
B.-T. Karsh (Ed.): Ergonomics and Health Aspects, HCII 2009, LNCS 5624, pp. 143–152, 2009. 
© Springer-Verlag Berlin Heidelberg 2009 

Development of Portable Robotic Operation Terminals to 
Achieve Increased Safety and Usability and a Study on 

the Effectiveness of Wireless Terminals  

Hidetoshi Fukui, Satoshi Yonejima, Masatake Yamano, Masao Dohi,  
Tomonori Nishiki, Mariko Yamada, and Toshihiro Fujita 

IDEC Corporation, 1-7-31 Nishimiyahara, Yodogawa-ku, Osaka, 532-8550 Japan 
{hifukui,syonejima,myamano,mdohi,nishikit,mayamada,  

fujitat}@idec.co.jp 

Abstract. In factory automation (FA) industry, it is essential for the working 
environment using industrial robots to be provided with measures that assure 
operator’s safety and good usability of machines. We have studied the opera-
tor’s safety and usability of portable robotic operation terminals, and have de-
veloped the standardized terminals for one-hand operation suitable to many 
types of applications. The find`ings and knowledge we obtained through the 
development materialized recently as the new two-hand portable robotic opera-
tion terminal which is designed ergonomically. In this paper, we report on the 
new operation terminal which provides excellent operational safety and usabil-
ity, and also a study on the effectiveness of wireless terminals for improving the 
usability of entire system. 

Keywords: Teach pendant, enabling switch, robot, HMI environment, wireless, 
safety, usability. 

1   Introduction 

In factory automation (FA) industry utilizing industrial robots, it is widely recognized 
that the environment where operators and machines interact must be assured of high 
level safety for operators, at the same time as improving the system productivity.  

As figure 1 shows, there are many situations in the working environments where op-
erators and robots interact directly in manual operations, such as system start-up, teach-
ing, process-changeover, error repair, and maintenance. In manual operations where 
operators need to work in close proximity to a robot, the operator needs to use a portable 
robotic operation terminal (hereinafter referred to as teach pendant). Because the opera-
tor is required to work in a hazardous area, the teach pendant has to be designed so that 
the safety of operators can be ensured. The requirements of teach pendant and enabling 
device, which must be used on teach pendants, are described by many international 
standards as shown in Table 1 [1-5]. 
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Table 1. International Standards for Teach Pendant and Enabling Device 

Standards Requirement 

ISO 12100-1 (2003) 
Safety of machinery - Basic concepts, general principles for design -- 
Part 1: Basic terminology, methodology 

3.26.2 
enabling device 

ISO 12100-2 (2003) 
Safety of machinery - Basic concepts, general principles for design -- 
Part 2: Technical principles 

4.11.9 
Control mode for setting, teaching, process 
changeover, fault-finding, cleaning or 
maintenance 

ISO 10218-1 (2006) 
Robots for industrial environments – Safety requirements 
– Part 1: Robot 

5.8.3 
Enabling device 

IEC 60204-1 (2005) 
Safety of Machinery – Electrical Equipment of Machines 

10.9 
Enabling control device 

IEC 60947-5-8 (2006) 
Control circuit devices and switching elements – Three-position 
enabling switches 

2.1 Enabling device 
2.2 Three-position enabling switch 

ANSI/RIA ISO 10218-1 (2007) 
Robots for Industrial Environment – Safety Requirements, 
Part 1 - Robot 

5.8.3 
Enabling device 

ANSI/RIA R15.06 (1999) 
for Industrial Robots and Robot Systems Safety Requirements 

4.7.3 
Enabling device 

NFPA79 (2007) 
Electrical Standard for Industrial Machinery 

9.2.5.7 
Enabling control 

ANSI B11.19 (2003) 
Performance Criteria for Safeguarding 
American National Standard for Machine Tools 

12.3 
Enabling devices 

CAN/CSA Z434-03 (2003) 
Industrial Robots and Robot Systems - General Safety Requirements 

4.7.4 
Enabling Device 

SEMI S2-0706 (2006) 
Environmental, Health, and Safety Guideline for Semiconductor 
Manufacturing Equipment 

20.4 
Industrial Robot and Industrial Robot 

Systems 

UL 1740 (1998) 
Robots and Robotic Equipment 

41.5 
Teach pendant 

The enabling switch of enabling device enables robot operation when pressed and 
turned on, and disables robot operation when turned off. The enabling switch is  
designed to turn off by unintentional action of the operator when the robot moves 
unexpectedly. There are two-position and three-position enabling switches, and three-
position type is the preferred choice for the use in enabling device due to the follow-
ing reasons.  

