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Abstract

DARP is a widely used partitioning algorithm for grid-based multi-robot coverage that balances workload while
preserving region connectivity. However, in indoor environments, unfavorable initial robot placements can increase cell
reassignments, leading to long runtimes or convergence failure. This study quantitatively analyzes DARP’s sensitivity
to initial robot positions and mitigates the effect of initial partition imbalance on convergence efficiency. To this end,
a BFS -K-Means hybrid initialization with an imbalance-rate-based selection strategy is proposed. After an initial
DARP run, an imbalance rate based on Jain’s fairness index is computed from the number of cells assigned to each
robot. Only when this value exceeds a predefined threshold, BFS constructs candidate regions reflecting free-space
connectivity, and K-Means rearranges the initial centers before DARP is rerun. Experimental results show that the
proposed method maintains fairness and connectivity while reducing iterations by up to about 75% in complex
environments and 60% in normal environments compared with random initialization.
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Table 1. Comparison of Representative Methods in MRCPP

Method Initialization principle

Balance handling

Key difference from
original DARP [5]

Voronoi-based initialization|  Distance-based partition from
(representative class) [7] initial seeds

Depends on seed distribution

Distance-based spatial
dispersion

Original DARP [5] Random initial assignment / seeds

Equal-cell objective

Baseline

DARP with weighted obijective /

W-DARP [6]
cost

Considers weights and priorities Weighted objective

DARP-related multi-robot CPP
3D Approachl7] extended to 2D/3D settings

Depends on partition strategy

3D extension and robot
heterogeneity

Improved DARP + A« + Improved DARP followed by

Maintains balanced allocation, then|  Post-partition path
improves coverage generation efficiency

STC [8] path-generation subroutines
DARP variant with heading-aware
IB-DARP [14] partitioning and iterative task
adjustment

Enhanced global load balance | task - path integration

Application—-specific

and conflict mitigation

resets seeds

BFS constructs connectivity-aware
Proposed candidate regions, then K-Means

Equal-cell objective retained under

DARP

Initialization design with
connectivity-aware
candidate generation
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Fig. 1. Visual comparison of the initial DARP execution
and imbalance rates under different initial robot
placements. The region assignments of six robots are

illustrated using different colors
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Table 1. Analysis results of imbalance rates according to
initial robot positions

Region allocation per robot from the initial DARP
execution

Scenario R1 R2 R3 R4 R5 R6

Scenario 1 | 249| 542 381 | 1010 | 1552 | 786

Scenario 2 | 280| 316 934 | 958 1637 | 395

Scenario 3 | 622 690 505| 730 1326 | 651

Scenario 4 | 121 414 838 | 1067 | 1537 | 543

Performance metrics

Imbalance Total Total DARP
Scenario DARP execution
rate L .
iterations time (s)
Scenario 1 0.25 3130 374
Scenario 2 0.29 3782 39.7
Scenario 3 0.11 1927 241
Scenario 4 0.27 2515 320
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Fig. 2. Relationship between imbalance rate and the
number of iterations, and the necessity of a threshold
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Table 2. Imbalance rate and total number of iterations
according to initial robot positions in DARP

Scenario Imbalance rate # of iterations
Scenario 1 0.25 3130
Scenario 2 0.29 3782
Scenario 3 0.27 2515
Scenario 4 0.41 2638
Scenario 5 0.18 721
Scenario 6 0.21 305
Scenario 7 0.52 6127
Scenario 8 0.46 3236
Scenario 9 0.24 7396
Scenario 10 0.19 2400
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Fig. 3. Structure of the BFS+K-Means hybrid initialization
(Input - output perspective)
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(1) Baseline 1 (Random + DARP): 2} 27| 9]
AE A8 DARP &= 2802, 27] 2719
SES- 71 AAHA o7 HHEly] Y3t 7|EA o))

(2) Baseline 2 (K-Means + DARP)' K-Means® =
7 FAS EHANA SNA T FETOEA
z7] 28 B4y o5 a3 Hrisith

(3) Proposed (BFS + K-Means + DARP): K-Means
719k E3HA el Ha, BES 7% AA g2 A
e dd F2E wFste] WE/HE FA
z7] A 7hsA e B3RS A

