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Abstract 

In an automated plant, an error is more likely to occur in difficult tasks, which are complicated in nature. Such a 
task is often re-executed after returning to the previous step when a large-scale error occurs. Therefore, deciding 
both the past step that the task should return to and the recovery planning following this return becomes important. 
In this study, error recovery planning considering these two factors using various evaluation standards is realized. 
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1. Introduction

Automated plants have been used for production in 
various industries due to which the efficiency of 
production increases. On the contrary, system 
automation also leads to errors. Therefore, the progress 
of the error recovery method is crucial, which has 
demanded the increased study of error recovery in 
recent years.1-5 However, the recovery technique used in 
these studies is ad hoc, and it is difficult to utilize them 
in various actual plants. 

For several years, we performed a study on the 
systematization of the error recovery theory. We 
proposed a novel error recovery method based on the 
concepts of both task stratification and error 
classifications.6-8 The main part of this method consists 

of fundamental elements with sequences of sensing, 
modeling, planning, and execution (Fig. 1). If an error 
occurs here, the process advances to the recovery part. 
In this part, the error cause is estimated, error is 
classified, system is corrected, and process is re-
executed using the corrected system with an improved 
reliability. 

Currently, deciding both the past step that the 
process should return to and the recovery planning after 
returning has become problematic. For this, we 
proposed a planning of the error recovery by deriving 
these two factors in consideration of cost.8 In this study, 
we proposed a planning method for error recovery 
derived using various evaluation standards. 

321



Akira Nakamura, Natsuki Yamanobe, Ixchel Ramirez Alpizar, Kensuke Harada and Yukiyasu Domae 
 

© The 2021 International Conference on Artificial Life and Robotics (ICAROB2021), January 21 to 24, 2021 

 
 

Fig. 1 Robot task system with an error recovery function 
 

 
 

Fig. 2 Three fundamental skills           Fig. 3 Hierarchy  
of  tasks 

 

 
 

Fig. 4 Fundamental process flow with error recovery 
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The concept of skill, which is motion primitive, is 
described in Section 2. The error recovery technique is 
explained in Section 3. A method of recovery planning 
using plural evaluation standards is proposed in Section 
4, and finally, a simple sample is presented in Section 5. 

2. Concept of Skill 

In this study, it is assumed that “skill” represents the 
unit of motion. In this section, we describe the 
indispensable aspects of skills, which are components of 
human behavior and automated plant operations.9-11 

2.1. Skill primitives 

We derived the motion primitives constituting tasks 
such as assembly and carrying by analyzing a person's 
behavior and called this motion unit "skill".9-11 Thus, 
three basic skills of "move-to-touch", "rotate-to-level" 
and "rotate-to-insert" are important (Fig. 2). The 
representative person’s behavior can be composed of 
these three basic skills and other resembled skills. The 
unit of machine motion can be considered to be similar 
to the motion primitives of human behavior. 

2.2. Stratification of tasks 

In general, it is possible to regard a task performed by 
an equipment in an automated plant as a hierarchical 
structure (Fig. 3).9-11 The layer “task(i+1)” occurs one tier 
above the layer “task(i)”, and the layer “skill primitive” 
is represented by the lowest layer “task(0).” 

3. Error Recovery 

In an actual environment unlike the ideal, errors in 
equipment performance often occur due to various 
causes. In this section, we describe the concept of error 
classification and our proposed technique of error 
recovery.6-8 

3.1. Error classification 

Errors can be classified into four groups: execution, 
planning, modeling, and sensing errors on the basis of 
possible causes (Fig. 4).6-8 

3.2. Error recovery based on classification 

When an error occurs in automated plants, its cause is 
first estimated, and a suitable correction derived 
according to this tentative cause is performed at the 
equipment system. Then, the executive process returns 
to the previous step, and the task is restarted from the 
step (Fig. 4).6-8 The same error has a lower probability 
of occurrence due to the corrected operation of the 
equipment. 
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Fig. 5 The expression of task stratification and  
                   the process flow of the error recovery 
 

 
 

Fig. 6 Various processes of error recovery considered 
               for a failure occurred in subtaskm 
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If a small-scale error arises, the process returns to 
the previous step in the lowest layer of the hierarchy 
(Fig. 4, Fig. 5). If an error is large-scale, the process 
goes back to the previous step in the high-ranking 
hierarchy layer. In both cases, it is restarted from the 
previous step (Fig. 5). 

3.3. Candidate processes for recovery 

Let us consider candidates for error recovery processes. 
In the previous subsection, it was shown that the step in 
which the process returns to after the error occurs varies 
according to its scale. However, it is possible to back up 
bigger than a retreat step of necessity minimum. 

