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Abstract

This paper addresses the intelligent transformation needs of the traditional injection molding in-
dustry by proposing a comprehensive intelligent production decision-making system integrating
smart scheduling, auxiliary decision-making, and digital twin simulation. By combining the
Weighted Shortest Processing Time (WSPT) algorithm, dynamic programming, and equipment
health assessment, the system achieves dynamic multi-machine scheduling and resource optimi-
zation. An injection molding industry-specific large model is constructed, leveraging real-time da-
ta analysis and a knowledge base to optimize process parameters and enable anomaly early
warning. A digital twin platform is developed using Unity and OPC UA protocols, employing mul-
ti-physics simulation and Markov decision processes to predict production issues. The research
provides a practical technical solution for the intelligent upgrading of injection molding factories,
offering both theoretical innovation and engineering application value.
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# 1. igEliE
machines = [
# 1&ID, OEE, HEREARN, EEUH
{"id": "M1", "oee": 0.85, "energy_cost": 1@, "available": True},

Hoavnnnn
1
# 2. £FIS
tasks = [
# {E551D, FIMEMEAE, RMEIEER, MINEEE
{"id": "T1", "material": "MB@284", "consume": 200, "duration": 120},
# cenans
]

# 3. AH&ER
workers = [
# ATID, HEEEL, BRATH
{"id": "wW1", "skill": 3, "max_hours": 8},

# 4. [RHRYEET
material_stock = {"MB0284": 1000, “MB0285": 8@@}

2. FRENHIEARS

F A OR-tools /] cp_model, #FJHBALUNE 3, Fix B HE= .
from ortools.sat.python import cp_model
import pandas as pd

model = cp_model.CpModel()
horizon = 24 * 60 # HI=REH (2408, #Ro¥it)
B 3. #3RHRED

(2) W&

NLHZIHRIRI . IntervalVar 52 UG B & N TAT %A B, N AddNoOverlap £ HURf 1 15
%A — B A AL B —AMT 55 . 3T OEE MIAEFEEh S RATL S B E . fltn, 2SIHERE . REREIRI# %
5 o i T AT 55

# TWREN
task_intervals = {} # ESEHEXEER

machine_assignments = {} # REHEEE

for task in tasks:

task_id = task["id"]

# AETESREEERER (0/1RFETHENRERE)

machine_vars = []

for machine in machines:

if machine["available"]:

suffix = f"_{task_id}_on_{machine['id"']}"
start = model.NewIntVar(@, horizon, "start" + suffix)
end = model.NewIntVar(@, horizon, "end" + suffix)
interval = model.NewIntervalVar(start, task["duration"], end, "interval" + suffix)
assigned = model.NewBoolVar("assigned" + suffix)
machine_vars.append( (machine, assigned, interval))
task_intervals[(task_id, machine["id"])] = interval
machine_assignments[(task_id, machine["id"])] = assigned

# STESOMEREIR—TEE

model.AddExactlyOne( [assigned for (_, assigned, _) in machine_vars])

# EFERYR
for machine in machines:
intervals = []
for task in tasks:
interval = task_intervals.get((task["id"], machine["id"]), None)
if interval:
intervals.append(interval)
if intervals:
model.AddNoOverlap(intervals)
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(3) WeHARE

YPEAAR T 2 A BERT, AR SRR
# EXKBMETESEFNR
procurement_triggers = {}
for task in tasks:
material = task["material"]
current_stock = material_stock[material]
# RERTHARY (EEETFRESER)
safety_stock = 500 if material == "MB0284" else 400 # THIL=EF
if current_stock - task["consume"] < safety_stock:
trigger = model.NewBoolVar(f"procure_{materiall}")
procurement_triggers[materiall = trigger
model.Add(trigger == 1) # 3ZHIfLARL
# RISRMEEFELNI R EEFULE
material_stock[material] += 1000 # fEiLlREEIE
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# EXRTIDEZE
worker_assignments = {}
for worker in workers:
for task in tasks:
key = (worker["id"], task["id"])
worker_assignments[key] = model.NewBoolVar(f"assign_{key}")

# HEEEHR
for task in tasks:
required_skill = 2 if task["duration"] > 100 else 1 # BGKESTEEMAE
mode 1, Add(
sum(
worker_assignments[(worker["id"], task["id"])] * worker["skill"]
for worker in workers
) »>= required_skill
)

# TR
for worker in workers:
total_hours = sum(
worker_assignments[(worker["id"], task["id"])] % task["duration"] / 60
for task in tasks
)

model.Add(total_hours <= worker["max_hours"])
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# BRERE
# ZBEEMAEL: RIVMERTIRE + BEEME + AN

makespan = model.NewIntVar(@, horizon, "makespan")
model.AddMaxEquality(makespan, [end for (_, _, end) in task_intervals.values()])

energy_cost = sum(
assigned * machine("energy_cost"] * task["duration"] / 6@
for (task, machine), assigned in machine_assignments.items()
)

labor_cost = sum(
worker_assignments [(w["id"], t["id"])] = 58 # {Big&E/)\HAHEESeT
for w in workers
for t in tasks

)

# MAENR (EFTE)

model.Minimize(
0.6 * makespan +
0.3 * energy_cost +
8.1 * labor_cost

)

# REES SRMT
solver = cp_model.CpSolver()
status = solver.Solve(model)
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