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Abstract: To address the problems of unreasonable functional area confi guration and intersecting logistics routes in express 
transit warehouses, Warehouse F was taken as the research object and the Systematic Layout Planning (SLP) was adopted 
to optimize its spatial layout. Basic data, including the area of each operating unit, logistics volume, handling distance, and 
operational relationships, were collected through fi eld observations and interviews. Based on PQRST analysis, logistics and 
non-logistics relationships among the operating units were established. A weighting ratio of 3:1 was then assigned to the 
logistics and non-logistics relationships to determine the comprehensive closeness ratings. An activity relationship diagram 
and a space relationship diagram were designed to generate the optimized layout. The results show that the optimized 
scheme places highly related operating units in closer spatial proximity, provides a clearer separation between major logistics 
operating areas and auxiliary functional areas, and reorganizes the main parcel flow into a more continuous and clearly 
structured process, thereby reducing unnecessary detours and intersections. The optimized layout improves the consistency 
between the spatial confi guration of functional areas and the actual parcel fl ow process and provides a reference for the layout 
optimization of similar express transit warehouses.
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1. Introduction
With the rapid development of e-commerce and the express logistics industry, the volume of express parcels handled 
by logistics facilities has continued to increase. As key nodes responsible for parcel collection, distribution, sorting, and 
transshipment, transit warehouses depend heavily on an appropriate internal layout, which directly aff ects parcel handling 
distances and overall operating e ffi ciency. Particularly during peak periods, poorly confi gured functional areas can lead to 
circuitous logistics routes, intersecting fl ows, and aisle congestion. Therefore, it is important to optimize the spatial layout of 
transit warehouses according to the logistics and functional relationships among diff erent operating areas.
A substantial body of research has investigated the layout optimization of warehouses and logistics facilities. In terms of 
methodology, Systematic Layout Planning (SLP) integrates both logistics and non-logistics relationships and has been widely 
applied to layout optimization in warehouses, distribution centers, and other facilities. Building on SLP, previous studies 
have further incorporated genetic algorithms, the Analytic Hierarchy Process (AHP), and mathematical programming to 
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improve the layout alternatives[1–4]. Hu and Chuang optimized the functional-area layout of an e-commerce warehouse using 
SLP and a genetic algorithm together [5]. Yang et al. introduced AHP to generate a multi-criteria evaluation of alternative 
layouts designed using SLP[6]. Lin and Wang further integrated SLP with fuzzy AHP for facility layout design and alternative 
evaluation[7]. An integrated facility layout optimization approach was developed by combining SLP, AHP, and nonlinear 
programming[8]. These studies show that SLP can serve not only as a fundamental method for facility layout but also as a 
framework that can be integrated with multi-criteria decision-making methods to support the optimization of complex facility 
layouts. In terms of practical applications, previous studies have examined various scenarios, including fresh-food distribution 
centers, e-commerce warehouses, value-added processing area, and so on[9–11], demonstrating the wild applicability of SLP 
to logistics facility layout optimization. However, diff erent types of logistics facilities vary considerably in their operating 
processes, parcel types, and fluctuations in business volume. Express transit warehouses are characterized by high parcel 
volumes, continuous operating processes, and pronounced fl uctuations during peak periods. Therefore, it is necessary to study 
the layout optimization of express transit warehouses combining both logistics and non-logistics relationships.
Warehouse F is an important regional node for the collection, distribution, and transshipment of express parcels. It handles 
approximately 1.1 million parcels per day on average. Field investigations revealed several problems in its existing layout, 
including insufficient spatial proximity, circuitous and intersecting logistics routes, aisle congestion during peak periods, and 
inadequate buff ering capacity. To address these problems, this study takes Express Transit Warehouse F, hereafter referred to as 
Warehouse F, as the research object. Based on data collected through fi eld investigations and interviews, SLP is applied to analyze 
the logistics and non-logistics relationships among its operating units, and a relationship diagram and a space relationship diagram 
are designed. Finally, the optimized layout is evaluated from two aspects: spatial confi guration and logistics fl ow.

