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Research on Demand Measurement and Simulation Optimization of Unmanned
Last Mile Delivery in Campus
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Abstract Unmanned last-mile logistics, as an emerging technological approach, has seen preliminary applications in practice. However,

systematic and quantitative research on its implementation effectiveness and optimization strategies remains insufficient. This
study aims to quantify the actual demand for unmanned last-mile logistics on campus and evaluate the social, economic, and
ecological benefits across different automation levels and scenarios, providing scientific guidance for campus logistics planning.
Taking the Tsinghua University campus as a typical application scenario, a logistics demand measurement model is developed
by integrating the YOLOV8 and ByteTrack algorithms to automatically identify and count delivery riders from surveillance data.
On this basis, combined with questionnaire data, a simulation is conducted using the AnyLogic platform to analyze the impact
of unmanned last-mile logistics under various scenarios. The results indicate that unmanned last-mile logistics offers significant
advantages in improving delivery efficiency and reducing energy consumption. However, it also leads to increased customer
waiting times, and the service level still needs to be improved. Strategies such as increasing robot or rider speed, adding
more robots, and expanding delivery hubs can enhance delivery efficiency, reduce customer waiting times, and lower energy
consumption. Based on the simulation results, it is found that at least 40 robots are required on campus to complete delivery
tasks. Furthermore, the layout of 4-5 delivery hubs, each equipped with 15-20 robots, is found to be highly cost-effective. It is

also recommended that robot and rider speeds be controlled between 13-15 km/h to balance safety and efficiency.
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Fig.1 Examples of unmanned last-mile logistics landing in foreign business practices
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Fig.5 Time-varying plot of rider count observations for a typical day
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Fig.6 Distribution of rider count observations across roads during typical time periods

https://www.shplanning.com.cn/. All rights reserved.

HARR:E# A%,



BRI ERIT RS RLA 411 0005 (JLE9) .

4 ETFAnylLogicBHIBREXRIRPIHITA
HIEENSER S0
41 EEEST S
2 Wi 4% 3 ) 1D 0 2 G 0, o A S
i 3% 3 FRHEAT I R A4 - AE VA HLES AT,
ol Eh T S 045 T i 2% o 7 B Y PR 9, B3 R T
RART T, AT TFHZA SN IT ], IF
HKSEAE—TT ¥ H B e TR o %
R S LB 120 R DTG S5 T T B o M i 28
I, W5 FAE H 2R, HEAT BB I R
B 5 45 4 - DA O £ S e

JERRE (WLE10a) .

AL A\ HE & I, f A HLas A SR8 T —
ANBLIEMRAL, % BLIA AR AL B T 5k X A
i — LA HLE A2 IX — AR P I ER
4—54, I RS IE ML H Kz , 45 R o O B 42 5
A 58 BT VT B, R R T 21 E S L%
R4 (WLFE10b).

256 SRR A ) 92 B A DA T 5%
Btihn (WKL), 456 SIS 8 15T 1T
PR TR R (WK2).

42 (pEEESERRLT
AnyLogicHiff n] A 20 EABS BB A,

[ 24K @ER |

2 SRS T/ R GRS R

¥
MR BIAE |

3 A AT R SR SRR
KESsE R

EIEETTIIE==N =T

[ mam || zem || mee || 2w |

7 EERNREITREESE
Fig.7 Method for estimating building scale order data

HHRI: E# A 4.

= E
a - = y
n
»n ® =
0
-,
=4 1 - ]
l"l,'1 10
iz : i1
EEREREREEE]
LD st antisiisseizaesiasesss 0
e T T R T T LR T B 0 0 W Nl A
AT Rl R U E R i A Rl I I 3 RS TTETEE
H - & @ L
a ARGV b ABREMST
. = s
%
- (o]
o i -
E
SN (B0h1:08) <A (T00—NE00) R CHLO0—TT:00) < MAK CY7-00-30:00) s €20-00GU) SEAE R ERN  PEESRC dRFE e

