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Abstract
Steel works produce several thousands to several tens of thousands of steel products in a 

multi-stage process. Products are transferred between plants which have different process-
ing lines. Therefore, the logistics in steel manufacturing processes are usually complex and 
this causes problems such as shortage or oversupply of stocks. Nippon Steel Corporation 
and NS Solutions Corporation have developed digital twins for visualizing, analyzing and 
simulating logistics. In this article, we introduce the concept of the digital twins and their 
application examples.
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1.	 Introduction
The steel manufacturing process is a breakdown-type multi-

stage process consisting of processes such as blast furnace, convert-
er, continuous casting, rolling, annealing, and surface treatment. In 
its respective processes, a lot production system is employed where-
in the products with an identical manufacturing condition are pro-
duced continuously. Since the processing order and/or the manufac-
turing lot differ in the respective processes, the combinations of 
these manufacturing conditions can range from several thousands to 
several tens of thousands, significantly complicating the production 
structure. Although continuous manufacturing with large lots under 
consistent conditions is ideal for maintaining quality and reducing 
costs, the variability in manufacturing conditions and delivery terms 
for each product makes it challenging to formulate a production 
plan and schedule that balances quality, cost, and delivery time. To 
achieve this, Nippon Steel Corporation has been developing a sys-
tem to support the formulation of a production plan and scheduling, 
paying attention to balancing quality, cost, and delivery term for the 
respective processes and respective facilities. 1)

However, in the steel manufacturing process, since various types 
of transportation equipment such as carriers and automated guided 
vehicles (AGVs) are used for inter-process transportation, not only 
the production plan and scheduling in the respective processes, but 
also the smooth transportation of products and/or semi-products to 
the downstream process without causing the accumulation and/or 
shortage of materials, namely logistics rectification, is important. 
For instance, if materials are accumulated between plants due to the 
delay in arranging carriers to transport materials to subsequent facil-
ities, not only is the transportation time prolonged, but over-stocking 

also takes place in the former facility as its materials are not re-
ceived, while the subsequent receiving side facility runs out of ma-
terials due to the delay in material supply. In the case that inventory 
exceeds the capacity of the rear yard of the delivering side facility, 
the former facility is unable to deliver processed products, and the 
operation of the facility has to be suspended. Additionally, facilities 
also have to be stopped in the case of shortage of materials. The sus-
pension of a facility stops the supply of materials to other facilities, 
and this leads to reduction in production of the steel works as a 
whole. Furthermore, the disruption of logistics rectification is not 
only caused by the shortage of transportation equipment, but also by 
the quality of the products produced, the variations of processing 
time due to the difficulties in operation, and the decrease in the 
amount of maritime transactions of products due to deterioration in 
weather.

Therefore, in order to rectify logistics, it is necessary to make 
decisions regarding the production plan, scheduling, and instruc-
tions to on-site work etc., that do not just target a specific process 
alone, but that also consider the logistics of the entire steel works, or 
at least the processes before and after the subject process. In order to 
properly execute such decision making, it is important to study the 
optimized action from the viewpoints of quality, cost, and delivery 
term via the process of precisely recognizing the current logistics 
and simulating future logistics. However, in the steel manufacturing 
process, thousands of types of products are manufactured differently 
through facilities ranging from several tens to several hundreds, 
therefore, it is not easy to grasp the inter-process influences, and to 
execute the abovementioned decision-making process. Furthermore, 
the steel manufacturing process takes a long term since the process 
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has many production stages stretching from the raw material stage 
to the final products stage. Accordingly, the state of a certain process 
(working rate, quantity of inventory, and so forth) often exerts influ-
ence on the states of other processes several days later; therefore, 
retrospective time series analysis of data is necessary, and this fur-
ther complicates the decision making process.

Thus, in this research, we have developed a logistics digital twin 
platform, which enables reproduction of the logistics from past to 
present, and future logistics simulations based on the logistics data 
extracted from steel works. Chapter 2 introduces the concept of the 
logistics digital twins and the developed platform “Geminant”. Sub-
sequently, as examples of the applications, Chapter 3 introduces the 
visualization of logistics and the analysis of the bottlenecks in the 
sheet finishing process, and Chapter 4 discusses the development 
process of the logistics simulator intended for the support of the in-
ter-process carrier control and its application example. Chapter 5 
describes the logistics simulation model to support the inventory 
control and its mechanism to sustainably improve the model so that 
it continues to exert its effect. Chapter 6 summarizes this article and 
refers to future work.