Two-position enabling switch turns on when pressed, and turns off when released. 
Three-position enabling switch similarly turns on when pressed and turns off when 
released, but it also turns off when pressed tightly by the panicked operator. Therefore 
in emergency, three-position enabling switch turns off either when released or pressed 
tightly. On the other hand, two-position enabling switch turns off only when released.  

According to the experiment by National Institute of Occupational Safety and 
Health, Japan, operators cannot act calmly when facing with an imminent danger. 
ANSI/RIA R15.06 also describes that “Tests have shown that human reaction to an 
emergency may be to release an object, or hold on tighter, thus compressing an ena-
bling device. Design and installation of the enabling device should consider the  
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Fig. 1. Operators and robot in working area 

ergonomics issues of sustained activation.” Therefore when designing a teach pen-
dant, we must consider two types of situation: a panicked operator releases the ena-
bling switch, and the operator holds on to the switch tightly.  

Figure 2 shows how the safety of operators is different when using two-position ena-
bling switch and three-position enabling switch. In the figure, an operator uses a grip 
switch in (A) and a teach pendant in (B). The safety of operator when using the two-
position enabling switch is shown in (C), and three-position enabling switch in (D). 

 

Fig. 2. Comparison of 2-position and 3-position enabling switches 
 
 

Teach Pendant 

Operator Robot 
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Fig. 3. Three types of teach pendants 

As shown in the figure, both two- and three-position enabling switches disable ma-
chine operation when released (A-2, B-2). When grasped tightly (A-3, B-3), however, 
two-position switch keeps activating robot motion, causing possible danger or death 
to the operator (C-4). On the other hand, three-position enabling switch disables robot 
motion even when held tightly, assuring operator’s safety (D-4).  

Therefore, three-position enabling switch is superior to two-position enabling 
switch, and the requirements of operational performance characteristics are specified 
in IEC 60947-5-8: Low-voltage switchgear and controlgear – Part 5-8: Control circuit 
devices and switching elements – Three-position enabling switches. We have long 
been engaged in the research and development of safety products such as enabling 
switch and emergency stop switch from the viewpoint of operational safety [6-11].  

2   Standardized Teach Pendant for Improved Usability  

Pendants are used by holding in a hand, therefore good usability is necessary to 
minimize stress and to ensure comfort operation for users. Therefore teach pendants 
must provide users with both operational safety and usability based on ergonomics 
[12, 13]. Conventionally, each machine manufacturer has developed teach pendant 
individually with their own design, because specifications required for a teach pen-
dant varies with different types of applications where the pendant is used. Because 
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Fig. 4. Standardization of teach pendants 

there have been no specific guidelines available for the required components of teach 
pendant, the pendants designed by machine manufacturers were hardly the optimal 
choice as a Human Machine Interface (HMI), and there were problems such as lack of 
safety components, un-ergonomic and inflexible component layout, shape, and size, 
resulting in bad usability and stressful operation. 

To solve these problems, we have studied various teach pendants and requirements 
for teach pendant used in FA industry, and categorized them in types I, II, and III as 
shown in figure 3. Based on the research, we have developed the standardized teach 
pendant that can be used for many types of robots and machines shown in figure 4. 
Figure 5 shows the HG1H teach pendant we developed for Type I requirement of 20 to 
30-key keypad and small display information, and the HG1T teach pendant for Type II 
requirement of 30 to 40-key keypad and medium-size display information. These pen-
dants were designed not only with good appearance, but also with excellent usability. 
The enabling switch, which operator needs to keep pressing in enabling position during 
teaching, is arranged where the palm of the operator is placed invariably when holding a 
teach pendant. The design makes it possible for the operator to continue teaching opera-
tion for a long time almost without realizing it. The shape and position of enabling 
 

 

Fig. 5. HG1H and HG1T teach pendants for type I and II requirements 
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Fig. 6. HG1U Two-hand teach pendant 

switch are designed with ergonomic considerations so that it turns off without failure 
when the panicked operator in emergency releases or holds on to the teach pendant 
tightly. The enabling switch can also be used easily in either right or left hand [12, 13]. 

3   Two-Hand Teach Pendant of Excellent Usability 

In addition to one-hand teach pendant, some robot-teaching applications require a teach 
pendant which can be held and operated by both right and left hands. The HG1U two-
hand teach pendant shown in figure 6 was developed to meet the new demand. 

 

 

Fig. 7. Enabling switch type comparison 

(A) Operatable by both hands simultaneously  (B) Operatable by one hand only 



 Development of Portable Robotic Operation Terminals 149 

 

Fig. 8. Enabling switch structure for HG1U teach pendant 

Special attention is required when designing the 3-position enabling switches for 
two-hand teach pendants, because both right and left hands are always in contact with 
the enabling switch. The switch has to be designed to allow only either right or left 
hand to operate the switch at one time, otherwise there is a possibility that the switch 
cannot shift to disabling positions properly when it is supposed to be released or held 
tightly, as illustrated in (A-1) and (A-3). 