C PR AR RIATECIER B 7 K 576
[El8 [EBLERG

Fig.8 Statistics of questionnaire results

d FATERE A 8 A0 BN A A% SR R 43 76

KK EH B %,

https://www.shplanning.com.cn/. All rights reserved.

o
>
N

Wz EEEESME | 19

bS]

HLEH 2 7 P30 i R S A B 57
AR JAnyLogic 8.3.4°F- & #4 1t FAR AL
R 2 B AR (Agent) 4R, S4% L%
TR REAR HL2s N BB AR ST AR AR 1T 3
(=

Tt 58 42 540 3 72 v i S92 47 1 B At
W, 0 MG T BAEIA T R R, BT
A7 3 B BID e, HLES A AT B0 BE B D oo BAT
B PRS0, T — B BC 1L B BD,.,, T — B
TS P ¥ T o 2 S5 I T T i

FR VD7 3 B, DA A ), AR 3T
P RGN T2 5 PR 200 1 T FE L T N 8 BT T
B “gotobuild” SR 2% B, I8 3% FF 4R it 3 L B
B B 220 20 Tt veny 5 15 3 55 B L B L 35, AL F
“arrivebuild” ARZS I, 3R L % 55 23T 2R
3R 20 ¥ B 1) 2 g B I TR T, TSR 2 5
T tart-cetivery WL 325 Fof (7] 26 K7 P 32 K T o

A X BB G v v, 10 % XY W Y AL E A
B 3 v iDL AR T T P AL, T R R Y
6 F2 10 T B B8 F2D ier-untoaged D ropot-untoadeds I
1% 55 TR Do B P o B LA B 550
TR A B RRIEAT B MAT L, T - B4 3% B
DUI3E 3 67 R AR T Y B B B AT B R

aesers,

.......
-------

ERITHRER )

- + 936
L 36—T6
T6—136
* 136—251

B9 REBFEEEKRS
Fig.9 Campus instant delivery demand distribution

THBFIR: E# B 4.



