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This article dwells upon the peculiarities of optimal groupage
cargo arrangement in a semitrailer algorithm. Nowadays it is
quite important to optimize logistics processes due to high
demand of this kind of service. The author describes a develop-
ing and designing process of special application that automati-
cally arranges cargos in a semitrailer. The text gives valuable
information referred to a semitrailer structure and logistics. It is
spoken in detail about eight steps explaining the whole process
of development. Much attention is given to one particular step
explaining application operation in stages. Such an application is
rather user friendly, so any logistics manager can use it without
instructions. The solution is applicable to real use case with
some final improvements towards compatibility with other sys-
tems and also this solution helps in speeding up some workflows
in logistics services, so some funds can be saved. The exact
amount of savings can differ from company to company due to
individual internal structure. Summing up the results, it can be
concluded that the solution is rather multipurpose, in other
terms it can be applicable to multiple companies with some
refinements due to specific company's requests.
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Introduction

In the modern world exists the problem of arranging cargos
inside semi-trailer, which has always been done by humans. This
approach can take a lot of time and results may not satisfy cargo
company. Some similar systems exist nowadays, but these
systems are made by special IT companies exclusively. In fact,
some systems can upload some arrangement tips to worker’s tablet
[3]. However, this tips and arrangement suggestions are not useful
enough and there are no calculation methods to finally make 3D
model — the real applicable thing.

Problem statement

AP GRUPP logistics” has been in need of a software product
for visualization of cargo arrangement in the car body and
automatic formation of shipments according to the destinations
specified in the cargo parameters. This product will be used by a
shipment manager.

Company manager has put forward the following demands:

e the form of input and output should be based on database
tables. (Output for checking);

e visualization output as future possibility;

o cditing of the existing dispatches;

¢ an indentation included in generated tables output;

o cditing the dispatches to enter the approved date.

Analysis of initial data

For the implementation of the project, the AP GRUPP logistics
company obtained the initial data containing the consecutive
consignments with their parameters (weight, length, width, height,
price of shipment and etc.) [5].

On the analysis there have been agreed some important details
such as:

1) There is a departure and arrival point in the cargo
parameters, so it is convenient for the customer to ship cargoes
that have departure points within a 100 km radius, as well as
arrival points. However, arrival points can similarly be located
within a 100 km radius of any point on a straight line connecting
the centers of the two circles within which most departure and
arrival points are located. The diagram of the delivery area
described in this paragraph looks like this (Fig. 1):

+  Points of departure/
delivery

100 km

Fig. 1. Operating scheme

* The new faculty of Russian university of transport — the Academy of
high engineering school has given its students several projects to solve
within project activity academic study. One of them has been suggested
by one of the Academy’s partners — AP GROUP logistics company.
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2)  Some shipments may have a priority or some benefit for
the company, so the manager should be able to add the packages
to the shipment, even if the arrival point of the shipment is not
defined by the program as intermediate.

Designing and creating an algorithm

The algorithm development is rather simple. Due to the
employer requirements, a block diagram has been made (Fig. 2):

Data input in DB

Data digest on
destination
shipping points

One more trailer
needed

Fig. 2. Operation of application

Diagram construction is crucially important in project
development, because designer needs to know how exactly he
should connect all modules to make product as much holistic as it
possible. For example, dividing algorithm into separate functions,
known as the application is leading to ease in application
development [9].

The 1% step in creating the algorithm was to form classes that
store information about cargo. Within the Python algorithm, it is
much more convenient to refer to cargo parameters if classes are
used, for example, this variable will contain the weight of some
cargo "link to cargo object.weight". The ".weight" is a method
of the class which is called Cargo within the project.

The designer has developed a function that allows you to get
the parameters of cargos from the database and assign them to the
methods of the class.

The 2™ step algorithm arranges packages. Creating a specific
mathematical model of the cargo and the body would lead to slow
operation of the algorithm because of the large number of
packages to be arranged. This is the reason why there has been
developed an algorithm based on the Cartesian coordinate system
and simple logic, in which each rectangular cargo in two-
dimensional space (top view) will have a corner, the coordinates
of which will determine the occupied space in the body (Fig. 3).
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Steps of the function, presented on the following picture:

1) The packages are divided into arrays by points of
departure and arrival.

2) A query to the database is created, which results in all the
cargo data already in the "cursor" variable.

3) The library "geopy" is used, to replace the points of
departure and arrival by coordinates, simply in a way that "google
maps" do, and the names of cities are stored in the array. This is
done to avoid quiring "API geopy" for coordinates during each
iteration, when measuring distances between two cities, since we
need to measure the distance from each city to the other, i.e., it
would be more complicated because of queries.

4) The loop "while" takes one city from the array and
searches for all cities within a radius of 100 km, and they are all
sent in an array of one shipment to the "result" array, and are also
removed from the "cursor" array, since the shipment is generated.