2. Overview and Data of Warehouse F
2.1 Basic Information on Warehouse F
Warehouse F is in Xiuzhou District, Jiaxing, Zhejiang Province. The area is 268 mu, approximately 0.179 km², with a total 
fl oor area over 230,000 m², 630 meters long and 370 meters wide. The facility is equipped with two loop cross-belt sorting 
systems and one dedicated cyclone sorting system.
According to its functions and operational characteristics, the warehouse is divided into nine operating units: the receiving 
area, sorting area, NC area, small-parcel area, cage consolidation area, AGV parking area, outbound area, medical area, and 
offi  ce area. The NC area is mainly responsible for handling irregular and special parcels; the cage consolidation area is used 
for the consolidation, temporary storage, and subsequent transfer of sorted parcels. The original layout of Warehouse F is 
shown in Figure 1.

Figure 1. Original Layout of Warehouse F (Scale: 1:1000)
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The parcel handling process follows receiving, sorting, and outbound operations as its main fl ow. After unloading, parcels 
enter the sorting area and are routed to diff erent processes and areas according to parcel type, including regular parcels, small 
parcels, and NC parcels. Some parcels are consolidated into cages for verification and dispatch. The warehouse handles 
approximately 1.1 million parcels per day on average, with daily throughput reaching up to 3 million parcels during peak 
periods. Depending on the movement of diff erent parcel types, several major logistics routes are formed, including receiving–
sorting–outbound, receiving–sorting–cage consolidation–outbound, receiving–sorting–NC–AGV–outbound and so on.

2.2 Field Investigation and Data Summary
Field observations and online interviews were used to obtain information about Warehouse F. Field observations were 
conducted from October 31 to November 12, 2025. The investigation focused on the nine operating units and recorded 
their spatial locations, adjacency relationships, parcel fl ows, logistics volumes and so on. Interviews were conducted with 
warehouse managers and frontline operators, from November 15 to November 22, 2025, resulting in 17 valid interviews. 
The interviewees included the site manager, dispatch supervisor, and team leaders responsible for each area, as well as 
experienced operators, and AGV operation and maintenance personnel. 
To account for differences in handling difficulty among parcel types, logistics volumes were converted into standardized 
logistics volumes. Regular parcels were converted at a ratio of 1:1, NC parcels at 1:2, and small parcels at 2:1. After 
conversion, the standardized logistics volumes of the major logistics routes were approximately 440,000, 275,000, 200,000, 
130,000, 60,000, and 50,000 parcels, respectively. These data provide the basis for the subsequent analysis of logistics 
relationships and non-logistics relationships among the operating units. The details of information are presented in Table 1.

Table 1. Major Operating Units and Basic Data of Warehouse F

Code Operating Unit Main Operations Area (m²) Average Daily Processing 
Volume (10,000 parcels)

① Receiving area Vehicle unloading, parcel scanning, and temporary 
receiving storage 16,000 110.0

② Sorting area Sorting of all parcel categories 39,600 110.0

③ NC area Handling of irregular and special parcels 9,600 16.5

④ Small-parcel area Automated sorting and processing of small parcels 26,400 22.0

⑤ Cage consolidation area Parcel consolidation, cage loading, and temporary 
storage 21,000 44.0

⑥ AGV parking area AGV charging, parking, and maintenance 16,000 16.5

⑦ Outbound area Cage loading onto vehicles and dispatch verifi cation 36,000 110.0

⑧ Medical area Equipment maintenance and exception-parcel han-
dling 9,000

⑨ Offi  ce area Administrative operations and dispatch coordination 10,000

Note: The Medical area and offi  ce area do not directly process parcels; therefore, their average daily processing volumes are 
not reported.