The usability problems mentioned above are eliminated in the structure shown in 
figure 8, which can be operated by one hand only at a time. In this structure, the ena-
bling switch shifts to enabling position only when the lever is held lightly by either 
right or left hand and pulled to the side as shown in (B-2), and it can be released with-
out failure when needed, as shown in (B-1) and (B-3). The lever’s shape, height, 
width and length are designed with ergonomic considerations to ensure good usabil-
ity. The lever and the housing have comb-shaped features and have a 0.3mm gap in 
between, to prevent the entry of foreign objects and trapping of fingers. 

In addition to enabling switch, the design of two-hand teach pendant has also 
achieved excellent usability with the following characteristics. 

1. Easy to hold: The operator needs to be able to hold a teach pendant for a long time 
without developing fatigue. The protector installed around the teach pendant 
touches the back of the hands lightly, making it possible for the operator to keep 
holding the pendant comfortably without stress. 

2. Easy to operate: The operator needs to be able to press the keys easily while hold-
ing the teach pendant. The keys are arranged in positions where the thumb of right 
and left hands can approach easily. 

3. Robustness: The operator might drop the teach pendant accidentally. The teach 
pendant withstands free-fall from 1.5m without damage. 

As explained above, we have developed the standardized two-hand teach pendant 
that provides excellent operational safety and usability that ensures comfortable and 
stress-free operation. 
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Table 2. Comparison of wireless and wired teach pendants 

 

4   A Study on Wireless Teach Pendant for Large Robot Systems 

Because large systems such as welding robot and paint robot handle information of 
large volume, they require large-size teach pendant equipped with many keys. The 
more display information and optional functions must be processed, the thicker and 
heavier the cable becomes. Also, large systems necessitate operators to move around 
in wider area, requiring longer cables and resulting in lower portability of teach pen-
dants. There is a growing demand for wireless teach pendants. 

Wireless teach pendant is effective not only in large systems but also in systems 
using multiple and mobile hosts such as service robots. Table 2 shows the comparison 
of wireless and wired teach pendants. 

As the table shows, wireless teach pendants have the following advantages in 
usability. 

• God portability. Can be used anywhere without a concern of distortion/toppling 
over/stepping on the cable. 

• No cable replacement. 
• Good flexibility. Responds to layout change quickly. 
• Hosts can be changed easily by re-login. 
• Can be used with mobile hosts such as service robot by remote connection. 

There are also challenges for achieving practical usage of wireless teach pendant as 
follows. 

• Because safety signals from enabling switch and emergency stop switch are sent 
wirelessly, reliable communication and fast response speed are required for safety. 

• Stable communication for preventing robots from stopping every time when a 
communicational error occurs. 

• Small and energy-efficient design. 
• Proper communication distance according to system size. 

As the project entrusted by the Ministry of Economy, Trade and Industry, Japan, 
we have been engaged in the “Development Project of Next-generation Intelligent 
Robot Technology.” The purpose of the project is to realize efficient teaching,  
 



 Development of Portable Robotic Operation Terminals 151 

Image receiving module
(wireless teach pendant)

Actuator

Image data

Communication (coordinate data)

Camera

Image
data

Control
signals

Safety signals

Communication

Robot controller

Jig module (PLC)

Safety relay output

Image transmitting
module

Wireless safety
signal receiving 

module

Ethernet

Ethernet

Pulse output

Communication

Image receiving module
(wireless teach pendant)

Actuator

Image data

Communication (coordinate data)

CameraCamera

Image
data

Control
signals

Safety signals

Communication

Robot controller

Jig module (PLC)

Safety relay output

Image transmitting
module

Wireless safety
signal receiving 

module

Ethernet

Ethernet

Pulse output

Communication

 

Fig. 9. Next-generation robot system using the wireless teach pendant under development 

improved productivity, and good usability in workplaces using robot systems. The 
effort to realize efficient teaching includes the study of teach pendants that can handle 
a camera’s image data, which requires wireless system as shown in figure 9. As ex-
plained, we have been making efforts to establish reliable and stable wireless commu-
nication for achieving the practical use of wireless teach pendants of excellent safety 
and usability. 

5   Conclusion 

For the purpose of standardizing teach pendants, we have developed one-hand small 
teach pendants for small robots and also two-hand small teach pendants with enabling 
switch of innovative structure. We have also studied the effectiveness of using wire-
less teach pendants used in large robot systems. We will continue working on wireless 
communication technology of both safety and good usability, in order to develop the 
standardized wireless teach pendant in applications not only of large robot systems 
but also small robot systems. We will also continue making efforts for the goal of 
establishing the optimum HMI environment that assures stress-free and comfortable 
working environment for operators. 
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