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A New Heuristic Approach for Generating Efficient Paths for
Cleaning and Recycling Tasks
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Abstract

Existing robotic vacuums follow area-based paths without object recognition, limiting effective debris collection.
This study proposes a path planning method for combined cleaning and sorting, considering both travel distance and
rotation angle for efficient operation. The proposed method first identifies the type of the nearest object to the start
location and uses a genetic algorithm to determine an efficient visitation sequence. Each object type is then collected
and transported to its designated destination via paths computed by the A* algorithm that avoid obstacles. The fitness
of a path is evaluated based on total travel distance and cumulative rotation angles, aiming to minimize both. We
validated the effectiveness of the proposed method through two scenario-based simulations and real-world experiments.
The results show that our method reduces path length by up to 1.78% and rotation angle by up to 5.30% compared
to conventional approaches, improving overall performance.
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Table 1. Pseudocode of proposed path efficiency method

Algorithm 1: Proposed efficiency path planning

Input: PPy = {Py, Py, -+,

Output: Ppest

1.fori=11 G-1do

PP, Pues < Sort_Population(PP)

Child_List < &

forj =1 to N-2 do
{Parent;, Parent;} < Randomly select PP,
Child < CrossMut(Parent;, Parent,, C, )
Child_List < Child_List U {Child}

end for

PP.y < {Py, P2} U Child_List

0. end for

1. PPg, Poest < Sort_Population(PPg)

return Ppest

Py, n, start, goal, 11, C, G
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Table 2. Chromosome evaluation and ranking algorithm

Algorithm 2: Sort_Population(PPy)

Input: PPy = {P1, Py, -, PN}

Qutput: PPy, Poest

1. Loest < L(Py), Reest <= R(P4), Prest < P
2. fork=21t Ndo

3. if FastancelL(Pe) > FeistancelLoest) then

4 Poest < Px

5 Lbest <~ L(Pk)

6. Roest < R(PY

7. else if FastancelL(PW) == Feistance(Loes) then
8 if Frotation(R(P) > Frotation(Reest) then

9. Poest < Px

10. Roest < R(PY

1. end if

12, end if

13. end for

14. PPy < Sort(PPy, by=[Fastances Frotation)

return PPy, Poest
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Table 4. Applied parameters

Parameter G N C u

Table 3. Crossover, mutation operation for chromosome Value 1000 50 100 005

Algorithm 3 CrossMut(Parent;, Parent,, C, )

Input: Parent;, Parent,, C, 1 41 ALIE|2 1

Output: Child

1. if Random(0,1) < C then

2. Randomly select s, e such that 1 < s < e < |Parent| e

3. Segment < Parentis : €] 5 : ot o L .. i

4. Remaining < [p € Parent, | p & Segment] ai ¢ Start A %

5. Child < Segment | Remaining 3

6. else 2 [ ] A

7. if Random(0,1) < 0.5 then . i A n

8. Chid « Parent; o Lol

9. else 71 A

10.  Child < Parent, . & F N |

11. end if , -

12. end if

13. if Random(0,1) < 11 then ™

14, Randomly select a, b such that 1 < a, b < [Child| -] . *

15, Swap(Child,, Childy) s 5 4 3 2 1 6 1 2 3 a 5 s

16. end if a8 2 AL 1 &

return Child Fig. 2. Environment for scenario 1




Journal of KIIT. Vol. 23, No. 8, pp. 59-71, Aug. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 65

