of shovel movement are stored for the follow.ing 
estimation and selection of the best. The estimation is carried out 011 mathernatical models with 
criteria 011 the method of the least squares of deviations based on preset parameters from the plan, 
unifonn loading of shovels, and mixing of ore at unloading points. The equations of balance type 
and directive parameters of the plan, as well as technological restrictions of solid and of 
elementary blocks within the limits of a trajectory are the restrictions of the modeL Depending on 
an industrial situation it is possible to choose one of the predetermined models. 

The presented technique is used for longitudinal shovel bench at the Erdenet ore-dressing 
company. 

Introduction 

The operative planning of mining operations in ore 
open casts is the most important aspect of a mining 
preparation system. At this level the parameters of ore 
stream in an opencast are formed. Tn addition, the operative 
planning includes the tasks of analysi.~ and updating to 
increase reliability. The analysis and updating are a 
feedback of the operative planrring. All this allows the plans 
to he made, to supervise a process of their fulfilment, and to 
update occurrences timeously of problem situations. In 
Figure 3 the existing theory of automated operative 

planning (1-4) is based on the hierarchy of monthly­
weekly, weekly-daily, daily-shift planning, the updating of 
the weekly-daily and monthly-weekly operative plans of 
mining operations. (At some enterprises 10-year operative 
planning is used.) The data of an authorized monthly plan 
arc directive parameters for operative planning of mining 
operations. The tasks of updating the operative plans are 
identical to the tasks of planrring, but they differ in initial 
data. Therefore existing schemes of operative planning arc 
presented for change by the introduction of two 
requirements: the definition of necessity of updating, and 
the definition of a level of updating, as shown in Figure 1. 
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The updating of the opera tive plans is carried out by tasks 
of planning on the specified ini tial data for the rest of the 
period. In practice the operative plmming has two slages; 
mon th ly-dail y and da ily -s hi ft. T he monthl y p lan is 
distributed to days as control figurt!.'i at thc first stage, and 
adhering to Cl !;ertain positiun is carried out at daily-shift 
planning. 

Available information and database 
An important task of the automated operative planning of 
mining operations is the information supply. At hand­
operated methods of daily -sll ift planning the maps of 
mining paneh are used with blastholcs and geologic 
infonnation put on them . Thc technical departments of ore 
mines use them to make diagrams of shovel operation . 
Scheduled and the actually executed volumes working pU11 
of each shovel are fixed on these diagrams . Advantages of 
the diagram for operative planning are its simplicity and 
clearity, possibility to organize a selective mining of certain 
sif.cs of the pane l, possibi lity 10 define more precisely the 
geological state of:) panel on the data of logging blastholes. 
and probing of stopes. 

The data base of the automated opemti ve planning of 
mining operations has to he huilt on the basis of existing 
diag rams. D uring ;} hl ~s thol c d rilli ng the s ur vey ing 
department carries out shooting of entry positions and 
gauging of blaSLhole depths. By the colour of the hnring silt 
the section geologists visually specify limits of orc grades 
on the Imnel. A selecti ve or complete chemical analysis of 
slime or magnetic lugging of blastholes (5-6) is used to 
define qualitative charactcristics of ores. Interpolation of 
detailed and operational explorations makes up the missing 
geological data (Figure 2). 

The structure of a database is given in Table L Thc 
alLrihuted part contains the data idcntifying a mining panel 
as a whole and the date of its explosion (columns 1-3). TIle 
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survcy ing part conlains a number of a line , cooruina lc.<; of a 
ent.ry. depth and heigbt of a water column in the blaslhole 
(columns 4- 9). The geologic part (columns 10--26) cOlllains 
the modelling data of m..inemlogical-teehnoiogical grades of 
ores. quanti tative charac teristics of orc and its physical­
mechanical propcrtic ~. The mode1ling is based on 
interpolation of a database of detaiLed and operational 
explorations. Subsequently they are specified by results of 
the chemical analys is of slime of blastholes, magnetic 
logging or probing of stopes. As a result of these operations 
the minernlogical-u::chnological mapping of a mining panel 
is eani.ed out. TIle teclUlological attributes (columns 27-33) 
show how bla sth oles are used. i.e. whether they are 
included in an interval monthly-weekly, weekly-daily or 
daily-shift planning (attribute l-attribute 3); what drill-rig 
performed the drilling (columns 30--31); what shovel was 
used and when it worked (coLumns 32-33). 

