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THE FUNDAMENTAL PRINCIPLES OF IMPLEMENTING
SOFTWARE FOR HIGHWAY TRACING USING
THE FLEXIBLE BRACELET METHOD

Musiienko 1. V.
Kharkiv National Automobile and Highway University

Abstract. The article under consideration reveals the necessity of developing and implementing opti-
mization algorithms for the automated laying of road axes. The state of the issue is reviewed, and the
previously proposed computer-system approach in highway design is discussed, as well as the method
of laying the road axis with maximum radii and the flexible bracelet method. The latter was created
for the realization of the computer-system approach in highway design. The article is devoted to the
basics of software implementation of the flexible bracelet method. The creation of a functional that
facilitates the construction of a flexible bracelet of any complexity, with links that can be rotated rela-
tive to the joints, and the subsequent superimposition of this construction on a topographic map, is a

key contribution of this article.
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Introduction

In modern construction, the automated de-
sign of roads is becoming increasingly relevant.
The use of CAD systems significantly improves
the accuracy of calculations and optimizes de-
sign processes, leading to reduced costs and
faster project implementation. Automation
enables the modeling of various scenarios and
the detailed analysis of road safety and efficien-
cy. The application of modern information tech-
nologies allows projects to be adapted to real-
world operating conditions. Thus, the optimiza-
tion of road tracing through CAD represents a
promising area in engineering design.

Analysis of publications

Since the mid-20th century, there has been a
rapid development of computer technologies, with
the dynamics of technological advancement exhi-
biting an exponential trend. In recent decades, the
processing speed of computer technology has in-
creased exponentially, as has its memory capacity.
However, despite the evident influence of these
technological advancements on various fields,
including highway design, the prevailing scheme
for automated highway design remains the tangen-
tial tracing method [1-4], which was first imple-
mented over a century ago.

In relation to the aforementioned points, it is
evident that there is a significant dearth of opti-
mization algorithms within the domain of high-
way routing. While numerous software develop-
ers are engaged in this field [5-8], these soft-
ware tools have not yet attained widespread
utilization on a global scale. This underscores
the significance of the research direction deli-
neated in this paper.

The optimization algorithm can be found
in [8]. In this case, an approach was imple-
mented in which the user generated the tangen-
tial course of the road axis, and the radii were
inscribed automatically. The geometric feasibili-
ty of inscribing maximum radii was subsequent-
ly checked [8]. The validation of this method
entailed the development of specialized soft-
ware, which incorporated a graphical window,
an initial parameters window, and a calculation
results window (fig. 1).

Fig. 1. The implementation of the highways
tracing of using the maximum radius method
in the program
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The flexible bracelet method (FBM) was
proposed in 2011 [9] as a special case of the
general computer-systems approach in highway
design (proposed in 2008), otherwise known as
computer-systems highway design (CSHD) [10].
The computer-system approach posits the notion
of a single, potential variant of a highway axis,
predicated on a predetermined set of initial crite-
ria. This methodology supplants the variant de-
sign, wherein numerous variants of the highway
axis are cultivated, and one of them is subse-
quently identified as the optimal choice.

The utilization of tracing methods is known to
afford designers a considerable degree of autono-
my. While the automation of design processes
entails a simplification of intricate mathematical
calculations, it does not address the optimization
of trace location. However, if the trace is systema-
tized, ordered, and governed by a specific law, it
can be more readily integrated into optimization
algorithms, thereby expanding the scope of auto-
matic design processes.

In light of these considerations, a novel me-
thod of tracing was devised: the flexible bracelet
method (FBM) [9]. The fundamental principle
of this method entails the utilization of a com-
plex geometric figure comprising a consistent
system of indivisible elements and interconnect-
ing links (see figure 2, which illustrates the
physical model consisting of a rectangle).

Fig. 2. The physical model of flexible bracelet
method consisting of a rectangle

The concept and fundamental mathematical
approaches to the flexible bracelet method have
been developed thus far [9]. The subsequent
stage is software development and parallel ma-
thematical detailing of this method. The present
article is devoted to the initiation of this stage.