3. Problems with the Existing Layout of Warehouse F
(1) Insuffi  cient alignment between the spatial confi guration of functional areas and logistics relationships.
Under the existing layout, some operating areas with frequent logistics interactions are not located suffi  ciently close to each 
other. The offi  ce area is in the central part of the main operating area of the warehouse, creating a spatial barrier to some 
parcel fl ows and requiring parcels to take detours when transferred between operating units. In addition, there is insuffi  cient 
buff er space between the receiving and sorting areas. During peak periods, concentrated parcel arrivals can therefore lead to 
accumulation, aff ecting subsequent sorting and transfer operations.
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(2) Circuitous logistics routes and intersecting fl ows.
Diff erent types of parcels follow diff erent handling processes within the warehouse. NC parcels need to pass through the 
NC area and be transferred by AGVs, while some large parcels require secondary handling. Under the existing layout, AGV 
transport routes intersect with parcel flows associated with other operating areas, increasing handling distances and aisle 
occupancy. Field observations showed that during peak periods, the eff ective width of some aisles can be reduced to less than 
2 m, restricting the normal movement of parcels and handling equipment.
(3) Aisle congestion and insuffi  cient buff ering capacity during peak periods.
During evening peak periods, parcel cages are temporarily placed in aisles. Field observations showed that approximately 
15–20 cages are frequently stored in this manner, occupying aisle sections of up to approximately 30 m. Meanwhile, 
temporary AGV parking, waiting, and avoidance maneuvers further occupy aisle space. Because the main operating areas 
lack fl exible buff er spaces capable of accommodating fl uctuations in business volume, concentrated parcel arrivals over short 
periods can easily result in parcel accumulation and aisle congestion.
(4) Operational coordination requires further improvement.
AGVs frequently experience waiting and avoidance during operation, while the processing of NC parcels is also aff ected by 
factors such as mis-sorting, forklift delivery, and information transmission. The investigation found that mis-sorting in the NC 
area and forklift delivery errors can prolong subsequent processing time, while intersecting logistics fl ows further interference 
among different operating activities. Therefore, it is necessary to redefine the spatial adjacency relationships among the 
operating units according to their logistics intensity and functional relationships and to optimize the existing warehouse 
layout.

4. Layout Optimization of Warehouse F
4.1 Analysis of Basic Elements
According to the SLP method, facility layout design primarily considers five basic elements: product (P), quantity (Q), 
routing (R), supporting services (S), and time (T). Based on the actual operational characteristics of Warehouse F, these fi ve 
elements are analyzed as follows.
In terms of product (P), parcels are classified into three categories according to their actual operating classifications and 
handling methods in Warehouse F: regular parcels, small parcels, and NC parcels. Regular parcels mainly refer to regularly 
packaged parcels with dimensions of no less than 30 cm × 30 cm × 30 cm, a maximum side length of no more than 60 
cm, and a weight of 3–20 kg, which can enter the conventional sorting process. Small parcels mainly include packages 
and documents with both height and width below 30 cm and a weight not exceeding 3 kg, which are processed through 
the automated small-parcel sorting system. NC parcels mainly include irregularly shaped parcels, parcels requiring special 
handling, and parcels weighing more than 20 kg or with a side length exceeding 60 cm that cannot directly enter the 
automated sorting line. These parcels must be processed in the NC area and handled using equipment such as pallet trucks, 
forklifts, or AGVs. Because the three parcel categories differ in handling methods, routing, and handling intensity, their 
logistics volumes are subsequently calculated separately and converted into standardized logistics volumes.
In terms of quantity (Q), Warehouse F handles approximately 1.1 million parcels per day on average, while daily throughput 
can reach 3 million parcels during peak periods such as e-commerce promotional events. Different parcel types generate 
diff erent logistics volumes among the operating units. Their actual and standardized logistics volumes provide the basis for 
the subsequent analysis of logistics relationships.
In terms of routing (R), parcels enter the sorting area through the receiving area and are subsequently routed to different 
operating processes according to parcel type and handling requirements. After sorting, regular parcels are transferred either 
directly to the outbound area or to the cage consolidation area before outbound processing. Small parcels are processed in 
the small-parcel area and then transferred to either the cage consolidation area or the outbound area. NC parcels enter the NC 
area for special handling and are subsequently transported by AGVs to either the cage consolidation area or the outbound 
area. These processes form multiple logistics routes within the warehouse.
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In terms of supporting services (S), the offi  ce area and medical area do not directly participate in the regular fl ow of parcels. 
The office area is mainly responsible for administrative management, dispatch coordination, and information processing, 
while the medical area performs auxiliary functions such as equipment maintenance, problem-parcel handling, and exception 
management. The AGV parking area is primarily used for AGV charging, parking, and maintenance and is also associated 
with the transfer of NC parcels. Although these auxiliary service areas do not directly generate major parcel flows, their 
spatial locations aff ect the coordination among the main operating areas and the arrangement of logistics aisles.
In terms of time (T), Warehouse F operates on a two-shift system. The day shift runs from 06:30 to 18:30, while the night 
shift runs from 18:30 to 06:30 the following day. Peak parcel-processing periods are concentrated between 21:00 and 
23:00 and between 03:00 and 05:00. The warehouse therefore experiences pronounced temporal fluctuations in business 
volume, and concentrated parcel arrivals during peak periods can lead to localized parcel accumulation and aisle congestion. 
Consequently, in addition to routine logistics relationships among the operating units, the layout optimization should also 
account for parcel fl ows and temporary buff ering requirements during peak periods.