5) The next function takes the resulting array of shipments
and tries to arrange packages from one shipment. The shipments
are sorted by unloading method and dimensions, first by
unloading, then, if there are similar unloading methods, they are
sorted by dimensions.

6)  The first package is placed at the point (0, 0) of the body.

7)  The function "weather free" kicks in, it takes an already
placed package as an initial and checks if there is space next to it
for a new one. It also checks for possible staging restrictions, i.e.
if something is to the right of the underlying cargo, it is still
possible to put something that will fit between them.

def get_route_inf():
start_tise = tise.tine()
cursor = db_avth(})
cursor.execute('select = from Test_table')
eursor = List{cursor)

towns = {}

for 1 in cursor:
rewns[1{0]] = (1[3], 4[]}
1[3] = get_lat_lot(i[3])
if4] = get_lat_lot(i[4])

result = [}

while len(cursor) > 0:
cargo = []
pop_list =[]
current = (cursor[8][3], cursor[@][4])

cargo.append (Cargo(cursor[0](0], Ust{map(flost, [cursor[0](7], cursor{a][&], cursor[0][9]])), cursorfa][1],

cursor[8](2], cursor[8](3], cursor[B][4], float(cursor[8][5]), cursor(8][12], cursor[E][14],
curser[61115], curser[B][4]. cursor[a][18]))

cursar.pop(d)

for 1 in cursor:
it great.circle(i[3], current[B]).kilometers <= 196 and great.circle{i[<], current[1]).kilometers <= 188:

for _ in range{i[s]):
cargo,append{Cargo{i[8], 1ist(map(float, [L[7], £[2), i[9100), 4[1], i[2), &3], &[4], floaw(i[5]),
i[12], 4l18], £[15], i[e]. 4(281))
pop_list.append(1)
[eursar. popleursar. index(s)) for s in pop_list]

result.append([s for s in carge])
for table in result:
for i in table:
i.rovte = towns[i.index](a]
i.end_route = tomns[i.index][1]
total_tise = time.time() - start_time

print(total_tise)
return result

Fig. 3. Algorithm code
In the end, the information about the space around the current

cargo (whether it is free and some restrictions) is written into
variables and the cargo is placed anywhere with no semi-trailer

area restrictions.
The algorithm is repeated until the body is full.

# define if there is an overlaopping in any direction
free_right = whether_free(placed, 'right', placed_cargo, truck_body)
free_left = whether_free(placed, 'left', placed_cargo, truck_body)

free_top = whether_free(placed, 'top', placed_cargo, truck_body)

Fig. 4. Using functions
Technologies employed

In algorithm development the following programming
languages has been used (Table 1):

ngrammi‘ng Python modules Other
languages
* Python » Flask « HTTPS
* SQL * Pyodbe certification
« HTML * SQLAIchemy * Port fqrwarding
+ CS8 * Flask-SSLify = Domain
o Cryptoeraph registration
8 Ggiygr = + Web designing

Table 1. Applied technologies

UI and Backend development

A web-interface was developed for user interaction with the
system which should achieve maximum convenience for user,
who is working with it.

The core of the website is the Python Flask library, which
allows you to create a "web" server. Using it you can link the
visual part of the site with the logical part, the algorithm in this
case [7].

Developing a site — is primarily the creation of folders with
different parts (page templates, different modules and main
processing structures Flask).

The 3™ step is to create a master page template, it contains the
basic HTML objects that are needed in the structure of the page
and the objects that are seen when switching from page to page:

1. Navigation bar

2. Scroll bar

Actually, it is possible to use Python code in the HTML code
to create generic objects several times or to pass variables to the
screen. The plugin jinja2 is made for this; this code allows you to
shape "notification" objects to a typical form and make several
notifications at once if, for example, several parameters of the
entered login and password are wrong. The code of the other pages
uses the code of the main page through the same jinja2 plugin [4].

The last step of creating export page is to send variables. On
the picture there is table headers which have been loaded in the
variable "headings", in the "data" data and then they have been
transferred to the HTML code, which already displays everything
on the site.
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Table 2. Application table

def export():

cursor = db_auth() Another challenging task was to implement the sort by date
N — function on the data table page, it was created using Java Script

SREEE b e e e e, e st code and embedded into the HTML code as a script. It was
u', Hausesosasie THO', & morpyacn’, ‘CHocob BMrpyIRe’,

difficult to deal with a new programming language, but eventually
everything has worked out, and now the function works perfectly.

B el The next step is designing; visual objects have been created,
astalill1] = steaatal£] (1) then they need to be shaped and styled. CSS code is responsible

data[1](2] = stridata[i][2])

cata = tuplel(s for s &n cursor])

A for styling. It is required to refer to HTML classes and change
T parameters: indentation, text style, color, coordinates and others.