Purpose and mission statement

The objective of the present study is twofold:
firstly, to implement the extant developments of
the flexible bracelet method, and secondly, to
develop software to realize this method in prac-
tice. In order to achieve the aforementioned
objective, the following tasks must be accom-
plished:

— development of the algorithm;

— development of the block diagram;

— development of code in C#;

— development of the program interface.

The initial functionality should include:

— creation of a chain of bracelet elements of
any number and size;

—ability to move the bracelet, rotate any
element in relation to the link;

— loading of a topographic map and lining up
the bracelet in any direction on the map.

Basic Outline

The initiation of the implementation process
for highway tracing by means of the flexible
bracelet method consists of the following items:

1) creation of the main window structure;

2) drawing a single golden ratio rectangle;

3) implementation of the flexible bracelet
(chain of segments);

4) implementation of dragging the entire
chain;

5) implementation of selection and rotation of
individual segments;

6) integration of all functionalities.

Creation of the main window structure was
performed as follows. A Windows Forms project
was created in C#. The main window was divided
into two areas:

—the Parameter Panel (approximately 1/5 of
the window’s width) is used for entering the
model parameters via text boxes (e.g., short side,
link size, and number of segments);

—the Graphics Panel is used for drawing the
model (fig. 3).

Y Flexibie Bracelet

Shoat Side

-

Fig. 3. Interface of the program for implement-
ing the flexible bracelet method

Drawing a single golden ratio rectangle was
performed as follows. A module for drawing a
single rectangle was implemented. In this module:
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— the short side s is provided by the user;
—the long side is calculated using the golden
ratio formula:

L=s-¢, (1)

where, @ =1.618 — is the golden ratio.

—the rectangle is drawn in red using the
“Graphics.DrawRectangle” method.

Implementation of the flexible bracelet (chain
of segments) was performed as follows. Functio-
nality was extended by constructing a chain of
segments, where:

—each segment is represented by a rectan-
gle with dimensions s (short side) and L (long
side);

—a blue link of length | (user-defined parame-
ter) is drawn between adjacent segments.

— the total width of the chain is calculated as:

\Ntotal =(N _1)'(L+I)+I—’ (2)
where, N — is the number of segments.

Block diagram of the algorithm for FBM im-
plementing is shown in fig. 4.

Implementation of dragging the entire chain
was performed as follows. Mouse event handlers
(MouseDown, MouseMove, MouseUp) were
added to allow the entire chain to be dragged.
In this process:

—the displacements Ax and Ay are calculated

relative to the initial click point;

—the global variable “offset” is updated, and
the “Invalidate()” method triggers a redraw of the
graphics panel with the new offset.

Implementation of selection and rotation of
individual segments was performed as follows.
Functionality was added to enable selection and
rotation of individual segments:

—when a click occurs in the "handle" area
(upper-left or lower-left corner) of a segment, the
segment is highlighted with a semi-transparent
red fill;

—the pivot point for rotation is defined as the
connection point with the previous segment (the
right center of the previous segment plus a hori-
zontal offset equal to the link size);

—when rotating, the new angle 6

puted using the formula:

hew 1S COM-

enew = estartSegment + (ecurrem _estart) ' (3)

where, 04, — is the initial angle between the
pivot and the click point;

[Start]
v
[Input Parameters:
short Side (s), Link Size (1),
Nusber of Segments (N)]
v
[validate Input]

hNo
Show error message and
exit
Yes-
v
[Compute Derived Values:)
Lt =5x1.618
- rectwidth = L
L rectHeight = s
L. linkten = 1
L hingeDiameter = s / 1@
v
[Initialize angles[i] = @ for
| i =0..N1]
v
[set offset = (0,8) and
selectedSegment - -1]
'
[Redraw: ]
— [Draw Background Image
(if loaded)]
|Oraw segment @ (no rotation)
at center]
[For i = 1 to N-1:
Compute pivot = (right
center of previous segment
+ linkLen);
Draw link (blue line) and
hinges (green circles);
Draw segment i rotated
by angles[i]]