s,
AR BRI TN F

Doy = ZDr(‘derJrZDmboc (1)
Dn’der = Z Driderflnaded 25 Z Drt'a'erfunfoaded

B T B

KT R WA S IR I S8R bR AR L,
— MBI Sy R v AT Bk R 4T B AR
B R AR R 5178 R A
5, I 2 B TF SR E M 56 2 8 S
KT

PIMEANE N R RS, il — SRR IS A
AR ALRE B 5E T #5185 i 2 B ARV
(H#3) -

F1 HRENMSHIERR
Tab.1 Selected performance indicators for the study

QE
(2) %i %3 HEIER FErRAETE
E= Eridsr =+ Erobﬂt e Drabat & krabat =k Dna'.er = krm’.er \ xﬁi%%ﬁﬂ%{f
Drobat = Z Drobotfioaded + Z Drobotfunloaded (7) E\EE%EE% RE’]IL;\TTBEEE%
3 BF oy SRTHR RES—ITE
? o K o= 0.01636 kWeh/kmP¥, k.= w e SRR EE%E%%‘*
D 2 D‘ride‘r‘floaded + Z Drobotflaaded (4) * robot™ o rider™ Eigiﬁﬁa Eﬁagﬁafélj—i
per = 0.0192 kWeh/km | %iE . : S
n SPIRBTHBRARG e O
YT ZERUN RS N R FEHLER gk wEgm o SHRBAEE
Tpey = —% (5) e BEHEE BETHE MERIxEE
n e S RFEHRE A PSS RT A
wait
Tperfwm': = (6) Kiﬁ@’l‘%%ﬂfﬁ?gﬁﬁwy%ﬁi
o 2 MREPVERTE
Tab.2 Selected situational variables for the study
. PR . B4 Iy . B i B BirSM SHEBTR
i i -8 - i @ - B f - @ RERE Al2s I
ﬂ.l'l |m.w [:].:L 0 I..'I x.:;ﬁ umoa.\_ - IFD’SM lc:iélmi %%EE
O BTMBESA-SAIE, PAGHL TR A 0 ABARNESBIRE oS-SR S B X AR 40 N 5%
o oo A pm—— MR Rt R B
0 RERERHIL 0 REFERT 5
BMEARIEE AN
O MEIWRIT (1) AR o mAMEET: SEHE R AR _ - R
o BIRERE b MBARERE REMACE (55 FIDRAILE)
.10 Eﬂ]'ﬂ:@al_uu.*i %#%ﬁ%%é]ﬁo
Fig.10 Automated delivery process Y YT 3 RSNTWLE
sk R 2 3 ST
Tab.3 Variation range of each parameter
5 - BhS@  2BER EILEH
w0 i P R FHEEE simze TEBARE/(km/h) 6—20km/h
- 0 = WEEE/(km/n)  6—25km/h
o ey RERANE/A -8
R o e e o o iy N EEEH S5 L T S5 A o AL AURE mamans =
;m - P — - i S P S e = iy EENZ A 01
% )
” T e T T ) SMUAINBAY
L A G [ 8 " 12 " 16 15 0 n M kb @//[\
U e sk - wevomsme o wwHsEmE OV HHAR EH .
o BEXEBEETL b SRPHEXEZTL
= e <= =
o : : -;Ea o 6y Y % T~ 6:3 2 = - pt - -I-.:n - m._u o 08 ::
» - 5 - R e poss B g ?;-‘
o & 0 2 5 ] n ) b 8 o 1 s 0 n 4l 2 L Lo g » = ¥ kmh
- WOTOEKSN o SWTFEERE (FH) - EETSRE e —— ] - Ram + AR (FH)

C BHRFYIEREE L
B BFERETLESEH
Fig.11 Performance of rider speed change

d MEFHEFHEEL

e BFERETL

HAKF:E# B &

VERE O RAET S v 20 R v b AR B AT B AR A3 1 48 V/12 Ahe 3 472530 km,

https://www.shplanning.com.cn/. All rights reserved.




431 HEBIE LN R

R R 6 BT I HLIE S, DR T
412 A5 AR Y5 B 12 R 6—25 km/h, PA2.5 km/h
A A K o AR L 35 2 6 P A
Tl 9 3 52 B O, o L N\ 3 A Ak v
P sz H6—20 km/h, 25 4k 25 K K2 km/ho 3T
TS0 2 R A BB T A XT SEAS G Hofth 2 5
(B3R A B 84, T AR AL LA AN B
F3354) , Bij 1k B 29 4% A o AN DU
10K ZeA , HXTFIUEEA T G5t o

AERE LB T o AL BR, T
VTR p 5 T AL RS, B TR AE T A LR
100% . 24 B AL 25 N I8 EEAE AL I, B A 3T 3R
) IBLES A LTS , 35 F Bk 3T 3 5 A 0%

X T R AR A SR L 45 R
(DLFEILL) , 555 35 03 A 2 AR X R L 3% B o
PP 35 B S T R LR Y SRS S AR,
JEE WA T RE A% 1 5.0 0 P 249 i 325 I ) A 2
S5 RF IR L P W 38 90 /0N o PR P AE AR
AT 3238 5 1 7] B, 75 B8 S M gy ok iy
3 BRAR 238 I o

0 58 e 2 W A, B SEEBE TR

Iv) S J3E T A8 5 o 1) 0 506 T 1) 4 20 5 2 A
¥ A AREEAL T RFUE 5 b, H AR R 3 B8
i SR 5 2R T 43 B A A MK I o 3
Ko HURRE 43 b i s £ A AR B e F FLAA i 2
RS BRRRAB RS (R HT5%) -
A A BIAE 5 T8 8 A 13.5 km/hZE 45 1, B
] TR 307 5% P i 7 - H49 SN I 1] e Wi DA B
B HA I 325 I ) R OO A A 1Y i 2
TR » [F) Fef P R I 2 308 s I P 384 o PR 0 1
E13.5 km/hE g J5c 28 B Al 3 30 45

