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Abstract
In recent years, the necessity for more advanced operation and maintenance of waste-

treatment facilities has increased. Hence, Nippon Steel Engineering Co., Ltd. (NSE) is 

developing the “Think PlantTM,” which is a plant designed for autonomous operation 

in an optimal state. Additionally, NSE has developed the “Think CraneTM,” which is an 

automated waste-crane operation system comprising a “waste-pit MAP system” and 

“waste-delivery vehicle detection system.” The waste-pit MAP system is a system that 

can quantitatively and continuously monitor the status of waste delivery and movement. 

Meanwhile, the waste-delivery vehicle detection system can accurately capture the 

movement of waste-delivery vehicles and allows one to predict the opening and closing 

times of waste-delivery doors at an early stage. By using these two systems, Think 

CraneTM comprehensively evaluates the conditions of the waste pit and platform, thus 

allowing the waste crane to autonomously determine the optimal operations.

Introduction

In recent years, environmental regulations pertaining 
to carbon-dioxide emissions have become stricter 
worldwide1). In addition, the shortage of human resources 
due to the continuous decline in the working population 
has been recognized as a problem, particularly in 
Japan2), 3). Simultaneously, the necessity to reduce the 
burden of operation and maintenance of waste-treatment 
facilities through advancement and automation has 
increased significantly. Hence, we are developing the 
“Think PlantTM,” which is a plant that achieves autonomous 
operation in an optimal state via its own discretion.

1 To achieve autonomous operation, Think PlantTM is 
designed with various systems, including “Think 
CraneTM” and “Think ViewTM,” which are developed 
based on the operation and maintenance technology 
developed by us4), 5). Furthermore, we are continuously 
developing the “Think PlatformTM,” which allows these 
systems to be introduced to sites rapidly and inexpensively 
as well as for integrated maintenance and management.

In this article, we describe the development of Think 
CraneTM, which is an improved automatic waste-crane 
operation system and one of the elemental technologies 
for realizing Think PlantTM in waste-treatment facilities.
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Fig. 1  Overview of Think PlatformTM

Development of “Think CraneTM,” 
an improved automatic waste-
crane operation system

The waste-treatment facilities we supplied were 
originally equipped with an automatic waste-crane 
operation system that automatically executes waste-
crane operations. However, to date, automatic waste-
crane operation systems have encountered problems, as 
described below, and the operational efficiency of waste 
cranes can be further improved.

(1)	Advancement of waste stirring and 
feeding operations

The conventional automatic waste-crane operation 
system enables the crane to stir inside the waste pit and feed 
waste into the furnace (incinerator or shaft-furnace-type 
gasification and melting furnace) automatically; however, 
the stirring results cannot be quantitatively monitored easily 
because the system cannot comprehend the conditions 
within the waste pit, such as the thoroughness of waste 
stirring. In particular, a shaft-furnace gasification and 
melting-furnace system, which is one of our technologies, 
can process a wide range of wastes6); therefore, various 
types of wastes, such as incinerated bottom ash and 
excavated waste from landfill, are delivered to the actual 

2
waste-treatment facility. Generally, waste stirring 
contributes significantly to the stable operation of 
incinerators; however, for a shaft-furnace gasification and 
melting-furnace system, in addition to waste stirring, 
feeding the most appropriate waste type into the furnace 
based on the furnace conditions enables stable operation. 
However, selecting the most appropriate waste type requires 
a significant level of operational experience. Therefore, 
depending on the furnace conditions, the crane operator may 
be required to manually select the waste for feeding.

(2)	Advancement of waste-level 
measurement

To quantitatively monitor the stirring results inside the 
waste pit, the movement of the waste should be monitored 
with high accuracy. However, the measurement accuracy 
of the waste level (waste-pile height in the waste pit) 
required for monitoring is insufficient.

At our facilities, the waste pit is categorized into 
receiving and feeding–stirring areas. In the receiving area, 
waste is delivered from the waste-delivery doors. The 
movement of waste when it is delivered from the delivery 
vehicle to the receiving area is known as “receiving.” 
In the feeding–stirring area, waste is stirred and fed into 
the furnace. The receiving and feeding–stirring areas are 
typically separated by a partition wall, and the waste must 
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be transported from the receiving area to the feeding–
stirring area. This waste movement is known as 
“transshipment.” Additionally, the transfer of waste 
or the release of waste from an elevated position in 
the feeding–stirring area is known as “stirring.” Meanwhile, 
the transport of waste from the feeding–stirring area to 
the furnace is known as “feeding.”