v
[Wait for User Interaction]
— [MouseDown Event)
If click is in rotation
handle area (upper-
left/lower-left of
a segment)

and dragStartAngleAtPivot;
Else: start dragging
the entire chain
(save dragsStartPoint
and dragStartoffset)
[MouseMove Event]
If dragging: update
offset based on mouse
movement ;
— 1If rotating:
newangle =
dragStartangle +
(current angle change);
Limit newAngle
(1sin(newangle)| s (21/s));
Update angles[selectedSegment]

— [MouseUp Event: Reset
| dragging/rotating modes}
\d

[Redraw with updated L)(nl,.ll

v
{End}

Fig. 4. Block diagram of the algorithm for im-
plementing the flexible bracelet method

Set selectedSegment,
capture pivot, dragStartangle,
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Ouurrent — 1S the current angle between the pi-

vot and the mouse position;
—to prevent overlapping of segments, a con-
straint is applied:

lsin6| < 2l : 4
S
yielding a maximum allowed angle:
011ax =arcsin(2?'l). (5)

Integration of all functionalities was per-
formed as follows. Finally, the following fea-
tures were integrated:

— drawing the chain: each segment is drawn
according to its relative angle, with blue links
and green joints drawn between segments;

— dragging: the entire chain can be moved by
updating the global offset variable;

—selection & rotation: upon clicking the ro-
tation handle of a segment, that segment is se-
lected and its orientation is adjusted, subject to
the mathematical constraint.

Results

Consequently, a functional version of the
software has been developed for the practical
implementation of the method of laying the axis
of the highway using the flexible bracelet me-
thod. Figure 5 presents the example of axis lay-
ing on the training map at the scale of 1:10000,
while Figure 6 presents the example of axis
laying on the map at the scale of 1:25000 near
Izmir city (Turkey).

Fig. 5. The example of FBM implementation on
the training map at the scale of 1:10000

Conclusions
The present paper demonstrates the initial
phase of a protracted endeavor: the digital im-

plementation of the method for laying out the
axis of a highway utilizing the flexible bracelet
technique.

Fig. 6. The example of FBM implementation on
the map at the scale of 1:25000 near Izmir
city (Turkey)

The development of an algorithm, a block di-
agram, code, and an initial interface has been
accomplished. At this stage, the tool exhibits
notable similarities to the well-established flexi-
ble ruler method (see Figure 7).

Notably, it is virtual, and the flexibility of
the "ruler" can be tailored to specific require-
ments.

Fig. 7. The example of flexible ruler method of
laying the axis of the highway

The subsequent phases of research should
prioritize the following:

1) the first problem to be addressed is the
harmonization of the scale of the map and the
elements of the flexible bracelet;
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2) the second problem to be addressed is the
harmonization of the geometry of the flexible
bracelet with the geometric constraints of high-
way design regulations;

3) the third problem to be addressed is the
harmonization of the flexible bracelet geometry
with geometric constraints based on the latest
research of scientists.

Only after solving the above problems, we
can proceed to solving optimization problems
and implementing the computer-system ap-
proach.
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OcHoBH mporpamMHoi peaJi3anii TpacyBaHHs aB-
TOMOOITBHUX JOPir 3a JONOMOroK MeToAy THy4Y-
KOro Opaciera

