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Analysis of Cluster-based Truck-Drone Delivery Routing Models

Yong Sik Chang*

Abstract

The purpose of this study is to find out the fast delivery route that several drones return a truck again
after departing from it for delivery locations at each cluster while the truck goes through the cluster
composed of several delivery locations. The main issue is to reduce the total delivery time composed of
the delivery time by relatively slow trucks via clusters and the sum of maximum delivery times by relatively
fast drones in each cluster. To solve this problem, we use a three-step heuristic approach. First, we cluster
the nearby delivery locations with minimal number of clusters satisfying a constraint of drone flight distance
to set delivery paths for drones in each cluster. Second, we set an optimal delivery route for a truck through
centers of the clusters using the TSP model. Finally, we find out the moved centers of clusters while
maintaining the delivery paths for the truck and drones and satisfying the constraint of drone flight. distance
in the two-dimensional region to reduce the total delivery time. In order to analyze the effect of this study
model according to the change of the number of delivery locations, we developed a R-based simulation
prototype and compared the relative efficiency, and performed paired t-test between TSP model and the
cluster-based models. This study showed its excellence through this experimentation.
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<Figure 1> Clusters and Change of Delivery Paths by Moved Centers of the Clusters
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<Figure 2> Flow of Functions within the R-based Simulation Prototype
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(Table 1) Average Delivery Times by Model According to the Increase of N(except Delivery Service Time)[Unit : hours]

Models
CM1 CM2 CM3
N TSP llm:;llcmxwo%A #m/;fﬂfnfle[)o%,i #(nf;*#mmxl[)o%,i
5P an M2
Hy: pggp = HcmR Hy: pap = H(xmﬁ Hy: pap = N(ru:s’?
1.5175° 1.4727° 1.4502°¢
10 | 1.5054° -0.81%" 2.95%" 1.53%"
0.8666" 1.2717x107%"E 0.0004 ®
2.0105 1.9492 1.8954
20 2.0284 0.88% 3.05% 2.76%
0.1656 1.2923x10° 8.8292x107"
2.3482 2.2536 2.1904
30 2.4027 2.27%. 4.03% 2.8%
0.0163 5.7305x10™ 1.1799x10™"
2.6532 2.5454 2.4804
40 2.7929 5.00% 4.06% 2.55%
3.8081x10” 6.7432x107" 8.0176x10™"
2.7652 2.6438 2.5621
50 2.9834 7.31% 439% 3.09%
4.2556x107 1.3930x107% 5.3365x107
2.9741 2.8260 2.7268
60 3.2872 9.52% 498% 3.51%
7.0157x107" 1.8741x107 2.7376x107"°
3.0872 2.9454 2.8494
70 3.4627 10.84% 459% 3.26%
9.7885x107 5.9382x107" 1.1346x107"
3.2215 3.0681 2.9345
80 3.7052 13.06% A6% 436%
2.5292x10™"° 8.1474x107" 4.5629x10"°
3.3193 3.1621 3.0422
90 4.0002 17.02% AT4% 3.19%
3.2544x107 1.3977x107% 6.8517x107
3.3829 3.2290 3.1094
100 | 4.1699 18.87% 455% 3.7%
3.9156x10" 1.2714x10™ 1.2082x10"
o, | 0.0282" 0.0193F 0.0180° 0.0169"
Prolerxo®e 1.26x10°7°¢ 1.23x10°7°¢ 1.53x10°7¢

A ' relative efficiency of average delivery time.

B @ null hypothesis for paired t-test.

C : average delivery time.

D : value for A.

E @ p-value corresponding to the static based on t distribution to conduct hypothesis test on the paired t-test.
F : slope of regression line for average delivery times of each model.

G : p-value corresponding to the static based on t distribution to conduct hypothesis test on the regression.
p <005 p~ <001 p™ < 0.001.
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(Table 2> Average Delivery Times by Model According to the Increase of N(including Delivery Service Time)[Unit : hours]

Models
CM1 CM2 CM3
N TSP #TSP*#mAXwO%A #cm*l‘(nfle[)o%,i N(nfz*#mmxloo%A
Hrsp Henn 12617)
Hy: pggp = HcmR Hy: pap = H(xmﬁ Hy: pap = N(ru:s’?
' 2.0397° 1.9949° 1.9724°
10 | 4.0054° 49.08%° 2.2%° 1.18%°
3.4169x10™%F 1.2717x10%F 0.0004 "
2.7827 2.7214 2.6676
20 4.5284 38.55% 2.2% 1.98%
1.5048x10™" 1.2923x107° 8.8292x107"
3.2759 3.1814 3.1182
30 4.9027 33.18% 2.89% 1.99%
5.6652x10™ 5.7305x10™" 1.1790x10™"
3.7587 3.6509 3.5860
40 5.2929 28.99% 2.87% 1.78%
3.0830x107 6.7432x107" 8.0176x107™
3.9236 3.8022 3.7205
50 5.4834 28.45% 3.09% 2.15%
4.2951x107% 1.3930x107™ 5.3365x107™
4.2297 4.0815 3.9824
60 5.7872 26.91% 3.5% 2.43%
6.5617x10™ 1.8741x107" 2.7376x10™"°
4.4317 4.2899 4.1939
70 5.9627 25.68% 3.2% 2.24%
5.8979x107% 5.9138x107" 1.1346x107"
4.6215 4.4681 4.3345
80 6.2052 25.52% 3.32% 2.99%
2.0500x10™ 8.1474x10°" 4.5629x10"
4.7804 4.6232 4.5033
90 6.5002 26.46% 3.29% 2.59%
1.2249x107% 1.3977x107% 6.8517x107"®
4.8330 4.6790 4.5594
100 |  6.6699 21.54% 3.19% 2.56%
1.3090x10™ 1.2714x107" 1.2082x107"
5 | 002820 0.0292° 0.0279° 0.0268F
L 617x10e 1.31x107"7¢ 1.29x107"¢ 1.48x10°7¢

A relative efficiency of average delivery time.

B null hypothesis for paired t-test.

C : average delivery time.

D value for A.

E : p-value corresponding to the static based on t distribution to conduct hypothesis test on the paired t-test.
F : slope of regression line for average delivery times of each model.

G : p—value corresponding to the static based on t distribution to conduct hypothesis test on the regression.
p <005 p~ <001 p™ < 0.00L
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