2.	 Logistics Digital Twin Concept
The logistics digital twin concept aims at reproducing the past 

and present logistics from the actual data and also at simulating the 
future logistics. Figure 1 shows the overall concept of our digital 
twin.

At Layer-1, the past and present logistics are reproduced. Simul-
taneously, the actual data to be input for logistics visualization are to 
be accumulated as the data model which enables tracking individual 
products. Furthermore, by commonizing the data model regardless 
of the target process, we can visualize the flow amount between fa-
cilities, stock yards, and transportation equipment with graphs. This 
includes the information not related to the process characteristics 
such as inventory amount and time series transitions of operating 
rates for facilities and transportation equipment without creating 
systems specific to the respective targeted processes. 3D logistics 
visualization is also used to take the physical interference into ac-
count. However, although the detailed conditions of the respective 
subject processes need to be built in individually, the system devel-
opment is effectively implemented by arranging common parts on 

the digital twin platform.
At Layer-2, based on the data model, the logistics conditions are 

recognized through the statistical analysis, the time series analysis 
of inventory, processing term, operating rate, and the extraction of 
the bottleneck process and critical pass. As an example of factor 
analysis in the case of a logistics problem, it is important to deter-
mine whether there is a significant difference in the mean processing 
time per product type and whether any transportation equipment is 
operating at a lower rate than usual. By componentizing the logistics 
analysis processing, when data are prepared, analysis can be imme-
diately conducted without depending on the subject process.

At Layer-3, future logistics are predicted based on the simulator, 
and the production plan and schedules are formulated according to 
the prediction results. For example, the effectiveness of the decision 
making based on the recognition layer of Layer-2 is confirmed in 
advance by simulation. In addition, the measures which are mathe-
matically optimized are automatically determined by the optimiza-
tion model such as mathematical programming. By using the data 
model of Layer-1 consistently for the simulator and mathematical 
model, we ensure consistency in visualization, logistics analysis, 
simulation, and optimization.

By utilizing the intelligent scheduling platform equipped with 
the abovementioned respective layer, applications for solving logis-
tics problems in every steel works can be promptly provided for im-
plementation. Actions determined at the application layers are pro-
vided to the actual process, and further, by gathering the actual data, 
we can apply the Plan-Do-Check-Action (PDCA) concept to a busi-
ness and system (data and model).

Based on this concept, this research is conducted as a collabora-
tive research between Nippon Steel and NS Solutions Corporation. 
Nippon Steel develops the application layers, the Systems Research 
& Development Center of NS Solutions develops the digital twin 
platform, and the intelligent scheduling platform in-between are 
jointly developed by the two companies. Hereunder, “Geminant”, 
the digital twin platform developed based on above concept, is in-
troduced.

The Systems Research & Development Center of NS Solutions 
aims at creating common recognition among the system users by 
utilizing the digital twin technology in an actual production site. We 
consider that the realization of the “interactive twins”, which enable 
future trials in the digital world, in addition to the “viewable twins”, 
which visualize the physical world in the digital world will lead to 
deeper reciprocal understanding.

As described earlier, the flow of business improvement based on 
data goes through visualizing data (Layer-1), recognizing current 
status (Layer-2), and predicting future and appropriate decision 
making (Layer-3), and then actions are taken in the real world. We 
consider that, by gradually expanding the scope of the digitalized 
process, the objectivity and rapidity of business operations can be 
enhanced. As a step to expand the digitalization, we set four stages 
including observation, estimation, fusion, and automation (Fig. 2). 
The statement above refers to the completion of digitalization of: 
the data visualization process (Layer-1) at the “Observation” stage, 
and the recognition and the prediction processes (Layer-2, 3) at the 
“Estimation” stage. Furthermore, at the “Fusion” stage, the digital 
world and the physical world are synchronized on a real-time basis, 
reconciling the predicted values and actual values. The last stage is 
“Automation” where human judgement is no longer necessary. To 
achieve “Automation” at the final stage, we consider that it is im-
portant to continue to rotate the cycle of improvement particularly Fig. 1   Logistics digital twin concept
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even after entering the fusion stage, and therefore, it is indispensable 
to realize “viewable twins” and “interactive twins”, and then, to 
continue to rotate the cycle of improvement even to these twins. The 
Systems Research & Development Center develops the digital twin 
platform Geminant as the platform to improve the “viewable” and 
“interactive twins” constantly. (Fig. 3).