XEALAS N8 A AR AF SR AL 1 45 SRR W
(WL IE112) , AL 38 N T3 JBE 025 A %o AR i 326 B8 5
T B 3% B RORE WL B B B A S S AR
T JBE B T B 6 i ~F- 149 i 325 B i) A 2
T IR 8 40 0

BLAS N\ 3% B H9 13 km/hZz2 45 i, B A 34 5
75% 1 i % F- 3 A I R R (% - 2 4%
B [T P 558.56 min) DA T 45 B 4 i 3% b
TR g W AP P A0 2 4 0 8.3 %, () I T i
P I A2 3 A I A 38 o DRI 3 13 km/hiE g
B0 HIHLAE N T8 JEE Ao

ST — 2 X A 40 g3 )8 2 308 4k

= = = =
= = T -
T e o s I F

e R - 31 61647
& & 5140 161529 = Ry e
16118 o - 1 f“‘“-“ l"m
= = = = -

) ke
- DEXEN &~ -a BEXEN (FH)

= = 152,88 = 15776 = —
1sLss | 15E87 e 152 e 1sTas | 1SES6 1spa
ik —EEn s rma S i
= = = - =
16
!
1
140
] 1 13 15 17 1@ . .‘|h
c
= ENT RN - GRTHIEREN ()

b SRFRxEEREL

WHEEEESAR | 21

PTEROEAT TR HE AR (LIE(13) .

ML NAE G35 B B b9 W S A
3, K BB F AR T 2925% . HL 3 A 7ESS 3
AL I TR S 000 3, 45 B 3K i )
e 35 FIR10% . £ REFE J5 T , HLAS A YR
FER AR, HE R R T 35%

RGN L Bobk s i bs LT 55
F, % 0T SR R 2w BT, BT
1—2 min. BbAb, B A BLIL I B 3Tt , B B
5 I V) P 22 BEAEZE 0N o T 2 S5 I T 1
Z2 BEAIZ WG K , IX 3 55 T A 8 LR T X
Tk 5 A B B R AT R
4.3.2 AWK FEILHZAH S

HE— BRI I M AL 1) 42 H B4k
I, HLE§ N 5 95 % IR Bt 2 A 80R o 3X —
TV AR A R E B AR FSR e S, BN
FRFE P T 5 L A8 25 A o HC AR A% 1 L
S < AL N %5 5 3K 3 R 240 A i v R o e
15 km/h, 84Nt 35 AiX A1, A5 4 K AL it 45354
| IS

B 45 5 0 P 14 i 35 5 - AE it 125 1Y
FRA B i, 7Y DA S S0 T 3% B 5 5 B 2 it
325 BEL B 04 BT Y W I TR 2 B T /N b
Tt (Z15%) o R i 24 B F AR FE I 1T 3 L 48
75%—100%22 i) B , 3 4 34 K FF 2.
B, 6 R b SR W Y e e, 3
T 23% . MR Z R, I 1 V34 25 5 B i )
M8.19 minf& Ik £6.41 min, F % T722%, {H
T W T AT T o R L, IR BT 5% AE Ay e B
TR W Bk A8, B A 346K F- A 25%

kmh

- NMFRENSN - - - GRTRENSN (FR)

min
11.39

T
.

- e (e

= SRR IRESRE L iEE
LT+ e TR Ay C

e Zi4s 2838
i - i

i 1 1
= ag oo JULE (FHH)

C SERFIRENEEZL
E12 #HEANREELEE
Fig.12 Performance of robot speed change

d BEFHERFREEL

e BRBRERL

HAHKR: E# H %

AR o EXWHEEERLR, FEERRENEES R4 GB17761-20184 3 H 47 % %A H A MKIS]. 3 - b E AR i i, 2018,
@ A8 AR 3 Fn [F 18 B 25 1 24 o https://www.gov.cn/banshi/2005-08/23/content_25575.htm,
@ F E A Ak T L B B R AT B AR (TNTS0202—2021 1K 3 & A B £ =T 42 EK),
©® X 5G3. /NI X [l K204 B3k % 7= iy A B AT B E 4 20 kmi/h,
® Starship Tec/hnologies. https://www.starship.xyz/the—starshl'f)—r_obot/

https://www.shplanning.com.cn/. Al

rights reserved.