In the receiving area, a system was previously adopted 
in which a certain amount of waste was assumed to be 
delivered by opening and closing the waste-delivery doors 
once and adding a fixed level of waste. However, the 
amount of waste delivered by each delivery vehicle 
differed; therefore, discrepancies were observed between 
the actual waste level in the receiving area and the 
estimated value. Previously, in the feeding–stirring area, 
the waste level was measured using the height (encoder) 
of the waste-crane bucket when it landed on the waste. 
However, for multiple successive transshipments of waste 
from the receiving area to the feeding–stirring area, the 
waste-crane bucket does not land on the feeding–
stirring area. Consequently, the accuracy of waste-level 
measurement in the feeding–stirring area decreases.

(3)	Advancement of transshipment based 
on waste delivery from platform

When waste is delivered during daytime, the waste 
inflow is particularly concentrated in certain periods, thus 
resulting in situations in which conventional automated 
waste-crane operation systems cannot be fully managed. 
This is because when the crane operator inspects the 
platform, priority is directed toward waste delivery 
such that the waiting queue for the delivery vehicles is 
shortened and manual intervention may be performed to 
evacuate the waste crane from the receiving area near the 
waste-delivery doors in the waste pit.

Problems (1), (2), and (3) have been described thus far. 
To establish an automatic waste-crane operation system 
with additional functions that can solve these problems, 
we developed two technologies, i.e., 2–1. the waste-pit 
MAP system, which enables the monitoring of waste 
characteristics in the waste pit, and 2–2. the waste-
delivery vehicle detection system, which detects the 
vehicle status on the platform. They are integrated into 

Think CraneTM—an improved automatic waste-crane 
operation system. In this article, we present the 
mechanisms and functions of each technical element and 
summarize the details of our initiatives in 2–3.

2–1.	 Waste-pit MAP system, which 
enables monitoring of waste 
characteristics in waste pit

The waste-pit MAP system is a technology for 
monitoring the delivery and movement of waste and 
recording its storage status through the numerical 
modeling of the waste pit’s interior. This system allows us 
to monitor the pile status and characteristics of waste over 
the entire area in the waste pit.

Figure 2 shows an image of the proposed system. This 
system generates a mesh composed of hexahedral 
structures to model the entire space in the waste pit. Each 
of these hexahedral elements is assigned three data points 
as  parameters  represent ing the  pi le  s ta tus  and 
characteristics of the waste: ① waste level, ② stirring 
times and degree, and ③ waste type. Figure 3 shows an 
example of a waste-pit MAP monitoring system. The 
space in the waste pit is modeled as three-dimensional 
cubes; however, to enhance convenience, not all cubes are 
displayed in three dimensions; only the numerical values 
of the cubic elements are displayed, which appear at the 
top of the waste pile. The first tier in each element shows 
the waste level (metric representation); the second tier 
shows the stirring times (displays the number of times); 

Parameters
① Waste level
② Stirring times
 and degree
③ Waste type

Fig. 2  Waste-pit MAP system
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the third tier shows the stirring degree calculated using 
our proprietary formula based on the stirring times; the 
fourth tier shows the waste type. In this example, the 
waste pit was cut into a 4 (rows) × 9 (columns) mesh, 
with row A classified as the receiving area and rows B–D 
as the feeding–stirring area.

① The waste level indicates the height of the waste pile 
in the waste pit, and waste-crane operations such as 
feeding, transshipment, and stirring are considered when 
calculating the waste level of each corresponding element 
in the waste-pit MAP system. To maintain accuracy, the 
deviation between the actual waste level and the 
numerical values in the waste-pit MAP system is 
corrected based on the height information of the crane 
when it lands and the measurement results of an 
electromagnetic-wave-level meter (Fig. 4) installed near 
the receiving and feeding–stirring areas.