A computer database of mining panels allows t he 
automated l'egiSlrali on of the monthly plan fulf dmenl of 
dJill sites, explosive and eKtraction-al.ld-loadings in shifts to 
be easily carried out. Each curfent shift shows the wmkillg 
volumes and are marked by the :Ippropriale attributes of 
blastholes. Thus. volumes and quali tative characterjstics of 
ex tracted ores :Irc attached 10 a certain position. Electmnic 
diagrams. of pnocls are <l lso suitable for mode lling and 
sening of the scheduled tasks for shovels. Around each 
blasthole a 7.one of it!; innucncc is built which is a diseretc 
elementary volume of mine mass. The operative 111:ms of 
minin g opc ralion s a re formed by combi nations of 
elementary block sets by combinatory me thods of 
optintizatiolL In this case the discrete presentation of the 
initial data is natural (Figure 3a). A number of a line of each 
blasthole allows f\)(!using elementary blocks in relation to 
the front of mining operations in a panel and in relation [0 
eaeh other as wcll. TIle adjacent elementary blOl':ks in a line 
are the nearest to the given one on the left and on the right. 
In adjacent lines the nearest elementary blocks in previous 
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FJgure 3. Discrete formation of a IrA.jcclory of a shovel within the production block at opemtive planmn,,: (0) Formation of elementary 
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and subsequent lines are the neighbouring ones. Such 
geometrical links automatically allow a trajectory to form 
of shovel movements to meet the" requirements of planning. 

Panel scheduling 

Tn general, sets of elementary blocks, which are supposed to 
be included in the plan, should be technologically 
permissible. The elementary blocks are divided within the 
limits of a panel, that is why the whole set is admitted. The 
working of each elementary block is carried out during a 
shovel-a movement the area of the panel. These 
alignments are not arbitrary, and are determined by 
parameters of the working faec of a shovel and the type of 
haulage used. The automated formation of a shovel 
trajectory will be carried out by a set of discrete elementary 
adjustments. For this purpose, we shall present a trajectory 
of a shovel movement by a set of individual alignments in 
four orthogonal directions. Depending on type of haulage 
and technologies of operation of the panel the number of 
directions can be essentially reduced. Possibly there are 
essentially different technologies-working of panel by 
longitudinal shovel benches, and selective mining. In the 
first case railway haulage is used as well as truck haulage in 
complete mining. In the second case a selective mining of 
ores by separate sites lengthwise of panel is used. 

At a longitudinal shovel bench the trajectory of a shovel 
will be shuttled along the front of mining operations in the 
panel (Figure 3b). From the current position of a shovel 
quantity, possible directions will always be initially­
forward along the front of operations to the end of a 
panel-thcn the movement in the opposite direction. For 
conditions of selective mining a shovel movcmcnt in four 
elementary directions is gcncrally possible. The restrictions 
of selectivc mining enables the simulation of the trajectory 
of a shovel by elementary adjustments in threc directions: 
movement along the front of operntion~ in the panel by idle 
running; cross pull on full width of the panel, and 
withdrawal as shown in Figure 3c. 

The formation of the trajectories of the shovel's 
movement is canied out consecutively for each interval of 
the scheduled period. All technologically possible variants 
of the shovel's trajectories are stored. They are used to 
estimate variants and to choo~c the best of them. The 
estimation is carried out on mathematical models of 
operative planning. The majority of existing models [l-4J 
arc based on use of linear programming with continuous 
controlled variables. In this case, initially, there are 
elements of non-linearity in the discrete presentations of 
shovel trajectories and a geologic structure of the mining 
panel. Therefore, for a linearization some auxiliary tasks 
were carried out, the complexity of their solution is 
comparable to complexity of the basic task of planning. 
Elaboration of discrete modcl~ operative planning of 
mining operations is necessary. 