Figure 6 shows various possible recovery processes 
when an error occurs at subtaskm in task T with start S 
and goal G. Then, task T consists of a sequence of 
subtaskk (k = 1, 2, 3, …, n), which comprises a skill 
primitive sequence [ skill k

1, skill k
2, …, skill k

n_k(max) ], 
where subtaskm indicates the minimum traceable unit 
explained in the study,6 that is, the smallest unit, 
wherein it is necessary to return to the first node of a 
skill primitive sequence if an error occurs. In the 
absence of any problem, there is a possibility that the 
execution of several skills will be continued within 
subtaskm without returning to the previous step 
immediately after the error occurrence. 

After the process returns to the j-th node before 
subtaskj (j = 1, 2, 3, … , m), the process [ subtaskj 
subtaskj+1, …, subtaskｎ ] proceeds along the center bold 
arrows in the corrected plant (Fig. 6). However, re-
execution using the same sequence of subtasks is often 
impossible for various reasons such as the displacement 
of the target object and the change in the arrangement of 
objects. In such a case, an equivalent task of the original 
sequence, which is derived by large-scale re-planning of 
subtasks, is carried out as shown in the right-side arrows 
of Fig. 6. 

4. Evaluation Standards for Selection of a 
Recovery Process 

The previous section shows that there is a possibility 
that many recovery processes are generated. Therefore, 
it becomes important to restrict routes by deciding both 
the prior step that should be returned to and the recovery 
process after return. 

We proposed a suitable recovery planning method 
by considering the practical cost as an evaluation 
standard as in the study.8 In this study, we proposed a 
method to derive the most suitable recovery process 
using various evaluation standards. 

4.1.  Evaluation standards 

Let us consider the following eight evaluation standards 
to select a recovery process. 

(i)  Cost 
We considered only the cost as the evaluation 
standard,8 where costs include material costs, part 
costs, electricity bills, and planning expenses. A 
process with minimum practical costs is selected. 

(ii)  Time 
Time is considered as the evaluation standard. The 
process where it is expected that the recovery 
sequence takes the shortest time is chosen. 
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(iii)  Reliability 
Reliability is considered as the evaluation standard. 
The process that emphasizes most on the operational 
reliability is chosen. 

(iv)  Safety 
Safety is considered as the evaluation standard. A 
safety problem to a person and singular point 
problem are included in this standard. The process 
that ensures maximum safety of the operation is 
chosen. 

(v)  Finishing 
The finishing of operation is considered as the 
evaluation standard. In the example of production 
and repair, a process whose outward appearance and 
feel are the cleanest is chosen. 

(vi)  Recovery data 
Data on the recovery process are considered as the 
evaluation standard. A recovery process with a 
sufficient amount of data is chosen. 

(vii)  Tool 
The tool used in the recovery process is considered 
as the evaluation standard. The recovery process with 
the special tool necessary for the practice of the work 
is chosen. 

(viii)  Operator skill 
The skill of an operator in the recovery process is 
considered as the evaluation standard. When an 
expert is present, the necessary process of the skill is 
carried out with precedence. 

4.2.  Simultaneous use of evaluation standards 

Eight types of evaluation standards were used as 
mentioned above, which are assumed to be used for the 
evaluation of the process independently. However, it is 
necessary to consider using several evaluation standards 
simultaneously considering the practical use. Of course, 
in this case, it is possible that the calculation of the 
evaluation function may become complicated. 

5. Precedence of Recovery Processes Based on 
Various Evaluation Standards 

In this section, the change in the priority of the recovery 
process based on one evaluation standard chosen among 
various standards discussed in Section 4 is observed via 
a simple sample exercise. 

5.1. Several types of recovery process 

Let us consider an assembly task in which a hook is to 
be stuck to the surface of a product using four precision 
screws, which resembles the exercise illustrated in the 
study.8 Figure 7 shows a sequence of this task: the 
tacking task is performed in the first phase (Fig. 7(a)–
(d)) so that these four screws are fastened temporarily to 
the plate part of the hook placed levelly. The erecting 
task is performed in the second phase (Fig. 7(e)–(f)) so 
that the plate part of hook with four screws stood 
vertically. The touching task is performed in the third 
phase (Fig. 7(g)–(h)) so that the hook is moved in the 
mounting location. The installation task is performed in 
the final phase (Fig. 7(i)–(m)) so that the hook is fixed 
on the product plane. 

In this section, it is supposed that the drop of a 
screw occurring at the step of Fig. 7(h) represents the 
error as shown in Fig. 8, similar to the study.8 Let us 
consider the following three types of recovery 
sequences chosen from a lot. Please refer to this study8 
for details. 

• [ER-I] Error Recovery I 
The first sequence is a recovery process based on 
rerun from start S, using a new hook and four new 
screws, where the tacking task (Fig. 7(a)–(d)) is re-
executed using new parts (Fig. 9). 

• [ER-II] Error Recovery II 
The second sequence is a recovery process carried out 
by returning to the step of Fig. 7(d) in the tacking task, 
as shown in Fig. 10. Two types of methods exist for 
the use of a substitute of the dropped screw. One is 
the use of a new screw in the parts box, while the 
other is the reuse of the dropped screw by searching 
and picking up. The former is transcribed with [ER-
II(N)] and the latter with [ER-II(F)]. 