22 | WHEEEgESHK

4.33 Hlas N\BRALI) 15 5

Blas AAUBEH “BEAS Bl AR AL BLas A
Hok” i “BOEMRA MR XHASE0E
) e o “BEA B IS AR AL LS N B H ok

S B A WL IR AR L S RS, Pt 1 A AL B 5L
B M EHRGE T 2 AR R AR A .

ASLVA LA BLIERR ALy BE ik S BLES A
MR EAT 2 OB - Hofth 2 B0 B R < B

BRI (km) SRELAIE (min) BE  NEA
2500 25
21112 2095 2097 2100 3101 3103 208 2008 .
2000 o et e o 20 ‘:’
a B et T B TS canuna ‘~_!.y;
1500 1612 1634 1625 1618 1629 1612 1616 1611 1> 5 A 2
N 088
1000 10 LA i | BT oy
asr * el I 056 oo
- “he.
500 0.5 076 i * ’___*"A emngd
| 95T e
S gas
4] 0.0
a 10 1 20 25 Q 10 15 20 25
TEEE (km/h) A (km/h)
a SREEETK b SRFIRTKRE Rl
B SIS (min) HER (kWeh)
12 u-n 45 S0.54 4022 a0.26 40E2 A0 4005 00 4020
*. a0 40 y p—— " s " I —y
L il 927
10 _— »
1045, e, B2 L E L
jir a8 [eech, T .?_”“ et 30 26,37 2641 650 204% J665 J6IR 2605 JEIS
8 857 "1—.___‘ iy N i . i
7.56 i -
6 682 et e S
B4 cge R 0
4 15
10
2
o [}
a 3 10 15 20 5 1] 5 10 15 20 25
A (km/h) WA (kmfh)

¢ MEFHEFNEEL
E13 M3 ARG FELE SR L

Fig.13 Performance comparison of robot and rider delivery

d SFEEETH

HAHAKR: E# H 2.

Ni# E15 km/h, B 4k K FE100%, B 435 H
Blas NBLIETT

XA [F) 0k A R LA 0L 485 SR8 B T LR
Bl (JLIEL5) , /0N HUBE Y BL & N TE 3% 58 1
BRIV ELE - 2 A RIS AR AL I, B AR
A5 ZE BB S—6 LA A AT 52 1k 42 K Bl A
555 & AR JRAAHEAL, Wl B A HE AL 75 2E 4124
B N5 it LA R AL B 17 0 T 7 2 EE 44
BLES N ALE R L4040 HLES A, B AR 2L
BORAS R F] SEBUEE A 4 H LA 2K

i 38 K 2 ek ALt N i 8 A B A
giRER (WEL6-E17), A Allas N %R
B INRe 2 WA ARR A 25 S5 P ), AL 23 1 i 8 P 38
BEL G 5 BT R4 IR 08 O ALK 1] e P L B o
P JA AR 250 IR A 2 AR A SRR A, L
A4 Te A A8 ARG 32 T A8 o
4.3.4 WAL A R A 21 BT

AE DR FF L IA X AL BB AR W R DL, BF
FEHE— RN T AL B X SRS R o
Bl Y MRS R 22 )4 s (ULIEI18) , o
S — i A JRy AN B SR AR AL TR T T M 3, h
WG RAG JRy; 58 A A R, AR AL
B R X AL

