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Current situation for package deliveries the last (kilo)meter: the “Milk run”
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Robots for package deliveries the last (kilo)meter tomorrow: Community Robots

Robots operating

Van operating

Examples of robots in descending order:
Hugo, LMAD, Starship




Minimize Z: Z _ p,h )+ff' Y +ZZU"
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Problem
formulation

Vp € P where w, > m" orm, > m"

T

I;Zl,-z.,-r + ;r;:{cn_._,..ﬂ:,-r S 1: VZ S Za V‘I‘ (S R‘.vv(plvPZ) c P X P1 lf dpl,m = Tn'D

zhe{0,1}, Vper
k. e{01}, VpePVzeZVreR.
z, €{0,1}, VzeZVrecR.

yT € Z*, (non-negative integer)




Notation Explanation

Roads in Helsingborg, Sweden

r Sct of parcels.
Z Sct of zones.
", Set of robots in zone =.
me” Maximum capacity of a truck (in parcels).
me Maximum capacity of a robot (in parcels).
& Cost of delivering a parcel using a truck.
el Cost of delivering a parcel using a robot.
i Jer Fixed cost of using a tuck.
Jei Fixed cost of using a robot.
dy, 5, Distance between parcels py and p.,.
mP Maximum distance between two parcels a robot can cover.
mW Maximum weight a robot can carry.
mM Maximum size of a parcel suitable for robot delivery.
Ty, Weight of parcel p.
n, Size (measurement) of parcel p.
2 Zonc of parcel p.
» Parcel index. p € P
Indices z Zonc index, z € Z
T Robot index, r € R.
o L. if parcel p is delivered by truck
¥ 0. otherwise
2R I. if parcel p is delivered by robot » in zone =
Variables e 0, otherwise
R L. if robot r in zone = is used
23 0, otherwise
' Number of trucks used

Figure 2. Overview of the notation list and of the study arca showing a potential partial

(a) Notation list.

distribution to be optimized.
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(a) Objective function as a function of f¢; and (b) Number of robots as a function of f¢; and
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(c¢) Impact of parcel characteristics on total costs  (d) Parcel characteristics and robots applied

Figure 3. Initial results of our sensitivity analysis.
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