•  [ER-III] Error Recovery III 
The final sequence is a recovery process carried out 
by returning to a skill primitive in subtaskm of the 
failure occurrence as shown in Fig. 11. A 
disadvantage of this method is that the task to fasten a 
screw temporarily to the hole in the plate part of the 
hook stuck perpendicularly is more difficult than 
when it is placed levelly. The method uses a new 
screw [ER-III(N)], and the method reuses the dropped 
screw [ER-III(F)]. 
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Fig. 7 An assembly task in which a hook is stuck                                            Fig. 8 An error in which a screw is 
                                     to a plate by four precision screws                                                                   dropped at (h) in Fig. 7 
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5.2. Suitable process in each evaluation standard 

In the case of each evaluation standard shown in Section 
4, let us consider a priority order of five recovery 
processes [ER-I], [ER-II(N)], [ER-II(F)], [ER-III(N)], 
and [ER-III(F)]. The explanation is carried out 
qualitatively, not quantitatively, for simplicity. 

(i)  Cost 
Priority order: [ER-II(N)], [ER-III(N)], [ER-II(F)], 
[ER-III(F)], [ER-I]. 

When considering cost as the only evaluation 
standard, the selection method of a suitable process 
has already been explained.8 The costs include 
material costs, part costs, electricity bills, and 
planning expenses. [ER-II(N)] without search 
operation and difficulty becomes the most suitable 
process, and [ER-I] where many parts are exchanged 
become the most unsuitable one. 

(ii)  Time 
Priority order: [ER-III(N)], [ER-II(N)], [ER-I], [ER-
III(F)], [ER-II(F)]. 

Here, [ER-III(N)] with a small return operation 
and without any search operation becomes the most 
suitable process, while [ER-II(F)] with return and 
search operation becomes the most unsuitable. 

(iii)  Reliability 
Priority order: [ER-I], [ER-II(N)], [ER-III(N)], [ER-
II(F)], [ER-III(F)]. 

[ER-I] with a restart operation becomes the most 
suitable process. [ER-II(N)] and [ER-III(N)] with 
planned operation and without search operation 
become the next suitable processes, whereas [ER-
II(F)] and [ER-III(F)] with search operation become 
unsuitable processes. [ER-II(N)] and [ER-II(F)] 
without difficult operations are suitable for each 
order. 

(iv)  Safety 
Priority order: [ER-I], [ER-II(N)], [ER-II(F)], [ER-
III(N)], [ER-III(F)]. 

[ER-I] is the most suitable process. [ER-II(N)] 
and [ER-II(F)] without difficult operation and 
unstable posture become the next most suitable 
processes, whereas [ER-III(N)] and [ER-III(F)] with 
difficult operation becomes a process that is not 
suitable. [ER-II(N)] and [ER-III(N)] without a search 
operation are suitable for each order. 

(v)  Finishing 
Priority order: Same for all. 

There was no difference in finishing with respect 
to this task. However, the operation that may 
adversely affect a target item or the surroundings, 
such as scratch or scatter, should be avoided. 

(vi)  Recovery data 
Priority order: A process with a large amount of data 
is given priority. 
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Fig. 9 [ER-I] Error Recovery I 
 

 
 

Fig. 10 [ER-II] Error Recovery II 
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The amount of data set is important when using a 
data science method. Even if the execution of 
operation is extremely difficult, a considerable 
amount of data enables the work to be performed 
skillfully. 

(vii)  Tool 
Priority order: A process with an exclusive tool is 
given priority. 

If a special tool for recovery is available, there is 
a high possibility that the process surely returns in a 
short time. If there is a tool by which four screws can 

be fastened temporarily as for any posture of a target, 
[ER-III(N)] (or [ER-III(F)]) becomes a top-priority 
process. 

(viii)  Operator skill 
Priority order: A process of forte of teaching operator 
is given priority. 

The recovery process in which the teaching 
operator is used is the most suitable. There is a 
possibility that a suitable process for an expert 
operator is different from that of an unskilled 
operator. 
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Fig. 11 [ER-III] Error Recovery III 
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We considered a suitable process derived by selecting 
one evaluation standard at a time from eight. However, 
in actuality, there is a possibility that the optimum 
process is derived using multiple evaluation standards. 

6. Conclusion 

When an error occurs in automated plants, the process 
advances to the recovery part. In general, many types of 
recovery processes can be considered. In this study, we 
have shown a method to derive a suitable process using 
only one evaluation standard at a time selected from 
various standards. The preferential order of recovery 
processes can be obtained considering each evaluation 
standard. 

However, we have used only one standard, although 
we did consider eight types of evaluation standards. 
Therefore, in future studies, we will include techniques 
to derive a suitable recovery process using several 
evaluation standards simultaneously and determine the 
applicability of our method to actual systems. 
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