iy oo B 45 RSB 7R , 45 SR bR 2 W Y 22 5
HHigEis . e (W) AT HEAL G 3 0
t A . * ':“-'T' mv* o ST \ - — ) =
e LT e e R LB , AT B BRI RE S AT /I
TS = T g bl 5 3 111 15879 . . .
= = : - H ;”‘ ?6‘ 007 " -.'f:" —Flz% ’ ﬁﬁmﬁﬁﬁﬁ(*ﬁﬁgﬂiﬂikﬁiﬁ%ﬂﬁWO
S S xR SRR LR A AT
: RS R — R 1 R, AEAE RN ROBE IR I 25
05 a4 o5 o6 < N o M T A A LA P 7 X 2 A I8 3 3
- BRGEEN  a-- GEEEEN (FH) EatRR i (i) BT
a REXERTL b SHRFHRIXEETL
“ o s
e e 2
""" o 37— T =3
054 fia 0.64 ,r“ 1 = ¥ < '“"e.‘”
PR “‘:‘ 18 > 2 29;9\ 1016
= 28 . i e
et P
1
;Inwulaimm --a-l-.-‘un;mm:ws;; FJ#HD!;‘F nﬁcmm [ ————— nmv - wan h « a-a:tvun“ aI;MvI

C BRFHRENELL
E14 Bk FTLE3
Fig.14 Performance of changes in automation levels

d MEFHERRE L

https://www.shplanning.com.cn/. All rights reserved.

e BFEBERL

HA KR E# H 4,



WHEEEESAR | 23

TS

ﬂ'f;mlk!lf.f
E15 M| AMETUSEETRITEENXR
Fig.15 Relationship between robot size change and
delivery fulfillment order volume

FHRFIR: E# 8 4.

BRI

x VS

st

lmlAMi‘-
E16 M| AMEENEMEFHITERLR
Fig.16 Relationship between changes in robot size
and customer waiting time

THRFIR: E# B 4.

E18 FEERAMETH
Fig.18 Changes in distribution hub locations

4 RREIEEARANRE B TSR

HBFIR:E# B 4.

Tab.4 Average performance indicators for different distribution hub locations

YT E AT

Re ST ANE% il SEIHCIE AT i . ; =2 .
WS RITHARL/Kkm 555 /m SEEED AT E)/min F4E/min FERE/KWeh
1 2072.521 193.86 0.89 7.15 38.38
2 2 053.380 192.92 0.88 7.16 37.99

T e

1T

]

SHEEnaE A nl T

E17 HBEARRTEUSSHBERXR

Fig.17 Relationship between changes in robot size
and total power consumption

KK EH B %,

HAEE.

5 #Zig5itie

AT AT AR 2 T 22 ) A WF R X 4
TS R P 2 S S R VIR L H
i, RGBT e B K 5 SR ARALE, O
Fasde 7 AL R B AR LA B Y AR R TE AL

SRR WHESR IR SROPAG VR 3R o B TR 25
AT 55 2 B0 S I, Ay I A S 3 TG
NALELE 2 S8 W RLR R AL 3R 4 T 2 4R
S AR, B EAA N M ELERE ) A —
RA—5B, W) 75 B2 R 25404l AT DA 58 B
—RIT B BLIE - A 4O BLIEMR AL, A
TR ZHL15—204 HL2S N A R 28 55 i LR SR
13—15 km/hJ 5K & B 08 %, BT DL
AR 45 R P2 B 326 1 B8 W S 552
R AL ST 8 AL A A AT
B4 EC I AR 21 B0 A0 e A 1 3 AR AL 25 1) A
CRIM 54K A LR 573 24 B 3 DL S A28 ) B
W45 53 A4 ) » W] DASR R BCAE R0 I i 2 25
R 1R), 0l ARV RE AR R o

R AR SR T — R 5 e 0 9L R 4R
S, AR AR L JR BRI o 1 5, ) B 1 i
PR AT AR B, AR AR — 2 R
BRI, IEH AR R R TR H R X
e 3% 5 SR B S0 o LR, TR A BB A AT B B IR
TNALES AR BT B T AP Bl 2 I R) A B
WA o L) 25 1 555 I ) 2500 W A 14 o 3% VT
KA B NBLE TR b, R T 2 T g
B (BERL min) AEBAED IR, TR IE R

https://www.shplanning.com.cn/. All rights reserved.

KHEFIE:EEAH .