Mathematical formulation and solution 

The least discrete unit, through which the set of the tasks is 
carried out at operative planning, is an elementary block. 
That is why a controlled Boolean variable Ohhij~ql is chosen 
to detennine whether or not to include the elementary block 
in working. The indices at the variable mean: h - index of 
horizon, on which a panel is located; b - number of a panel; 
i, j - coordinates of an elementary block position within the 
limits of a panel; i-number of a line from the front of 
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mining operations; j - number of a column along the front 
of mining operations in the panel; e - index of a shovel in a 
panel; q - index of unloading point of s-grades ore; t - index 
of an interval of the scheduled period. Each elcmentary 
block is attached to the appropriate panel and horizon and is 
charactelizcd known by a volume, qualitative and physical­
mcchanical propertics of ores and wastcs. 

Phb~total volume of ore in an elementary block 
Vhbij-volume overburden in an elementary block 
Shbij..--name s-grades ore in an elementary block 
Phbij...----volume of .v-grades ore in an elementary block 
ahbij.,k-value of the qualitative and physical-mechanical 

characteristics s-grades ore in an elementary 
block. 

Overburden or ore fTom an elementary block can be 
hauled to a certain unloading point. It can be dumps, inset 
bunkers of an ore dressing plant, reloading platform, or 
special warehouses of ore. The unloading points are 
characterized by the following parameters: a size of the 
directive task D~7; inset potential on mined rock Qpt; the 
requirements to mixing of ores at thc unloading point, 
mathematically fOlmalized as a share I1sql .v-grades ore in a 
general stream at g, unloading point; the requirements to 
averaging ores r4~t' on all preset k-th characteristics of ore 
on each unloading point. The last two requirements are 
difficult to fulfil, the fulfilment with the pennissible larger 
and smaller deviations will be enough t.:)',Ai...aa;"(l,;b,, The 
scheduled volumes for the shovel should not exceed the 
maximal productivity E~t. From b~low, the plan for a shovel 
can be limited by some sizes V";;':;I. 

In general the system of restrictions of models of 
operative planning should take into account: 

• fulfilment of opencast planning on ore mining for the 
whole period; on each interval of the scheduled period, 
on grades of ores and at points of ore and waste 
unloading 

• fulfilment on inset potentiality of unloading points, 
shovel potential on loading mine mass and 
transportable potentiality 

• fulfilment of required mixing of ores at unloading 
points 

• specific restrictions of technology which caused 
working of panels by shovel. With reference to 
operative planning they consist in fOlmation of shovels' 
trajectories without failures in continuity. 

The above requirements are represented as the equations 
that follow. 

• The fulfilment directive parameters on inflow of mine 
mass to offloading points at intervals of the scheduled 
period: 

LLLLLLP";lj,8M",, ~ D;,' [lJ 
; ; 

Checking the potential of unloading points on intervals of 
the scheduled period 

[2J 

Checking of loading by shovels on intervals of the 
schcduled period: 

L. L. L. L. L. (l1ibij + y;,~ji )S"bii,qt :-::; Eel r31 
h ~ j q 

Fulfilment of the requirements on mixing of ore at each 
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unloading point on intervals of the scheduled period: 

L L L L LF"",O""i"" 
11. -11- < I! b i j ~ 

"JI am LLLI.2.2:. Phbij, (jh/Jijeql 

[4] 

" b j ' ~ 

:::;; 11'-QI + 11:'m 

Fulfilment of the requirements on averaging ore at 
unloading point on intervals of the scheduled period: 

L L L L LL p"""p,"""o,,,",", 
ex;;;'" -ex~" ~ "I I.I.I.I.L [5] p,,,A,,",,,, 
< ",maH + N' 
- ..... tqt Vv"," 

h b j. ~ 

Restriction in continuity of elementary blocks within the 
limits of a trajectory of a shovel: 

8 = 1(18 if Ohb'_l,j_;~M;j_,. ""Oh:~~I,,,,,Ohhi_j)'fo::~hbi~I'I _j"'J1 ) L6J 
""ij'ql "i,;_I,j.,, '~1 hMj I ,,'" hbi .l.J~l.<qI 

else oMii 'Q' 