Anomauin. Ilpoonema. Ocmanui poxu weuUOKICHb
00UUCTIIOBANBHUX Onepayill KOMN'tomepHoi mexHiKu
30inbMUIaACy Y 0eKinbKka pasis. Lle came cmocyemocs
i obcazie nam'ami nepepobar0eanoi ingopmayii.
30asanocs 6, suwezasnaueni paxmu maiu 6 eniu-
Hymu i Ha 10e0102i10 NPOEKMYBAHHA ABNMOMOOLILHUX
oopie, ane 3a Yakmom y CUCmemax agmomamusoea-
HO20 NPOEKMYBAHHA ABMOMOOINbHUX Oopie Hauluac-
miwe 6UKOPUCIMOBYIOMb CXeMy MAHSeHYIAIbHO20
mpacyseauna. Mu maemo nedocmamuio KilbKicmo
ONMUMI3AYTUHUX ANCOPUMIG y 2aly3i mpacy8anHs
agmomobinbrux Oopie. Lle 3ymoentoe akmyanvHicme
Hanpamy oocriodcens yiei cmammi. Mema. Memoro
00CNIONCEHHSI € DO3POONIEHHSA AN20PUMMY, KOOV U
inmepdeticy npocpamu 015 NOYAMKOBOI peanizayii
mpacyeamHs oci asmomoOinibHoi dopocu 3a 00NOMo-
2010 memody «emyuxkoeo 6pacnemay (Flexible
Bracelet Method, FBM). 3asdanns oocnioscenms
noJis2ac 'y CMBOPEHHI NPOZPAMHO20 3a0e3nedeHis,
wo peanizye FBM i3 moorcaugicmio niogsanmasicenns
monoepagiunux 306padicensy sk nioknaoxku. Memo-
002102i5. B ocnogi ananimuynux po3paxyHkie ckiaoo-
BUX Memody SHYUK0o2o bpaciema Jedcamv mMemoou
OKpemux po30inie ancebpu, ceomempii i nianimempii.
B ocnosi Hanucamus xody Oyno 00 ’exmuo-
opieumogane npoepamyeanus. Cmeopenns inmep-
geticy ma epaghiunoeo sikHa 6a3y6anocs Ha NPUHYU-
nax Haunpocmiwioi KOoHcmpykyii i epagiunoi izyai-
sayii. Pesynomamu. bys pospoonenuii ¢pynxyionans-
HUL NPOMOMUN NPOSPAMHO20 3a0e3neyeHts, AKUU
demoucmpye noby0ogy emyykozo bpaciema 3 Modic-
qugicmio  nepemiuyenHs ma 00epmaHHs OKPeMUux
ceemenmis. [Ipomomun Oo3eonsc 3asanmazicysamu
monoepagiuni 306paxcenns y gopmami JPEG, ski
BUKOPUCMOBYIOMbCS AK NIOKIA0KA 8 npoyeci mpacy-
sanns oci dopocu. Excnepumenmanvui eunpodysanms
O0eMOHCIMPYIOMb, WO 3aNPONOHOSAHUL NIOXIO 3a0e3-
neuye mouHe GIOMEOPeHHs NOMpPIOHOI mpaekmopii
ma 8IONosi0ac BUHAYEHUM 2eOMempUYHUM O00Me-
ocennam. Opuzinanvnicms. Bnepwe ideio memooy
Ppeanizoeano npoepamHo 3 MONCIUBICIIO CMEOPIOGA-
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Mmu J1anylo2u 2Hy4K020 bpaciema sK ecKi3Hy AiHilo
oci asmomo0inbHOl 0opoeu Ha monocpagiuniu Kap-
mi. Ilpakmuuna yinnicms. Ha yvomy emani pospo-
OeHull aneopumm Mae nOMeHYian O GNPOBAONCEH-
Ha 6 cyyachi CAD-cucmemu npoexkmyeanus oopie,
wo 00380aUMb OMPUMYBAMU eCKi3HI NiHii mpacu
SMIHHOI 2HYYKOCMI, ane 20106HA nepesaza 8UKOPUC-
MAaKHA Memooy SHyuKo20 bpaciema noisizde 8 nood-
ALWIH  IMHIAeMeHmayii  KOMR 10mepo-CUucmemMHo2o
NPOEKMYBAHHA ABMOMOOITLHUX 00pie.

Kntouosi cnosa: zumyukuii Opaciem, mpacy8anHs
dopie, asmomamusoearne npoekmysanns, CAD,
ONnMUMI3ayis, 2e0MeMpPUYHi OOMENCEHH.
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