HSEE HY B2 3T LA B AT RE I AN BRI, S B
BETT B I BRAERR IN T ZE A o RO IF 5 T AR
— R M Z A EAR A , JE AL L IA
FERTT LG, AT /0 A B AR TR 55
R

U, BF 5 v B 05 BB RS A P 5 T H
DAz, DLSERS i e B B S A — T T
A2 v i 2 A JR) IRAEAIL & A 35 7 i it
%, REEFDHIBIT AN AT EEH M RE S
5535 S o 51, 75 D I B S T I8 W 4
] A2 X B T AL 0 e £ 9 e I ik i
S e S R o ARSRFSE AT A B S I Zh 35
AR AL B AT N B AR, IR A [F] 220 &
535 BT A RHAE RS A5 AR B 4T 2R - 55 —
T3 T 24 ARG AT A e Bk B HL
Ltk , RAETE A5 B AR 2 ) L A R L
il RRAALIT , W7 I B 285 RS, 4 3
RREARIEIRBIR 15t (WS 22 A 1
) VAEE E B PSR DR B R T R
SRS T BT A, R L YRR LA Bl
A% WA E I ; 2 A Blds AAE R — DX AR I,
B R R, B, O AL HEA A
W55



24 | WiH=EEESAK

25 BTk, AR W WF I B AE B 3 A

B BERLIEAR T T i SERR N BRIR R, AR A
S TG NAREEA 1 S B2 F AR R - B8

2 #k References

[1]

[2]

[3]

[4]

[5]

(6]

[7

8l

[9]

K8 R MR R AR FEA R &
R[] B EREZF, 2015, 29 (4) :23-32.
ZHANG Jin, CHEN Yiyou. A review of research
on logistics "last kilometer"[J]. China Business
and Market, 2015, 29(4): 23-32.

ALJOHANI K, THOMPSON R G. An examina-
tion of last mile delivery practices of freight carriers
servicing business receivers in inner-city areas[J].
Sustainability, 2020, 12(7): 2837.
SAVELSBERGH M, VAN WOENSEL T. 50th
anniversary invited article—city logistics: chal-
lenges and opportunities[J]. Transportation Science,
2016, 50(2): 579-590.

JAOUAA, AMMAR M B, AWASTHI A. A decision
support system for on-demand goods delivery
using shared autonomous electric vehicles[J].
International Journal of Decision Support System
Technology (1JDSST), 2019, 11(2): 72-88.
PERBOLI G, ROSANO M. Parcel delivery in
urban areas: opportunities and threats for the
mix of traditional and green business models[J].
Transportation Research Part C: Emerging
Technologies, 2019, 99: 19-36.

DE LATORRE R, CORLU C G, FAULIN J, et al.
Simulation, optimization, and machine learning
in sustainable transportation systems: models and
applications[J]. Sustainability, 2021, 13(3): 1-21.
LAVAEI A, ATASHGAH M A. Optimal 3D
trajectory generation in delivering missions under
urban constraints for a flying robot[J]. Intelligent
Service Robotics, 2017, 10(3): 241-256.
NGUYEN D H, DE LEEUW S, DULLAERT W,
et al. What is the right delivery option for you?
Consumer preferences for delivery attributes in
online retailing[J]. Journal of Business Logistics,
2019, 40(4): 299-321.

X M A EERERBATTAFEX TS
#HFRID] &M 2R Tk A%, 2021

LIU Kai. Research on the characteristics of risky
riding behavior and intervention methods of net
delivery workers[D]. Hefei: Hefei University of
Technology, 2021.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

FIGLIOZZI M, JENNINGS D. Autonomous
delivery robots and their potential impacts on urban
freight energy consumption and emissions[J].
Transportation Research Procedia, 2020, 46: 21-28.
BRUNO D R, DE ASSIS M H, OSORIO F S.
Development of a mobile robot: robotic guide
dog for aid of visual disabilities in urban environ-
ments[C]//2019 Latin American Robotics Sympo-
sium (LARS), 2019 Brazilian Symposium on
Robotics (SBR) and 2019 Workshop on Robotics in
Education (WRE). New York: IEEE, 2019: 104-108.
REK, BR TR E 2 E B S ALk
vE—— 2 T4 K20pr m A iy T EQ]. R KR
RFFR| SRS, 2016, 16 (1) :38-42.
WU Chunfa, LU Bing. Problems and optimization
strategies of campus transportation in colleges and
universities - a survey based on 20 colleges and
universities in 7 provinces and regions[J]. Journal
of Chongging Jiaotong University (Social Science
Edition), 2016, 16(1): 38-42.