Geminant provides a 3D visualization function. In the Geminant, 
as the common data model for 3D visualization is defined in ad-
vance, 3D visualization is realized without creating visualization in-
dividual results. By storing the actual status in the common data 
model form, this function visualizes the data from the past and the 
present as “viewable twins”. In addition, as “interactive twins”, it 
enables viewing of the result of the future predictions by storing the 
predictions and optimizations results as the same data model. Cur-
rently, Geminant is only available in Japan. Application examples of 
Geminant are introduced hereafter.

3.	 Application Example 1: Visualization of Logistics 
and Analysis of Bottleneck Factors
Since the logistics in steel works are complicated, even when fa-

cility operation is suspended due to the limitation of stock yard 
availability and/or the shortage of materials of the subject products 
(lack of materials) occur, it is difficult to find the root causes of lo-
gistics problems. For instance, with shortage of stock yard space in 
daily operation, pluralities of factors are conceivable such as excess 
flow of steel materials from the foregoing process and/or decrease in 
delivery to subsequent processes. However, as the foregoing process 

and/or the subsequent process are also influenced by their own fore-
going process and/or subsequent process, and as the cause may re-
side in such processes, it is difficult to identificate the cause. Fur-
thermore, in order to identify the problematic factor among the mul-
tiple possible causes of problems, and take actions to identify solu-
tions accordingly, it is important not only to understand the status of 
each facility, stockyard, and transportation equipment but also to 
grasp their spatial linkage. As one method, we develop a system that 
visualizes as a network such linkage among production facilities, 
stock yards, and transportation equipment. This system is referred to 
as the “logistics network visualization system” in this article 2) (Fig. 
4).

In the steel manufacturing process, logistics analysis is required 
for analyses ranging from macroscopic analysis of the plant-wide 
balance to microscopic analysis of changing the transportation order 
in a plant. If the visualization system is built taking into account the 
analysis subject, implementing the visualization system will take a 
long time. Therefore, in the proposed logistics network visualization 
system, the sheet-processing process-flow data prepared in the stan-
dardized format per steel material are used for input. By arranging 
data in accordance with the data format, it is possible to visualize 
and analyze logistics. The sheet-processing process-flow data in-
clude allocated ID, processing route, and starting and finishing time 
of processing. In this system, logistics are visualized by using the 
actual logistics data arranged in the regular format.

The logistics network visualization system visualizes the flow of 
steel materials throughout the process of facilities, storage yards, 
and transportation equipment, each assumed as a node in the graph, 
in the form of an oriented graph by using the input of the process-
flow data of the respective steel materials. The node expresses a 
process (storage yard, facility, transportation equipment), and the 
configuration of the node denotes the type of process (storage yard: 
square; facility: circle; transportation equipment: diamond; and so 
forth). The edge shows the inter-process steel material flow, the 
thickness of which corresponds to the amount of flow (number of 
steel material, weight) per period, moving time, and the term inclu-
sive of the processing time in the subsequent process. Furthermore, 
the respective process is indicated in red as issuing an alarm de-
pending on the extent of tightness with respect to the processing ca-
pability. This is aggregated during the time series interval corre-
sponding to the interval of image drawing so that the process with a 
high degree of tightness can be easily extracted.Fig. 2   Four stages to expand the scope of digitization

Fig. 3   Geminant technology to accelerate building twins that can be viewed
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As mentioned previously, the logistics in the steel manufacturing 
process vary hour by hour depending on the products ordered, 
weather, and the state of logistics. In this system, to track the change 
in logistics, the logistics network is displayed periodically in time 
series, enabling the tracking of the change in the logistics. The time 
series change in the logistics is visualized in an animated form at an 
arbitrarily chosen time interval (e.g., one hour, twelve hours, one 
day, one week), thus the change in the respective logistics becomes 
recognizable.

Furthermore, intuitive grasp of the on-going situation is enabled 
by freely changing the layout according to the users’ request, for ex-
ample, changing the locations of the node and/or the edge to match 
the plant layout.