4.2 Logistics Relationship Analysis
Logistics relationships provide an important basis for determining the relative locations of operating units in SLP analysis. In 
Warehouse F, parcels continuously fl ow through receiving, sorting, special handling, consolidation, and outbound operations, 
while considerable diff erences exist in logistics volumes and handling distances among the operating units. To characterize 
the logistics relationships among the operating units under the existing layout, a distance from-to chart and a logistics-volume 
from-to chart were first developed based on the actual warehouse layout and parcel handling routes. Logistics intensity 
between operating units was then calculated to determine the closeness of their logistics relationships.
First, based on the existing layout of Warehouse F and the actual handling routes of different parcel types, the handling 
distances between operating units with direct logistics flows were measured. The values in the distance from-to chart 
represent the actual distances traveled when parcels are transferred from one operating unit to another. Operating-unit pairs 
without direct logistics fl ows are not included. The results are presented in Table 2.

Table 2. Distance From-to Chart of Warehouse F (Unit: m)

From/To ① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨

① 200

② 100 80 180 300

③ 50

④ 100 220

⑤ 50

⑥ 150 120

⑦

⑧

⑨

Second, logistics volumes between operating units were determined according to the operating processes of different 
parcel types. Considering the diff erences among regular, small, and NC parcels in parcel specifi cations, handling methods, 
and handling difficulty, the standardized logistics-volume conversion method described above was adopted to improve 
comparability across parcel types. Regular parcels were converted at a ratio of 1:1, NC parcels at 1:2, and small parcels at 2:1. 
The parcel volumes associated with diff erent operating routes were then allocated to the corresponding operating-unit pairs, 
resulting in the logistics-volume from-to chart shown in Table 3.
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Table 3. Logistics-Volume From-to Chart of Warehouse F (Unit: 10,000 standardized parcels/day)

From/To ① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨

① 115.5

② 33.0 11.0 27.5 44.0

③ 33.0

④ 5.0 6.0

⑤ 45.5

⑥ 13.0 20.0

⑦

⑧

⑨

Third, to jointly refl ect the eff ects of logistics volume and handling distance on internal warehouse logistics operations, the 
standardized logistics volume between each pair of operating units was multiplied by the corresponding handling distance to 
calculate logistics intensity. The logistics intensity between operating units (i) and (j) is calculated as follows: Lij=Qij*Dij.
where Lij denotes the logistics intensity between operating units (i) and (j); Qij denotes the standardized logistics volume 
between the two operating units; and Dij denotes the actual handling distance between them.
Using the above method, logistics intensity was calculated for each operating-unit pair with a direct logistics relationship. For 
example, the standardized logistics volume between the receiving area ① and sorting area ② is 1.155 million standardized 
parcels/day, and the handling distance is 200 m. The resulting logistics intensity is therefore 23,100 × 10,000 standardized 
parcel·m/day. The same calculation was applied to the remaining operating-unit pairs, resulting in the logistics-intensity from-
to chart shown in Table 4.

