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Path Optimization of UGV Data Collection in Construction Site
for Digital Transformation
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For the digital transformation of the construction industry, mobile data collection equipment is being widely used
to acquire on-site data more efficiently. Although Path Planning optimization is crucial for the effective use of
such devices, existing research has largely focused on UAV path optimization, leaving UGV path planning
relatively underexplored. Furthermore, due to the complex and dynamic nature of actual construction sites, manual
operation remains common, which may lower data collection efficiency. This study proposes an optimal path
planning methodology that reflects the unique characteristics of construction sites and UGV to enhance data
collection efficiency. Utilizing a 2D grid-based site model, the proposed approach differentiates between
accessible and inaccessible areas and optimizes data collection routes based on site-specific conditions. By
addressing the limitations of current UGV route planning methods, this research presents a framework for
improving both the effectiveness and accuracy of data collection in complex, dynamic construction environments.
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3. 9473
3.1 Research Framework

B A9 AAAQ Research Frameworke T3 2t}
(<Figure 1>). ()29 D)2 399 A4 ER S 7|H o2
ol A3k Aol &2 A E gHefgttt. (2) BFS(Breadth-First
Search), PSO(Particle Swarm Optimization) T+ ] 2 8} ¥ 18] &<
&3t UGV7H AR A E a4 oz AT +3le 4
o] A (Waypoint)S A% 3t} (3) Brute-Force Algorithm 2}
A*algorithm = &8st A 2t e ¢ E AR F o] &
7O 2 UGV A A RZE =23k (4) iAo R AA W
AZE A4 7AW 2 A (Site Coverage): UGV 7} A A &4 5 d] 9]
B & TR U &, F FA AR UGV o5 A, F BA A8 A
b AA FALE SR sk 28" AR F A 7HA AR E 7]
S & HItE TPt

32UGV AlY 2 A7 s=hi]g 2A

B oA = Husky AF2] UGV(A200)9] AIY S 71202 A7)
k. g Al A, A8 AT 2AL 222 AR AEF
SR O R o5 &5 HolE 3 7hs M9, §AF A Aol
£ 48& At £ dF7A &8H UGVY F2 AY
(<Table 1>) & UGV BALO]7(<Table 2>)%} o] & EZ A4
HAY 2A 9 F 2 s} E gh(<Table 3>)& Tha2 2Tt

Table 1. UGV Spec Information

UGV Spec Information
* Max Speed: 1.0m/s
* Average Run Time: 3.0h
* No additional time required for data collection

Specification

Table 2. UGV Site Exploration Issues

Table 3. Optimization Model Parameter

Research Parameter

Speed 1.0m/s
Data Collection Range 50m
UGV * Puddles
Obstacle " Rocks
* Etc(e.g. Heavy equipment)

Site Exploration Issues

* Collection of profile, cross-section data
* Avoidance of work areas
* Restricted access to certain areas due to terrain conditions

Particle Swarm
Optimazation

33 A4EAL) 54 2544 el

B AFgA = A-4AZY AW 782 §A0E 45t

g A HAY 2719 Smx 5m 2719 A=
ko 8 AXEAL 249 1g g FFPHWon ef dl.,
2024). 2249 2P = A E A A4S W sto B T
T4 (Explorable) ¥} BAF &7+ 79 (Non-Explorable) < ™ &3]
TESFAEE THUT A 7bs 79 84 T2
FAHH, UGVH AR o] 58 F 9lv 95 YEiT of
THSUGVY A A 2o 232 9loH, FA &7bs 79
S A2 1Y ER FNHH, UGVY o] Fo| AdH = ol =
Uehdth ol &2 4, g9 o), 24 A, A4 5
SRFEF e 847 EFTHT o] FHL UGV Y
2o = 23R LA TL UGV Y dlolE 3 WSl ol =
S fFras ol E 7T 4 A th(<Figure 2>).
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Figure 2. 2D Grid Example

A* Algorithm
TSP BruteForce

PSO-Based
Waypoint Determination

2D Grid Generation Considering Site Obstacles

A*+TSP Based
Optimal Path Planning

Optimal Path Based
Site Coverage Assessment

Figure 1. Research Framework
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Figure 3. A view of the Construction Site