When using this system for logistics analysis, it is desirable to 
visualize all steel material process-flow patterns, and identify the 
problematic issues among them. However, if we visualize all pro-
cess-flow patterns as the network, the visualization result becomes 
very complex and it is difficult to manually extract the significant 
process-flow patterns for bottleneck analysis. Therefore, this re-
search proposes a method to simplify and visualize the logistics net-
work while retaining major logistics information. 3)

Furthermore, aiming at automatically extracting the graph struc-
ture of the major logistics network from actual data, this research 
proposes the evaluation metrics for selecting an appropriate network 
structure by simultaneously evaluating the simplicity of the network 
and the reproducibility of process-flow patterns. 4) The observed  
process-flow pattern (example: hot-rolling → galvanizing → ship-
ping, and so on) totaling n in number is expressed as x = {x1, … xn}, 
and x is assumed to be generated according to the probability model 
f (x|Θ;G). Herein, Θ ={θ1, … θM} is an unknown parameter represent-
ing the event probability of the process-flow pattern calculated from 
the candidate graph structure G. For these evaluation metrics as the 
standard for judgement of superiority or inferiority of the probability 
model, the evaluation metrics are calculated from the combination 
of the maximum log-likelihood estimate and the dimensionality 
number M (Formula (1)).

	 score = −∑n
1 log f (xi |ΘML;G) + w ·M		  (1)

Herein, ΘML expresses the maximum likelihood estimate of the inci-
dence of the process-flow pattern Θ. With respect to each candidate 

graph structure G, this evaluation metrics is calculated, and the 
graph structure having the minimum value is considered to be the 
best graph structure. Furthermore, w denotes the weight coefficient, 
and by changing this weight coefficient, the extraction of the logis-
tics network at the simplicity level required by users is enabled.

The result of network exploration by using this network evalua-
tion metrics is described hereunder. Shown below is the visualiza-
tion result of the one-year data of logistics in a certain steel work as 
a network, and as the result revealed, similar processes are unified 
and the extraction of a simplified network is realized. For example, 
Fig. 5 shows an example of the network having the best evaluation 
score values selected from the pluralities of networks built by 
changing the process unification pattern with respect to the one-year 
process-flow patterns in a certain steel work and the patterns are 
summarized as groups consisting of 1st and 2nd Recoiling line, and 
seven AGVs (AGV1 to 7). These are considered similar to each oth-
er in terms of roles in logistics, and even after unification, the pat-
terns visualized as a logistics network do not lose the information of 
the process-flow patterns.

By using this network visualization tool, one-year logistics data 
was visualized. As a result, the inventory occupancy rate in a stor-
age yard on a specific day reached an extremely tight level of 98%. 
To investigate the issue of tightness in the storage yard, major logis-
tics are extracted from the logistics network, and the transportation 

Fig. 4   Logistics network visualization system

Fig. 5   An example of graph with best evaluation value



- 94 -

NIPPON STEEL TECHNICAL REPORT No. 131 October 2024

equipment carrying coils to the aforementioned storage yard has 
overloaded (Fig. 6). Furthermore, observing the preceding process, 
the amount of delivery to the storage yard that is under a tight con-
dition has increased temporarily.

Thus, by visualizing logistics as a network and tracking the time 
series changes in it, the cause of tightness could be analyzed.

4.	 Application Example 2: Logistics Control Simu-
lation Technology
In steel works, there are many cases of inter-process transporta-

tion such as of molten materials and heavy goods, and they are 
transported by automatic guided vehicles (AGVs) installed in facili-
ties, freight cars, and/or carriers (heavy material transporting vehi-
cles) which move between pluralities of plants. Thus it is important 
for reducing logistics costs to optimize the transportation schedules. 
We developed a carrier logistics simulator intended for the effective 
implementation of inter-plant carrier transportation. In addition to 
support business operations by using the simulator, Geminant is also 
applied to rapidly improve the prediction accuracy of the simulator 
itself. This chapter describes an example of how the Geminant is 
used.

In the logistics that interlink plants in steel works, steel materials 
to be transported from each plant are placed on a stand called a pal-
let by an overhead crane, and each pallet is transported to the next 
plant by a transportation vehicle called a carrier. This type of trans-
portation is called “carrier-pallet transportation”.

As mentioned previously, in the steel manufacturing process, the 
total number of orders can reach as high as several thousands to sev-
eral tens of thousands, and the manufacturing conditions of respec-
tive steel materials differ depending on the process. Therefore, the 
steel manufacturing process which employs the lot production sys-
tem for processing steel materials having an identical processing 
condition all together is characterized by the processing order of 
each steel material being different depending on the process. Name-
ly, if various steel materials are sent to the next plant according to 
the processed order in the previous process, the required steel mate-

rials cannot be sent timely to the next plant at the time required. 
Therefore, the carrier-pallet transportation work which interconnects 
plants also plays a role of absorbing the difference in processing or-
der in the previous process and in the subsequent process.