AUElL 19 8733 12x12 F3tol|l F-©l(Paper), Can goal, Pet goal2 UERATE A T
ZW(Can), FHEH(Pety= 8714 WiA|5tL, Fol= &% 18 20) AA AT
A A A R, FERE 54 RE A7 I8 32 Avele 1 30A 9 A& 4= Al
Sk AAAE 0 5 AL X BAel®, £ 8F Ushiol, & Wbt 9 FEE 598 49
3 BEAR s $= Al TY ZU4 Paper goal, o] ALY o g FAsl HlLE B3] ST
’ - 3 . = | 2 x| - 3 % *
. B R S ) 1 PcEn I
. o Qe | 3 e i | . o R *
AT e NS I | B I S 71 1]
s ‘ NG . . ﬂ
5 L % . L e 1 . L — P
@ 7|1& 42 A=: (b) Metst Azl 225 AE (©) Hetet Hel-Z: 2235t AlE
Az -> Z0| AlEE > &0| AlEE > Z0|
(a) Conventional method: (b) Distance efficient method: (c) Distance, angle efficient method:
Start —> Paper Start —> Paper Start —> Paper
B R . & B
3 { i S e - i ; 3 D - ,»---(’/ ; 3 . S - - - - :
? é v \/ o "/, 2 \/ o “/, 3 \// Pl - 4
ot & . 2 B . o .
o ! . o : . " 'y .
- B -t - e -t - e -t
N - S o IR - = S 7 I = s o . H
d 7|1& 22 AZ: (e) HMotst Azl =23t A E: (f) HIOF el 713| ZtE 288l AE:
&0l > HE =o0| > HE =o0| > HE
(d Conventional method: (e) Distance efficient method: (f) Distance, angle efficient method:
Paper —> Pet Paper —> Pet . Paper —> Pet
Ee T T 4 Eah BB | FET Bm %
4 ¥ ; . { ; . Start (pet) /‘/ “ an
3 > ; 3 4 : 3 A
4w P ¢ A %
1 \'«\ LT+/ 1 \\»\_ N N P E#/ i ‘r\\\_ RS RS
: 2 R I L ‘ 9 .
- | | 8 I N t
-3 f e il W - -3 I ? "””'/" RN I -3 I ; /;/' \QI
s l o - t ot -4 /A: ’,"’
I N T 2 R I - R
@ 712 d2 AZ: (h) 7HI°F°F 71E| 2283 AE (i) ®Meotst He|- 4= g5t A
HE > 7 HE —> 7H HE —>
(@ Conventional method: (h) Distance efficient method: (i) Distance, angle efficient method:
Pet —> Can Pet —> Can Pet —> Can

8 3 AL 1
Fig. 3.

EAolMel H2 ME
Visualization of path calculation in scenario 1 environment

Alzts}



66 A= FolzE 7k o g el A A= A 7Y

Al Z&3 WA AEsHdA (a)olA b= WA
ol wet A HA ARA7F 4, HE Ao,
4HA 7 ZWVH o] &< thzt o]0l 634 53]
2 3d 35 103004 7302 TRasin) m=3h
©lM= £°‘o}7ﬂ FLAQ A=) A=

At 2t &5t 83 23 A WA A
A AR oflgt ARG I 4ER E"H
o s 71Xtk SHA ARATAY o]FA
@ (= LI A28 Ho, ()2 WA Al
A 3A57E 1134 1032 AT E3 &
Ao A st 455 WFO R o]Fdle 5 EHAS
IAE Hrssln AR AHEkY 3H 455 =
T 835 HolH, 4= AF4E &£ 59 AAsAT

71E A2 A9 A Z&3st PHE

3, A HA AHAT 5YE A Ade A
o 28y, WA ARAME V& AR olF A
2] 5187 pixel, A Zt= 5575 radoll WIS, Ag &
43} W A8 Al 5116 pixel, 54.18 rad2 743}
T AolE AT 53], Fo] £ ARoAM A W
A AfA ZR7E 4, 4R HAEHUA olF AYe
7.1 pixel, A =& 1.57 rad 2439 ol A
gl 8&s} Yol olF A Id A=E I
AN AR ‘H**FJE}

ARkt Agl- 4= a&3) A8 A3 F olF A
© 5116 pixel, 3H ZEE 534 rad®E AHEHoH,
Agl &&3t WY tiv] 74 3x 7o) 078 rad A4

Al

S 45E ojFog

27) 313 A¢ 01T olF ARANME 93 3
by I

FEI} ol Rolzit T, ofF
S0 ARl 37 Fwe] Msh a4 Ut

IS5 AL 1 oMol 22 HE Z2t

42 AlLfE|2 2

Adele 29 3
/\ﬂ 9
T
= 4
o =7
T

37 Paper goal, Can

Metal goalZ YERIH,

ﬁ
F4e AT A4 sigue TR

A& 20 x 20 FXbel Fol
(Paper), ZA(Can), HE =
(Metal) —Hiﬂ 247 10718 WjHEhEL, Eol= B
[e]
&