34N R HA 3wl

UGV @4 FAto|& HlE o= B 19 K33 md 9
Ex9 Aok A th(<Table 4>). A M HA 3 2o

S UGV &AL A2 E @49 E43 Ar9 &84 58S
ajste] HATOEN, FA AY P FAF AZLE H 435
a2 dolH £ &34 ANYA) S Histele A 5%
E oo} w3 Alokx [Cl]ol wat 4 Avl= Bl = HE Y
of7te AR5 AEeHA Feth of RE& 7]E A A9
FAME o 2 A0 R sAdstun gt (1) 5543
A4d% 87 g 7] T TE AU Ao Bt
A 2l 2H S
g AYH SAF UGV 54
A, AT A (A, SH ol
1&g F e FEEANFSIE
G4 A AFoA = HolH 3 e %J_E%V] el
AZb EAPOY, £ AT BA A E oA HlolH TS
WA sk, dlolE F E&AE FFAZT <Table 4>+
UGV 22 HA 35 A A4t nd o xS YehiH, o]
£ 53l PSOY &2 84~(Objective Function)E 42 Al g Tt
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Table 4. Objective and Constraint for UGV Path
Optimization Model

MIN. UGV Exploration Distance

Objective MIN. UGV Exploration Time

MAX. Site Coverage

[C1] Each vehicle is unable to
Constraints generate a path over obstacles

(e.g., rocks, puddles, and Etc)

3.5 73 Al (Waypoint) 274 ¢2|5

UGV A#AE AA37] sl e
o 7b WA BESE 7o 19E T
HATE Y YA B FHS 4
A7 ol A Al <] gTh(<Figure 4>). BFS& 1
Oi O])SEH o)\l— :LE]EE Ut: E".Eé

Hahs o AR AT

-

L

T
T
1t
T

Figure 4. Waypoint Exclusion Example

B A= UGVY A= Mﬂ TN ZgH=F2 7
FAE ZA38H7] Y8 PSO €8)ES 49T PSO+= YA
S e I R s 271HPOEM4§}TX1M A HAME &

AaE e e 2g FaeEoe ATE 495 A7
M EEHOE FAE N AT 5 9 THPark and Huh, 2024).

B AFANAYPSOY &8 A 5 2T 27] 7
S FAE AE YAEE FAHY, &4 YA A X
AAE YERT YAES AHEATE AR 2HTF
(Objective Function)®] Zt-< 7|40 2 HIEA 0 2 X2 WA
3, 7 W O YAEFH FaAes 53 HHE 7
g3t PSOw BATT g2 AssiAY 288k
0.2 JAAEY A& 78k, HHE(iteration) S 53] ] 4 2
A A& BA d o (<Figure 5>).

2 "j‘?Oﬂ/‘i—EPSO ‘”7?4%—% gt ARA Y AAE

o 1:&

ﬂll

Fl

o um\ﬂ ol alcz;ﬂgua, H2E
o] e g3 2k

EdA 1T HAUEEL BHGSE TH
BrRE 335 AR oD 4433 24 1
A%

E

g}, ol g d ZZiaa 7]u]-o§ HAE WEsL AR
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Fitness Progress
660 — Fitness over terations

-004 -0OZ 000 002 004
Reration

lteration |

Fitness Progress

775 1 — Fitness over iterations.
Iteration 67

X Best solution
-

Figure 5. PSO-based Waypoint Optimization

2 EX 84 (fitness) Y S Al4ts
TYsHEA, FHZ 4 o] Aot

(1) Sets and Parameters

K A2 A AH $A(Start Points)
R A 33 (Waypoints)
G a8 = F3IHGrid)
d;; AN gk ARAG 2 AL
G, ANEYA Ao ALEHe 7HEA
D, A HAdE A&He 7HEA
0 gA BUbsd AS ANE A5
v AEHE 7HEA
Grid Dimensions| 18] =2 =27]

(2) Decision Variables

A HA(w,, w,)E
2, 447 90E BBAH0E guolEsy A2 gt
AT,

R=(wz,, wy,), (wy wy,), -, (wz,, wy,)