As a matter of convenience for such a role, the carrier-pallet 
transportation work is greatly influenced by the shifts of the actual 
operation from the planned schedule both in the previous process 
and the subsequent process. Then, it is necessary to issue promptly 
the appropriate transportation instructions by grasping the location 
information of carriers and/or pallets in real time, and by predicting 
the future logistics status such as forecast carrier arrival time and/or 
the required time for delivery and reception of the next pallet. To 
optimize the transportation instruction currently managed by hu-
mans, a simulator capable of predicting the logistics status is re-
quired.

However, even in the case of predicting the status in the very 
near future, sometimes the simulation will not be sufficiently accu-
rate due to non-digitized information, numerous restrictions, and the 
judgement of persons in charge based on their tacit knowledge. In 
order to solve this problem, it is necessary to revise the simulation 
model to improve accuracy by visualizing the simulation results and 
comparing them with the actual operation.

To improve the simulation model accuracy, it is necessary to 
rapidly rotate the cycle of: 1) executing the simulation, 2) compar-
ing the simulation result with the actual operation result and 3) 
modifying the simulation.

In rotating this cycle, the visualization technology used for ana-
lyzing the difference between the simulation result and the actual 
operation becomes an important element. In the visualization for the 
comparison and analysis, it is necessary to narrow the point of atten-
tion down to the focal point, and promptly drill down to detailed in-
formation during the entire simulation implementation time. Upon 
drilling down, rather than visualizing a single viewpoint alone, it is 
important to visualize various viewpoints with various granularities.  
Each viewpoint should be linked with the others to provide a com-
prehensive understanding.

An example of how the linked viewpoints having different gran-
ularities contribute to improvement is shown in Fig. 7. In this exam-
ple, three views, namely the graph view which visualizes time series 
change of the indicator values, the gantt chart view which visualizes 
the transportation time of each carrier, and the 3D view which visu-
alizes the detailed carrier movement on the map, are linked, and 
analysis is conducted. By visualizing the simulation data in parallel 
with the actual data of linked views, and confirming the significant 

Fig. 6   Extracted logistics problems

Fig. 7	 Example of a screen that is linked by synchronizing the time be-
tween the three views
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difference in the result, modification of the simulator can be con-
ducted. Therefore, even when an operation variation outside the 
plan occurs, logistics prediction is enabled by modifying the simula-
tor promptly. With this approach, since the selecting territory of a 
carrier in a plant and/or adjusting the number of carriers become 
possible based on the prediction for future logistics, actions of high-
er accuracy can be taken.

5.	 Application Example 3: Inventory Prediction 
Simulation Model and Mechanism of Sustainable 
Improvement
For cost reduction, it is important to operate the production facil-

ity without opportunity loss. Reducing logistics problems such as 
waiting and/or interference of transportation equipment, shortage of 
materials in the storage yard, and/or the tightness in the storage yard 
availability is limitlessly desired. If the inventory at the stock yard 
and/or the required transportation amount can be correctly predicted 
when formulating the production plan, it is possible to reschedule 
the production plan by foreseeing logistics problems. In this chapter, 
focusing on a case of the steel coil manufacturing process, an exam-
ple of using a discrete system simulator as the method for predicting 
the inventory quantity in the respective stock yard based on the pro-
duction plan is described.

The discrete-event simulator is able to predict logistics with high 
accuracy for the completely automated process wherein processing 
time, the process and logistics rule already-known, and the produc-
tion and transportation are carried out exactly based on such lines. 
However, in the steel manufacturing process, the processing time 
varies greatly depending on the products. Furthermore, like the fin-
ishing process, the process to be applied is sometimes determined 
depending on the quality developed during manufacturing. Since 
there are also some processes in which materials are divided and 
separately processed to manufacture pluralities of different products 
based on quality, to simulate logistics accurately, prediction of pro-
cessing time, selection of process, and processing manner of the re-
spective facilities are required. Furthermore, although a number of 
ambiguous rules like the judgement of plant workers exist among 
logistics rules, it is impractical to investigate all logistics rules and 
input them correctly into the simulator, and further, large cost is in-
curred for the maintenance of the logistics rules. In this chapter, the 
mechanism of sustainably improving the prediction accuracy of the 
logistics simulator by automatic learning of these logistics parame-
ters and the logistics rules from actual data is described (Fig. 8).