The essence of restriction is in compulsory installation of 
a controlled variable in I, if all adjacent elementary blocks 
are included in working. The adjacent blocks are three ones 
of the previous line, the left and right ones of the current 
line and three blocks of the next line. Last line can be 
incomplete; therefore it is enough, that one block from this 
line is nominated for working; 

Restriction on minimum volumes of a shovel: 

I.I.( ~bij + %bij) 0hbij<qt ~ D;;;'~~'l [7] 
i 

The essence of restriction is that the volume of the task 
fot a shovel is to be not less than the technologically 
expedient volume. 

In models of operative planning the technical and 
technological criteria are applied. A criterion of minimal 
absolute deviations of a preset parameter from scheduled 
value has been applied for a long time. It is due to a 
simplicity of transfonnation of this model to a problem of 
linear programming. In the theory of approximation of 
functions 17J the high efficiency of a methlxl of the least 
squares is proved. The criterion of the least squares of 
deviations is much more sensitive to the amplitude of 
fluctuations of parameters because modules of linear 
deviations are not used but their squares. The square-law 
function is continuous and has both derivatives, which give 
the major opportunities in the mathematical context. 

The use of a range of parameters wi th an inconsistent 
character of their change, results in that private solutions of 
models conditions, one or more restrictions are practically 
never carried out. Besides, a certain situation can require 
other purposes of forming the operative plan. It would be 
desirable to have some criteria of optimization and to apply 
one of them taking into account certain features of the 
scheduled period. A result of generalization has been 
criteria allowing improvement to stabilizing possibilities of 
operative planning, to provide a uniform or proportional 
exploitation of shovels, and to ensure mixing structure in 
various streams of ores. 

The most traditional and widespread-the criterion of 
approach of the average weighted values-is one of ore 
quality parameters to a scheduled task. Wide parameters are 
the main component in ore contents. A criterion of 
stabilization of any onc k-th parameter of ore characteristics 

on each unloading point is generally offered: 

~~(~~~~~Pbhij.ahlrij.Ab;j,ql-a:~HD;~ J ~ min [81 

Another widespread criterion is the approach of collected 
volumes of mining to the directive task. In general the 
criterion provides the least sum of squares of deviations of 
the mine mass at unloading points and the plan task at all 
intervals of the scheduled period: 

LL[LLLLLP,,,A,";i;" -D;; J' --+ min [9] 
Iq IIb, j t 

The criteria of proportional exploitation of the shovel and 
their approach to output standmds are also widespread. It is 
known, that mixing and averaging of ore reduces shovel 
productivity, therefore mooels of operative planning should 
maximize the use of shovels, as far as celiain situations 
pcnnit. In discrete formulation the criterion of approach of 
the shovels' tasks to a directive size enters as: 

where Hse,.------output standard or achieved productivity of an 
e-th shovel depending on propeltles of developed ores or 
waste of s-grades of ore in the period t. 

Necessity of ore mixing and its averaging demand the 
selective mining of certain grades o[ ores from mining 
panels. In such cases it is expedient to use the criterion 
ensuring the least numlx:r of shovel outruns: 

[11] 

Conclusions 
Thus, the developed complex of mathematical models 
dynamically allows, depending on a certain situation, a 
choice of operative planning in mining operations. The 
realization of models is cmried out in a dialogue system of 
analysis and calculation of the operative plans in mining 
operations. The direct parameters calculations of the plan 
excepted, the system allows amendments of the initial data, 
to correct a position of shovel, to choose a criterion of 
optimization, to analyse results and to repeat the calculation 
till acceptable results are received. The presented technique 
is used primarily in the automated control system of mining 
for the Erdenet ore-dressing company with the computer 
EC-I046 (analogue lBM-370). For five shovels and two 
direetiom of shovel benches the time of calculations 
togelher with preparation of the initial data does not exceed 
15-25 minutes. Operatiom on adaptation of this system for 
personal compulers and increase of stability of algorithms 
[or a selective mining of ores are being conducted now. 
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