SWANSON D. A simulation-based process model
for managing drone deployment to minimize total
delivery time[J]. IEEE Engineering Management
Review, 2019, 47(3): 154-167.

SAMOUH F, GLUZA V, DJAVADIAN S, et
al. Multimodal autonomous last-mile delivery
system design and application[C]//2020 IEEE
International Smart Cities Conference (I1SC2).
New York: IEEE, 2020: 1-7.

ROMANO A A, SAKAI T, OH S, et al. A
simulation-based evaluation of a cargo-hitching
service for e-commerce using mobility-on-demand
vehicles[J]. Future Transportation, 2021, 1(3):
639-656.

SHE R, OUYANG Y. Efficiency of UAV-based
last-mile delivery under congestion in low-altitude
air[J]. Transportation Research Part C: Emerging
Technologies, 2021, 122: 102878.

KHALID R, CHANKOV S M. Drone delivery
using public transport: an agent-based modelling
and simulation approach[C]//Dynamics in
logistics: proceedings of the 7th International
Conference LDIC 2020, Bremen, Germany. Cham:
Springer International Publishing, 2020: 374-383.

DEVARI A, NIKOLAEV A G, HE Q.
Crowdsourcing the last mile delivery of online
orders by exploiting the social networks of retail
store customers[J]. Transportation Research Part E:
Logistics and Transportation Review, 2017, 105:
105-122.

MORGANTI E, DABLANC L, FORTIN F. Final
deliveries for online shopping: the deployment
of pickup point networks in urban and suburban
areas[J]. Research in Transportation Business &
Management, 2014, 11: 23-31.

MELKONYAN A, GRUCHMANN T, LOHMAR F,
et al. Sustainability assessment of last-mile logistics

https://www.shplanning.com.cn/. All rights reserved.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

and distribution strategies: the case of local food
networks[J]. International Journal of Production
Economics, 2020, 228: 1-17.

BONABEAU E. Agent-based modeling: methods
and techniques for simulating human systems[J].
Proceedings of the National Academy of Sciences,
2002, 99(s3): 7280-7287.

POETING M, SCHAUDT S, CLAUSEN U. A
comprehensive case study in last-mile delivery
concepts for parcel robots[C]//Proceedings of the
Winter Simulation Conference. 2019: 1779-1788.
DA VIMERCATE A D C. Autonomous robots
in food delivery: a simulation study[D]. Milan:
Politecnico di Milano, 2018.

CORNO M, SAVARESI S. Measuring urban
sidewalk practicability: a sidewalk robot feasibility
index[J]. IFAC-PapersOnLine, 2020, 53(2): 15053-
15058.

DESAI P, LOKE S W, DESAI A, et al. Multi-agent
based vehicular congestion management[C]//2011
IEEE Intelligent Vehicles Symposium (IV). New
York: IEEE, 2011: 1031-1036.

YU J, ZHANG C, WEN J, et al. Integrating
multi-agent evacuation simulation and multi-
criteria evaluation for spatial allocation of urban
emergency shelters[J]. International Journal of
Geographical Information Science, 2018, 32(9):
1884-1910.

LONG G, BINGLEI X, CHUANLING Z, et al.
Modeling and simulation analysis for urban rail
transit hub[J]. Journal of Civil Engineering and
Urban Planning, 2023, 5(1): 31-42.

CHEN P, CHANKOV S M. Crowdsourced
delivery for last-mile distribution: an agent-based
modelling and simulation approach[C]//2017 IEEE
International Conference on Industrial Engineering
and Engineering Management (IEEM). New York:
IEEE, 2017: 1271-1275.