Herein, the details of the technology specifically pertaining to 
the logistics of coils between the cold-rolling process and the con-
tinuous galvanizing process, a part of the developed steel coil manu-
facturing process simulator, are described. Coils processed at the 
cold rolling plant are transported to the rear storage yard by an over-
head travelling crane, then loaded onto pallets and transported to the 

continuous annealing facility of the next continuous galvanizing 
plant. In the continuous galvanizing plant, coils are unloaded from 
the pallets and transported to the front storage yard by an overhead 
traveling crane, and transported to the continuous galvanizing facili-
ty according to the schedule. To operate the production facility with-
out idle time, it is necessary to allocate the transportation equipment 
properly for the transportation of coils, while avoiding the tightness 
in the rear storage yard availability and/or the shortage of the mate-
rial coils in the front storage yard. Therefore, it is desirable to grasp 
the problems in logistics and to take necessary actions in advance 
by simulating the logistics. To simulate logistics, it is necessary to 
calculate the processing time of the respective facilities before start-
ing manufacturing. However, the processing time differs depending 
on the standard and/or the size of a coil. Then, a statistical model 
which predicts the hourly processed weight from the coil attribute 
based on actual data is constructed, and the discrete-event simula-
tion is executed based on the hourly processed weight predicted by 
the statistical model. Although the hourly processed weight varies 
depending on the order mix and/or the operation variations, by 
equipping the simulator with the function of automatic learning of 
the statistical model from the actual data, it is possible to sustainably 
improve the simulator's prediction accuracy.

Furthermore, in front of, and at the rear of the respective produc-
tion facility, a storage yard directly connected to the production fa-
cility is provided, and for instance, the rear cold mill storage yard 
crane is allocated to two jobs: transportation from the rear cold mill 
buffer (Rear Buffer CM) to the rear cold mill storage yard (Rear 
Yard CM), and loading of coils onto pallets from Rear Yard CM (Fig. 
9). The simulator also has to have rules to determine which jobs 
should be executed. In order to avoid production facility's shutdown 
due to tightness in Rear Buffer CM availability, it is necessary to pri-
oritize the delivery of coils from Rear Buffer CM to Rear Yard CM. 
On the other hand, in order to operate the continuous galvanizing 
facility of the next process, the coil delivery work to pallets from 
Rear Yard CM is necessary. Similar rules also exist with respect to 
the continuous galvanizing front yard crane, front yard of the con-

Fig. 8	 Mechanisms to sustainably improve prediction accuracy of logis-
tics simulator

Fig. 9   Coil transfer from cold rolling plant to continuous galvanizing plant
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tinuous galvanizing facility (Front Yard CGL), and the front buffer 
of the continuous galvanizing facility (Front Buffer CGL). Then, the 
rule of the operator’s judgement such as which crane should be used 
depending on the situation was presumed with Bayesian optimiza-
tion. Bayesian optimization is a method which searches effectively 
for the optimum solution as to the function with unknown form, and 
in many cases, the function is assumed to follow the Gaussian pro-
cess. The method is applied to the search for new candidate experi-
ments in the experimental design method and/or the determination 
of the hyperparameters of machine learning models. Herein, using 
Bayesian optimization, a search was attempted for the operator’s 
judgement rule which minimizes the difference between the predict-
ed values and the actual values of the transition of inventory. Figure 
10 shows the time series transitions of the inventory predicted by 
the simulation and the actual in-process inventory. It is observed 
that it is possible to enhance the simulator prediction accuracy by 
Bayesian optimization employing actual data.

In this chapter, the method of learning simulator parameters and 
rules from actual data has been introduced. This method not only 

enhances the prediction accuracy when a simulator is constructed, 
but also facilitates the improvement of the simulator accuracy pur-
suant to the secular change in the logistics process such as changes 
in the order mix and/or operation.

6.	 Conclusion
In this article, the digital twin platform “Geminant” which aims 

at the realization of the logistics digital twin concept for the rectifi-
cation of logistics, and the application examples in steel works have 
been described. Geminant is equipped with a function necessary to 
support of human intellectual work such as recognizing the present 
logistics correctly, simulating the future logistics, and taking appro-
priate actions. Furthermore, Geminant promotes shortening of the 
development term by unified data model and/or analysis module, 
and it contributes to the efficient logistics. Hereafter, we aim to con-
struct a cyber-space which is completely synchronized to the actual 
world by expanding the digitalization scope to the “Fusion” stage 
wherein Geminant is synchronized to the actual world, and further, 
to the “automation” stage wherein human involvement is mini-
mized.
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