Table 4. Logistics-Intensity From-to Chart of Warehouse F (Unit: 10,000 standardized parcel·m/day)

From/To ① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨

① 23100

② 3300 880 4950 13200

③ 1650

④ 500 1320

⑤ 2275

⑥ 1950 2400

⑦

⑧

⑨

A higher logistics intensity indicates a stronger combined eff ect of parcel-handling volume and handling distance between the 
corresponding operating units and therefore a higher priority for spatial proximity in warehouse layout optimization. Based 
on the calculated logistics intensities, the operating-unit pairs were further ranked and classifi ed to determine the closeness of 
their logistics relationships and to construct the logistics relationship diagram.
Finally, logistics relationships were classifi ed primarily according to logistics intensity. A higher logistics intensity indicates 
a closer logistics relationship between two operating units. Accordingly, the logistics relationships were classifi ed into fi ve 
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levels: A (Absolutely Important), E (Especially Important), I (Important), O (Ordinary), and U (Unimportant or zero logistics 
intensity), with corresponding quantitative scores Mij of 4, 3, 2, 1, and 0, respectively. In principle, A, E, I, and O were 
assigned to approximately 10%, 20%, 30%, and 40% of the non-U operating-unit pairs, respectively. The resulting logistics 
relationship classifi cations are presented in Table 5, and the corresponding logistics relationship diagram is shown in Figure 2.

Table 5. Non-logistics Closeness Ratings among Operating Units

Operating-unit pair Logistics-Intensity Closeness rating Operating-unit pair Logistics-Intensity Closeness rating

①- ② 23100 A ⑤- ⑥ 1950 I

②- ⑦ 1320 A ③- ⑥ 1650 A

②- ⑤ 4950 E ④ -⑦ 1320 E

②- ③ 3300 E ②- ④ 880 E

⑥- ⑦ 2400 I ④- ⑤ 500 I

⑤- ⑦ 2275 A

Figure 2. Logistics Relationship Diagram

4.3 Non-logistics Relationship Analysis
The non-logistics relationships among the operating units were evaluated based on factors such as process continuity, 
similarity in operational functions, convenience of information management and so on. Following the SLP closeness-rating 
system, the non-logistics relationships were classifi ed into six levels: A (Absolutely Necessary), E (Especially Important), I 
(Important), O (Ordinary), U (Unimportant), and X (Undesirable), with corresponding quantitative scores Nij of 4, 3, 2, 1, 0, 
and −1, respectively.
Based on the actual operations of Warehouse F, seven factors were identified for evaluating non-logistics relationships: 
(a) process continuity; (b) similarity or functional relationship between operations; (c) frequent operational coordination; 
(d) personnel interaction; (e) information and dispatch coordination; (f) safety and equipment support; and (g) no specifi c 
adjacency requirement. Field investigations indicated that no pair of operating units exhibited significant safety conflicts 
or functional incompatibilities requiring complete spatial separation; therefore, no operating-unit pair was assigned an X 
rating. The resulting non-logistics closeness ratings are presented in Table 6, and the corresponding non-logistics relationship 
diagram is shown in Figure 3.
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Table 6. Non-logistics Closeness Ratings among Operating Units

Operating-unit pair Closeness rating Reason(s) Operating-unit pair Closeness rating Reason(s)