H(Pet), 1rel(Glass),

A5

HERS HEA AR,
9ol A2 X2 FEA T,
92 gdo] 5T mak
goal, Pet goal, Glass goal,
AN ARe F71e)

o AA 874 A4S 19 490 AASA
AUl 194 ARE AA FFE A

UHz AAES Zli=R A HERE AE

3= Zo] HlwA folaith v AA 1R

22 Ay FelAE
A SellE, B2 ol

Bel4A7 Bed 54 A

A BEHOE BIBE ¢

4

_l\[

A e 2450 EAGY A2 Atgd 9% 1

Ea i)

o
o

t T3 31 |

Ok N W A U O N O ©

- -0-9 -8-7 6-5-4-3-2-10 1 2 3 4 5 6 7 8 9 10

J8 4. ALzl 2 3
Fig. 4. Environment for scenario 2

Table 5. Path validation results in the scenario 1 environment

Proposed method Proposed method
Sequence NNA method (Distance efficient) (Distance, angle efficient)
Length(pixel) Rotation(rad) Length(pixel) Rotation(rad) Length(pixel) Rotation(rad)
Start —> Paper 184.00 19.63 176.90 18.06 176.90 18.06
Paper —> Pet 167.80 19.63 167.80 19.63 167.80 19.63
Pet = Can 166.92 16.49 166.92 16.49 166.92 15.71
Sum 518.70 55.75 511.60 54.18 511.60 53.40
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Proposed method Proposed method
Sequence NNA method (Disrt)anoe efficient) (Distancr:)e, angle efficient)
Length(pixel) | Rotation(rad) | Length(pixel) | Rotation(rad) | Length(pixel) | Rotation(rad)
Start —> Paper 338.85 29.06 32055 2906 32055 29.06
Paper —> Pet 31020 278 31020 278 31020 278
Pet —> Metal 35850 33220 35850 3220 35850 26.70
Metal = Glass 324.70 3329 324.70 3299 324.70 329
Glass —> Can 34555 3142 33800 2.06 33800 2.06
Sum 1677.80 148.45 1651.95 146.09 1651.95 14059
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v.2 B

A HHS AR FEEE A 7

=

& Wiet Td 739 #A AgE U
A =M GAE, Ble 38 18 4

3t

o A*E A3t A Aze AR=
B7HE 72 Ha ol AZe S AES 1

g
71E A= WH, AL AT 2e3 Wy, Al
g AY-AE 283 YRS T 7 Ade L 7R

I B Aseton, A Ade ok Al
el 15 st Akt el 48 rhede
Brletn AAH o2 dojzl A ofef o 2t

) AUl | S30A Y A AR, V& A=
AZ oiHl olF AZZE 1.37%, SA =7t 4.20%
015910, Agl Z&3 WY Hags W=
3A Zt=7) 1.44% DA% 895 By

2) =g AUl 2 A E V1€ HE AY
tin] ol ATt 1.54%, 3|A 2=} 530% A
SR, g ag&st WA vuds e A 74
T} 3.76% o te A3E st

3) AA A 2y, =9 58 239} I 4=
Qate] JgFoE YR FM FE Y o]Fo] LS
o 71E A= AF tiHl olF APt 1.78% A4
9, A Ztee 2.90% AT ARl 283t A
29} Nude W= A 457} 248% TASIHTH

°
B SASYT. Yotk B BT 2
W A2 93T 207, o)F A} HH A%E
4 Fa 584 U
e FUsE 4 ol e WA s sEe A
Aol YA fHe 1HT Y AAY A= A
so] 48 hsAe AN,

Proposed method Proposed method
Sequence NNA method (Distance efficient) (Distance, angle efficient)
Length(m) Rotation(rad) Length(m) Rotation(rad) Length(m) Rotation(rad)
Sum 109.51 64.15 107.56 63.86 107.56 62.28
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