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Abstract

The increasingly complex urban traffic conditions and the increasing amount of medical waste
lead to the problems of rising costs and disease transmission in recycling work. Considering the
adverse impact of traffic congestion on medical waste recycling work, this paper proposes a ma-
thematical model with the goal of minimizing transportation cost, and adopts an improved genetic
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algorithm to solve it. The numerical experimental results show that compared with the traditional
genetic algorithm, the improved genetic algorithm significantly improves the global search per-
formance by increasing the diversity of genetic operations and reducing the risk of premature
convergence. The transportation scheme obtained in this study can provide optimization sugges-
tions for the recycling work of medical waste in cities.
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Figure 1. An exemplary diagram of medical waste recycling network
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Table 2. IGA pseudocode
& 2. 1GA Ak Hg

Algorithm IGA

Input: Location data for nodes, the amount of medical waste, nodes capacity, road speed, vehicle parameters and IGA
parameters.

Output: The best solution: (individual with best cost for medical waste collection and delivery)
Begin
population «<— create_initial population()
For generation = 1 To generations Do
For each individual in population:

fitness «— calculate_fitness(individual)
End For

Initialize new_population as empty
For i =1 To population_size Do
parentl, parent2 «— selection(population, fitnesses)
child « crossover(parentl, parent2)
child « mutate(child)
Add child to new_population
End For
population < new_population
End For
best_individual < the individual from the population with the highest fitness
best_cost « -calculate_fitness(best_individual)
Return best_individual, best_cost

End
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Figure 2. Population initialization
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Figure 3. Crossover operation
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Figure 4. Mutation operation
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Table 3. Parameters related to traffic congestion levels

* 3 RBMEFRNEXSH
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1 2 3 4 5 6
S5 EElkm/h (60, +o0) (50, 60] (40, 50] (30, 40] (20, 30] [0, 20]
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Gap 1 = (Obj_IGA — Obj_GUROBI)/Obj_IGA)*100%, 7~ IGA Fil GUROBI Rfi#fE /11 Z8H; Gap 2 =
(Obj_GA — Obj_GUROBI)/Obj_GA)*100%, #7~ GA Fl GUROBI KfRRE/IMZERE. HE 4 WTH0, 45
FUBLE/INKE, IGA FIl GA WISRfA4: KL GUROBI i Hffil, 2 0%-~7.04%. HULFINS, IGA HIsRfAEL:
H5 GUROBI fEHifR IR ZELE 4.17%2 N, 1M GA FISRFELE RS GUROBI KiHfifif iR ZE1E 7.04%2 N,
AL IGA 72 /NI L) L FSR AR BERE A T GA.

Table 4. Computation results of small-scale example problems
4. NEEBIHEESR

Instance Obj_GUROBI Obj_IGA Obj_GA Gap 1l Gap 2
i5 106.28 106.28 106.28 0.00% 0.00%
i6 119.56 119.56 119.56 0.00% 0.00%
i7 175.60 177.73 179.22 1.20% 2.02%
i8 191.31 198.41 205.80 3.58% 7.04%
i9 203.48 207.18 214.50 1.79% 5.14%
i10 207.67 216.70 220.32 4.17% 5.74%

BEXS RIS, Gurobi SKfgas RIAE:, MORHBE SR TR . it —DiPAh o gL 5
TEAE KRG B TERE, AN 3G T 20 U I BAEFEA[9], f 4 S BEATL A J 1 s A b o B2
XSS RIBIL T IGA Fl GA £ KB SEGI e B REZE 5, TR T A SO SR AR I T 22 Sl 1 3 ) 7
J& 3 = IRl 2 AL I R R FR R ORI IR S e B I ST MU R AN R, A O EE Y
H3AS, BV ECEII A 5 K, “i20-17 o 20 ANEITHUAIS 25— 4L 5% b A5 4150 50 391 FH 9
FOEEE 50 Ik, ZERWE 4 PR, Best FoniILAE, Avg FoRFEIEE R, GAP = (Avg.(Obj_GA) -
Avg.(Obj_IGA))/Avg.(Obj_GA)*100%. M1 5 AJ%1 IGA REf3 SR E MM, R RARIIL. &
SCHTTHE IGA 32T T RS WA FARIIRE 71, & A R T SRR RS (1 97 2R 740 1 Wi 1)

Table 5. Computation results of large-scale example problems
5 KHBREFITEER

Obj_IGA Obj_GA
Instance Gap
Best Avg. Best Avg.
i20-1 572.86 669.02 591.93 671.88 0.43%
i20-2 583.46 666.82 599.10 671.75 0.73%
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X

gk
i20-3 579.79 669.11 609.87 671.79 0.40%
i20-4 600.21 670.13 609.87 671.79 0.25%
i40-1 1241.17 1363.06 1291.74 1382.26 1.39%
i40-2 1232.96 1367.35 1288.49 1378.08 0.78%
i40-3 1218.64 1373.57 1285.41 1376.81 0.24%
i40-4 1230.73 1370.48 1245.87 1370.75 0.02%
i60-1 1948.46 2075.91 1973.44 2083.58 0.37%
i60-2 1888.23 2071.44 1970.38 2091.29 0.95%
i60-3 1886.05 2046.02 1928.25 2069.18 1.12%
i60-4 1810.84 2067.93 1955.36 2074.34 0.31%
i80-1 2731.90 2849.43 2724.61 2854.02 0.16%
i80-2 2662.40 2834.96 2701.33 2848.59 0.48%
i80-3 2673.70 2844.93 2651.53 2851.00 0.21%
i80-4 2638.55 2834.74 2654.73 2835.53 0.03%
i100-1 3391.27 3556.35 3402.52 3564.51 0.23%
i100-2 3277.16 3558.53 3396.22 3565.26 0.19%
i100-3 3326.78 3534.92 3413.69 3565.11 0.85%
i100-4 3298.96 3554.89 3396.12 3566.37 0.32%
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Figure 5. The total transportation cost for 80 medical institutions
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Figure 6. The total transportation cost for 100 medical institutions
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