①- ② A a、c ③- ⑦ O a

①- ③ U g ③- ⑧ I b、f

① -④ U g ③- ⑨ O c、e

①- ⑤ U g ④- ⑤ I a、c

①- ⑥ U g ④- ⑥ U g

①- ⑦ U g ④ -⑦ E a、c

①- ⑧ O b、f ④- ⑧ O b、f

①- ⑨ O c、e ④- ⑨ O e

②- ③ E a、c ⑤- ⑥ I a、c

②- ④ E a、c ⑤- ⑦ A a、c

②- ⑤ E a、c ⑤- ⑧ U g

②- ⑥ O b、c ⑤- ⑨ O e

②- ⑦ A a、c ⑥- ⑦ I a、c

②- ⑧ I b、f ⑥- ⑧ I b、f

② -⑨ I c、e ⑥- ⑨ O c、e

③- ④ U g ⑦- ⑧ O b、f

③ -⑤ O a ⑦ -⑨ I c、e

③- ⑥ A a、b、c ⑧- ⑨ O c、e

Figure 3. Non-logistics Relationship Diagram
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4.4 Comprehensive Relationship Analysis
Based on the logistics and non-logistics relationship analyses, the two types of relationships were integrated to determine the 
overall closeness among the operating units. As Warehouse F is a typical express transit facility, parcel handling and transfer 
effi  ciency are major factors aff ecting its overall operational performance, while non-logistics relationships associated with 
operational coordination and management were also considered. A weighting ratio of 3:1 was assigned to logistics and non-
logistics relationships. The comprehensive closeness score was calculated as follows: Cij=3Mij+Nij, where Cij denotes the 
comprehensive closeness score between operating units (i) and (j), Mij denotes the logistics closeness score, and Nij denotes 
the non-logistics closeness score.
Based on the results presented in Tables 5 and 6, the comprehensive closeness scores were calculated, as shown in Table 7. 
The comprehensive relationships among the operating units were then classifi ed into six closeness ratings: A (Absolutely 
Necessary), E (Especially Important), I (Important), O (Ordinary), U (Unimportant), and X (Undesirable). The resulting 
comprehensive relationship diagram is shown in Figure 4.

Table 7. Comprehensive Closeness Scores and Ratings among Operating Units

Operating-unit pair Mij Nij Cij Rating Operating-unit pair Mij Nij Cij Rating

①-② 4 4 16 A ③-⑦ 0 1 1 O

①-③ 0 0 0 U ③-⑧ 0 2 2 O

①-④ 0 0 0 U ③-⑨ 0 1 1 O

①-⑤ 0 0 0 U ④-⑤ 1 2 5 I

①-⑥ 0 0 0 U ④-⑥ 0 0 0 U

①-⑦ 0 0 0 U ④-⑦ 1 3 6 I

①-⑧ 0 1 1 O ④-⑧ 0 1 1 O

①-⑨ 0 1 1 O ④-⑨ 0 1 1 O

②-③ 2 3 9 E ⑤-⑥ 1 2 5 I

②-④ 1 3 6 I ⑤-⑦ 2 4 10 E

②-⑤ 3 3 12 E ⑤-⑧ 0 0 0 U

②-⑥ 0 1 1 O ⑤-⑨ 0 1 1 O

②-⑦ 3 4 13 A ⑥-⑦ 2 2 8 I

②-⑧ 0 2 2 O ⑥-⑧ 0 2 2 O

②-⑨ 0 2 2 O ⑥-⑨ 0 1 1 O

③-④ 0 0 0 U ⑦-⑧ 0 1 1 O

③-⑤ 0 1 1 O ⑦-⑨ 0 2 2 O

③-⑥ 1 4 7 I ⑧-⑨ 0 1 1 O

Note: The comprehensive closeness ratings were classifi ed according to the following criteria: A, (Cij >12); E, (8< Cij ≤12); I, 
(4< Cij ≤8); O, (0< Cij ≤4); and U, (Cij =0).
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Figure 4. Comprehensive Relationship Diagram

4.5 Activity Relationship Diagram
Based on Table 7 and Figure 4, an activity relationship diagram was developed to represent the relative spatial positions of 
fi ve operating units, as shown in Figure 5. To improve the clarity of spatial relationships, only A-, E-, and I-rated relationships 
are connected in Figure 5, whereas O- and U-rated relationships are not shown.

Figure 5. Activity Relationship Diagram (Scale: 1:1000)

4.6 Space Relationship Diagram
Further, the areas of the nine operational units are considered, and the resulting space relationship diagram of Warehouse F is 
shown in Figure 6.
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Figure 6. Space Relationship Diagram of Warehouse F

5. Analysis of Layout Optimization Eff ects of Warehouse F
Based on the results of the logistics relationship, non-logistics relationship, and comprehensive relationship analyses, the 
functional areas of the F express transit warehouse were reconfi gured. To evaluate the rationality of the proposed optimization 
scheme, the original and optimized layouts are compared from two perspectives: spatial layout and logistics fl ow.