(3) Derived Variables
AARF(AFA ) YA ERE AL = WS EE B

o) 74 Laoltt

E 1[(z,y) Ecoverage (R))
Cy cy)<G
s E 1[grid(z,y)€0,1]
(zy)ea
>
D, (wxj, u/yj)ER(lwxi —start , IHu/yj*starty\)
@) 2 1[grid[z,y] & 0,1]
r (x,y) € Coverage ’ ’

A7F 28 = el

Coverage Score(AM A A c9© A
A FE A0 EE e gt a0 =

AW A=A S

UYetle HIEE, A/AY 2&4E Hrtete :
Distance Penalty(A 2] '3 ¥l; D)= A2 73‘%‘;‘] e %
ols A E 7IWto g aH, A A7

S7ketol #2135} A4 oA ﬂ*i}ﬂ‘ﬂ
Bounds Penalty(H$] 23 H'dH;0,)= OTFZ]7} L5307
e A(TEIE ghol 0 EE 10] obd Aol AT A% H2
=, BA7E 22 Aok 24E HoluA REE Ao
.
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=98
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(4) Objective Function
£ ATl A PSO ¢ FE FATS S Jistat=
Foz $HIT,

fitness = (QI*C ) (Dw*D ) (O’U}* Op)
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3.6 H A7 2(0ptimal Path) 2R Lx2|Z

ARE FRARAE /M2 UGVY BA AR E H A3
at7] Sl o 22 HAE SRR 1A, AGA

A AR HA5e] A4 QAR HA O T A
8l7] 93l Brute-Force €8] &S &-&9t}. Brute-Force= ¢
Hhd o & gofgt BA A HAsE 27 A8 B tsd &=
e FAse WHESRE, B dAFodA= TSP(Traveling
Salesman Problem) &A1 & 3l 4 3}= d] &-&3t}. o] ¥ 7
FTA 77t Got AT E AsteFo] 7St Ao R Fbske ©
o] YA R B AT A AHEE o] B¢ Z7](330m*250m)
EUE A4E%S gET 7 e FER AU,
Brute-Force ® 4] O & 4143 Al o] 75 ith, whepa] B A
AT A YEEY AT A OZ H & 75

s

3.7 sfo] ) v}etn] e 223}

B A oA psO LagZe) stoH e HE J A3
ot PSO dargFYf A< stolH getrE 2 4 &
A =A7](Swarm Size), 7§ Q] <5 A5 (Cognitive Coefficient; C),
A3 8k A4 (Social Coefficient; Cy), 181 A4 A%
(Inertia Weight;w)E tId o2 43S APt #3 27l&
g4 FA FAE A7) Qs B Fdse A

2, F Al AR FE s
Aoz g = Qlt #A AT = &
A = A S Ui, 249 ThofAd 3t 53 S5 Aol
o #¥E 2R E AFEAY AFE 7| R, 7} 5o
¥ slehu e o] g M9 & A4 F(<Table 5>), DOE(Design of
Experiments) 35°F 4% ZK(3-Level, 4-Factor) @ A S &3
T 81709 stolHetr|H o 202 G E Aee Bt
3 A 3H(<Figure 6>), Swarm Size =100, C,=0.5, C, =1.5, w=0.4
o)A HH ] TS D ATH<Table 6>). ©]F, A 3}H 3to]
HotghrE g 7o AP A4 =5 9 24 S TR0