② The stirring times and degree indicate the frequency 
and thoroughness of waste stirring, respectively. The 
stirring time is added to the corresponding elements in the 
system based on the waste-crane operation (e.g. stirring). 
Additionally, the stirring degree is calculated using our 
proprietary formula based on the stirring frequency. A 
higher stirring degree is desirable for the furnace 
operation. When the stirring degree is low, the waste in 

Fig. 3  Waste-pit MAP system

Fig. 4  Electromagnetic-wave-level meter

Fig. 5  Determination of waste type using image-recognition technology
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that element may contain an extremely high amount of 
moisture, which increases the possibility of the furnace 
operation to be adversely affected (an imbalance in the 
moisture content adversely affects the furnace operation). 
Therefore, our automatic waste-crane operation system 
comprehensively determines the appropriate actions 
to increase the stirring degree and executes them 
automatically.

③ Using the image-recognition technology Think 
ViewTM, the waste type is identified and classified into 
general waste, vegetation, etc., and then recorded in the 
corresponding element (Fig. 5). In particular, vegetation 
is highly likely to adversely affect the furnace operation, 
thus rendering it necessary to monitor the uniformity of 
vegetation stirring. Our automatic waste-crane operation 
system can determine, for example, whether the waste in 
the element can be fed into the furnace if the proportion 
of vegetation is below a certain set value.
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When the waste is transported or fed into the furnace 
via the waste crane, the movement of the relevant waste, 
for which the stirring frequency and waste type are 
recorded, is monitored, and information pertaining to the 
relevant element is updated. Therefore, the pile status 
and characteristics of the waste can be monitored 
quantitatively at all times, and optimum stirring is 
achieved based on the waste-pit conditions. Additionally, 
the type of waste to be fed is selected based on the 
furnace conditions, particularly in shaft-type gasification 
and melting furnaces.

2–2.	 “Waste-delivery vehicle detection 
system” that detects vehicle status 
on platform

To establish an automatic waste-crane operation system 
that operates efficiently even at peak times of the day 
when waste delivery is high, we developed a system 
that detects vehicle status on the platform using Think 
ViewTM, an image-recognition technology. Figure 6 shows 
the operation of the proposed detection system. This 
system detects the delivery vehicles from images captured 
by a camera. Based on the position of the delivery 
vehicle, we can determine whether vehicles are present 
on the platform to deliver waste to the waste-delivery 
doors. With this system, the opening and closing of 
waste-delivery doors can be predicted earlier; therefore, 
instances in which delivery vehicles are delayed while 
waiting for the opening and closing of the delivery doors 
are reduced significantly. By using the waste cranes, 

Fig. 6  Waste-delivery vehicle detection system

Detection of vehicle 
during delivery Detection of vehicle 

before delivery

delivery-vehicle activity during times of high waste intake 
is managed effectively, thus resulting in optimized and 
efficient reloading maneuvers.

Additionally, because this system determines the 
movement of delivery vehicles using an image-detection 
system, it can be introduced as a countermeasure to ease 
vehicle congestion on the platform, even at existing 
facilities without a vehicle control system.

Furthermore, this system is equipped with a function to 
detect human movements on the platform as a safety 
measure.

2–3.	 Difference between conventional 
automatic waste-crane operation 
systems and Think CraneTM

By using the waste-pit MAP and waste-delivery vehicle 
detection systems mentioned in the preceding sections, 
Think CraneTM enables the waste crane to determine the 
optimal operation by comprehensively considering the 
status of the waste pit and platform. Table 1 shows the 
difference between the functions of our conventional 
automatic waste-crane operation system and those of 
“Think CraneTM.”

Currently, Think CraneTM is installed in the waste 
cranes of our facilities and is being tested.

Table 1	 Functional comparison between conventional waste-crane 
system and “Think CraneTM.”

Functions of automatic waste-crane operation Conventional 
system Think CraneTM

Monitoring of waste-pit status (waste level) △ ○

Monitoring of waste-pit status (stirring times and 
waste-type proportion) × ○

Platform-status detection × ○

Automatic operation considering movements of 
waste crane and delivery vehicles × ○
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Conclusion

This article describes the improved automatic waste-
crane operation system “Think CraneTM,” which is one 
of the main elements of the autonomous waste treatment 
plant “Think PlantTM” that detects abnormality and 
determines the optimal operation independently.

We have established an in-house “data science office” 
that specializes in data analytics and are actively promoting 
data-analysis initiatives. In the future, we intend to further 
enhance and automate the use of advanced data analyses.
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