The homepage style is also used on all other pages, it is
referenced in the homepage HTML code, the repeating object —
background.

dates = dict.fromkeys(['Bce’] « [f'{str(s[1]}} - {str(s[2]}}' for s in data]}

return render_ tesplatelexpart. hTal’, userscurrent user, ; . @atessdates)

Fig. 5. Export function
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Fig. 6. Database usage
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Fig 7. Application output

Database development

Database requirements were low, so the designer needed to
store information about cargo and a table with users and
occasionally refer to them to display data in the application. It was
decided to use the Microsoft SQL Management studio platform.
The database queries were basic, copying the entire table or a
specific column [6].

In PyCharm professional, where the code for this project has
been written, it is possible to connect the database and set a
specific dialect. The illustration shows how the connection looks
in the program, as well as approximate type of queries that were
used to retrieve information from the database.

Final result and company checking the product

During the last project presentation, the employer reviewed the
results and project, and the company was satisfied with the fact that
shipments created by the program matched the ones provided to
designer by them. The illustration demonstrates the tables separated
by an indentation and the dates of shipments in each shipment are
the same, so the program has calculated everything correctly.

i : | r:"’ f
: e e . e o — I' /J_l e
r‘ll'"’"*'""é'(“”“i‘{"‘
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Fig. 8. Visualisation

Future development

Development of the project —is, first of all, improving the logic
of the algorithm to achieve 100% correct operation, and also
implementing the very function of visualization (Fig. 8).

Conclusion

The project has been approved by the company and can be
used if with stability and reliability improvements, so it can
operate within company’s environment. The general idea was
implemented and minimal required results were archived. So what
is left — basically to implement this whole application to company
based platform.
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AHHOTauusa

B cratbe paccMaTpuBatoTcAs OCOBEHHOCTM OMTUMASILHOTO PacrofIOXEHUA COOPHbIX FPy30OB B aJIrOpPUTME MOMyMpuLiena.

B Hactoswiee

BPEeMA OCTaTOYHO BaXKHO OMTUMM3MUPOBATh NTOrMCTUYECKMUE MPOLIECCh] B CBA3M C BbICOKMM CMPOCOM Ha 3TOT BUA yciyr. ABTOp onuckiBaeT
npouecc pa3paboTkn U NMPOEKTUPOBAHWUA CMELMaNbHOrO NMPUNOXEHUA, KOTOPOe aBTOMATUYECKM YMOPALOUYMBAET rpy3bl B MOynpuLene.
B TekcTe npuBoamnTCa LeHHan MHdOpMaLMA, OTHOCALLAACA K CTPYKType nosynpuLena u noructuke. NoapobHo rosoputca o BOCbMM Luarax,
Ob6bACHAIOLLMX BeCb Mpolecc pa3paboTku npunoxenus. bonblioe BHMMaHMe yaenseTcas OAHOMY KOHKPETHOMY Luary, obbAcHaAtoLieMy
paboTy npunoXeHua No3TanHo. Takoe NpuIoXeHWe JOBOMBHO yAOBHO AnA nosib3oBatenis, NO3TOMy J1lo60i NOrUCT MOXET MCMOMb30BaTh
ero 6e3 MHCTpyKUuit. PellieHne npuMeHnMo B peanbHOM paboyeM MpoLiecce ¢ HEKOTOPbIMU OKOHYATENbHbLIMU YiyYLLIEHUAMU B OTHOLLEHU
COBMECTUMOCTU C APYrMMU CUCTEMAMU, @ TAKXKE 3TO PELLEHNE NMOMOraeT yCKOpUTb paboyne NpoLecchl B IOTUCTUYECKUX YCyraxX, MO3TOMy
HEKOTOpble CPeACTBa MOryT ObITb CIKOHOMJIEHbl. TOYHAsA CSKOHOMJSIEHHAA CyMMa MOXET OT/MYAaTbCA OT KOMMAaHUM K KOMMaHWU M3-3a
MHAVBUAYaIbHON BHYTpeHHel cTpykTypsbl. [Nogsoas utoru, MoXxHo caenatb BbIBOA, YTO peLleHUe AOCTaTO4HO MHOronpoduibHoOe, TO eCTb
OHO MOXET ObITb NPUMEHNMO K HECKOJSIbKMM KOMMaHUAM C HEKOTOPbIMU MU3MEHEHUAMU U3-3a KOHKPETHbIX 3arMpOCOB KOMMaHMUM.

Knio4yeeble crioea: numor, nepegoska 2py3os, cucmema dekapmosbix KOOpOUHAM, npoeKkmuposearue, 2pys, noaynpuuen
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UcTtouHuKn

|. Flask web development, one drop at a time: https:/flask.palletsprojects.com/en/2.2.x/

2. Python 3.10.8 documentation: https://docs.python.org/3/

3. HTML: HyperText Markup Language: https://developer.mozilla.org/en-US/docs/Web/HTML
4. CSS: Cascading Style Sheets: https://developer.mozilla.org/en-US/docs/Web/CSS

5. Openrouteservice: https://openrouteservice.org/

6. Welcome to GeoPy's documentation: https://geopy.readthedocs.io/en/stable/
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