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Fig. 1 The mechanism of sustainable service operation mode for intelligent mobility platforms considering driver workload
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e, — N TAEHWN, BN D) AELL i
FBRA 4 h, LA 4 b 5,5 E/PRE 20 min;
AIALAY Bt TAER S 16 h, Rit TAE 16 h /5,
T2/ IRE 8 h. BATH, R TR % (1 2
14) Bt A iFa] S Sk i a] s A B i, DL
TI2A H 4 TR 25 1] 1 B 25 R I 20 Ry B AL A i, DL ]
2(a) . Hr BT L HATHRRE M R I ], DL
J3 o0 R R O L T A e 5 I SR B ).

2 HESBSH
Table 2 Parameters of numerical experimentd
HHl) D DT&AT 1 2 3 4 5 6 7 8 9 10 11 12 13 14
DT 21 187 66 184 106 50 158 5
! : AT 32 205 91 200 139 87 176 16
DT 73 103 54 105 23 86 105 47 159 103
20 AT 105 133 70 126 68 102 146 91 189 122
DT 3 178 146 4 52 137 161 192 141 12 65 183
} : AT 50 201 176 42 83 180 198 221 156 38 86 219
DT 3 182 167 175 24 145 112 79 182 128 187 87 184 16
. AT 44 222 190 191 61 188 131 109 192 152 213 121 202 57

K2(a) 25t 751 ~ 50004 P2y if73k
KWL E AT, B, B0 T2 AT A %5 1 IR < M.
FIAY M T2 HY & ] ( DT) K B3t 31 3k i (8]
(AT) A[F], K- 2Rl HLsE AN W] 1 T 2 L AT
SR T P A AN R 92 42 K T ARG, 81 2( b)
ATRLAL T 2 R R w) AL AR 55 Ze i 5 A
PSS HFRLY AT IR 55 2k i DR IE , A0 wI AL AR
i B T2y AT IR 55 2k 3 s 3t gl 30 D 15C 1 )
(h1—2—hl; h2—3—7—9—h2; h3—4—h3; h4

—5—1—h4; h5—-8—10—h5) . FEFB B [ FiK
A SRAG B R MR 55 AR B R AL 14 207 42 X 23T TAE
IS i, 2% 4 BRI DL SE T2 3R 25 1 [ 1
TR 55 J5 , H 8225 ZEHC Ry 77 min, Bt TAERT
Ky 82 min. AL, RIS (IR AL H I
N 1] S I I ) HAT 2 5, in 2z 52 RIMLECE: 3%
2 4 e AT TAERHC BRI, FE5 9 2 b, 24 3fe
6 RARIG AT MRS ( AIALBA &R BRI, )
PRBETRZ TR ARG AT IRST) -
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Fig. 2 Numerical experimentd
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Fig. 3 Numerical experiment-I
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Fig. 4 Reservation mobility service: A driver’s working situations under non-mandatory and mandatory rest conditions
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Fig. 5 Numerical experimentIl: The visualization of parameters and results
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Bt 72 T ) 249 B 17 SR e i 38 0 R AR

SA Bk BSR4 EL Gurobi w5 HH T 71.5 £, 5

ﬁﬁ ALNS-SA %%mu&ﬂ@f>k%ﬁﬁi(fumsa) & JHCIEJEH‘»GGP ﬁ%ﬁ%%ﬂﬁ? 0.83%. %:J:Jﬂ:?z'gﬁ}l:

SR AR B T U, G0, 7e 55 6
CCBH RIEAES h WARIEMIEH —5, 1 ALNS-

£3 ALK Gurobi. CGBH K ALNS-SA Eik kiR R

Table 3 Numerical experimentd: The solution results of Gurobi, CGBH, and ALNS-SA

FEAR T ALNS-SA B3 %t i 1t 4 77 9 19 < T
Vet — Bl

il b P Gurobi CG-BH ALNS-SA
Suropi /min t/s fecpn /min t/s Sainssa /min t/s Gap / %
1 5 8 167.90 0.03 167.90 0.01 167.90 0.46 0
2 5 10 275.90 0.03 275.90 0.01 275.90 0.36 0
3 5 12 357.00 0.06 357.00 0.01 357.00 0.02 0
4 5 14 361.70 0.10 361.70 0.01 361.70 1.15 0
5 20 50 1 489.00 17.00 1 489.00 10.27 1488.20 84.38 0.05
6 20 120 8 217.60 282 463 — >18 000 8 149.50 3 896.30 0.83