5.1 Spatial Layout Optimization Eff ects
In the original layout, some operational units with close relationships were spatially dispersed, such as sorting area and small-
parcel area. Auxiliary functional areas, such as the offi  ce area and medical area, were interspersed among the major logistics 
operation areas. This arrangement fragmented the main operational space to some extent.
In the optimized scheme, the functional areas were rearranged primarily according to the strength of the comprehensive 
relationships among operational units. The receiving area is located adjacent to the sorting area, allowing inbound parcels 
to enter the sorting process more directly. As the core area for parcel distribution, the sorting area is positioned close to the 
NC area and small-parcel area. The cage consolidation area and outbound area are arranged together to create a relatively 
continuous space for downstream dispatch operations. Meanwhile, the NC area maintains close spatial proximity to the AGV 
parking area to facilitate equipment use during the transfer of NC parcels. Auxiliary functional areas, including the offi  ce area 
and medical area, are appropriately separated from the major logistics operation areas to reduce their fragmentation of the 
core operational space.
After optimization, the warehouse forms a spatial layout centered on the major logistics operational units, including inbound 
handling, sorting, classifi ed processing, cage loading, and outbound operations, while the auxiliary functional areas remain 
relatively independent. Compared with the original layout, operational units with strong relationships are located closer, the 
boundaries between major logistics operation areas and auxiliary functional areas are clearer, and the correspondence between 
the spatial confi guration of functional areas and actual operational relationships is improved.

5.2 Logistics Flow Optimization Eff ects
In the original layout, the transportation paths of different types of parcels involved a certain degree of detouring and 
intersection. Parcel fl ows could also lead to temporary occupation of aisles by cages, as well as waiting and avoidance by 
AGVs, thereby increasing interference among diff erent logistics activities.
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In the optimized scheme, the major logistics nodes were reorganized according to the actual operational process, forming an 
overall logistics fl ow of “inbound handling–sorting–classifi ed processing–cage loading/outbound.” Consecutive operational 
units are located closer to each other. Auxiliary functional areas are separated from the main logistics areas. This reduces 
unnecessary detours and intersections among diff erent logistics fl ows. At the same time, this arrangement makes the fl ow 
directions of diff erent parcel types clearer.
After optimization, the consistency between the main parcel fl ow directions and the spatial arrangement of functional areas is 
strengthened. The logistics fl ow changes from a relatively dispersed and intersecting pattern to a more continuous and clearly 
organized structure. Necessary logistics aisles and operational spacing are also maintained between functional areas. Overall, 
the optimized scheme improves not only the static spatial configuration but also the connections among major logistics 
operation.

Conclusion
Based on the SLP method and the actual operational processes of Warehouse F, this study analyzes the logistics relationships, 
non-logistics relationships, and comprehensive relationships among diff erent operational units and proposes an optimized 
layout while considering the space requirements of each functional area and the physical constraints of the warehouse. The 
results show that the original layout is characterized by the spatial dispersion of highly related operational units, a mismatch 
between the spatial confi guration of functional areas and actual operational relationships, and detours and intersections in 
logistics paths. After optimization, highly related operational units are located closer to one another, the spatial separation 
between major logistics operation areas and auxiliary functional areas becomes clearer, and the overall logistics flow is 
reorganized along the sequence of “inbound handling–sorting–classified processing–cage loading/outbound,” thereby 
improving the coordination between the spatial configuration of functional areas and the actual parcel flow process. The 
results show that the optimized layout improves the arrangement of functional areas and makes logistics fl ows more direct. 
Meanwhile, this proposed layout can also provide a reference for similar express transit warehouses.
This study is subject to several limitations due to data availability. The layout optimization is mainly based on routine 
operational data and fi eld investigation results and does not fully account for the dynamic eff ects of substantial fl uctuations in 
business volume during peak periods, such as major e-commerce promotional events. In addition, the proposed optimization 
scheme remains primarily at the layout design stage and has not yet been further validated through simulation. Future 
research could incorporate more comprehensive dynamic operational data and employ simulation tools such as FlexSim and 
AnyLogic to evaluate and further refi ne the proposed layout under diff erent operational scenarios.
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