¥ 3 2Z Ui #Ha e AMe Ex Ms
Table 3. Performance under far-apart robot distribution
with varying number of robots
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Rectangular map E 4 2R O Hato| g 272 22 ds
# of (Far distance distribution) Table 4. Performance under close-togeter distribution with
robots | Faimess | Imbalance # of Execution varying number of robots
index rate iterations | time (s)
i _ _ 0 o7 14 Rectangular map
5 100 0.00 11 2408 # of (Close distance distribution)
3 100 0.00 41 2701 robots | Faimess | Imbalance # of Execution
4 100 0.00 77 29,00 index rate iterations | time ()
5 0.83 0.17 154 26,85 1 - - 0 24.14
6 099 0.01 198 27.82 2 1.00 0.00 168 26.11
7 092 0.08 351 29.78 3 088 0.12 225 26.98
8 0.96 0.04 597 32.24 4 0.38 0.62 378 28.01
9 0.98 0.02 676 34.00 5 0.43 0.57 1161 36.16
10 0.98 0.02 832 37.18 6 0.39 0.61 1964 48.05
7 0.44 0.56 2416 5744
® 32 AAY G AR FgelA 21 o 8 0.29 071 4237 93.19
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Table 5. Imbalance rates after the initial DARP execution
across various scenarios

) Imbalance Execution # of
Scenario ; -
rate time (s) iterations
Scenario 1 0.25 374 3130
Scenario 2 0.29 39.7 3782
Scenario 3 0.1 32.0 2515
Scenario 4 041 34.8 2688
Scenario 5 0.52 66.4 6127
Scenario 6 0.45 475 1946
Scenario 7 0.59 424 1236
Scenario 8 0.39 417 1230
Scenario 9 0.03 334 622
Scenario 10 0.07 37.8 1088
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Table 6. DARP performance in a complex environment

Standalone method performance
Scenario Final imbalance # of Execution
rate iterations | time (s)
Scenario 1 0.00 3130 374
Scenario 2 0.00 3782 39.7
Scenario 3 0.00 1927 24.0
Scenario 4 0.00 2515 32.0

¥ 7. 5t 84 K-MeansZ =7| H%|E st Al
Table 7. K-Means-Based initialization method

Combination method performance
Scenario Final imbalance # of Execution
rate terations | time (s)
Scenario 1 0.00 1069 20.11
Scenario 2 0.00 1343 20.41
Scenario 3 0.00 2127 2347
Scenario 4 0.00 1269 20.17
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Table 9. DARP(Standalone) performance in a normal
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environment
Standalone method performance

Scenario | Final imbalance # of Execution

rate terations | time (s)
Scenario 1 0.00 1946 475
Scenario 2 0.00 1236 424
Scenario 3 0.00 1230 Mn7
Scenario 4 0.00 1088 37.8

Table 8. BFS + K-Means hybrid method in a complex
environment
Combination method performance
Scenario | Final imbalance # of Execution
rate iterations | time (s)
Scenario 1 0.00 563 18.73
Scenario 2 0.00 946 19.19
Scenario 3 0.00 604 16.19
Scenario 4 0.00 721 18.15

I DARP W K-Means-Based [l BFS + K-Means Hybrid
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Fig. 8. Comparison of DARP convergence iteration
distributions by initialization method in a complex environment
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Table 10. K-Means-Based initialization method in a normal
environment
Combination method performance
Scenario Final imbalance # of Execution
rate iterations | time (s)
Scenario 1 0.00 757 33.6
Scenario 2 0.00 883 36.1
Scenario 3 0.00 652 32.6
Scenario 4 0.00 583 34.0
x A5l £7| HRE

U= A

T 11, Lt &4 BFSHK-MeansS
i = |

Table 11. BFS + K-Means hybrid method in a normal
environment
Combination method performance
Scenario | Final imbalance # of Execution
rate iterations | time (s)
Scenario 1 0.00 511 324
Scenario 2 0.00 628 355
Scenario 3 0.00 730 359
Scenario 4 0.00 338 332
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Fig. 9. Comparison of DARP convergence iteration
distributions by initialization method in a normal
environment
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