E: Gap = (fouobi —Sainssa) 7 fourobi-
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Fig. 6 Numerical experiment-1V: The distribution of reservation passenger numbers at different time periods; The departure and arrival times of passengers
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Fig. 7 The impact of changes in the number of drivers on experimental results
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Fig. 8 The effects of empty vehicle duration punishment on the mobility service economic revenue, the fairness of driver scheduling,

and the cumulative empty vehicle duration
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5.4.1 S WITAFRE S
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i, TR B TR K ALNS-SA 5354845 193
RIBLTRZ A7 R 55 46 fif B H: Bt T AR K (W=
T) . ATLUR B, WML IR B3t TAERHE S 958 min
(LR 10) , HoR B R 23+ TAER Ky _E R, 4k
THE—ANTAEHN, GAML TR ZED 8 h fKE
i [i].

F4 HESE IV B2ANNHRAHITRS&ERE R TERK( AT 700 min)

Table 4 Numerical experiment-1V: The reservation mobility service routes of some drivers and their cumulative working hours ( not less than 700 min)
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# T AT 55 Lt W - T/min
1 513 541 — 46 — 84 — 97 — * 866
2 * 516 —53 — 62 — 81 —79 — 100 — * 922
3 # 20 — 50 — 59 — 66 — 67 — 74 — T3 — 108 — * 767
4 # 529 48 57 —>58 72 —76 —90 — 95 — 110 — 114 — 115 — * 911
5 # 515 >33 > 47 — 86 — * 839
6 # 11 —28 — 36 — 60 — 63 — 68 — 71 — 94 — * 924
7 * 523 51 >70 —>99 — * 773
8 514521 39 549 69 — 78 — 107 — * 908
9 * 526 — 40 — 55 — 54 — 56 — 64 — 87 — 92 — 106 — * 778
10 * 527 — 34 — 35 — 52 — 61 — 80 — 105 — 109 — 112 — 116 — * 958
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Fig. 9 The work utility of different drivers ( feature combinations)

with the variation of cumulative working hours
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Fig. 10 The economic revenue fitting based on the instant mobility

service ( July 23, 2025, 9:00 ~11:00, Beijing)
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Fig. 11 The information of instant mobility passenger near the departure

point of the defaulting passenger
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Fig. 12 The instant mobility passenger ( route) matching considering economic revenue
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Optimization of a sustainable service operation mode for intelligent mobility
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Abstract: This research, oriented toward strengthening the social responsibility of mobility platforms, regula—
ting driver workload, and ensuring economic revenue, proposes a sustainable service operation mode for intel—
ligent mobility platforms led by reservation services and supplemented by instant services. A two-stage 0-
mixed integer programming model is constructed. The stage | customizes service routes for reservation passen—
gers based on driver workload, while stage Il achieves on-demand matching considering passenger absentee—
ism. Given the different complexities of the two models, stage I is solved using a column generation-based
heuristic algorithm ( CG-BH) and a hybrid meta-heuristic algorithm based on adaptive large neighborhood
search and simulated annealing ( ALNS-SA) , while stage 1I is solved using Gurobi. Numerical experiments
verify the rationality of the two-stage model and highlights the superiority of the ALNS-SA algorithm in balan—
cing solution quality and computational efficiency. Furthermore, the study quantifies the impact of the number
of drivers and empty vehicle duration penalties on experimental results, demonstrating that the proposed meth—
od can reasonably regulate driver workload and match them with personalized service routes within their work—
load capacity. It also reveals that the revenue generated by serving high—quality instant passengers is higher
than the losses incurred by defaulting passengers. This research provides management insights for the develop—
ment of sustainable service operation mode for intelligent mobility platforms.

Key words: intelligent mobility platforms; social responsibility; driver workload; economic revenue; sustain—

able service operation mode