r
T
f

=
L25L BAA o 58 A2 vl 8(e(n) % ZE AG7AA) |
i _ Table 6. Hyperparameter Tuning Result
27 0 §(hm) & TAS] 7V Ae e 7Hl A2E MY T :
sl W 0 2 AF3lt o] 2 &) 4 A4 7+ A A Swarm c G Objective Function
w
g B80T ANYOR, oS /MO R TSP PS5 H RE  Sim ‘ Value
AR 2% T HHY BT A5 FAAT TSP A* &g 15 05 05 0.4 684.2863
Zo0 3o E) % Ao sl H Ao AL A2 E 3§
=9 AT 53 A ARAN WA Ao gAH=E B 15 05 | 05 | 09 7343799
B402 228 4 AT
_ . S 15 0.5 0.5 1 725.9758
E o A Brute-ForceE A &3 o] f-=, UGV A& &
RS EL B R R HEE DEREL R
TSP el 24 W& Al=st7] figtolth w3 AR 59 4 100 \ 0.5 \ 1.5 \ 0.4 \ 778.6469
TAE oFe 9udd d484Y 548 18T o
Brute-Force= @42 02 3¢ deo|gty At} 33,
o et T T T o A . 100 15 | 15 I 694.8247
AGAS 47h 2 Bk U A4l 488 A9, 4
Table 5. PSO Hyperparameter Tuning: Parameters and Explanations
Hyperparameter Description Range Reference
Swarm Size Number of particles in the swar m (15, 60, 100)
loan(2003)
Cognitive Coefficient( () Individual learning factor Shi and Eberhart(1998)
(0.5, 1.0, 1.5)
Social Coefficient( G,) Social learning factor Ratnaweera er al.(2004)
Pedersen and Mangnus(2010)
Inertia Weight (w) Momentum controlling exploration-exploitation balance | (0.4, 0.9, 1.0)
Iterations Number of iterations for PSO Fixed 100 -
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Hyperparameter Tuning Result

=
)
=]

=
)
=]

<Best Parameter>
Swarn Size:100, C1:0.5, C2:1.5, w:0.4
Max Function Value:778.6469327

Objective Function Value
o
(=]

1357 9111315171921232527293133353739414345474951535557586163656769 717375777881

Experiment number

Figure 6. Hyperparameter Tuning Result Graph

EEEECER

41.248% A% JE]E?%

2 AT A AASHE ¢ugES Btetr] 8 ARl - 3
FHuEEE FFo iTEi F 5% PCD HloJE & 2831
A A F9(Restricted Area)2] F5-Z HHYe HAAHHA 1
2= Ho|EH & 753 Th(<Figure 7>). A2 A7 -& <Figure
7>9 FE G Zol, A9 AT HQEE SR o
8 volH £ A7t 428 7 gle 79 S gt

T

A Site1 (B) Site 2

HHHHEE

(C) Site 3 (D) Site 4

Figure 7. Construction Site Grid Data

4.2 S F A7}

B AT AN FAEE HA g mdo AR AY
A= 53 Zoh(<Figure 8>). E&F HA AZE 7|

2,8 990z golEE £33 1YEE Hojgon, o
£ 3+8-3}] §7F 7 2] A (Site Coverage) S Al XM T
G, G.: C d Grid
SCc=—¢ e overe Formula 1. Site Coverage

‘G, Gy Entire Site Grid

(A) Site 1 (B) Site 2

(©) Site 3

Figure 8. Optimal Path Result

(D) Site 4

Aol od UGVY AU nEoE 5EH 425 0
2 @RS BAS v o] & BAL A (Total Distance)s’Jr T

Ab A1 ZH(Total Time)= AlAste] $agEe 452 H7Ho
(<Table 7>).
Table 7. Model Performance Evaluation Results
\% :
UGV Speed Site 1 | Site 2 | Site 3 | Site 4
1.0 m/s
Total Distance (m) 1,130 1,200 1,130 1,200
Total time (sec) 1,130 1,200 1,130 1,200
Site coverage (%) 94.00 91.06 97.28 94.24
UGVE 1.0m/s £E& o] Fatm, F AL AR §HAL F &

o] dojof met At o & Sof, T B4
2

4% UGVY o]F AIZFE 1,00027} &

Lidars} 37 MM E Z3) o]F T AAISE ]O] HE &4
StER, F7HAQ HlolE £ & A AA Alzho] WA EHA]
det

AY A BE HAE A4 A 91.06% o449 A4 A
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Table 8. Results of Comparison with Other Algorithms (Site 3)

UGV Speed :
PSO Greedy CPP
1.0 m/s
Total Distance (m) 1,130 1,120 19,890
Total time (sec) 1,130 1,120 19,890
Site coverage (%) 97.28 97.25 100
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Table 9. Performance Comparison of PSO and Greedy

Approach (Site 2)
PSO Greedy
Average Distance 1,240m 1,255m
Average Coverage 89.39% 89.24%
1,200m 1,250m
Best Performance
91.06% 89.88%
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Figure 9. Waypoint Select Problem in Greedy Algorithm
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